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Executive Summary 
Sinclair Knight Merz (SKM) has prepared this report for Maryland Development Company (MDC) 
to provide background information, describe existing and proposed conditions and provide Water, 
Soil and Infrastructure Management Strategies for the Western Precinct of the site at St Marys.  
The report addresses the following aspects in relation to the Western Precinct of the site at St 
Marys: 

 Introduction, background and proposed development; 

 The existing environment; 

 Performance objectives; 

 Management strategies for the water cycle and water; 

 Management strategies for stormwater trunk drainage system; 

 Management strategies for groundwater and salinity; and  

 Essential services infrastructure (water, sewer, and electricity);  

 

The proposed stormwater quality management strategy for the Western Precinct is based on the 
principles of Ecologically Sustainable Development (ESD) and Water Sensitive Urban Design 
(WSUD).  This strategy includes the use of water quality controls such as gross pollutant traps, 
constructed wetlands and biofiltration basins.   

The proposed development involves changes to the local catchments, including an increase in the 
amount of impervious area.  Stormwater quantity would be managed via the use of detention 
basins.  Runoff would be conveyed to the detention basins via an underground pipe network and 
above-ground overland flow paths.  The lots would remain flood-free in events up to and including 
the 100 year ARI event.  Detention of stormwater runoff would ensure that peak flows do not 
increase in storm events up to and including the 100 year ARI event.   

Groundwater and salinity investigations have been carried out on the site in several phases since 
1991.  An electro-magnetic induction (EMI) survey was undertaken by DLWC in December 1999 
and apparent electrical conductivity (ECa) was identified to be generally low in the Western 
Precinct with the exception of a highly saline anomaly (ECa of  17 dS/m at a depth of 0.6 m) which 
was detected in an area located along the central valley. This EMI anomaly was investigated further 
by field testing and the results indicated that salinity in this area was moderately saline rather than 
highly saline.  Although soil salinity is unlikely to pose environmental problems at Western 
Precinct, we suggest a number of groundwater management measures in the report to reduce 
infiltration and so keep the water table as low as possible.   
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Sydney Water and Integral Energy have indicated that they are able to service the Western Precinct 
with extensions to their existing networks.  In brief water would be from existing reservoir at 
Cranebrook immediately adjacent the site.  Sewer would be transferred to existing St Marys 
Sewage Treatment Plant via pumping stations, rising mains and carriers.  Electricity would be from 
existing zone substation at Cranebrook enabling establishment of a temporary zone substation on 
the site with ultimately a permanent zone substation on the site.   

The Western Precinct lies to the west of South Creek and the site is not at risk of flooding from 
South Creek in the 1 in 100 year ARI event or the Probable Maximum Flood (PMF).  

These measures proposed would achieve SREP30 and EPS requirements and objectives the details 
are further described in the report. 

    



St Marys Project 
Western Precinct Plan 
Water, Soils & Infrastructure  
 

SINCLAIR KNIGHT MERZ       
 
Water Soils & Infrastructure Western Precinct Plan Final.doc PAGE 3 

1. Introduction 

1.1 Background 
The St Marys Development site was endorsed by the NSW Government for inclusion on the Urban 
Development Program (UDP) in 1993.  The site is owned by St Marys Land Limited and is being 
jointly developed by ComLand Limited and Lend Lease Development Pty Limited through their 
joint venture company, Maryland Development Company. 

The site is located approximately 45km west of the Sydney CBD, 5km north-east of the Penrith 
City Centre and 12km west of the Blacktown City Centre. The main western railway line is located 
approximately 2.5km south of the site. The Great Western Highway is located another 1 km south 
and the M4 Motorway a further 1.5km south. 

The site has an area of 1,545 ha and stretches roughly 7km from west to east and 2km from north to 
south.  It is bounded by Forrester Road and Palmyra Avenue in the east, The Northern Road in the 
west, Ninth Avenue and Palmyra Avenue in the north and the Dunheved Industrial Area, Dunheved 
Golf Clun and the suburbs of Cambridge Gardens, Werrington Gardens and Werrington County in 
the south. 

The overall site, which has been rezoned for a variety of uses, comprises 6 development 
“Precincts”, namely the Western Precinct, Central Precinct, North Dunheved Precinct, South 
Dunheved Precinct, Ropes Creek Precinct and Eastern Precinct. The boundaries of the precincts 
within the St Marys site are shown in Figure 1-1. 

Because the St Marys site straddles the boundary between two local government areas (i.e. 
Blacktown and Penrith), the State Government decided that a Regional Environmental Plan should 
be prepared to guide and control future development of the land. 

Technical investigations into the environmental values and development capability of the land were 
commenced in 1994, and State Regional Environmental Plan 30 (SREP30) was subsequently 
gazetted in January 2001.  

SREP 30 is the main statutory planning framework document for the St Marys site.  It contains 
planning principles, objectives and provisions to control development. The overarching aim of 
SREP 30 is to provide a framework for the sustainable development and management of the St 
Marys site. The original precinct and zone boundaries of SREP30 were altered by the gazettal of 
Amendment No 1 in April 2006. 
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SREP30 is accompanied by the St Marys Employment Planning Strategy (EPS) which identifies 
the aims for the future use and management of the site and sets out specific performance objectives 
and strategies to address key planning issues, including: conservation, cultural heritage, water and 
soils, transport, urban form, energy and waste, human services, employment, and remnant 
contamination risk. 

The St Marys EPS identifies actions to be undertaken by local and State governments, as well as 
the obligations of developers.  A Development Agreement was entered into in December 2002 
between the joint venture developer and the NSW Government setting out the developer’s and 
State Government’s responsibilities in providing services and Infrastructure. A Development 
Agreement has also been entered into between Penrith City Council (PCC) and the joint venture 
developer for the Dunheved Precinct and PCC wide transport contributions and will be updated for 
other contributions required as a result of the development of the Central and Western Precincts. 

SREP30 requires the development control strategies contained within the St Marys EPS to be taken 
into account in any development proposals for the St Marys site.  It also requires that a Precinct 
Plan be adopted by Council prior to any development taking place.  Planning for any Precinct is to 
address all of the relevant issues in SREP30 and the St Marys EPS, including preparation of 
management plans for a range of key issues. 

On 29 September 2006 the Minister for Planning declared the Western Precinct to be a release area 
in accordance with the provisions of SREP30. 
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 Figure 1-1  Precinct Boundaries 
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1.2 Proposed Development 
The Western Precinct is bounded by Ninth Avenue and rural residential development in Llandilo to 
the north, The Ninth Avenue and residential development in Cranebrook to the west, land zoned for 
Regional Park to the south and east.  The Precinct has a total area of approximately 229 ha. 

The land within the Precinct is currently zoned part Urban (201 ha) and part Employment (28 ha). 
Under a draft amendment to SREP30 currently being prepared, the Precinct is zoned entirely 
Urban, with the existing Employment zone relocated into a consolidated Employment zone in the 
Central Precinct.  Land zoned Urban is intended to accommodate primarily residential uses, with 
limited non-residential uses such as local retail and commercial uses.  

The proposed development of the Western Precinct, as shown in the Framework Plan at Figure 1-
2, entails: 

 A Village Centre zone, comprising a mix of retail, commercial, community, open space and 
residential uses, in the southern part of the precinct;  

 Predominantly residential development in the remainder of the precinct; 

 Areas of open space; and 

 Construction of roads, including connections to The Northern Road and Ninth Avenue and east 
to the Central Precinct, and stormwater infrastructure. 

1.3 Purpose of this Report 
This report has been prepared in accordance with the requirements of SREP30 and the EPS.  It 
supports the draft Precinct Plan for Western Precinct and has been prepared to assist in determining 
the proposals for, and the planning principles, strategies and development controls that will guide 
the future development of all land within the Precinct in an integrated manner. 

While the focus of the report is on the Western Precinct, the investigations carried out have taken 
into account the following: 

 Relationship of the future development within the Precinct to the adjoining Regional Park; 
and, 

 Future integration with the balance of the site and the existing surrounding 
neighbourhoods. 
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 Figure 1-2  Framework Plan 
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2. Existing Environment 

2.1 Topography 
The Western Precinct occupies approximately 229 hectares of the St Marys development site.  The 
land surface is planar, rising generally north and westwards to the site boundary.  Elevations vary 
from 40mAHD to 60mAHD within the Precinct area.  The southern and northern catchments of the 
Precinct drain eastwards to a tributary of South Creek.  

2.2 Soils 
Based on the Penrith 1:100,000 soil landscapes map (Bannerman and Hazelton, 1990) the two soil 
units within the site area include the Luddenham (lu) and South Creek (sc) soil landscapes (SLs). 
The first is predominant within the southern and western third portion of the site, while the South 
Creek SL covers the remainder.  A more detailed description is provided in section 5 of this report.     

2.3 Groundwater & Salinity 
Two groundwater-bearing systems are present within the St Marys site.  These are referred here as 
the shallow and deep aquifers, but regolith (soil) and fractured shale bedrock aquifers would be 
more accurate titles.  Neither would normally be regarded as true aquifers because of their low 
permeability, limited storage capacity, inhomogeneity and indefinite boundaries.  A more detailed 
description is provided in section 5 of this report.   

2.4 Hydrology Runoff Quantity 
There are two drainage lines in which runoff leaves the Western Precinct.  The majority of the 
Precinct drains in a south east direction towards an unnamed tributary of South Creek, while the 
northern strip of the Precinct (adjacent to the site boundary) drains east to join the unnamed 
tributary further downstream.  The unnamed tributary flows in a north east direction to join South 
Creek, approximately 500m upstream of the northern site boundary.   

A RAFTS model was set up to predict existing peak flows from the site for a range of storm events.  
Details and results of the RAFTS model are included in Appendix A.  Runoff quantities were 
determined at key locations points where runoff leaves the Western Precinct. 
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2.5 Hydrology Runoff Quality 
The Western Precinct has been previously cleared and is currently fenced off to keep macro fauna 
(kangaroos and emus) within the site.  The assessment of any potential impact on stormwater 
quality as a result of the proposed development needs to review existing water quality conditions 
and predict developed conditions (with water quality controls).  In order to estimate the existing 
runoff pollutant loads and determine the effectiveness of the proposed stormwater treatment train, a 
water quality model was set up to estimate pollutant loads for existing and proposed (with controls) 
conditions. Details and results of the MUSIC water quality model are given in Appendix B. 

2.6 Flooding 
The Western Precinct lies to the west of South Creek and the site is not at risk of flooding from 
South Creek in the 1 in 100 year ARI event.  The Probable Maximum Flood (PMF), the regional 
flooding in the Hawkesbury-Nepean River system does not impact on the Western Precinct which 
is demonstrated on the SREP30 Structure Plan.  

2.7 Services 
The existing infrastructure in and around the Western Precinct has been identified.  The trunk 
components such as water reservoirs, sewage treatment plants and zone substations exist in close 
proximity to site.  Other services such as communications and gas also exist in the area. 
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3. Performance Objectives 
The performance objectives for water, soils and infrastructure components are detailed in the 
SREP30 and the EPS.  The objectives are summarised in this section along with an overview of the 
proposed management strategies are outlined in Table 3-1.  Sections of the report are referenced to 
identify where more information can be found. 

 Table 3-1 Performance Objectives 

SREP 30 Clause 
Number / EPS 
Clause No 

Requirement Where 
Addressed 

Content of draft precinct plans  

10.2.e A draft precinct plan is to include proposals for, and 
information about, the following, for the land to which it 
applies: 

drainage systems and flooding issues, including an 
assessment of the risk of flooding and damage likely to 
result 

N/A 

10.2.n A draft precinct plan is to include proposals for, and 
information about, the following, for the land to which it 
applies: 

any other major infrastructure, such as above or below 
ground trunk electrical systems, trunk sewerage or water 
supply lines 

Services 
Infrastructure 

Conservation   

24.4 / 4.3.4 Infrastructure is to be designed and located to minimise 
potential adverse impacts on the conservation values of 
land. 

Services 
Infrastructure 

EPS 4.4.11 Litter and pollution control measures designed to limit the 
entry of waste material into the creeks will be regularly 
maintained and monitored. 

 

 

 

 

 

 

Catchment  
Management 
Strategy 
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SREP 30 Clause 
Number / EPS 
Clause No 

Requirement Where 
Addressed 

Watercycle  

28.1 / 6.3.1 During and following construction, impacts upon water 
quality are to be minimised, through the utilisation of 
effective erosion and sediment control measures in 
accordance with industry standards. 

 

 

Catchment  
Management 
Strategy 

28.2 / 6.3.2 The use of the land to which this plan applies is to 
incorporate stormwater management measures that ensure 
there is no net adverse impact upon the water quality 
(nutrients & suspended solids) in South Creek and 
Hawkesbury-Nepean catchments. 

Catchment  
Management 
Strategy 

28.3 / 6.3.3 Water usage on and the importation of potable water onto 
the land to which this plan applies are to be minimised. 

Catchment  
Management 
Strategy 

28.4 /6.3.4 Development is to be designed and carried out so as to 
ensure that there is no significant increase in the water table 
level and that adverse salinity impacts will not result. 

Soils, 
Groundwater 
& Salinity 

28.5 / 6.3.5 There is to be only minimal impact upon flood levels 
upstream or downstream of the land to which this plan 
applies as a consequence of its development. 

 

N/A 

28.6 / 6.3.6 Drainage lines are to be constructed and vegetated so that 
they approximate as natural a state as possible.  Where it is 
necessary to modify existing drainage lines to accommodate 
increased stormwater runoff from urban areas, this should 
be done in a manner which maximises the conservation of 
indigenous flora in and around the drainage lines. 

Catchment  
Management 
Strategy 

28.7 / 6.3.7 Development is to be carried out in a manner that minimises 
flood risk to both people and property. 

N/A 

28.8 / 6.3.8 Changes in local flow regimes due to development are to be 
minimised for rainfall events up to the 50 percent AEP 
rainfall event. 

Catchment  
Management 
Strategy 

28.9 / 6.3.9 Gross pollutants are to be collected at, or as close as 
possible to, their source or at all stormwater outlets, or at 
both of those places, so that there is no increase in 
sediment/litter entering creeks as a result of development. 

Catchment  
Management 
Strategy 
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SREP 30 Clause 
Number / EPS 
Clause No 

Requirement Where 
Addressed 

Soils  

29 / 6.3.10 The development is to have regard to soil constraints to 
ensure that the risk of adverse environmental and economic 
impacts is minimised. 

Soils, 
Groundwater 
& Salinity 

Land below the PMF level  

49.5 Road systems on land which would be affected by the PMF 
are to be designed to facilitate safe evacuation during flood 
events. 

N/A 

Services  

60 Development must not be carried out on any land to which 
this plan applies until arrangements have been made for the 
supply of water, sewerage drainage and underground power 
that are satisfactory to the consent authority. 

Services 
Infrastructure 

EPS - Water & Soils  

6.4.3 There will be no formed trunk drainage channels on land 
zoned for the regional park. 

Catchment  
Management 
Strategy 

6.4.4 Water and drainage infrastructure through the regional park 
will be confined to existing established easements agreed 
with the National Parks Wildlife Service prior to transfer of 
the land with the exception of those drainage basins 
identified in the structure plan. 

Catchment  
Management 
Strategy 

6.4.5 A series of combined wetland/detention basins and wetlands 
will be provided on the site generally in locations outlined 
in the structure plan.  The total wetland area on the site will 
be between 2% and 4.8% of the development catchment 
area.   

Catchment  
Management 
Strategy 

6.4.6 Additional investigations will be undertaken at the precinct 
plan stage to identify the exact boundaries and 
development capacity of the identified soil types. 

Soils, 
Groundwater 
& Salinity 

6.4.7 A precinct plan will include sufficient information on 
infrastructure design and management measures to 
demonstrate that water usage will be managed within the 
constraints of the Sydney Water Corporation service criteria 
and obligations. 
 

Catchment  
Management 
Strategy 
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SREP 30 Clause 
Number / EPS 
Clause No 

Requirement Where 
Addressed 

EPS - Water & Soils  

6.4.8 A watercycle management strategy will be prepared for 
each release area and submitted with each precinct plan.  
The strategy will identify the detailed actions, measure and 
design principles that will be implemented to meet the 
performance objectives relating to watercycle management.  
The strategy will: 
a. include infrastructure design and management measures 
which will minimise potable water usage on the site; details 
will include: 
- incorporating best practice measure for the reuse of 
stormwater for irrigating open space areas 
- reducing demand on potable water 
- minimising adverse impacts on local groundwater regimes 
b. incorporate measure in the infrastructure design, which 
ensure that changes in local flow regimes which result from 
the proposed development are minimised 
c. identify arrangements for the ongoing maintenance and 
monitoring of the watercycle management system 
d. ensure constructed trunk drainage channels are designed 
to convey the 100 year average recurrence interval (ARI) 
e. identify the relationship between staging of development 
within the precinct and the timing of provision of 
stormwater management measures. 

Catchment  
Management 
Strategy 

EPS - Water & Soils  

6.4.9 An electromagnetic induction (EM) survey of the site will 
be undertaken and submitted with the first precinct plan.  
The survey of all land will identify areas of high recharge as 
well as zones of concentration of salts in discharge areas. 
 
 
 
 
 
 
 

Soils, 
Groundwater 
& Salinity 
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SREP 30 Clause 
Number / EPS 
Clause No 

Requirement Where 
Addressed 

EPS - Water & Soils  
6.4.10 A groundwater management strategy will be prepared for 

each release area having regard to the findings of the EM 
survey, and be submitted with each precinct plan.  The 
strategy will deal with: 
 planning infrastructure such as subdivision layout 

and the location of dwellings, roads, wetlands and 
stormwater detention basins 

 the cumulative impacts of development 
 measures to be incorporated into the development to 

ensure the appropriate management of groundwater 
resources, such as: 

a) adopting small garden/lawn areas to reduce irrigation 
requirements 

b) planting low water requirements plants 
c) using mulching cover – this shall not occur in drainage 

lines 
d) including low flow watering facilities to avoid over 

watering by residents 
e) introducing and implementing a tree planting program 

(especially in high recharge areas); plant species should 
be native, deep-rooted, large growing species, which 
will assist in retention of the groundwater at existing 
levels 

f) retaining existing native tree cover wherever possible 
g) not permitting drainage basins, infiltration pits or tanks 

to disperse surface water 
h) promoting the use of drought resistant grasses within 

the development area. 

Soils, 
Groundwater 
& Salinity 

6.4.11 A flood evacuation plan must be prepared for each precinct 
and will be consistent with the regional flood evacuation 
plan prepared by the State Emergency Service.  The plan 
will be submitted with the draft precinct plan.  The plan 
will: 
a) demonstrate that continuously graded evacuation routes 

above the PMF for South Creek and the Hawkesbury-
Nepean River are provided 

b) provide for progressive evacuations of developed areas 
within the site 

c) identify temporary evacuation centres on high ground. 

N/A 
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SREP 30 Clause 
Number / EPS 
Clause No 

Requirement Where 
Addressed 

EPS - Water & Soils  

6.4.12 The information available on flooding and evacuation will 
be consistent with the education program in place for all 
lands similarly affected in the local government area. 

N/A 

6.4.13 Precinct plans will incorporate the following trunk drainage 
system requirements: 
a) stormwater control facilities will be implemented on the 

site designed to prevent adverse impact on water quality 
as a result of development 

b) the stormwater management system for the site will be 
designed in accordance with the following 
requirements, unless alternative designs or 
specifications can meet the performance objectives 
outlined in section 6.3 above: 

i) wetlands and detention basins will be designed to 
prevent thermal stratification; applicants will consider 
this objective in statements of environmental effects 
which accompany applications for such facilities 

j) wetlands will be lined with an appropriate material to 
guard against water infiltration to the groundwater 
system 

k) wetlands will be regularly cleared of noxious weeds 
l) detention basins/wetlands will include native 

macrophytes and wetland species which will assist in 
erosion and sediment control and promote biodiversity 

m) basins will meet the relevant Dam Safety Committee 
requirements 

n) all basins and surrounding landscapes will be designed 
to allow machinery to undertake scheduled maintenance 
work every 1.5 years or less; the design of basins and 
surrounding landscapes will facilitate access for 
machinery to undertake less frequent maintenance. 

Catchment  
Management 
Strategy 

6.4.14 On land subject to the PMF, precinct plans will ensure that 
services such as power, potable water, sewerage and 
drainage are located to minimise disruption during floods 
and will consider the need for flood proofing (consistent 
with the NSW Floodplain Development Manual or its 
successor) to guarantee supply. 
 

Services 
Infrastructure 
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SREP 30 Clause 
Number / EPS 
Clause No 

Requirement Where 
Addressed 

EPS - Water & Soils 

6.4.15 The sewer system infrastructure for the site will: 
a) be designed to utilise best practice connections and 

construction techniques to result in a better ‘sealed’ or 
low infiltration system 

b) ensure pressure tests are carried out to ensure systems 
integrity 

c) ensure house connections are to be cut and welded as 
the system is built 

d) implement other best practice measures as appropriate 
at the time of development 

e) ensure that pumping station designs eliminate dry 
weather overflows and mitigate odour generation. 

Services 
Infrastructure 

6.4.17 All trunk drainage infrastructure will provide appropriate 
safety measures to the consent authority’s satisfaction. 

Catchment  
Management 
Strategy 

6.4.18 All trunk drainage infrastructures will be designed to reduce 
constraints on the flow of floodwaters, especially in 
relation to events above 1 percent AEP. 

Catchment  
Management 
Strategy 

6.4.19 Measures will be incorporated into infrastructure design to 
minimise demand for potable water.  These will include: 
1) specifying low water demand fixtures in all dwellings 

and other buildings where appropriate 
2) limiting maximum pressure by managing system 

zonings (pressure zoning) having regard to critical 
water supply needs such as pressure for fire fighting 

3) including above ground rainwater tanks for dwellings 
on lots greater than 400m2 

4) using stormwater for irrigating open space areas 
5) incorporating other best practice measures at the time 

of development. 

Catchment  
Management 
Strategy 
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4. Catchment Management Strategy 
The objectives of the total catchment management strategy are to: 

 Ensure peak flow rates do not increase for all storms up to the 100 year ARI event; 

 Maximise source controls for runoff quantity and quality; 

 Achieve a no net increase in the annual pollutant load exported from the site; 

 To achieve efficient use of water and minimise demand for potable water; 

 

The relevant measures listed below could be adopted for the Western Precinct.  The performance of 
the proposed water quantity and quality controls was assessed and the results demonstrate that the 
proposed total catchment management plan meets the required objectives. 

The objectives would be achieved by employing current water management practice which could 
incorporate the following water quality and quantity controls in the development: 

 Rainwater tanks on residential lots for private irrigation reuse; 

 Recycled water (treated effluent) for toilet flushing, irrigation in public and private spaces  use 
and other suitable activities such as washing cars; 

 Water saving fixtures within the buildings;  

 Bioretention vegetated areas in open space areas; 

 Gross pollutant traps;  

 Constructed stormwater wetlands or dry infiltration bioretention basins; and 

 Detention storage intergrated into the wetlands or dry infiltration basin areas.  
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4.1 Background to Watercycle Management for the Project 
In 1998, a Watercycle Management Report was prepared by SKM, “ADI St Marys Watercycle and 
Soil Management Study, Final Study Report, August 1998”.  The 1998 Study informed SREP30 
and was published prior to the Federal Government (Australian Heritage Commission) 
announcement of lands at St Marys being listed on the Register of the National Estate (RNE).  This 
resulted in a reduction of around 33% of the developable area within Precincts zoned under the 
original gazettal of SREP30.  The SREP30 required amendment to reflect the RNE listing and the 
subsequent State Deed. 

In 2005, SKM reviewed the previous assessment to identify the required number, size and location 
of stormwater management ponds within the Regional Park in accordance with the revised 
proposed SREP30 Land Use Plan to meet the water objectives.  A history of pond sizes and what is 
currently proposed is shown in Table 4-1.  

 Table 4-1 Stormwater Management Pond History and Proposed for the Western and 
Central Precincts 

Stormwater 
Management 

Pond ID 

1998 Study  

(Basis of SREP 30) 

Wetlands Land 
Take (ha) 1 

SREP 30 
Amendment (2005) 

Drainage Zones 
within Regional 

Park Land Take (ha) 

Current Precinct 
Plan 2 

Minimum Land 
Take (ha) 

A1 2.2  2.5 
A2 3.7  2.8 
B 6 8 8 

C1 3.4  2 
C2 2.8 4.5 4.5 
C3 1.4  0 
D 0.6  2 
E 1.4  1 
F 0.6  0 
G 0.7  0 
H 1.6  0 
I 4 7.4 7.4 

EX1 2.6  0 
Total 31 19.9 30.2 

1- These 1998 Study landtake estimates are for water quality and detention requirements. These areas do not 
include benching or pathway areas.   

2- For this Precinct Plan assessment, it has been assumed that the actual stormwater management wetland 
surface area is approximately 75% of the land take. 
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Many similarities can be drawn between the previous (1998) work and the assessment detailed in 
this Precinct Plan.  The primary function of the wetland/detention basins remains as peak flow 
mitigation and water quality control.  The basins within the Regional Park may need to be online 
basins as they are fixed zoned areas.  The approximate locations of the proposed basins are shown 
in Figure 4-1. 

Following recent consultation with Penrith City Council it was agreed that a similar approach to the 
this watercycle management would be taken whereby; 

 Water quality is assessed for Central and Western Precincts together at a discharge point 
situated at South Creek; 

 Water quantity is assessed for the Western and Central Precincts separately. 
 

Volumes and areas required for detention and water quality purposes are based upon currently 
available information for input to the respective models.  The basin volumes will be refined during 
detailed design as models are further developed to include the internal piping system, more sub 
catchment areas and parameters and maybe reduce as a result.  During the detailed design stage, the 
use of onsite detention (OSD) and open space areas for detention may also be explored.  Open 
space areas (for example grassed recreational areas) located in close proximity to creek lines can be 
utilised to detain floodwater temporarily, thus further reducing the detention volumes required to 
meet the objectives. 

The assessment assumes no detention is currently provided by Basin “I”.  The available footprint 
for Basin “I” has been predetermined and constraints exist with regards to inlet, outlet and potential 
storage available at this location.  During the detailed design stage the detention volume available 
at Basin “I” will be determined.  The inclusion of a detention volume at Basin “I” would further 
reduce the required detention volumes at the other basin locations within the Western Precinct. 

The location of the proposed basins is provided in Figure 4-1.  The locations of the basins within 
the Precinct are indicative only thus allowing basin distribution and arrangements to remain 
flexible at this stage and more or less basins maybe required which would be determined at the 
detailed design stage.  
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4.2 Stormwater Quantity Management 
To achieve the management objectives specified by SREP30 and EPS, detention basins have been 
proposed for the St Marys site to convey stormwater runoff from the proposed development to 
downstream discharge points on South Creek.  Detention basins within the Precinct will be 
constructed off line with a low flow bypass to ensure that the peak flow following development 
does not exceed the peak flow under existing conditions. 

A hydrological model (XP-RAFTS) was set up to assess the required detention volume of each 
basin for 2 yr to 100 year ARI events with details provided in Appendix A.  The required volume 
of detention for each basin is shown in Table 4-2. 

Overview 
The objectives of the stormwater trunk drainage system are to: 

Safely convey runoff through the proposed development; 

Integrate with the road and lot layout; and 

Integrate with the water cycle management system such that runoff quality and quantity are 
controlled efficiently. 

Water Quantity Management Objectives 
Watercycle management objectives are outlined in two documents SREP30 and EPS, both prepared 
by the then Department of Urban Affairs and Planning.  The following objectives refer to the 
management of stormwater quantity. 

Changes in local flow regimes due to the development are to be minimised for rainfall events up to 
the 50% AEP rainfall event; i.e. from 2 yr to 100yr Average Recurrence Interval (ARI events).   

Proposed Drainage System 
The following components would make up the drainage system: 

 Pit and pipe system able to carry flows up to the 10 year ARI storm; 

 Overland flow paths able to carry flows up to the 100 year ARI storm; 

 Open channels able to carry flows up to the 100 year ARI storm; and  

 Combined detention/wetland basins able to provide the necessary quality and quantity controls, 
while also coping safely with the 100 year ARI flow. 
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Proposed Detention 
Four detention basins are proposed for the Western Precinct for peak flow mitigation for 2 year to 
100 year ARI storm events.  Three basins (A1, A2 and C1) are located within the Western Precinct, 
whilst the remaining basin (C2) is situated outside the Precinct boundary in the Regional Park as 
shown on Figure 4-1.  Required detention volumes to mitigate peak flows have been derived using 
a hydrology model and are reported in Table 4-2. 

 Table 4-2  Proposed Water Quality Detention Basin Volumes Western Precinct 

Detention Basin Detention Depth (m) *Water Surface Area 
(ha) 

Detention Volume 
Required (ML) 

A1 2.4 2.5 54 
A2 2.5 2.8 65 
C1 1.4 2 26 
C2 1.3 4.5 45 

*Surface area of water in detention basin at maximum detention depth 

The volumes for the Western Precinct would be refined at the design stage by further modelling 
and detailing of the outlet controls for the basins. 

Hydraulics 
Channel top widths will be defined for the trunk drainage system during further consultation with 
the Department of Water and Energy (DWE) regarding their requirements of channel makeup and 
riparian offsets under the Water Management Act, 2000.  It is anticipated that the top widths will 
vary from 10m in the upstream catchments to 30m further downstream towards South Creek. 

Classification of Watercourses 
The Water Management Act, 2000 states a requirement to identify “rivers” within the development 
site.  Following a site inspection undertaken with the Department of Water and Energy (DWE), the 
“rivers” for the Western Precinct as shown on Figure 4.2 were identified.  It was agreed with DWE 
that the “rivers” will be refined during further consultation with DWE. 

Maintenance of Water Quantity Controls 
Proposed detention basins/wetlands will be maintained by MDC for an initial three year period 
following construction.  After this time, Penrith City Council will be responsible for the ongoing 
maintenance of the basins. 
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4.3 Stormwater Quality Management 

Overview  
The water cycle management strategy for the Central Precinct development will be based on design 
principle to meet the stormwater management objectives described in the following documents: 

 SREP No 30, 2001; and 

 St Marys Environmental Planning Strategy, 2000. 

The adopted strategy will also consider additional state and local government documents listed 
below:   

 Penrith City Council ,Water Conservation and Water Action Plan – Water Way -– Sustainable 
Penrith series 

 Penrith City Council, Sustainability Blue Print for Urban Release Areas, June 2005 – 
Sustainable Penrith series. 

 Penrith City Council, Erosion and Sediment Control DCP, December 2006- section 2.4 

 South Creek Stormwater Management Plan, 1999-2000, Stormwater Trust 

 Department of Environment & Climate Change (DECC), Managing Urban Stormwater, 
Environmental Targets, Draft October 2007.  

 Penrith City Council, Stormwater Quality Control Draft Policy 

 Landcom, Soils and Construction, 2004 

 ANZECC Guidelines for Fresh and Marine Water Quality, 2000 

 

Water Quality Management Objectives 
The water quality objective for the St Marys Project is to ensure that there is no net adverse impact 
upon the water quality in South Creek, as stated in the SREP30. There will be no increase in the 
annual pollutant loads in the developed case compared to the existing case. This objective will be 
applied to all runoff into South Creek entering the creek along the St Marys site from the west. This 
includes runoff from the Western Precinct, the Central Precinct and any existing urbanised areas 
located further upstream of this catchment. 

To meet this objective, a water quality assessment has been undertaken for the Western and Central 
Precincts. These models were combined into one assessment to represent runoff from all 
catchments entering South Creek from the west.  A series of stormwater management wetlands 
have been identified across the Western Precinct, Central Precinct and areas in the Regional Park.   

The MUSIC water quality model (eWater CRC, Version 3.01) has been used in the water quality 
assessment.  The water quality modelling details are given in Appendix B. 
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The proposed water quality measures on site are not limited to wetlands. The additional controls 
are described in the following section. For water quality modelling purpose, only wetlands were 
included in the assessment. This would result in relatively conservative sizing for the proposed 
wetlands. 

Proposed Water Management System 
A number of stormwater management controls would be integrated into the overall drainage 
concept to manage stormwater quality and quantity where appropriate and to achieve the required 
objectives.  The elements of the water management strategy are based on a hierarchy of stormwater 
management controls and create a stormwater treatment train.  These controls could include: 

Source controls 

 At the residential lots, rainwater tanks maybe used to capture roofwater for reuse.  If recycled 
water is available, then rainwater tanks may be used depending on the demands on the lot. 

 Bioretention systems will be provided where possible depending on the topography and 
gradients on site.  These will be local neighbourhood type small open space areas that will act 
as large dry infiltration basin and will provide the start of treatment of stormwater runoff higher 
up in the sub-catchments. The treated runoff will be captured and conveyed in the drainage 
piping system and will not infiltrate into the natural soils.  

Conveyance controls 

 Stormwater that enters the piping system, would then pass through a gross pollutant trap (GPT) 
located immediately upstream of a larger dry infiltration basin or a wetland.  The GPTs would 
remove coarse sediment, litter and debris that are generated on the roads. 

 Dry infiltration basins or wetlands will be provided to supplement the treatment of stormwater 
provided by the source controls and GPTs.  Runoff from a dry infiltration basin would be 
collected by perforated pipes located in the base of the infiltration system and discharged as 
polished stormwater into the downstream waterways, or if a wetland is proposed instead of a 
dry infiltration basin, then it would offer a similar treatment of polishing the runoff. 

Natural Systems Controls  
In addition to the above water quality controls, natural system controls will also be adopted where 
possible.  Natural system controls involve the management of areas within the catchment and creek 
systems that will remain unchanged.  The use of natural system controls does not necessarily 
involve specific structural control measures, but rather a general planning approach.  Natural 
systems controls recognises that natural waterways, floodplains and native vegetation perform 
essential hydrological and ecological functions that cannot easily be replicated by constructed 
stormwater control measures.   
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Therefore essential elements of the natural system will be retained in the development, and where 
degraded they will be rehabilitated and may include:  

 Open space areas located near natural drainage lines;  

 Existing native vegetation maintained where possible; and 

 Revegetation with native species to batters and open space areas will assist in reducing 
stormwater pollutant loads, and therefore assist in improving the long term water quality. 

Size of Proposed Water Quality Controls 
The land take requirements of the proposed stormwater wetlands in the Western and Central 
Precincts (Western Precinct basins are highlighted in bold) that would meet the water quality 
objectives for South Creek are shown in Table 4-3.  

 Table 4-3  Proposed Water Quality Stormwater Management Wetland Sizes for the 
Western and Central Precincts 

Stormwater 
management 

wetland ID 

Minimum* land take 
(ha) for water 

quality purposes 
only 

A1 1 
A2 1.8 
B 8 

C1 1 
C2 4.5 
D 2 
I 7.4 

* Refer to Table 4.1 for the landtake requirements that include the additional areas required for detention 
purposes 

Wetlands “I” and “B” are required to meet to achieve the project water quality objectives and 
would be progressively constructed during the development.  Wetlands have been proposed in this 
Precinct Plan but it should be noted that other WSUD water control measures such as biofiltration 
basins may also be considered as an alternative during the detailed design stage.   
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Maintenance of Water Quality Controls 
The pollutant retention capability of any control device is subject to it being maintained 
appropriately.  The efficiency of a control reduces as the device fills with pollutants and 
maintenance must occur before the performance of the device falls below expected levels. Thus, a 
maintenance schedule must be prepared for each control.  There will be regular maintenance and 
monitoring of all pollution control mechanisms. These tasks will be undertaken by the developer 
for a period of three years and then taken over by Council. The initial operation and maintenance 
regime of the water quality controls is summarised below in Table 4-4 these would be refined at 
the detailed design stage. 

 Table 4-4  Operation and Maintenance of Water Quality Controls 

Item  Maintenance Requirements 

Gross Pollutant Traps 
(GPTs) 

GPTs upstream of the basins should be maintained every three months or after each 
storm event, as required. 

Dry Infiltration Basins The bioretention basins should be inspected annually for trapped sediments. 
Excessive sediment should be removed and disposed of properly to maintain the 
extended detention depth and volume of the biofiltration area.  
 
Excessive dead plant debris should be removed to reduce the organic material and 
nutrient loads in the biofiltration area. 

Constructed Wetlands The wetlands area should be inspected annually for trapped sediments. Excessive 
sediment should be removed and disposed of properly to maintain the design 
volume of the wetland.  
 
Excessive dead plant debris should be removed to reduce the organic material and 
nutrient loads in the wetland area. 

 

Maintenance manuals will be prepared for the management of the various stormwater facilities as 
part of the development application.  These manuals will identify the timing of and requirements 
for: 

 maintenance of grass cover within formed channels to prevent erosion of channel bed and 
banks; 

 control of weeds; 

 removal of litter, debris and coarse sediments deposited during floods to formed channels as 
necessary; particularly from detention storages that are located above wetlands; 

 the maintenance regime for heavy and light machinery for cleaning of sediments and organic 
material deposited within all parts of the wetland; 

 litter and sediments trapped in gross pollutant traps; 
 monitoring of vegetation type and growth; 
 maintenance of conditions to ensure mosquito control; and  
 appropriate safety measures.  
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4.4 Soil and Water Management Strategy 
This section describes the Soil and Water Management Strategy (SWMS) for the construction 
phase of the project and with respect to groundwater and salinity management measures should be 
read in conjunction with section 5.9 and Appendix C.   

Overall Approach  
A soil and water management plan would need to be prepared as part of the development 
application.  Its purpose is to safeguard the environment during the construction stages of the 
development. 

The objectives of the SWMS are to: 

Provide an overall erosion and sediment control concept for the proposed development; 

Control the erosion of soil from disturbed areas on the site; 

Limit the area of disturbance that is necessary; 

Protect downstream water quality; and  

Prevent any sediment-laden water from entering South Creek.  

In addition to the controls that have been identified in the SWMS, Erosion and Sediment Controls 
Plans (ESCP) for the site would need to be prepared at the development application stage in 
accordance with the requirements of : Penrith City Council, Erosion and Sediment Control 
DCP, December 2006- section 2.4, and the Landcom “Soils and Construction “ Manual, 2004, 
known as the “Blue Book”.  The ESCP would describe the requirements for erosion and 
sediment controls, such as handling of excavation and filling, sediment fences, diversion 
drains, top soil stockpiles and reuse of soils, barrier fences, energy dissipaters, check dams, 
temporary culvert crossings and sedimentation basins.   

Management Measures  
The following soil and water management measures would be used during the construction phase 
of the development. 

Land Disturbance Protection 
Land disturbance during construction will be minimised to reduce the soil erosion hazard on site 
and may include the following; 

 Clearly visible barrier fencing will be installed at the discretion of the site superintendent to 
minimise unnecessary site disturbance and to ensure construction traffic is controlled.  
Vehicular access to the site will be limited to only those essential for construction work and 
they will enter and exit the site only through the stabilised access points; 
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 Soil materials should be replaced in the same order that they are removed from the ground.  It 
is particularly important that all subsoils are buried and topsoils are replaced on the surface at 
the completion of the works; 

 The duration of all works, and thus the potential for soil erosion and pollution, should be 
minimised; 

 Where practical, foot and vehicular traffic will be kept away from all recently stabilised areas; 
and 

 Stockpiles should be seeded.  

Erosion and Sediment Control Measures 
The relevant measures listed below to address erosion and sedimentation should be used on site: 

 Stabilised entry/exit point; 

 Sediment filter fences; 

 Weed-free straw bales; 

 Barrier fences; 

 Diversion drain banks/channels; 

 Check dams; 

 Temporary sedimentation basins; and  

 Top soil stockpiles. 

These control structures are described in the following sections. 

Stabilised Entry/Exit Point 
A stabilised entry/exit structure should be installed at the access point to the site to reduce the 
likelihood of vehicles tracking soil materials onto public roads.  A shaker ramp (cattle grid) will 
also be used in addition to the stabilised gravel access.   

Sediment Filter Fences 
Sediment filter fences should be installed where needed to confine the coarser sediment fraction 
(including aggregated fines) as near to their source as possible. 

Barrier Fences 
Barrier mesh fences should be installed to define those areas on site that should not be entered to 
avoid unnecessary soil/land disturbance.   

Diversion Drain Banks/Channels 
Diversion banks intended to remain effective for more than 2 weeks will be rehabilitated when 
possible.  Hessian cloth can be used if tacked with an anionic bitumen emulsion (0.5L/m2). Foot 
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and vehicular traffic will be kept away from these areas.  Pipe culvert crossings that can withstand 
the maximum expected trucks loads will be installed where required.  Concrete encasement for the 
pipe may be used if needed. 

Check Dams 
Check dams should be installed on diversion drains that are laid on longitudinal slopes greater than 
2.5% to reduce runoff velocities.  Check dams are to be located at intervals of approximately 100m. 

Temporary Sedimentation Basins 
Sediment basins will need to be constructed.  These basins would be located at the furthest 
downstream point in their sub-catchment to maximise the capture and treatment of surface runoff 
during the construction phase.  The sedimentation basins will need to be designed to suit type D 
(Dispersible) soils.  Stored contents of the basins should be treated with gypsum or other approved 
flocculating agents where they contain more than 50mg/L of suspended solids.  An energy 
dissipater rip rap may be installed at the weir outlet located at the downstream end of each 
sediment basin outlet to reduce runoff velocities where required.  

Top Soil Stockpiles 
Stockpiles will be constructed away from hazardous areas, particularly areas that are likely to have 
concentrated water flows.  Stockpiles may be seeded. 

Main Principles of Erosion and Sediment Control during Construction 
The main principles for erosion and sediment control are summarised below: 

 Stockpile and reuse all topsoil; 

 Divert clean runoff water from the upstream drainage system around the disturbed open trench 
area; 

 Restrict vehicular access to stabilised entry and exit points with controls to reduce soil export 
attached to excavators and truck tyres exiting the site; 

 Restrict access to areas that do not require land disturbance; 

 Provide adequately designed sediment fences, barrier fences, catch drains, check dams, 
sediment fences and other required structures; 

 Ensure that the temporary top soil stockpiles are protected from erosion when works are 
unlikely to continue for long periods.  Ensure that stockpiles are not placed in the flow path of 
upslope runoff; 

 Make provisions for emergency quick clean-up and removal of any accidental spills of soil on 
to public property and provide tanker with pump to cope with accidental runoff; 
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 Provide wire mesh and gravel inlet filters at stormwater kerbs (if any) located downstream of 
the entrance to the site to trap any accidental spill of soil material; 

 Monitor and maintain all sediment and erosion control measures; 

 Minimise additional solid disturbance activities during wet weather; 

 Undertake water quality monitoring at the outlet of the sediment basins to ensure compliance 
with the DECC (formerly EPA) guidelines; 

 Stabilise rehabilitated surfaces as soon as possible; and 

 Obtain additional information needed from the “Soils and Construction”, Landcom 2004 
manual. 

4.5 Flooding 
The Western Precinct lies to the west of South Creek and the site is not at risk of flooding from 
South Creek in the 1 in 100 year ARI event.   

4.6 Flood Evacuation Strategy 
The Probable Maximum Flood (PMF), the regional flooding in the Hawkesbury-Nepean River 
system, does not impact on the Western Precinct which is demonstrated on the SREP30 Structure 
Plans.  

4.7 Conclusion 
The MUSIC model results, as provided indicate that the proposed stormwater management 
wetlands would meet the SREP30 water quality objectives of ensuring that there is no net increase 
in the annual pollutant load in the developed case compared to the existing case.  

This assessment identifies fewer stormwater management ponds across the St Marys Project site 
compared with the 1998 Study.  This result is an expected one, as the proposed area to be 
developed by MDC has been reduced since the 1998 SKM report was produced.  In summary, the 
modelling results indicate that the proposed stormwater management wetlands would meet the 
water quality and quantity objectives.  
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5. Soils, Groundwater & Salinity Management 
Strategy 

5.1 Background to Soils, Groundwater and Salinity  

Potential Salinity Concerns 
Urban development has been identified as having the potential to increase the salt load in western 
Sydney landscapes that may already exhibit significant salinity. Although salinity has been 
identified as being natural to the western Sydney environment and not a consequence of previous 
industrial land uses, it poses a concern to developers of new subdivisions in the western Sydney 
region. 

The main factors which lead to salinity in western Sydney have been identified as: 

 The low rainfall and high evaporation potential with a considerable range in wet and dry years; 

 The input of salts from natural rainfall (cyclic salts); 

 The extensive area of saline groundwater underlying much of the plain which is known to rise 
near to the surface at some geologic and topographic boundaries; 

 The common presence of duplex soils (of the Luddenham and South Creek soil landscapes) 
which are prone to water logging on lower slopes; and, 

 Subsoil layers in these soils which have a high susceptibility to sodicity and/or salinity. 

 

Salinity can occur in one of the following ways: 

 When brackish or saline groundwater rises near to the surface and where plant-evapo-
transpiration or capillary rise encourages salts to concentrate over time. 

 Where salts from the drainage water gradually accumulate at the top of impermeable clay 
subsoil. This can lead to surface salinity when a hydraulic link allows salts to rise through the 
profile. Alternatively the subsoil is exposed by excavation. 

 Where cyclic salts in rainfall accumulate over time in areas with poor drainage and are 
concentrated by evaporation. This may occur when the sub-surface flow is blocked by building 
foundations. 

 Where salt from deeply weathered soil landscapes is mobilised by perched water tables. These 
salts contain a high proportion of sulphates, which adds to the importance of this type of 
salinity because of the aggressive impact of sulphates on concrete and brickwork. 
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Development Requirements 
The SREP30 and the EPS specify the following requirements with respect to groundwater and land 
salinity issues, which are applicable to the site: 

 There should be no significant rise in the water table or in groundwater salinity as a result of 
this development; 

 An electromagnetic induction (EMI) survey of the Precinct should be carried out; and, 

 A Groundwater Management Strategy should be prepared for the site. 

 

Objectives 
The objectives of this investigation works were to: 

 Satisfy the requirements of the SREP30 and the EPS with respect to groundwater and land 
salinity issues in the site; 

 Assess the existing salinity conditions in soil and groundwater at the site; 

 Predict the potential impact of urban development on the site’s landscape, especially the 
potential to increase surface runoff salt load and rising water table which might bring saline 
groundwater to the surface; and, 

 Provide mitigation and management measures to ameliorate potential salinity impacts in the 
proposed urban development. 

 

Scope of Works 
In order to achieve the objectives described above, the following scope works was undertaken: 

 Review of previous investigations, published technical literature, aerial photographs, and 
existing regional, data relating to geology, soil landscape, hydrogeology, topography and 
geochemistry relevant to the site and salinity in particular; 

 Evaluation of past and current soil and groundwater salinity data at the site to determine the 
potential source, transport, transformations and fate of geochemical species, including the 
potential for salt load increase due to rise in groundwater recharge; 

 Evaluation of past and current groundwater data to infer groundwater contours and potential 
groundwater flow at the site, including the potential extent of interaction between groundwater 
and the surface water; 

 Onsite walkover with cable locating contractor to confirm presence underground services prior 
to undertaking intrusive investigations works; 

 Mapping subsurface conductivity across the site and, by extension, soil salt content, using 
electromagnetic induction (EMI) methods; and, 
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 Development of a conceptual hydrogeologic model and groundwater management strategy for 
the site, incorporating past and current regional, local, and site specific data on geology, 
topography, groundwater, and geochemistry. 

The scope of works undertaken for the salinity assessment of the Central Precinct is described in 
detail in this report, which also aims to respond appropriately to the requirements specified in the 
SREP30 and the EPS.  This report includes recommendations towards the mitigation and 
management of potential salinity issues in urban development. 

5.2 Review of Previous Investigations 
Groundwater and salinity investigations have been carried out on the St Marys site in several 
phases since 1991.  The earliest work was undertaken by Mackie Martin and Associates (MMA), 
and was primarily concerned with potential soil and groundwater contamination resulting from the 
use of the St Marys site over the preceding fifty years as an explosives production facility. The 
results from this investigation phase are reported by Mackie Martin (1991) in two report volumes.  
More detailed investigations and remedial work were later carried out by ADI Ltd and are 
described in their validation reports (including ADI Ltd, 1996).  In addition to the contamination 
results, these reports reveal much about the natural groundwater system and about the salt cycle in 
the area. 

Later studies, from 1998, were largely directed towards geotechnical and water cycle investigations 
for those portions of the site proposed for residential development. These comprised: 

 Water cycle investigation at ADI St Marys site by SKM (Sinclair Knight Merz, 1998); 

 Soils, salinity and groundwater in the Western Precinct, investigated by SKM (Sinclair Knight 
Merz, 2001); 

 The Eastern Precinct, investigated by Jeffery and Katauskas (J&K) for Patterson Britton 
(Jeffery and Katauskas, 2003); and 

 Soils, salinity and groundwater investigation in the Dunheved Precinct (Sinclair Knight Merz, 
2004). 

 
Concerns had been expressed in 1998 by the then DLWC that urban development in the Western 
Precinct might cause the water table to rise, because of tree clearing during construction or as a 
result of subsequent garden watering and pipe leakage.  It was known from earlier investigations 
that the water table is naturally present within a few metres of the surface in most places and that 
this groundwater is often saline.  Surface salting or waterlogging of low-lying land might result 
from a rising water table.  In addition, the salt load carried by South Creek and Ropes Creek, which 
cross the St Marys site though not the Western Precinct, could increase. 
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5.3 Precinct Description 

Topography 
The terrain at St Marys is typical of western Sydney’s geology – Bringelly Shale bedrock, 
weathered to depths of several metres, overlain on valley floors by alluvial floodplain deposits 
along the tributaries of South Creek and Ropes Creek.  The alluvial deposits are predominantly 
composed of clay, but include thin and discontinuous layers of gravel and sand, and are up to 12m 
deep (though 3-4m is more usual).  The low level floodplain alluvium below about RL 20-25m 
AHD is of Quaternary age, but higher-level and much older terrace deposits of Tertiary age may 
occur at up to RL 35m in the Eastern Precinct.  The Western Precinct differs from the overall St 
Marys geology in having a higher proportion of shale bedrock at the surface, and less alluvium.  

The lower slopes of the hills are mantled by 1-4m of clay colluvium, which is being moved slowly 
downslope by soil creep and is merging with the floodplain alluvium that it closely resembles. 
Shale bedrock does not outcrop except in artificial excavations, although it is present at shallow 
depth on hill crests beneath 1m or less of residual clay soil.  The Bringelly Shale formation 
includes thin sandstone beds as well as shale, mudstone and siltstone. These rocks are dark grey 
when fresh but weather brown. 

Regional Geology 
Based on the Penrith 1:100,000 geological map (Jones and Clark, 1991) shown in Figure 5-1, the 
site is underlain by Triassic Bringelly Shale (from the Wianamatta Group) and Pleistocene to 
Tertiary alluvial sediments. 

The Bringelly Shale formation has a maximum thickness of about 300 m, although at the site this is 
expected to be about 90 m, when combined with the underlying Ashfield Shale.  Both of these 
shales in turn overlie the Hawkesbury Sandstone. The Bringelly Shale is composed of shale, 
mudstone, claystone and some sandstone. The shale rocks are dark grey when fresh but weather 
brown. Fresh shale bedrock does not outcrop except in artificial excavations, although it is present 
at shallow depth on hill crests beneath 1 m or less of residual clay soil.  

The Penrith geological map also shows a major geological structure, known as the Narellan 
Lineament, running in a north-south direction 500 m east of the site. This lineament could be a 
zone of either closely-spaced jointing or faulting, which defines the straight course of South Creek 
upstream from the St Marys area. Within the site area it may be responsible for the deep shale 
weathering noted in several subsurface investigations. 
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Site Geology 
The low level floodplain alluvium (from RL 17 to 28 m AHD) is of Quaternary age and the higher 
level weathered shale bedrock (from RL 29 to 40 m AHD) is of much older Triassic age. No 
surface outcrops of the fresh shale bedrock were observed during current investigation works and 
the predominant rock type encountered in soil bores drilled was weathered shale. The depth of 
weathered shale and residual clay cover in soil bores was everywhere greater than 3 m. 

The lower slopes of the hills are generally mantled by 1 to 4 m of clay colluvium, which is being 
moved slowly downslope by soil creep and is merging with the floodplain alluvium that it closely 
resembles. 

Soils 
Based on the Penrith 1:100,000 soil landscapes map (Bannerman and Hazelton, 1990) an extract 
from which is shown in Figure 5-2 the two soil units within the site area include the Luddenham 
(lu) and South Creek (sc) soil landscapes (SLs). The first is predominant within the southern and 
western third portion of the site, while the South Creek SL covers the remainder. The Luddenham 
soil units are of residual origin, derived from weathered Bringelly Shale bedrock. The South Creek 
clay soil units of alluvial origin are derived from weathering, erosion and fluvial transport of the 
Bringelly Shale bedrock.  

They differ in that the Luddenham SL is developed on older (Triassic age) higher level bedrock 
terrains, while the South Creek SL comprises those alluvial clay soils on the near-recent 
(Pleistocene) and present-day, active flood plain of watercourses such as South Creek. 

Although these soils have many similarities, they differ in that the South Creek SL tends to have a 
shallower depth to the water table and hence to be more prone to waterlogging, more erodible and 
subject to more frequent flooding. The Luddenham SLs is typically found on gently undulating 
rises on Bringelly shales. The typical Luddenham soil is a brown hard-setting silty clay loam 
overlying strongly pedal mottled brown clay, with texture increasing with depth. In the highest part 
of the landscape the clay extends only about 1 m before fresh shale bedrock is encountered. 
However, the heavy clay can extend for several metres in the lower parts of the landscape. 
Particularly on lower slopes, this soil type has poor drainage characteristics and is prone to salinity 
and sodicity. Shallow saline water tables also commonly occur beneath this landscape. 
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For much of the western Sydney region, the Luddenham soil landscape lies above the South Creek 
soil landscape. The soil limitations are summarised in Table 5-1. 

 Table 5-1  Summary of Soil Limitations 

Soil Landscape Soil Unit Soil Depth Limitation 

Luddenham (lu) 

lu2 up to 40 cm 
Very hard setting surface 
Low available water capacity 

lu3 >50 cm 

Low wet strength 
Low permeability 
Low fertility 
High shrink-swell 
Low available water capacity 

lu4 <90 cm 

Low wet strength 
Low permeability 
Low available water capacity 
High shrink-swell 

South Creek (sc) 

sc2 15 cm 

High erodibility 
Hard setting surface 
Strongly Acid 
Low fertility 

sc3 60-85 cm 
Shrink-swell potential 
Very high erodibility 
Low fertility 

 

Salinity potential maps released by the then Department of Land and Water Conservation (DLWC 
2002) show the Luddenham, soil landscape as having a moderate salinity potential and the South 
Creek soil landscape as having a high salinity potential. Identified areas of existing salinity are 
usually found on the South Creek soil landscape and the boundary between the South Creek and 
Luddenham soil landscape. 

Regional Hydrogeology 
Two groundwater-bearing systems are present within the St Marys site. These are referred here as 
the shallow and deep aquifers, but regolith (soil) and fractured shale bedrock aquifers would be 
more accurate titles. Neither would normally be regarded as true aquifers because of their low 
permeability, limited storage capacity, inhomogeneity and indefinite boundaries. A true aquifer is a 
soil or rock layer able to store and transmit groundwater in sufficient quantity and adequate quality 
to sustain producing wells. 

The main difference between these two ‘aquifer systems’ is that the shallow ones are more-or-less 
fresh, relatively permeable, but only ephemerally saturated; while the deeper aquifers are tighter, 
permanently saturated and much more saline (with salt content approaching that of sea water in 
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places). The use of the plural recognises that both systems comprise a complex of scattered and 
discontinuous sub-aquifers of limited area and volume. The two systems are interconnected to 
varying degrees, such that in many places they cannot be distinguished. Many piezometers 
penetrate both aquifer systems, so their response (in terms of water level and salinity) is therefore a 
composite one. 

5.4 Site Hydrogeology 
Two groundwater-bearing systems are present within the St Marys site.  These are referred here as 
the shallow and deep aquifers, but regolith (soil) and fractured shale bedrock aquifers would be 
more accurate titles.  The relationship between them is illustrated by Figure 5-3.  Neither would 
normally be regarded as true aquifers because of their low permeability, limited storage capacity, 
inhomogeneity and indefinite boundaries.  A true aquifer is a soil or rock layer able to store and 
transmit groundwater in sufficient quantity and adequate quality to sustain producing wells. 

The main difference between these two ‘aquifer systems’ is that the shallow ones are more-or-less 
fresh, relatively permeable, but only ephemerally saturated; while the deeper aquifers are tighter, 
permanently saturated and much more saline (with salt content approaching that of sea water in 
places).  The use of the plural recognizes that both systems comprise a complex of scattered and 
discontinuous sub-aquifers of limited area and volume.  The two systems are interconnected to 
varying degrees, such that in many places they cannot be distinguished.  Many piezometers 
penetrate both aquifer systems, so their response (in terms of water level and salinity) is therefore a 
composite one. 
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 Figure 5-3 Relationship between Shallow (Unconfined) and Deep (Confined) Aquifers 

 

Shallow Aquifers 
The shallow or soil aquifer system is composed of residual soil, colluvium (slope creep deposits), 
floodplain alluvium, lateritic ironstone and weathered shale bedrock.  This heterogeneous mixture 
is referred to as the regolith aquifer in McNally (2004, 2005a) because it includes all those soil 
materials down to the unweathered shale rockhead (‘from fresh air to fresh rock’ being the 
colloquial definition of the regolith). 

The shallow aquifer system in the Western Precinct essentially comprises the deeper soils covering 
footslopes and creek floodplains – the lower ground within the landscape.  As well as having a 
much smaller area than the underlying shale bedrock aquifer, the shallow aquifers discharge into 
nearby streams rather than to the distant South Creek.  The margins of the shallow aquifers are 
indicated by low ECe values on the EM conductivity map, which are taken to indicate low salinity 
groundwater at shallow depth.  The Western Precinct EM map highlighted saline outflows from a 
culvert on Northern Road, but failed to show a conspicuous area of saline scalding nearby.  
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Although the materials making up the shallow aquifers are predominantly impervious clay, 
significant hydraulic conductivity can nevertheless develop along shrinkage fissures, root tubes, 
weathered rock joints, the A/B soil profile interface and the deeper soil/rock interface.  The shallow 
aquifer permeability in borehole tests ranges through more than two orders of magnitude (25m/d to 
0.12 m/d) and averages 5m/d, about ten times that of the underlying shale bedrock.  If anything, 
this understates the bulk permeability of the soil, since the test results were obtained from 
piezometer rising head tests which sample only a cubic metre or so of surrounding soil and may 
miss a nearby fissure.  A better indicator of bulk soil permeability can be found in the almost 
instantaneous rise of the shallow water table following rainfall, which is characteristic of 
throughflow-dominated soil profiles and shallow unconfined aquifers. 

Another distinguishing feature of the shallow aquifer systems is its low salinity, although this is 
masked in many piezometer records by the influence of salt water rising from the deeper shale 
bedrock.  The characteristic salinity of the shallow aquifers appears to be less than 1000mg/L, 
which matches the surface stream salinity of 100 to 2510 mg/L (though generally <1000mg/L) and 
supports the hypothesis that discharge from this aquifer maintains stream baseflow. 

Finally, the shallow aquifers are typically unconfined, whereas the deep bedrock aquifer system is 
generally confined or at least semi-confined.  In other words, the upper surface of the shallow 
saturated zone is the water table, which is at atmospheric pressure; the highest water cut in a 
borehole is close to the final standing water level.  This contrasts with the deeper pressure aquifers, 
where the first water cut is usually several metres below the eventual SWL.  Water can infiltrate 
from the surface and the water table may rise close to ground level in low-lying areas, possibly 
causing water-logging in especially wet years.  However because this shallow groundwater has a 
salinity generally less than 1000 mg/L, especially in wet years, its potential for salting is much less 
than the deep aquifer water, although concentration by evaporation is nonetheless possible in 
places.  

Deep Aquifers 
As noted above, the deeper or fractured shale bedrock aquifer system is much more extensive than 
the shallow one – in fact it covers the Western Precinct, which is entirely underlain by Bringelly 
Shale.  The contours on the ‘piezometric surface’, defined by standing water levels in boreholes 
drilled into this confined aquifer indicate that the shale groundwater flows towards the northern end 
of South Creek and is not greatly affected by minor streams.  

Surprisingly, given that its hydraulic conductivity is dependent on fracture intensity (m2 per m3), 
fracture continuity and aperture, the as-tested shale permeability at St Marys is relatively uniform. 
Rising head tests, based on SWL recovery after bailing (‘purging’), indicate an average 
permeability of 0.5 m/d, with a range of 0.05-1.90 m/d.  This is at the high end of permeability 
ranges of 10-5 to 10-10m/s (approximately 1m/d to 0.00001m/d) recorded in unweathered shales of 
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the Sydney region (McNally, 2004).  The reason for this relatively high permeability is considered 
to be the stress-relief fracturing in the fresh shale rock mass, which tightens with depth. 

For our purposes, the most significant property of the deep aquifer system is its salinity, which is 
generally 10,000-30,000 mg/L TDS (say, equivalent to an EC range of 15-45dS/m).  The maximum 
salinity recorded was 35,000mg/L, similar to sea water.  Values less than 10,000mg/L are thought 
to indicate that mixing with fresh water from the upper aquifer has occurred.  At this stage it is not 
clear whether there are any mappable salinity trends across the site, as distinct from local salinity 
variations and the effects of local dilution. 

Another distinctive characteristic of the deep aquifers, and of shale aquifers elsewhere in western 
Sydney, is their slow piezometer response.  Water levels in piezometers may take hours or days to 
reach equilibrium SWL.  Thus a well that appears dry on completion of drilling may be found full 
to within a few metres of collar level after a week.  Boreholes in which no water cuts were 
observed may contain standing water next day, while test pits excavated below the inferred water 
table may appear quite dry during the hour or so that they remain open. 

This well behaviour is a consequence of the generally low bulk permeability of the shale rock 
mass, the random distribution of fractures and the poor hydraulic connections within this fracture 
network.  Water cuts are commonly not observed until the borehole has advanced some metres 
below what is the later recorded SWL.  Because of this variable but usually poor fracture 
connectivity the shale aquifer may be unconfined (below hill crests), confined (especially below 
thick clay regolith on valley floors) or semi-confined.  The latter is probably the most common 
situation in the Western Precinct, for it describes a ‘leaky’ aquifer (or ‘aquitard’) in which water is 
stored in fractures or perched water tables.  This water can move upward under pressure, but 
encounters frictional resistance along narrow and tortuous seepage paths.  Hence a fresh aquifer 
can exist above a saline one, provided its water level (ie, its ‘head’) is high enough to resist rising 
salt water. 

Groundwater Conceptual Model 
The discussion so far has emphasised the differences between the two Western Precinct aquifer 
systems, because this helps to explain the fundamental question – why is the groundwater in the 
shale so saline, yet water courses such as South Creek remain fresh at most times.  In reality the 
two systems are connected, albeit via narrow conduits through a leaky aquiclude.  Groundwater 
flows from high levels to low the same as surface water does, or more correctly from high to low 
pressure zones, but its movement is hindered by frictional resistance along the way.  The longer its 
passage through the shale bedrock the more head pressure it loses and the more salt it gathers. 

Rainfall is presumed to infiltrate mainly on upper slopes or along watercourses, but its uptake is 
extremely low because of the tightness of the shale bedrock; most precipitation runs off or is lost to 
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vegetation.  Windblown sea salt accompanies the rain and becomes stored within the soil B-horizon 
as moisture is lost by evapo-transpiration.  It is presumed that some of this stored salt, at depths 
around 1m in the soil profile, is periodically dissolved and flushed downwards with the sinking 
groundwater or moves laterally with throughflow (McNally, 2005b).  Were it not for such a salt-
depleting mechanism, western Sydney would become a desert.  The proportion of salt removed by 
throughflow to that infiltrating to groundwater is not known, though field evidence suggests the 
former is much the more effective salt-depleting mechanism.  Once within the shale, which may be 
present at only 1-2m depth, the infiltrating water ‘steps’ slowly downwards through vertical joints 
and laterally along bedding planes.  The groundwater distribution in the shale can be envisaged as a 
multitude of stacked and sporadically distributed perched water tables.  Boreholes only 100-200 m 
apart may differ in SWL by 10m or more, as they register different perched water tables.  It would 
appear that the water table in Bringelly Shale is not quite the smoothly inclined surface often 
portrayed. 

Hydraulic Connection between Aquifers 
Because water moves from higher to lower pressure, saline shale water tends to move downwards 
beneath hills and upwards to major watercourses such as South Creek, though the dominant source 
of the creek water remains the fresh upper aquifer.  The processes controlling salinity in South 
Creek – and indeed in all permanent water courses in the shale terrain of western Sydney - appear 
to be as follows: 

 Following heavy or prolonged rain the upper aquifer is replenished, the water table rises and its 
salinity (never high) diminishes. Because of the much lower permeability of the shale, and 
despite its much larger outcrop area, little rainfall infiltrates to the bedrock aquifer. In fact most 
of the water penetrating below the plant root zone is directed down slope but within the soil 
profile by throughflow, without entering the groundwater cycle. 

 For most of the time between significant rainfall events, which may range from months to more 
than a year, the base flow to South Creek (and similar streams) is provided by the upper 
aquifers. High pressure in these layers normally inhibits salt entry from the lower aquifer, but 
this leakage increases as the water table subsides. 

 In drought years the discharge of South Creek and the level of the water table both fall, and 
salinity of the surface water increases. At the St Marys site we know that stream salinity may 
vary from about 100 mg/L to 2500 mg/L, but this is probably not the full extent of its seasonal 
variability, due to the limited monitoring period. 

 In extreme droughts South Creek could dry up entirely, but salt can still be brought to the 
surface by capillary rise. This salt enrichment of the creek bed by evaporation would be 
apparent as a temporary conductivity spike following drought-breaking rains, as discharge from 
the replenished upper aquifer flushes out remnant salt. 
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5.5 Investigation Methodology and Results 
The results summarised below refer to soils, salinity and groundwater investigations carried out by 
others in the Western Precinct during the period 1991 to 2000 and listed in the References. 
Investigations carried out by SKM in 2008 were restricted to walkover surveys and airphoto 
interpretation to confirm, where possible, the findings of earlier testing, drilling and monitoring. 

Investigations in the Western Precinct 
Salinity and groundwater investigations completed in or near the Western Precinct since 1990 have 
comprised: 

 Drilling of two boreholes (SM53, 61) during the 1991 MMA program, both completed as 
standpipe piezometers; 

 Drilling of 14 boreholes (P1-7, G1-6) by J&K in 2000, with paired piezometers penetrating 
the shallow and deep aquifers (total of 21 holes); 

 Excavation and logging of 38 test pits to maximum depths of around 3m, with associated 
soil salinity testing; 

 Monitoring water levels and salinity in piezometers, along with associated rising head 
permeability testing; and 

 Mapping subsurface conductivity and, by extension, soil salt content, using 
electromagnetic induction (EMI) methods. 

Soil bore locations are shown in Figure 5-4 and drilling logs are presented in Appendix C. 
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Soil Borehole Details 
Three series of boreholes are recorded: 

 SMs 53 and 61 from the original 1991 Mackie Martin (MMA) survey, which covered the 
whole of the St Marys ADI site and which was mainly concerned with defining areas of 
contaminated land, rather than with identifying saline soils and groundwater. 

 The P series of piezometer pairs drilled by Jeffery and Katausakas (J&K) in 1999, mainly at 
proposed wetland sites. The S suffix indicates a piezometer set in the shallow aquifer and D 
suffix identifies a deeper piezometer, registering groundwater fluctuations in the shale bedrock 
aquifer. 

 The G series of piezometers were also drilled by J&K, apparently at alternative wetland sites in 
higher ground (dry gullies).  Only one of these sites was equipped with a dual piezometers; the 
single standpipes in the other five boreholes (G1-5) record groundwater conditions in the shale 
bedrock. 

The main findings from these boreholes were that: 

 There was little difference in salinity (TDS) between the shallow and deep groundwater, 
though the latter tended to be slightly higher. Groundwater TDS was generally in the range 
15,000-20,000mg/L, about half the salinity of sea water. 

 Although groundwater salinity in every borehole was too high for any rural purpose, the 
upslope piezometers (G1-4) tended to be at the lower end of the range (10,000-15,000mg/L).  
This implies that groundwater in the shale aquifer beneath higher ground is more subject to 
fresh water recharge than that beneath valley floors; in fact the latter could be concentrated by 
evapo-transpiration. 

 There was no consistent pattern of salinity change in the P and G series boreholes between 
monitoring rounds in November 1999 and January 2000. However, borehole SM61 was 
monitored over a longer period of ten months in 1994-95, and recorded a fall from 27,500mg/L 
to 22,000mg/L.   

 Standing water level (SWL), hence water table depth, likewise fluctuated between the two 
monitoring dates – some rose, some fell, generally by less than 0.3m. However G1 rose by 
1.92m and G3 by 1.90m. 

 Contours on the shale aquifer SWLs (effectively, on the regional water table surface) indicate 
that groundwater in this aquifer flows to the east, towards South Creek, at an average gradient 
of about 1:100. Contours on the SWLs in the upper aquifer are less definitive, but suggest that 
its discharge is partly towards local water courses and partly towards South Creek.  

 Hydraulic conductivity (permeability) in both the shale and shallow aquifers, as measured by 
rising head tests, is generally very low and in the range 10-3 to 10-5 m/d (0.001 to 0.00001 m/d).  
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However a few results are around 0.01m/d, indicating that soil fissuring and bedrock jointing 
may locally increase permeability by one or two magnitudes. 

 One saline borehole, P6, is situated immediately downstream from the leaking toe of a small 
dam, in a bare ‘scalded’ area (in fact, this is the most visibly salt-affected 0.5ha in the whole 
Precinct).  However a number of other saline boreholes (P3, P5, P7 and G5) did not have any 
obviously salt-affected ground nearby.   

 

Soil Salinity Results 
Soil salinity results of test pits were obtained from laboratory tests carried out in the Department of 
Lands soils laboratory at Scone NSW.  Results from both sets of testing are summarised in Table 
5-2 and salinity contours for depths 0.2, 0.75 and 2.0 m are shown in Figure 5-5 through Figure 
5-7, respectively.  

 Table 5-2  Summary of Soil Salinity ECe (dS/m) Results 

Test Pit 
No. 

Sample 
Depth 

Ece 
(dS/m) 

Test Pit 
No. 

Sample 
Depth 

Ece 
(dS/m) 

TP1  0.8‐1  2.16  TP14  0.3‐0.5  2.25 
TP2  0.75‐0.9  0.45  TP15  0.3‐0.45  2.56 
TP3  0.3‐0.5  0.54  TP16  1.5‐1.6  1.26 
TP4  2‐2.1  0.72  TP17  0.8  1.76 
TP5  0.75‐0.9  7.74  TP18  0.75‐0.9  6.32 
TP6  0.75‐0.9  6.66  TP19  0.75‐0.9  3.69 
TP7  0.75‐0.95  7.12  TP20  0.75‐0.9  5.12 
TP8  0.75‐0.95  5.58  TP21  2.0  5.80 
TP9  0.3‐0.5  2.61  TP22  2‐2.15  6.00 
TP10  0.75‐0.9  6.75  TP23  0.75‐0.9  4.88 
TP11  2.0  8.19  TP24  0.75‐0.9  9.90 
TP12  0.3‐0.45  0.81  TP25  2‐2.1  1.80 
TP13  0.8  0.90 
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Soil salinity results have been compared against the ECe values of soil salinity classes specified by 
the DLWC 2002 booklet titled Site Investigations for Urban Salinity. These values are summarised 
in Table 5-3. 

 Table 5-3  ECe Values of Soil Salinity Classes (DLWC 2002) 

Class ECe (dS/m) Comments 

Non saline <2 Salinity effects mostly negligible 

Slightly saline  2-4  Yields of very sensitive crops may be affected  

Moderately saline   4-8 Yields of many crops affected 

Very Saline    8-16 Only tolerant crops yield satisfactorily 

Highly saline  >16  Only a few very tolerant crops yield satisfactorily 
 

Soil salinity results from 38 test pits in the Western Precinct are given in summarised form in SKM 
(1998).  It is believed that these results refer to field conductivity testing carried out on 1:5 
soil/water suspensions and are expressed in uS/cm units, though we have no further details.  Based 
on DLWC 2002 criteria the SKM field results correspond, by depth intervals, to: 

 Depth 0.3 m (in topsoil or A-horizon), approximately 40% of results non-saline, remainder 
slightly saline; 

 Depth 0.75 m (in subsoil or B-horizon), approximately 20% non-saline, 3% moderately saline, 
remainder slightly saline; and, 

 Depth 2 m (in lower B-horizon or weathered shale), approximately 45% non-saline, remainder 
slightly saline. 

 

These results indicate that though salt accumulates with depth, the soil profile in the Western 
Precinct is generally of low salinity, with the exception of the areas identified as very too highly 
saline anomalies (refer to discussion in Section 5.6).    
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5.6 Electromagnetic Soil Testing 
An electromagnetic induction (EMI) survey was carried out across the site by DLWC in December 
1999 and presented in Volume 2 of the EIS report dated 31 May 2000. It is understood that this 
survey was carried out by using a Geonics EM31 conductivity meter, although the only information 
available to us is a colour-coded printout of ground conductivity (ECa) readings presented as a 
figure in Jeffery and Katauskas (2000).  This instrument probes to about 5-6m depth, though the 
bulk of the response is drawn from the top 2-3m (ie, the soil profile).  Measurements are generally 
taken at 2-3m intervals, with the EM38 mounted on a GPS-equipped trail bike or quad bike.  The 
results of this work are provided in Appendix C and summarised below. 

Apparent electrical conductivity (ECa) was identified to be generally low in the Western Precinct 
with the exception of a highly saline anomaly (ECa of 17 dS/m at a depth of 0.6 m) which was 
detected in an area located along the central valley. This EMI anomaly was investigated further by 
field tests and the results indicated that salinity in this area was moderate rather than high. 
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5.7 Groundwater & Salinity Implications 

Existing Groundwater Conditions 
The hydrogeology of the St Marys property, including the Western Precinct site, is summarised in 
MM (1991) and J&K (1999).  The results of boreholes drilled between 1990 and 1999 in or close to 
the site suggest that both the unconfined shallow (soil) aquifer and the confined deep (shale 
bedrock) aquifer are present.  Both aquifers have similar characteristics to those in other parts of 
the St Marys property – in that they are tight, with low to very low permeability and very limited 
storage capacity.  Both probably consist of a series of stacked and sporadically distributed perched 
water tables – in effect, poorly interconnected lenses of saturated ground - rather than a single 
homogeneous water-bearing layer.  The vertical connection between the soil and shale aquifers is 
poor, to judge by nearly dry soils observed in test pits, and they appear to have different recharge / 
discharge relations. 

Recharge to the soil aquifer is by direct infiltration onto the surface of the alluvial terrace (from RL 
19 to 20 m), followed by throughflow across the A/B soil profile interface and temporary storage in 
shallow perched aquifers at depth  raging from  0.5 to 1 m.  Discharge is by evaporation from 
puddles in shallow gilgai-like surface depressions, through transpiration by trees and by seepage to 
shallow pools (at about RL 16 m).   

Piezometers from the J&K (1999) investigation are shown in Figure 5-8 and groundwater results 
summarised in Table 5-4. 

Groundwater salinity for the November 1999 and January 2000 monitoring events are shown in 
Figures 5-9 and 5-10, respectively, and indicate that EC in groundwater ranges from 11,000 to 
31,000 uS/cm. 

At present most infiltration to the shale aquifer is likely to be coming from the unlined effluent 
discharge channel in the eastern gully, at about RL 15 m.  This is believed to have raised the water 
table by perhaps 1-2 m and reduced the salinity and to be moving slowly through the shale aquifer.  
It is presumed to ultimately discharge along South Creek at about RL 12 m. 
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 Table 5-4  Summary of Groundwater Results 

BH No Depth 
(m) 

Perm’y 
(m/d) 

SWL 
(mAHD) 

TDS 
(mg/L) 

Comments 

P1S 5.90 0.048 28.39 15770 Beside lower portion of northern water course, broad 
valley floor 

P2S 4.40 Na Dry na East of WP 

P3S 4.13 Na 19.67 na On ridge east of WP 

P4S 5.15 0.008 24.07 17100 Floodplain location, beside saline drain 

P5S 5.70 0.004 26.95 16800 Beside saline drain,  

P6S 4.20 Na 34.74 19030 Located downstream of small dam, salt scald visible 

P7S 4.05 Na Dry na High ground to south of WP 

G6S 4.65  44.29 7200 Along western boundary, conductivity high 

P1D 8.70 0.017 27.38 15510 Beside lower portion of northern water course 

P2D 9.23 0.002 15.89 17600 East of WP 

P3D 8.58 0.002 16.87 20200 On ridge east of WP 

 P4D 9.05 0.0003 23.81 17200 Floodplain location, beside saline drain 

P5D 8.55 0.001 26.90 17000 Beside saline drain 

P6D 7.50 0.024 37.14 18100 Located downstream of small dam, salt scald visible 

P7D 7.50 0.002 32.79 19520 High ground to south of WP 

G1 6.30 0.00005 23.04 10700 Located on nose of ridge 

G2 5.66 Na Dry 13600 Upstream end of northern watercourse 

G3 8.20 0.00006 23.91 14300 In dry upland gully, close to ridge crest 

G4 8.70 0.052 36.64 13800 In dry upland gully 

G5 8.10 0.0002 26.90 18000 Midslope location 

G6D 8.50 0.0007 41.68 na Along western boundary, conductivity high 
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Existing Salinity 
Information on salinity at Western Precinct has been drawn from four sources: 

 Soil salinity results from the J&K 1999 investigation (results are listed on Table 5-2); 

 Groundwater salinity results from the MM 1991 and J&K 1999 investigations (results are listed 
on Table 5-4); and, 

 Electro-magnetic induction (EMI) survey across the Precinct area to measure ground 
conductivity carried out by DLWC in 1999 and reported separately. 

 

Potential water logging hazards were identified in the DLWC (1999) EMI survey and each area 
was assessed by test pit investigation conducted by J&K in 1999. The results showed that no 
significant water logging hazards exist at the site. A poorly drained area exists in the portion of the 
site identified as Anomaly 5 in the J&K 1999 report (ECa of 10.8 dS/m at a depth of 0.5 m). 
Drainage in this area should be improved during the project development phase by construction of 
appropriate drains and berms. Maintenance of local drainage patterns in this area is critical and 
should be achieved by careful attention to the road pattern layout adopted during detailed design. 

Potential areas of high salinity apparent from the DLWC EMI survey were also investigated by the 
excavation of test pits at each anomalous area. At Anomaly 4 significantly higher salinity was 
encountered (ECa of 17 dS/m at a depth of 0.6 m) and protective measures should be adopted 
during construction of the proposed development. Apart from conditions encountered at Anomaly 4 
in the J&K 1999 report salinity conditions were shown to be typical of the area in general. 

Impact of Development 
Salinity problems may arise when the existing stored salt is brought to the surface by a rising water 
table, or is washed laterally from the B-horizon by increased infiltration.  We consider that though 
the EM results show variations in the overall ground conductivity, the soil and groundwater test 
results indicate relatively low salinity overall. 
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5.8 Groundwater Management 
Management of groundwater, and hence of salinity, to meet the requirements of SREP30 and the St 
the EPS implies that the water table will not rise significantly as a result of the proposed 
development.  There should also be no increase in throughflow (lateral movement of water through 
the soil profile, but above the water table).  In practice this means that infiltration to the soil profile 
and from there to the water table should be reduced by all practical means.  

Key Issues 
Key potential groundwater-related issues resulting from urban development in areas such as the 
Western Precinct are taken to include: 

 Decreased rain interception and transpiration by trees, hence increased runoff and/or 
infiltration, as a consequence of land clearing (especially removal of deep-rooted trees) during 
subdivision construction; 

 Increased cumulative runoff (and probably more frequent peaks) from hard-surfaced areas such 
as roof tops, landscaped paving, roads and carparks; 

 Exposure of saline soils (especially saline and sodic/dispersive subsoils) as a result of cutting, 
filling and erosion;  

 Increased groundwater recharge due to garden watering, leaky pools, broken pipes, soakaways 
and parkland irrigation (especially with low salinity groundwater or recycled water); and 

 Increased groundwater recharge from wetlands, stormwater detention basins, unlined drainage 
lines and ponded runoff generally. 

 

5.9 Management Measures 
The specific measures proposed for groundwater and salinity management at the site are in 
accordance with the DIPNR (2003) Western Sydney Salinity Code Practice, as follows: 

 The design and installation of catchment wide ‘salt safe’ stormwater plans prior to the 
development of individual sub-divisions within the catchment. Such a system will have to 
demonstrably move salt emanating from home gardens, other irrigated areas and potentially 
existing saline hotspots to a safe discharge point- preferably the brackish waters of an existing 
creek system. 

 Shaping the filled landform as a cambered embankment to shed water rapidly and directing this 
runoff into graded natural watercourses, while avoiding detention in natural and artificial ponds 
so far as possible. 

 Making maximum use of paving, especially of car parks and storage areas, to reduce the 
ground available for rainwater infiltration. It is assumed that most of the Precinct will be built 
over in any case. 
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 Collection of stormwater from paved areas and roofs and directing it through sealed drains to 
approved discharge points along natural drainage lines. 

 All basins and swales may need to be lined with an impermeable liner to prevent infiltration 
into groundwater. 

 Grassing, mulching and tree planting in unpaved areas, with preference given to native species 
with high water demand (but making allowance for the relatively dry St Marys climate). 
Preference should also be given to deep-rooted trees and shrubs over shallow rooted grasses. 

 Minimisation as far as practicable the site area from irrigation. 

 On individual house blocks ensure garden areas easily drain to any catchment-wide stormwater 
system to ensure that salt does not accumulate within the garden beds, adjacent to building 
foundations or other salt sensitive infrastructure. 

 Prepare garden beds and building foundations to minimise the potential for long term impacts 
such as soil structure decline that in turn leads to drainage problems. This could involve 
application of gypsum to foundation clay materials and the installation of subsoil drainage. 

The observations made in previous studies suggest that poor stormwater design leads to salinity 
outbreaks on poorly drained soils and hence ‘salt safe’ drainage and storm water plans are critical 
components of any western Sydney development irrespective of the source and quality of water. 

Residences 
The main priority for groundwater management in house construction and landscaping is 
preventing excessive infiltration, bearing in mind that the proposed residential areas are largely on 
land that has been cleared for over sixty years and where residents are likely to greatly increase 
rather than decrease the number of trees and shrubs within the first few years of occupation. 

Remedial/compensatory measures might include: 

 Encourage residents to use water and nitrogenous fertilisers sparingly in garden irrigation, 
especially where slightly saline (say 500mg/L TDS) recycled water is being applied. 

 Encourage planting of drought- and salt-tolerant native species and, where possible, deep-
rooted trees. 

 Ensure that buried pipes are fitted with leak-proof junctions to accommodate shrink and swell 
movements in clay soils. 

 Ensure that all downpipes are linked to sealed stormwater drains or storage tanks, and that 
unlined surface ponding is minimized. 

 In preparing the development application for the subdivision works individual lot measures 
would be identified and implemented through the development approval process and 
restrictions on the use of the land via section 88B instruments. 
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Stormwater Conduits 
All paved areas such as roads and carparks should be kerbed and guttered, and runoff directed into 
stormwater pipes.  Where stormwater is directed along unlined natural gullies these should, so far 
as possible, be configured such that recharge to groundwater is minimised by: 

 Clearing the bed of obstacles such as fallen trees and eliminating breaks in gradient; 

 Planting deep-rooted trees along the banks of the gully, but not in the channel; and 

 Vegetating the channel floor and allowing for this vegetation to be periodically maintained. 

 

The aim of these measures should be to reduce infiltration into the groundwater.   

Wetlands 
The key groundwater management issue with respect to wetlands is to provide a liner to prevent 
any interaction between groundwater and the water in the wetland.   

Recycled Water Irrigation 
At this point in time, it is unknown whether recycled water will be available for the Western 
Precinct.  Should recycled water be proposed for irrigation purposes a land capability assessment in 
conjunction with Sydney Water would need to be undertaken and submitted with future 
development applications. 

Groundwater Monitoring      
In order to evaluate the infiltration reduction strategy outlined above, it will be necessary to 
monitor fluctuations in groundwater level and changes in water quality.  It is recommended that 
some piezometer be constructed in the low lying east west valley.  It is recommended to use the 
existing piezometers during this investigation (refer Figure 5-8 and any other existing piezometers 
across the site. 

The salinity, erosion and sediment management strategy for the Western Precinct is summarised in 
Table 5-5 and should also be read in conjunction with section 4.4 and Appendix C of this report. 
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Soil Salinity Management Measures 

Erosion 

– In the design phase of the study minimise the area of disturbance, in particular the extent 
of vegetation clearing. 

– Optimise the route where possible to avoid steep slopes in order to reduce the potential for 
erosion of the natural landforms, cuttings and fill embankments. 

– Carry out geomorphological and geotechnical investigations at waterway crossings to 
determine the stability of the streambed and banks and make recommendations on control 
measures required to minimise erosion impacts. 

Excavation Methods 

– Characterise the surface profile in respect to salinity (in accordance with the DLWC 2002 
Site Investigations for Urban Salinity manual), depth to rock and associated excavation 
issues during construction planning and costing. 

– Optimise the route to avoid areas of difficult excavation. 

Soft Alluvial and Poor Drainage areas 

– Carry out detailed investigation of stream crossings, alluvial and poorly drained areas. 

– Optimise the route where possible to avoid those areas requiring significant trench support 
and dewatering, thus minimising dewatering and construction effort (construction 
methods, complexity, durations); 

– Where possible select alignment based on land systems, groundwater and engineering 
geology overlays. 

Quality Control 

– Implement Management Strategies in accordance with Section 8.7 of the DIPNR (2003) 
Western Sydney Salinity Code of Practice and EPA Guidelines for construction and 
sediment control. 

– Select appropriate salt resistant construction and piping materials, and select suitable 
temporary pavement and backfill materials. 
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 Table 5-5  Salinity, Erosion and Sediment Management Strategy Overview 

OBJECTIVE BENEFIT CONTROL DETAILS 
MONITORING 

METHOD 
MANAGEMENT 

METHOD 

SALINITY CONTROL 

 

MINIMISE 
GROUNDWATER 
RECHARGE 

PREVENT RISING 
GROUNDWATER 

TABLE LEVEL 
AND 

DEVELOPMENT 
OF SALINE SOIL 

PROBLEMS 

MINIMISE 
IMPORTATION AND 

USE OF POTABLE 
WATER ONTO THE 

SITE 

• REUSE 
STORMWATER FOR 
IRRIGATION OF OPEN 
AREAS 

• MINIMISE POTABLE 
WATER DEMAND 

INSTALL MONITORING 
BORE NETWORK 

• MONITOR 
GROUNDWATER TABLE 
LEVELS 

• PERFORM REGULAR, 
RANDOM INSPECTIONS 
OF HOUSE SITES, AND 
VEGETATION AND 
GENERAL 
INFRASTRUCTURE 
AREAS 

REDUCE 
IRRIGATION 

REQUIREMENTS 

• ADOPT SMALL 
GARDEN/LAWN 
AREAS 

• ESTABLISH LOW 
WATER 
REQUIREMENT 
PLANTS 

• USE MULCH COVER 
• USE LOW FLOW 

WATERING FACILITIES 

AVOID USE OF 
INFILTRATION PITS 

TO DISPERSE 
SURFACE WATER 

• DESIGN STORMWATER 
SYSTEM TO NEGATE 
NEED FOR HOME SITE 
STORMWATER 
STORAGE DISPOSAL 

• CONNECT ALL 
DOWNPIPES DIRECTLY 
TO STORMWATER 

PREVENT 
LEAKAGE FROM 
WETLAND AND 

DRAINAGE 
FACILITIES 

• LINE ALL PERMANENT 
STORMWATER 
RETENTION 
STRUCTURES AND 
WETLANDS 

SALINITY CONTROL 

 

ENCOURAGE USE OF 
GROUNDWATER AS 
A RESOURCE 

MAINTAIN OR 
LOWER 

GROUNDWATER 
TABLE LEVEL  

ENCOURAGE TREE 
PLANTING AND 

RETENTION, 
ESPECIALLY IN 

AREAS OF HIGHER 
RECHARGE 

• USE/RETAIN NATIVE, 
DEEP-ROOTED, LARGE 
GROWING SPECIES 

EROSION CONTROL 

PREVENTS 
SILTATION 

PROBLEMS IN 
DRAINAGE 

FACILITIES AND 
DAMAGE THAT 
COULD RESULT 
FROM EROSION 

DESIGN ALL 
WORKS TO LIMIT 
GENERATION OF 

POTENTIAL 
EROSION 

SURFACES AND 
STABILISE 

DISTURBED AREAS 
AS SOON AS 

POSSIBLE 

• STABILISE DISTURBED 
SURFACES 

• CONSERVE TOPSOIL 
BY STOCKPILING FOR 
LATER REUSE 

• USE FAST GROWING 
GRASS SPECIES  

• USE TEMPORARY 
GROUND COVER OR 
MULCH FOR AREAS TO 
BE REDISTURBED 

• MINIMISE AREA OF 
DISTURBANCE 

• COVER STOCKPILES 
WITHIN 10 DAYS 

• USE LIME 
STABILISATION 
DURING 
EARTHWORKS TO 
IMPROVE SUBGRADE 
AND REDUCE 
DISPERSIBILITY 

• UNDERTAKE 
REGULAR 
INSPECTIONS OF 
ALL 
CONSTRUCTION 
ACTIVITIES 

• PERFORM 
REGULAR 
INSPECTION OF 
VEGETATION 
CONDITION IN 
DEVELOPMENT 
AREA  

REGULAR INSPECTION 
REPORTS TO BE SUBMITTED 
TO CONTROLLING 
AUTHORITY 

SEDIMENT 
CONTROL 

CONTROL 
SEDIMENT 

GENERATED BY 
CONSTRUCTION 

AND OTHER 
ACTIVITIES  

INCLUDE 
SEDIMENT 
CONTROL 

CONSIDERATIONS 
IN ALL DESIGNS  

• PROTECT STOCKPILES 
FROM EROSION 

• USE TEMPORARY 
SEDIMENT BASINS  

• USE  SPECIFIC SOIL 
STABILISATION 
MEASURES IN AREAS 
OF HIGH POTENTIAL 
SOIL EROSION 
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5.10 Soil Implications 
Residual soils derived from weathered shale bedrock in western Sydney are typically of moderate 
to high reactivity (shrink-swell potential in response to drying and wetting cycles) and moderate 
dispersivity (the tendency of sodic soils to erode rapidly when in contact with fresh water).  These 
characteristics are especially well developed where: 

 There is a sharp texture contrast between a silty, low plasticity A-horizon and a high plasticity, 
sodic and saline B-horizon; 

 Where the soil profile, and especially the B-horizon is relatively thick, say 1-2m; and 

 On low gradient slopes and in low-lying ground, with grass rather than tree cover, where 
seasonal moisture changes within the soil profile are likely to be greatest. 

 

Test results summarised on Table 5-2 indicate that the alluvial clays within the Western Precinct 
area are highly silty and of medium plasticity, with linear shrinkage bar test results in the low to 
medium range.  The salinity results indicate that these clays are of low salinity, at least in the top 
1m.  The test pit logs demonstrate that the soil profiles, though deep (several metres), are poorly 
differentiated in terms of horizon development.  These results suggest only moderate shrink-swell 
potential, by the standards of western Sydney clay soils. 

Surface observations of widely spaced but narrow aperture shrinkage cracks under the present 
drought conditions confirmed that these clays are of only moderate reactivity, despite the presence 
of shallow surface depressions resembling gilgais.  In other parts of Australia gilgais are associated 
with the presence of high plasticity, highly reactive clay soils. 

The relative absence of rill and gully erosion across the site, coupled with the low salinity of the 
soil B-horizon, suggest that these clays are of low dispersivity and hence comparitively non-
erodible. 

5.11 Conclusion 
Borehole, geophysical and test pit investigations in the Western Precinct indicate that shallow 
groundwater occurs at depths of 3-6 m and is of low salinity.  Deeper water in the shale bedrock is 
moderately saline, in the range 3500-13,100mg/L, which is low by the standards of the St Marys 
property.  It is concluded that the planned development is unlikely to result in surface salinisation 
and that the remedial measures proposed in the report will further reduce this possibility.  
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6. SERVICES INFRASTRUCTURE 

6.1 Proposed Infrastructure 

Sewer 
The recent Developer Servicing Plan for the St Marys Wastewater System 2006 identified sewage 
from the St Marys Project (which includes the Western Precinct) would be treated at St Marys 
Sewerage Treatment Plant (STP).  The St Marys (STP) has sufficient capacity to accommodate the 
additional flows from the Western Precinct.   

Discussions with Sydney Water have revealed that sewerage from the Western Precincts could be 
delivered to the STP by either tapping into the carrier that runs through the St Marys Project 
“Werrington Downs Carrier”, direct connection to the treatment plant or connection to existing 
pumping station SPS366.  Further investigations would be required to ascertain the appropriate 
method of transferring sewage and connection to Sydney Water system.    

Drinking Water  
The Precinct will be linked with the Central Precinct and will be serviced from the Orchard Hills 
drinking water supply system It is likely that upgrades to the existing system will be required, 
including potentially an additional reservoir at Cranebrook and trunk watermains. 

Sydney Water is undertaking investigations, which will confirm the required major infrastructure 
necessary to service the Western Precinct.  Easements over public or private lands will be created 
where absolutely necessary as a last resort. 

Electricity   
Discussions with Integral Energy have revealed that they are able to service the Western Precinct 
subject to some augmentations to their existing network.  Integral Energy has advised that 
ultimately a new zone substation would be required to service the entire Western Precinct.  Integral 
have further advised that initially a temporary zone substation would be established which would 
be supplied via existing high voltage network from Cranebrook Zone Substation.  

Development within the Western Precinct will require the extension of the electricity reticulation 
network throughout the project.  Internal electricity reticulation within the Western Precinct will be 
provided under Integral Energy’s usual developer arrangements for the supply of underground 
electricity.  Easements over public or private lands will be created where absolutely necessary as a 
last resort. 
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Communications 
Underground telecommunications cables (optical fibre and/or copper cables) will be extended 
throughout the Western Precinct under the usual developer arrangements.  Telstra will be updated 
when more accurate data on the number and type of users are known.  Easements over public or 
private lands will be created where absolutely necessary as a last resort. 

Gas 
Agility Management Pty Ltd provides network management expertise for AGL, the organisation 
responsible for the extension and reticulation of the gas supply network.  Agility will be updated 
when more accurate data on the number and type of users are known.  Easements over public or 
private lands will be created where absolutely necessary as a last resort.  

6.2 Design and Ecological Sustainable Development Initiatives 
An opportunity exists to incorporate Ecologically Sustainable Development (ESD) principles in the 
services infrastructure for the Western Precinct. 

Sewer 
The following initiatives could be used in the design and construction of sewerage infrastructure: 

 The gravity reticulation system for the site could be a ‘Low Infiltration System’ or 'Low 
pressure System' to reduce ground-water infiltration.  

 Vitreous clay pipes should not be utilised in the construction of sewerage reticulation systems.  
uPVC or similar pipes should be used for all sewerage construction with compatible access 
chambers and house connections. 

Drinking Water 
The following initiatives could be used in the design, construction and use of potable water 
infrastructure: 

 Specifying the use of low water demand fixtures (showerheads, toilets and other AAA rated 
devices etc) and appliances in buildings where appropriate. 

 Rainwater collection tanks on lots for irrigation. 

Recycled Water 
 The potential future use of treated effluent, if available from Sydney Water for toilet flushing, 

irrigation (when rainwater is unavailable) and industrial purposes will reduce potable water 
demand and reduce the pollution load on South Creek. 
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Electricity 
The following initiatives could be used in the supply and reticulation of electricity: 

 Passive design and built form controls that reduce the demand for electricity should be 
promoted as an integral requirement for the Precinct. 

 Specifying the use, where appropriate, of “energy efficient” electrical appliances in buildings. 

 Examining the use of solar powered and water heating systems lighting where appropriate. 

Communications 
The following initiatives could be used in the design and construction of telecommunications 
infrastructure: 

 Provide adequate ‘spare’ conduit capacity in all street reticulation networks to facilitate future 
expansion and technology. 

 Provide an optical fibre network throughout the site. 

Gas 
Gas reticulation is recommended for the development due to: 

 Provision of gas services reduces the expected load on Electricity Infrastructure and therefore 
reduces the emission of greenhouse gases. 

 Gas reticulation provides commercial customers within the development with options and 
pricing power, particularly for contestable works. 

Common Trenching 
Best practice development allows for “Common Trenching Agreements” between the developer, 
Telstra, AGL and Integral Energy.  Benefits of Common Trenching Agreements include: 

 Reduced costs due to a shared trench between the three service providers. 

 Lower land take within the road reserves throughout the site. 

 Increased efficiency and shorter time frame for provision of services. 

6.3 Conclusion 
Essential services, (water, sewer and electricity) would be made available for the development.  
Sydney Water and Integral Energy have indicated that they are able to service the Western 
Precinct.  
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Appendix A Assessment of Drainage Controls 

A.1 Hydrological Model 
A  XP-RAFTS model was developed for the Western Precinct to represent the hydrological 
network.  The model simulates runoff hydrographs at defined points for a given set of catchment 
conditions and rainfall events.  The generated runoff hydrograph is routed through the system to 
provide flow results at a number of node locations throughout the network. 

The model was used to determine peak flows at specified locations in the drainage system for the 
following conditions: 

Existing catchment conditions 

Proposed developed catchment conditions (without flow mitigation) 

Proposed developed catchment conditions with flow mitigation 

A.2 Model Input Data 

Catchment Data 
Catchment delineation was undertaken for the previous St Marys study in 1998.  These catchment 
boundaries were reviewed using 2m contours from Airborne Laser Survey (ALS) data.  Some 
adjustments were made to ensure contributing areas to proposed wetland/detention basins were 
correct.  Each catchment was subdivided to represent the rural and urban portion in the existing and 
developed case. The percentage impervious adopted in the model are as follows; 

Existing Case  

Urban Area outside the site – 50% impervious 

Rural (within and outside the site) – 5% impervious 

Developed Case 

Urban (within the site) – 70% impervious 

Urban (north catchment overlapping site boundary) – 60% impervious 

Rural – 5% impervious (unchanged from existing case) 
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These values are based on the following assumptions: 

No development will occur in the regional park therefore % impervious does not change; 

Areas allocated for urban development (including education and road areas) will have varying 
impervious percentages between 50-70%.  For the purpose of the Precinct Plan the more 
conservative 70% has been adopted for all areas; and 

Existing urban areas external to the site will be unchanged from existing, i.e. 50% impervious. 

 

Rainfall Intensities and Loss Parameters 
Penrith City Council IFD data was used in the RAFTS model.  A suite of storm durations were 
input for each ARI rainfall event.  IFD data is shown in Table A 1below. 

 Table A 1  Penrith City Council IFD Rainfall Data 

Duration 
(min) 2yr ARI 5yr ARI 10yr ARI 20yr ARI 50yr ARI 100yr ARI 

20 52.82 69.66 79.08 91.89 108.85 121.9 

30 42.83 56.47 64.09 74.46 88.19 98.75 

60 29.05 38.28 43.43 50.44 59.72 66.86 

90 23.04 30.31 34.36 39.89 47.19 52.81 

120 19.48 25.6 29 33.65 39.79 44.51 

180 15.33 20.12 22.78 26.41 31.21 34.89 

360 10.16 13.3 15.04 17.42 20.56 22.97 

720 6.75 8.81 9.95 11.51 13.57 15.15 

 

 
Loss parameters used in the model are as follows: 
 
Impervious Losses; Initial 1.0mm Continuing 0.5mm 

Pervious Losses;  Initial 10.0mm Continuing 2.5mm 

Bx factor 1.0 
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A.3 Existing Model 
The layout of sub catchments of the existing RAFTS model is shown in Figure A 1.  Sub 
catchment parameters are listed in Table A 2. 

 Figure A 1  RAFTS Model Schematic Layout – Existing 

 

 

 

 Table A 2 Sub-catchment Parameters – Existing 

Catchment Area (ha) % Impervious Catchment Area (ha) % Impervious 
3 13.6 46 24 56.4 0 
4 21.3 63 22 15.8 0 
5 8.7 47 9a 71.9 5 
6 49.9 31 10 62.2 40 
7 27.9 13 9b 33.5 50 
8 51.9 5 11 33.7 5 
25 9.95 0 11a 21 5 
23 18.5 0 12a 21.6 5 
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A.4 Proposed Model 
The layout of sub catchments of the existing RAFTS model is shown in Figure A 2.  Sub 
catchment parameters are listed in Table A 3. 

 Figure A 2  RAFTS Model Schematic Layout – Proposed 

 

 

 

 Table A 3  Sub-catchment Parameters – Proposed 

Catchment Area (ha) % Impervious Catchment Area (ha) % Impervious 
3 13.6 46 24 56.4 70 
4 21.3 65 22 15.8 73 
5 8.7 66 9a 71.9 54 
6 49.9 72 10 62.2 94 
7 27.9 100 9b 33.5 96 
8 51.9 100 11 33.7 3 
25 9.95 92 11a 21 36 
23 18.5 74 12a 21.6 8 
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A.5 Existing Peak Flows 
In order to meet the water quantity objective, post development peak flows must not exceed 
existing peak flows for a range of events from 2 year to 100 year ARI.  The existing RAFTS model 
was run for a range of storm durations and events.  The existing peak flows at a number of key 
points in the catchment for the 100 year and 2 year storms are presented in Table A 4 and Table A 
5 respectively. 

A.6 Developed Site Peak Flows 
Hydrological analysis of the developed site conditions was undertaken using the RAFTS model 
(initially with no onsite detention included).  Peak flows were extracted at the fore-mentioned key 
locations and compared to the existing case.  A comparison of developed (without detention) and 
existing flows for the 100 year and 2 year events are provided in Table A 4 and Table A 5. 

 Table A 4  100 Year ARI Existing and Developed (with no detention) Peak flows 

Event 
Peak flows (m3/s) 

Existing Proposed (no detention) 

Key Point 1 25 58 
Key Point 2 35 101 
Key Point 3 21 42 
Key Point 4 28 59 

 

 Table A 5  2 Year ARI Existing and Developed (with no detention) Peak flows 

Event 
Peak flows (m3/s) 

Existing Proposed 

Key Point 1 10 26 
Key Point 2 12 42 
Key Point 3 8 18 
Key Point 4 10 25 

 

The results in indicate that without detention, the proposed development would increase peak flows 
within the site for a range of storm events.  This is due to the increase in impervious catchment area 
attributed to the proposed Precinct development.  Detention facilities are required to reduce the 
peak flows from the development to ensure they do not exceed existing flows. 
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A.7 Detention Basins 
Four detention basins are proposed for the Western Precinct for peak flow mitigation for 2 year to 
100 year ARI storm events.  Three basins (A1, A2 and C1) are located within the Western Precinct, 
whilst the remaining basin (C2) is situated outside the Precinct boundary in the Regional Park as 
shown on Figure 4-1.  The detention basins have been designed for events up to and including the 
100 year ARI storm; peak flows were checked in the 2, 10 and 100 ARI events, to ensure that peak 
developed flows would not exceed peak existing flows. 

Each of these basins would have both a low-level outlet and a spillway.  In most storm events, the 
low-level outlets would control the flow and the basins would not fill to the level of the spillway.  
However in the case that the low-level outlets are fully or partially blocked submerging the low-
level outlets, storm flows could still safely exit the site via the spillways.  The detained water will 
be discharged within a day and be temporarily stored above the permanent pools in the basin 
(which are present for water quality treatment).   

Results 
Peak flows for the developed case in comparison to the existing case are presented in Table A 6 
and Table A 7 for the 100 yr and 2yr ARI events. 

 Table A 6  Predicted Developed Peak Flows – 100 year ARI 

Event 
Peak flows (m3/s) 

Existing Proposed 

Key Point 1 25 15 
Key Point 2 35 28 
Key Point 3 21 21 
Key Point 4 28 28 

 

 Table A 7  Predicted Developed Peak Flows – 2 year ARI 

Event 
Peak flows (m3/s) 

Existing Proposed 

Key Point 1 10 4 
Key Point 2 12 9 
Key Point 3 8 6 
Key Point 4 10 4 

 

The results indicate that the proposed detention system attenuates all flows up to and including the 
100 year ARI events.  Detention storage will occur above a permanent wetland area, the size of 
which has been determined from the water quality assessment. 
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Appendix B Assessment of Water Quality 
Controls 

 

B.1 MUSIC Modelling 
A water quality assessment was undertaken using the MUSIC water quality model (eWater CRC, 
Version 3.01). The main purpose of the modelling was to determine the land take required for the 
stormwater management wetlands to ensure that the water quality objective of no net increase in 
annual pollutant load into the receiving waterways is met.  

Data 
The following data were used in the model: 

Rainfall data: Pluviograph data for use in the model was obtained from the Bureau of 
Meteorology for station 67113 Penrith Lakes AWS for the period December 1996 to November 
2003. Since the model was run at a small (6 minute) timestep, one year of rainfall data was used 
with 1997 chosen as the average rainfall year. 

Catchment areas: The study area was split into smaller catchment areas as used in the 1998 SKM 
report. The catchment characteristics were then updated according to information from the latest 
land use plan.  Table B 1 provides all the subcatchment areas used in the Music model; these are 
shown in Figure B 1. 

Event Mean Concentrations: Long term water quality monitoring data for the site is currently not 
available. In order to estimate the existing pollutant runoff loads and determine the effectiveness of 
the proposed stormwater management ponds, the Event Mean Concentrations (EMCs) for Total 
Suspended Solids (TSS), Total Phosphorus (TP) and Total Nitrogen (TN) have been based on data 
from the 1998 SKM report with some modifications made. The EMCs used in the model for the 
existing and developed cases are provided in Table B 2.  Data from Stormwater Flow and Quality 
and the Effectiveness of Non-Proprietary Stormwater Treatment Measures (Monash University and 
CRC for Catchment Hydrology, 2004) was reviewed. The CRC data on EMCs was similar to the 
concentrations given in Table B 2. These EMCs are also similar to the measured stromwater 
concentrations for typical urban catchments in Sydney in the early 1990s by Sydney Water.  For 
consistency purposes, the previously adopted EMC in the 1998 report were used.  
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 Table B 1  Music Model Catchment Areas 

Catchment 
Name 

Area 
(ha) 

1 61.7 
2 176.3 
3 13.6 
4 21.4 
5 8.7 

6,7,8,25 137.2 
9a 10a 83.6 
9a 10b 49.5 

9b,11,12a 102.4 
1.2,12-15,20-22 308.7 

C3 55 
23-24 74.9 

17ab,16 18.1 
27 58.1 

18,19ab 42.5 
19a 22.3 
28 21.2 
26 47.1 
20 22.2 

 

 Table B 2  Event Mean Concentrations 

Site 
conditions 

TSS 

 (mg/L) 

Storm Flow 

(Wet) 

TSS 

(mg/L) 

Base Flow 

TP 

(mg/L) 

Storm Flow 

(Wet) 

TP 

(mg/L) 

Base Flow 

TN 

(mg/L) 

Storm Flow 

(Wet) 

TN 

(mg/L) 

Base Flow 

Existing 50 7.9 0.075 0.075 1 0.75 
Developed 110 12.6 0.2 0.1 1.5 1.0 

 

B.2 Methodology 
The following methodology was adopted in the MUSIC model: 

The Western and Central Precincts have been considered together for water quality purposes. There 
are three discharge areas for these two precincts: at S1, S2 and S3 as shown Figure 4-1. The 
combined annual pollutant load at the discharge points for the existing case was compared to the 
combined annual pollutant load in the developed case. This is similar to the approach that was 
adopted in the 1998 SKM Watercycle Management Report. The objective for the Western and 
Central Precincts is that the combined annual pollutant export from the developed site does not 
exceed the existing.  
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 It has been estimated that the actual stormwater management wetland surface area is approximately 
75% of the land take required. The remaining approximated area would be required for detention, 
pathways and benching purposes. The modelling assumes a concept design whereby twenty percent 
of the total wetland area would be an inlet zone. The remaining 80% represents the open water and 
macrophytes zone areas. The stormwater management ponds for the Western and Central Precinct 
have been modelled assuming an average 1.5m depth across the pond.  

 

 There is an existing pond in the southern portion of the Western Precinct that not been included in 
the modelling for this assessment.  For the future development case the function of this existing 
pond will not change compared to its existing function and can be therefore omitted from the 
modelling.  

 

 Other WSUD water quality controls such as those listed in this report have not been included in the 
Music model. These details will be considered during the subsequent stages (ie: development 
application) when other water quality controls such as the additional WSUD controls and GPTs on 
site would also be assessed. This represents a conservative modelling approach for the Precinct 
Plan assessment. 
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 Figure B 1  Music Model Sub-catchment Areas  
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 Figure B 2  Water Quality MUSIC Model Layout for the Western and Central Precinct  
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B.3 MUSIC Results 

Western and Central Precincts 
The indicative locations of the proposed stormwater management wetlands that would meet the 
water quality objective for the Western and Central Precinct are shown in Figure 4-1.  The 
exclusion of the other WSUD controls from the water quality modelling provides a conservative 
approach and hence the results in this Precinct Plan report would be conservative.  The estimated 
land take for the proposed wetlands ponds are provided in Table B 3.  

 Table B 3  Proposed Stormwater Management Pond Sizes for the Western and Central 
Precincts (Water Quality Only) 

Stormwater 
management 

pond ID 

1998 Study  

(Basis of SREP 30) 

Wetlands Land 
Take (ha) 1 

SREP 30 Draft 
Amendment (2005) 

Drainage Zones 
Land Take (ha) 

Precinct Plan 2 

Minimum 3  land 
take (ha) for water 
quality purposes 

only 

A1 2.2  1 
A2 3.7  1.8 
B 6 8 8 

C1 3.4  1 
C2 2.8 4.5 4.5 
C3 1.4  0 
D 0.6  2 
E 1.4  0 
F 0.6  0 
G 0.7  0 
H 1.6  0 
I 4 7.4 7.4 

EX1 2.6  0 
Total 31 19.9 25.7 

1- These 1998 Study landtake estimates are for water quality and detention requirements. These areas do not include 
benching or pathway areas.   

2- For this Precinct Plan assessment, it has been assumed that the actual stormwater management wetland surface area 
is approximately 75% of the land take required shown in the above table. 

 
The MUSIC model can provide the annual pollutant load exported for Total Suspended Solids 
(TSS), Total Phosphorus (TP) and Total Nitrogen (TN). The results for the existing case, the 
developed case with no water quality controls and the developed case with controls are provided in 
Table B 4. The values in brackets are the results compared to the existing case.  
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 Table B 4  MUSIC Results for the Western and Central Precincts 

 TSS (kg/year) TP (kg/year) TN (kg/year) 

Existing 240,000 426 3,900 
Developed, no controls 357,000 (+50%) 620 (+46%) 4,920 (+26%) 

Developed, with controls 113,000 (-53%) 290 (-32%) 3,620 (-7%) 
Note:  The % values in brackets are the results compared to the existing case. The target reduction is -5% for the 
worst pollutant which provides a safety margin. The actual margin is in the range of approximately 5% for TN and 
up to 50% for TSS. 
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Appendix C Groundwater and Soils 

C.1 EIS Investigations Volume 1 
 





























































































St Marys Project 
Western Precinct Plan 
Water, Soils & Infrastructure  
 

SINCLAIR KNIGHT MERZ       

Water Soils & Infrastructure Western Precinct Plan Final.doc PAGE 87 

C.2 EIS Investigations Volume 2 
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EXECUTIVE SUMMARY 

The Lend Lease and Comland Joint Venture (JV), commissioned Environmental 

Investigation Services (EIS), a division of Jeffery & Katauskas Pty Ltd (J&K), t o  

undertake a soil and groundwater investigation over part o f  the property at St Marys, 

currently owned by Comland. The site has a total area of approximately 1,538 

Hectares (ha). The west area of the site (Western Precinct) t o  the west of South 

Creek is t o  be developed initially, for predominantly residential purposes. The overall 

development includes construction of 14 significant wetland areas and creation of a 

central Biodiversity Zone (Regional Park). Six of the proposed wetland areas are located 

in the Western Precinct. 

The purpose of the investigation was t o  obtain and assess preliminary soil and 

groundwater data from the Western Precinct section of the site, in order t o  meet the 

planning requirements set by  the Department of Urban Affairs and Planning (DUAP). 

The DUAP requirements for the development in relation t o  soil and groundwater 

management plans are summarised in a later section of this report. 

The results o f  the investigation are presented in three volumes. This volume (Volume 

2) presents the results of the investigation of the soil and groundwater parameters 

listed below. Detailed discussion and management options for the site are provided in 

the accompanying Volume 1: Overview. 

EIS retained Perrens Consultants Pty Ltd and Woodlots and Wetlands Pty Ltd t o  
undertake soil salinity, fertility and erosion studies for the project, in relation t o  urban 
capability development. An Electro-Magnetic Induction Survey (EMU was also 
undertaken by  the Department of Land and Water Conservation, together w i th  
laboratory testing at Scone. The J V  retained Sinclair Knight Merz directly t o  prepare 
urban capability maps for the Western Precinct. The maps are presented in Volume 3 

of this report. 

A range of soil parameters were assessed for the investigation including: electrical 
conductivity; erosion potential; pH; organic carbon content; dispersion; Emerson 
aggregate test class number; particle size analysis; cation exchange capacity (sodium, 
potassium, calcium, magnesium and aluminium exchange capacity); available 
phosphorous content; lime and gypsum requirements; Soil Erodibility Factor (K Rating); 
bulk density; and wet  strength. 

Preliminary geotechnical soil conditions were assessed including: Soil particle size; 
Atterberg Limit tests; SPT tests; dispersivity, reactivity; and permeability. 
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Groundwater conditions were assessed and included the following: depth and AHD 
levels; Flow conditions; Salinity; pH; and Chemistry. 

The scope of work undertaken for the investigation was as follows: 

Installation of deep shale and shallow clay groundwater piezometers at each of 
seven proposed wetland locations in the general Western Precinct development area; 

Drilting, sampling and installation of six additional groundwater piezometers in 

selected areas adjacent to  drainage lines upstream of the wetland areas, generally 
representing the higher portions of the site; 

Soil profile assessment and sampling at thirty one test pi t  locations at selected 
strategic positions over the site, wi th sampling at various depths down t o  2 m  
flotations selected t o  support data collection for the urban capability mapping). 
Sixteen were located in the general development site area and twelve in the drainage 
line and wetland areas; 

Analysis o f  soil and groundwater samples to assess conditions outlined above; 
Electro-Magnetic Induction Survey by  the Department of Land and Water 

Conservation t o  map soil salinity conditions and to assess areas of significant 
recharge; 

0 Preparation of management plans t o  address ground related issues associated w i th  
the proposed development and t o  provide baseline data for future comparison 
purposes. 

This volume o f  the report presents the results o f  the investigation of the soil and 
groundwater parameters listed above. Detailed discussion and management options 
for the site conditions are provided in the accompanying Volume 1: Overview. 

The results o f  the Lend Lease, Comland JV St Marys soils and groundwater 

investigation have indicated that the conditions are typical of those in western Sydney. 

The site is considered t o  be suitable for the proposed development. Careful 

management and monitoring is recommended during design, construction and 

occupation of the site in order t o  control potentially adverse conditions related t o  the 

soil conditions. The soils are t o  a variable degree, acidic, unstable, erodible, reactive, 

and of low fertility. The shale groundwater is saline and salinity develops with depth in 

the soil profile. Control of salinity is recommended by  prevention of a rising 

groundwater table condition. The study recommends that a management strategy be 

formulated and that the development be monitored on a regular basis t o  assess the 

impact of the project on the environment. The monitoring programme should be 

designed t o  permit appropriate corrective action to be undertaken t o  prevent the 

development of adverse impacts. 
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1 INTRODUCTION 

1 .I General 

The Lend Lease and Comland Joint Venture (JV), commissioned Environmental 

Investigation Services (EIS), a division of Jeffery & Katauskas Pty Ltd (J&K), to 

undertake a soil and groundwater investigation over part of the property at St 

Marys, currently owned by Comland. The site has a total area of approximately 

1,538 Hectares (ha) and is shown on Figure 1. The west area of the site 

(Western Precinct) to the west of South Creek is to be developed initially, for 

predominantly residential purposes. The overall development includes 

construction of 14 significant wetland areas and creation of a central 

Biodiversity Zone (Regional Park). Six of the proposed wetland areas are 

located in the Western Precinct. 

The purpose of the investigation was to  obtain and assess preliminary soil and 

groundwater data from the Western Precinct section of the site, in order to 

meet the planning requirements set by the Department of Urban Affairs and 

Planning (DUAP). The DUAP requirements for the development in relation to  soil 

and groundwater management plans are summarised in a later section of this 

report. 

The results of the investigation are presented in three volumes. This volume 

(Volume 2) presents the results of the investigation of the soil and groundwater 

parameters listed below. Detailed discussion and management options for the 

site are provided in the accompanying Volume 1 : Overview. 

EIS retained Perrens Consultants Pty Ltd and Woodlots and Wetlands Pty Ltd to 

undertake soil salinity, fertility and erosion studies for the project, in relation to 

urban capability development. An Electro-Magnetic Induction Survey (EMI) was 

also undertaken by the Department of Land and Water Conservation, together 

with laboratory testing at Scone. The JV retained Sinclair Knight Merz directly 

to prepare urban capability maps for the Western Precinct. The maps are 

presented in Volume 3 of this report. 
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1.2 S c o p e  o f  Work 

The scope o f  work  undertaken for the investigation is outlined below: 

Installation of deep shale and shallow clay groundwater piezometers at each 

of the s e v e n  proposed wetland locations in and adjacent t o  the Western 

Precinct; 

Drilling, sampling and installation of six additional groundwater piezometers 

in selected areas adjacent t o  drainage lines upstream o f  the wetland areas, 

generally representing the higher portions of the site; 

Soil p r o f i l e  assessment and sampling at twenty eight test p i t  locations 

(together with three surface sample locations) at selected strategic positions 

over the site in the Western Precinct, w i th  sampling at  various depths down  

to 2m ( locat ions selected t o  support data collection for the urban capability 

mapping). Sixteen test pits were located in the general development site 

area and twelve in the drainage line and wetland areas. 

E l e c t r o - M a g n e t i c  Induction (EMI) Survey and soil validation t o  map soil 

salinity condi t ions and t o  assess areas of significant recharge; 

Preparation of management plans t o  address ground related issues 

associated w i th  the proposed development and t o  provide baseline data for 

future c o m p a r i s o n  purposes. 

The f o l l o w i n g  soil characteristics were included in the  investigation: electrical 

conductivity, erosion potential, pH, organic carbon content, particle size 

analysis, d ispers ion,  Emerson aggregate test class number, cation exchange 

capacity, inc lud ing  sodium, potassium, calcium, magnesium and aluminium, 

available p h o s p h o r u s  content, lime and gypsum requirements, soil erodibility 

factor (K R a t i n g ) ,  bulk density and we t  strength. 

Geotechnical soil conditions were assessed including: soil particle size, 

Atterberg L i m i t s ,  SPT tests, dispersivity, reactivity and permeability. 

Groundwater conditions were assessed and included the following: depth and 

AHD levels, f low conditions, salinity and chemistry (pH, total dissolved solids, 

sulfate, f l o u r i d e ,  chloride, ammonia, TKN, total alkalinity, carbonate alkalinity, 

calcium, s o d i u m ,  potassium and magnesium). 
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I .3 Quality Control and Assurance 

EIS has a Quality System in operation that forms an essential and integral part 

of the environmental services offered by the company. 

The Company's Quality System was designed to conform with the Association 

of Consulting Engineers Australia (ACEA) 1990 guidelines on quality 

management. The system conforms to the principal requirements and 

philosophy on quality provided in AS3901. 

The Quality Assurance System has been accepted by the NSW Public Works 

Department, meeting QA Audit Cover Sheet (PWF-0601) and QA Audit 

Checklist (PWF-0602) requirements. 

NATA registered laboratories were used for all analytical work. QA procedures 

for each laboratory that has undertaken analyses for this screening have been 

provided to  EIS. This information is held on our files and is considered to be 

satisfactory. 

1.4 Site History 

The St Marys site was first surveyed and land grants issued in 1803. By 181 0, 

the family of Governor King used the land for grazing stock and their homestead 

named Dunheved was built. 

During World War 2, the Commonwealth Government acquired the land for 

defence purposes that included establishment of a munitions factory. 

In 1993, the St Marys site was identified for inclusion in the Sydney Region 

Urban Development Program (UDP). This is a land release system managed by 

DUAP. The St Marys site was identified as an opportunity to  provide housing 

for Sydney's growing population within an environmentally sustainable 

framework. Over the next 15 to 20  years this area could provide approximately 

8000 homes, generate additional employment, introduce approximately 678ha 

of land to  Western Sydney's open space network and generate additional 

employment opportunities. 
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Decontamination processes were carried out between 1993 and 1997. These 

have been audited by an independent auditor and the land has been cleared for 

urban land uses. 

1.5 Previous Investigations 

EIS has previously undertaken a review of regional soil and groundwater 

conditions including existing borehole logs, groundwater levels and soil salinity 

measurements obtained during AD1 field investigations at the site. Information 

produced during this review was published as Technical Appendix E: Soil and 

Groundwater to the "AD/ St Marys Watercycle and Soil Management Study" 

produced for the AD1 St Marys Draft REP Steering Committee by Sinclair Knight 

Merz Pty Ltd (1998). This work was also used in the preparation of the Draft 

St Marys Planning Strategy (DUAP, 1999). Section 4 of Volume 1 provides a 

summary of the findings of this report. 

2 INVESTIGATION PROCEDURES 

2.1 EM1 Survey 

The Department of Land and Water Conservation (DLWC) Salt Action Unit, 

Cowra was contracted by EIS to  undertake an EM1 survey using an EM31 

sensor over the west section of the site as part of the investigation. Details of 

the methods used are presented in Appendix B. EM1 techniques have been 

shown to  be useful for detecting areas predisposed to salinity by measuring 

electrical conductivity as an indirect measurement of salinity. The EM31 sensor 

used for this survey provided data to a maximum soil profile depth of 6m. 

2.2 Soil 

2.2.1 Sample Collection Methods 

Twenty-one boreholes were drilled for installation of the piezometers using a 

truck-mounted hydraulically operated drill rig equipped with spiral flight augers. 

Soil samples were obtained from a Standard Penetration Test (SPT) sampler at 

specified depths as this permitted relatively undisturbed samples to be retrieved 

and geotechnical information on the soil properties to be obtained. Auger 
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samples were taken from the top half metre of each borehole and when 

conditions did not  allow use of the SPT sampler. 

Twenty eight test pits were excavated using a 4WD backhoe. Samples were 

obtained at  various depths f rom the walls of the excavation using the backhoe 

bucket and placed in plastic bags. On completion of the fieldwork, the samples 

were delivered t o  a NATA registered laboratory for analysis. 

Field activities were technically directed by Joanne Rosner, an environmental 

scientist, Kai Tai Ng, a geotechnical engineer, Brian Ashley, an experienced 

technician and Dr Peter Bacon, a specialist soil scientist sub-consultant, who 

were responsible for logging of the  strata encountered and collection of soil 

samples. On completion of the fieldwork, the samples were delivered t o  a 

NATA registered laboratory for analysis. 

2.2.2 Sample Analysis Details 

Soil samples were analysed by  the Scone Research Service Centre of the 

Department of Land and Water Conservation (NATA registered) as follows: 

p H  - measured using a 1:5 soil: calcium chloride (0.01M) solution. 

(Rayment and Higginson, 1992). 

EC - measured electrometrically using a 1 :5 soil: water extraction 

(ALHSCM, 1992). 

Organic carbon - Walkley Black Method. Organic matter is oxidised by  a 

solution of dichromate. The amount of dichromate is then measured by 

back titration wi th  ferrous sulphate using ferroin indicator. 

Dispersion (%) - Measurement of suspended (<0.005mm) particles that 

remain in distilled water after t w o  hours settling t ime compared t o  the 

total amount of materials less than 0.005mm using hydrometer analysis 

(PSA) (Ritchie, 1963). 

Emerson Aggregate Test (Class Numbers) - An eight tier classification of 

soil aggregate coherence (slaking and dispersion) in water. The degree of 

dispersion for reworked samples is included in brackets for class 2 and 3 

aggregates (Australian Standard AS1 289). 

Particle Size Analysis (PSA) - Determination by sieving and hydrometer of 

percentage, by weight. Australian Standard AS1289 C6.2. (Laher and 

Dupreez, 1982). 
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Particle Size Analysis (PSA) - Mechanical dispersion - Determination by 

sieving and hydrometer of percentage by weight, of particle size classes 

without the use of calgon (Loch and Roswell, 1992). 

Cation Exchange Capacity and Exchangeable Cations (Ca, Mg, K and Na) - 
Saturation with silver-thiourea followed by determination of Ag, Na, K, Ca, 

Mg and Al using AAS (Pleysier and Juo, 1980). 

Bray Available Phosphorus - Extraction of absorbed Phosphorus with HCI 

and NH4F. Concentration is then determined by spectrophotometer 

analysis (Manage and Pridmore, 1973). 

Chloride - Water extraction followed by titrametric determination. 

Sodium - Water extraction and analysis using AAS (APHA 31 1 1 -B) 
Soil pH adjustment - (Lime Requirement) - Various amounts of Ca(0H)z 

solution are added to  soil samples and distilled water to a 1 :5 soil solution 

ratio. Following three days of equilibration, pH is measured and the 

amount of Ca(0H)z to  bring pH to  the required value is interpolated and the 

equivalent amount of CaC03 calculated (Chapman and Pratt, 1961 ). 

Bulk Density Determination - Air dry soil aggregates are weighed then 

coated with a thin layer of wax and the volume is determined by 

displacement in water (Black, 1965). 

Gypsum Requirement - Dispersion percentage tests are undertaken in 

parallel wi th various amounts of added gypsum. 1.0% gypsum is 

equivalent to  lOkg per tonne of soil (Ritchie, 1963). 

2.3 Groundwater 

2.3.1 Piezometer Installation Methods 

Seven pairs of piezometers consisting of one deep shale piezometer screened 

within the bedrock (to a maximum depth of 9 metres) and one shallow clay 

piezometer screened in the residual soils, were installed at the proposed 

wetland locations. A further six piezometers, screened in the shale, were 

installed adjacent to existing drainage lines upstream of the proposed wetland 

locations. 

At  each location a 50mm ID Class 18 PVC well screen and casing was installed 

with a 2mm grain size quartz sand filter pack around the screen. A bentonite 

seal was placed over the filter pack and the remainder of the annulus between 
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the borehole and casing backfilled with sand or auger cuttings. A lockable steel 

standpipe was placed over each well and set in concrete, providing a surface 

seal to  the piezometer. Piezometer completion details are shown the on 

borehole logs in Appendix A. 

2.3.2 Sample Collection Methods 

Groundwater was purged and sampled from temporary piezometers using a 

submersible electric pump or new disposable polyethylene bailer. During 

purging the pH, temperature, conductivity and redox potential were monitored 

(where possible) in order to assess the development of steady state conditions. 

Steady state conditions were considered to  have been achieved when the 

difference in the pH measurements was less than 0.2 units and the difference 

in conductivity was less than 10%. The piezometers were allowed to recharge 

prior to  sampling where necessary. Between sampling events, the pump and 

hose were washed and flushed with tap water. 

Samples were placed in glass bottles with plastic caps. Samples for metals 

analysis were filtered within one hour of collection using a 0.45pm filter and 

placed in an acid washed HDPE plastic bottle. During the investigation, 

samples were preserved by immediate storage in an insulated sample container 

with ice. On completion of the fieldwork, the samples were delivered in the 

insulated sample container to a NATA registered laboratory for analysis under 

standard chain of custody procedures. 

2.3.3 Sample Analysis Details 

Groundwater samples were analysed as follows: 

Conductivity (EC) - measured electrometrically (APHA 251 0 B). 

pH - (APHA 4500 - H'B). 

Sulphate - Precipitation using barium chloride to produce barium sulphate 

and measured by a photometer - (APHA 4500S042- E). 

Ammonia-N - Sample buffered at pH 9.5 and distilled using boric acid, the 

released ammonia is the determined using an ion-selective electrode 

(APHA 4500 NH3 BID). 

Fluoride - Ion selective electrode (APHA 4500 - F C). 
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TKN - Sulfuric acid, potassium sulphate and copper sulphate digestion 

followed by distillation with sodium hydroxide-thiosulphate and 

determination by ion-selective electrode. (APHA 4500 - Norg-B). 

Chloride - Titration using silver nitrate and potassium chromate as a an 

indicator (APHA 4500 - CI- 0). 

Metals - Atomic absorption spectrometer (AAS). 

Alkalinity (total) and carbonate alkalinity - (APHA 2320 B). Potentiometric 

titration using hydrochloric/sulphuric acid and a mixed indicator. 

RESULTS OF INVESTIGATION 

3.1 Subsurface Conditions 

Site details and borehole locations are shown on Figure 1. Limited fill was 

encountered at several locations, underlain by residual silty sandy clay, 

underlain in turn by Bringelly shale or occasionally sandstone bedrock of the 

Wianamatta Group. For details of the subsurface soil profile reference should 

be made to  the borehole logs in Appendix A. A summary of the subsurface 

conditions encountered by the boreholes is presented below: 

Fill 

Fill was encountered in boreholes P2D and P3D located in the north-east 

section of the site to  respective depths of 0.5 and 1.7m. The fill 

consisted of silty clay with varying sand and gravel content. The fill 

contained medium grained gravel, concrete fragments and some ash and 

the clay was of low to medium plasticity. Fill was not encountered in the 

test pits. 

Natural Soils 

The fill and remainder of the site was mostly underlain by a variable thin 

veneer of topsoil, underlain by residual silty sandy clay (ie. soil derived 

from in-situ weathering of the bed rock) and was typically of medium to  

high plasticity. The clay contained variable but minor proportions of 

gravel which was mainly ironstone. The strength of the silty sandy clay 

typically increased with depth and generally varied from stiff to  hard. 
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Bedrock 

The depth t o  the Wianamatta Group Bringelly Shale (occasionally 

s a n d s t o n e )  varied f rom 2.0m t o  greater than 9.0m depth. The variable 

depth is related t o  the  topography and variable rock weathering profile 

over t h e  site. The typical depth t o  shale was 3 m  t o  6m. The strength of 

the s h a l e  ranged typically from very low t o  medium, and increased in 

s t r e n g t h  w i th  depth. 

3.2 Soil Laboratory Results 

Laboratory analyses were scheduled on selected samples obtained from the fill 

materials and natural soils at  the site. 

3.2- 1 D i s p e r s i o n  % 

Dispersion describes the tendency of the clay fraction of a soil t o  go into 

colloidal s u s p e n s i o n  in water. Soil dispersion analyses predict the tendency for 

subsurface p ip ing  and erosion t o  occur in the presence of rain or surface water 

flows. 

Dispersion percentage analysis was undertaken o n  twenty  f ive samples 

obtained from various depths below the surface at the test p i t  locations and the 

results are presented in Table 1 .  The percentage dispersion ranged from 0% t o  

88% with an average of 59%. Large variations were observed in the dispersion 

percentages wi th  three samples classed as very low and f ive as very high. The 

remainder fel l  between these classes. 

All results a p a r t  f rom t w o  locations (TP2 and TP18) were above the dispersible 

soils c l a s s i f i c a t i o n  defined as greater than 1 0 %  of fines (clay fraction) being 

dispersible w i t h  a range (excluding the t w o  non-dispersible soils) of 2 1  % t o  

5 1 O h  and an average of 33%. 

3.2.2 Emerson Aggregate Test (Class Numbers) 

Emerson A g g r e g a t e  tests (EATS) are a method for predicting soil dispersion in 

addition to  t h e  dispersion tests described above. 
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EATS were assessed for samples obtained from various depths down to  1 .Om 

a t  all test pit locations. The results are presented in Tables 1 and 2. Surface 

soils in the development areas were generally found to have slight to  moderate 

dispersibility (Classes 3 and 5). Dispersibility was found to increase rapidly 

with depth. Subsurface soils at TP14, A l ,  A2 and TPI 9 in the centre of the 

site were classed as highly dispersive. Classification of the remainder of the 

subsurface soils ranged from slight to  high. 

Samples obtained from generally wet areas (at the time of the field work) 

adjacent to drainage lines (TP3, TP9 and TP8) were similar to those of the 

remaining areas of the site, with low to moderate dispersibility in the surface 

soil and high to  very high dispersibility in the subsurface soils. 

Surface soils at the proposed wetland locations showed generally moderate to  

slight soil dispersion potential. The dispersion increased significantly with depth 

to moderate to  high, apart from TPI 6 and TP25 which remained slight. 

Emerson Aggregate Class Numbers were also assessed for 13  soil samples 

obtained typically at a depth of 0.5m to 0.95m from boreholes drilled for 

piezometer installation. The results are presented in Table 6. The majority of 

the sample results were Class 1 with four samples assessed as Class 2 (PI, P6, 

P7 and G2). The results indicate moderate to  mostly strong dispersion potential 

for the depth interval of 0.5m to  0.95m. 

3.2.3 Gypsum Requirement 

Gypsum (calcium sulphate) is often applied to soil to  increase stability by 

reducing soil swelling and clay dispersion associated with sodicity. Gypsum 

requirement analyses were undertaken on six subsurface soil samples. The 

results are presented in the table below as the quantity of added gypsum as a 

function of the dispersibility of the soil and the clay content: 
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Gypsum Requirement of Selected Soils and Critical Dispersion. 

Critical dispersion % is defined as (clay % plus half silt %I times dispersion % is > 10% (Department of Housing 

1998). nt: not tested as dispersion controlled using lower additions of gypsum 

The quantity of gypsum required is a function of the dispersibility of the soil and 

the soil clay content. Clayey subsoils such as that at TP14 require more 

gypsum to  achieve a desired level of stability. 

3.2.4 Conductivity 

The electrical conductivity of a soillwater extract is commonly used as an 

indicator of soil salinity conditions as the reading is directly related to  the 

electrolyte (salt) concentration of the extract. 

Analyses were undertaken on samples obtained from various depths at all test 

pit locations. The results are presented in Tables 1 and 2. Conductivity was 

found to  generally increase with depth at all Test Pit locations. Electrical 

Conductivity measurements on a 5 : l  soil:water extract ranged from 0.04dSlm 

(TP17) to  0.12dSlm (TP4) in the topsoil with an average of 0.08dSlm. 

Subsurface conductivity measurements ranged from 0.04 dS/m to I .lOdS/m. 

The soils at sampling locations (TP5, TP7, TP11, TPI 2 and TP24) were found 

to have conductivities of greater than 0.8dSlm. 

Selected soil and shale samples obtained during the installation of the 

piezometers were also analysed for electrical conductivity. The results of these 

analyses are presented in Table 6. Surface soil samples ranged from O.02dSlm 

to O.O7dS/m, apart from BHG4 with a conductivity of 0.13dS/m, with values 

generally in the range of 0.02dSlm to  0.04dSlm. 
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Electrical conductivity generally increased or remained stable with increasing 

sample depth in the clay overburden to  a maximum of 2.ldSlm at BHP2D (at a 

depth of 8.5 to  9.0m). At  the remaining locations the results were generally 

within the range of 0.50dSlm to 1.95dSlm. 

The electrical conductivity of the underlying shale bedrock was also assessed. 

Maximum readings were recorded at BHP4D (2.15dSlm). Apart from this 

location the shale measurements were similar to those of the overlying soil. 

3.2.5 pH 

Soil pH has been assessed as an indicator of soil fertility. Laboratory pH 

analyses were undertaken on samples obtained from various depths at all test 

pit locations. The results are presented in Tables 1 and 2. Results from 

varying depths at the test pit locations indicate that the soils are moderately to 

very strongly acidic with pH values within the range of 3.9 (TPI 7) to  6.0 for all 

locations apart from TP5 (0.75m-0.9m) where the pH was near neutral (6.90). 

Selected soil and shale samples obtained during the installation of the 

piezorneters were also analysed for pH. The results of these analyses are 

presented in Table 6. Surface soil pH values ranged from 3.99 to  6.22. The pH 

generally increased (ie. a decline in acidity) with depth to  a maximum of 7.25 in 

the subsurface clay material. The pH increased further in the shale bedrock with 

a maximum pH of 8.77 (BHG2). 

3.2.6 Lime Requirements 

Lime is commonly applied as a remediation technique for the stabilisation of 

expansive soils and the neutralisation of acidic conditions. Lime addition is also 

a method of treating aluminium toxicity. 

Lime requirement analyses were undertaken to  estimate the quantities of lime 

addition required at the site for the remediation of acidic soil conditions to  a pH 

of 6.5, thereby increasing soil stability and fertility. Fifteen surface and 

subsurface samples obtained from selected test pit locations were analysed and 

the results presented in Table 2. Values ranged from 0.41kg to  4.31 kg of 

Ref: E l  3431 F-Vo12rpt.doc 31 May, 2000 



Soil and Groundwater lnvesrigafion 
Volume 2 - Technical Documenfarion - 
sf Mavs Developmenf Projecf 

CaC03 (agricultural lime) per tonne of soil w i th  an average of 1.64kg of CaC03 

kgltonne. 

3.2.7 Soil Erodibility Test (K) for  the Revised Unified Soil Loss Equation 

(RUSLE) 

The soil erodibility is a measure of the susceptibility of soil particles t o  

detachment and transport by rainfall and runoff. The soil erodibility (K) values 

presented in Table 3 have been calculated from measured soil properties 

including particle size analysis, organic carbon content, soil structure and profile 

permeability. The K values were obtained for use in  the Urban Capability 

Mapping prepared by  SKM. 

Using the soil structure and profile permeability approximations, one test p i t  

sample (TP 24)  was rated as moderate (<0.02), 2 0  were rated as high (0.04- 

0.06) and 4 very high (>0.06). Using the first approximation derived from 

particle size analysis and organic carbon, 1 8  samples were rated as moderate, 

wi th the remaining 7 classed as high. 

Highly dispersive soils are known t o  exhibit higher erodibility than soils w i th  the 

same K value. The "Blue Book" (Department of Housing, 1998)  suggests that 

the K value be increased by 20% for EAT Class 1 and 2 soils. The final column 

in Table 3 presents the erodibility rating based on the adjusted values. 

3.2.8 Organic Carbon % 

Analysis of the organic carbon content of soil was undertaken as part of the 

soil erodibility test for USLE (K value) calculations presented in the previous 

section. 

Organic carbon analyses were undertaken on twenty  f ive samples obtained 

from the test pits. Results are presented in Table 1. Organic carbon contents 

were generally very low ranging from 0.08% to 0.49%, apart f rom TP2 

(0.52%) and T P I  13 (0.56%) where low range values were recorded. 
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3.2.9 Particle Size Distribution Analysis 

Particle size distribution analysis of selected soil samples was undertaken in the 

laboratory for use in the calculation of the Soil Erodibility Test for the R-USLE 

(K)  and to confirm field observations. Particle size distribution results are 

presented in Table 4. A total of 25 analyses were undertaken using both 

hydrometer and mechanical dispersion methods. 

Based on the claylsiltlsandlgravel grain size ranges in the tables the soils are 

predominantly classified as silty sandy clay, although four samples are clayey 

silty sand and one is classified as sandy clay. 

Based on the Australian Standard (AS 1726-1993) 'Geotechnical Site 

Investigation Grain Size Range', the samples were typically classified as silty 

sandy clay. 

Samples occasionally showed gravel contents of up to 11 %, but most values 

were between 3 %  and 6%. 

3.2.10 Cation Exchange Concentration (CEC) - Sodium (Na), Potassium, 

Magnesium (Mg), Calcium (Ca) and Aluminium (All. 

The cation exchange concentration is an important indicator in relation to soil 

behaviour, stability and dispersibility, the availability of some nutrients for plant 

growth and soil pH. In urban areas a low CEC is likely to  be associated with 

leaching of nutrients into streams. The cation exchange concentration is also a 

measure of the ability of a soil to  retain nutrients. 

The CEC and exchangeable cations expressed in cmol( +)/kg were measured in 

soil samples from the test pits at depths down to l m .  Three samples were 

typically analysed from each test pit (a total of 85 tests were undertaken and 

results are presented in Table 2). 

The CEC values were typically low to moderate and generally increased in value 

with sample depth from the surface to approximately l m .  This is typical of 

most Australian soils where the CEC is lowest in the sandy topsoil and 

increases as the clay content increases with depth. TP1 shows the typical 

pattern where the surface sample CEC was 7.7 cmol(+)/kg. This increased to 
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17.8 at 0.3m with a slight further increase to 18.1 at l m .  Lower CEC values 

were encountered in an east to west band of soils (TPI 6 to TPI 8) in the centre 

of the site, however, even these soils exhibited adequate to high levels of CEC 

at depth. 

Exchangeable sodium (Na) 

Exchangeable sodium is an important soil stability parameter. An excess of 

exchangeable sodium together with exchangeable potassium may indicate 

dispersive and possibly expansive soils, potential salinity and water logging of 

the profile. Normally the sodium content is expressed as a percentage of the 

CEC as other cations 'counter' the negative effects of sodium. 

The results indicate that all the surface soils are non-sodic (ie. less than 6% of 

exchangeable cations are sodium). However, sodicity increases with depth. 

TP3 and TP5 were severely sodic within 0.3m of the surface. All other sample 

sites (apart from TP4 non-sodic, TPI 1 and TP16 sodic) were extremely sodic 

(ie. more than 15% of exchangeable cations are sodium) within l m  of the 

surface. 

Exchangeable Potassium 

The exchangeable potassium ranged from 0.1 crnol( + )/kg at TP3 to 1.6 to 1.7 

in the subsoils at TP5 and TP14. Concentrations less than 0.2 cmol(+)/kg are 

considered low for pastures (Metson, 19611. Table 2 shows that only TP3 and 

TP8 have low potassium concentrations. Potassium deficiency can be readily 

corrected with fertiliser. 

Exchangeable Calcium (Ca) 

Calcium is critical for maintaining plant growth and soil structure. Exchangeable 

Ca concentrations less than 2 cmol(+)/kg are considered very low (Metson, 

1961). This occurs in soils at TPI, TP8, TP15 and TPI 7. These soils lie in a 

north-south band in the central northern portion of the site. 

Exchangeable Magnesium (Mg) 

Magnesium is essential for plant growth but too much, relative to the quantity of 

calcium, can result in loss of soil structure. Ideally there should be 4 to 6 times 

the amount of calcium to magnesium (Eckert, 1987). Table 2 shows that the 
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ratio of Ca to  Mg at the site is typically 1:2.5. The use of lime and gypsum will 

add calcium and improve this ratio. 

The critical concentration of magnesium is approximately 1 cmol(+)lkg. The 

soils at the sampling locations have an average of 8.3 cmol(+)/kg. 

Exchangeable Aluminium (Al) 

Aluminium is usually found in large quantities in soils. However it only 

becomes exchangeable, and therefore potentially toxic, when the pH is less 

than 4.5 (CaClz). Al toxicity is also related to Ca availability and if Ca is more 

than 4 cmol( +)/kg, toxicity is unlikely (Cregan, 1980). Soils with pH <4.5 and 

low Ca require liming to reduce Al availability. This applies to soils at TP1, 

TP8, TP9, TPI 4, TP15, TPI 7, TP18, TP19, TP20, and TP24. 

3.2.1 1 Available Phosphorus (PI 

Available phosphorus analyses were undertaken to assess soil fertility and the 

suitability of the soil for revegetation following disturbance. Soil with less than 

8mg/kg is considered phosphorus deficient (NSW Agriculture and Fisheries, 

1980). 

Available phosphorus analyses were undertaken on selected surficial topsoil 

samples obtained from seven of the test pit locations in open grassed areas. 

The results are presented in Table 2, and were all extremely low wi th values 

close to, or below the method detection limit of 1 mglkg available phosphorus. 

These results are typical of soils in the region. 

3.3 Groundwater Laboratory Results 

Laboratory analyses were scheduled on groundwater samples obtained from the 

piezometers on 17 November 1999 and a second round of sampling, 

undertaken on the 12, 13, and 17 January, 2000. Laboratory groundwater 

analysis data was compared with National Health and Medical Research 

Council: Guidelines for Drinking Water Quality (1996). The comparison was 

made on the basis that the quality of the groundwater in the shale in Sydney is 

known to be very salty and poor. 
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During the initial purging and sampling activity groundwater samples could not 

be obtained from P2S, P6S, P7S and G5 due to insufficient groundwater in 

these p iezometers .  During the subsequent sampling round, samples were 

obtained f r o m  all piezometers apart from P2S, P3S and P7S. Rising head 

permeability tests were also undertaken at this time. Results of the chemical 

analysis undertaken are discussed below and the data is presented in Table 7a 

and 7b. Groundwater parameters including pH, temperature, redox potential 

( E h )  and electr ical conductivity (EC), were measured in the field during purging 

and s a m p l i n g  and the results are presented in Appendix D. 

3.3.1 Conduc t i v i t y ,  pH and Total Dissolved Solids 

The pH r e s u l t s  indicate that the groundwater is relatively neutral in the deep 

shale p iezo rne te rs  with pH values ranging from 6.25 to 7.58 and slightly more 

acidic in t h e  shallow clay soil piezometers with pH ranging from 5.6 to  6.9. 

The NHMRC guideline pH is 6 to  8. 

Laboratory analysis indicated the groundwater conductivity varied from 

1 .9dS/m t o  32.7dSlm. These values are high and are typical of groundwater 

within Br inge l l y  Shale. The high values reflect the marine depositional 

environment of the Wianamatta formation. 

The c o n d u c t i v i t y  in the deep shale piezometers varied from 18.7dSlm to  

32.7dS/rn. Those in the shallow clay soils piezometers varied from 1.9dSlm to 

25.0dS/m. The single low value of 1.9dSlm probably reflects a relatively fresh 

groundwater recharge condition at P3S compared to  the remainder of the 

results w h i c h  vary from 2 l . l dS lm to 25.0dSlm. 

Total d i s s o l v e d  solids (TDS) analyses were undertaken on samples obtained 

during the second round of analyses. Concentrations in the deep shale 

piezometers ranged from 10,700mglL to 20,200mglL with an average 

c o n c e n t r a t i o n  of 16,295mglL. Those in the shallow clay soil piezometers varied 

f rorn 1 5,770mgIL  to 19,03Omg/L with an average concentration of 

17,175mg/L. 
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3.3.2 Chloride, Fluoride and Sulphate 

The range of chloride, fluoride and sulphate laboratory test values together with 

typical values for groundwater in the Bringelly Shale are shown in the table 

below. Piezometer P3S is excluded from this data set as the water in this 

piezometer appears to  be of recent origin when compared to all other samples. 

Values are presented in mglL. 

1 Chloride 7,840 14,500 1 1,000 

The chloride and fluoride revels in the groundwater are typical of the Bringelly 

Shale formation, however the sulphate values are considered to be elevated. 

Concrete of appropriate durability for the given soil and groundwater conditions 

should be used in the proposed development, based on Technical Note TN57, 

produced by the Cement and Concrete Association of Australia, 1989. 

3.3.3 Alkalinity, Carbonate Alkalinity 

The alkalinity values ranged from non-detectable to 1,56Omg/L. Values were 

typically several hundred mglL. The carbonate alkalinity was zero in all cases. 

The measured values are considered to be within the range expected for 

groundwater resident within the Bringelly Shale formation and reflect the 

measured calcium and magnesium concentrations. 

3.3.4 Calcium, Magnesium and Potassium 

Calcium (Ca) levels varied from 63mglL to 250mglL (with the exception of P3S 

at 7.7mglL). Magnesium (Mg) values ranged from 588mglL to  1,280mglL. 

Potassium values varied from 2.6mglL to 50mgIL. The results are considered 

to be within the expected range for the given shale conditions. 
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in the region of the proposed wetlands. The higher areas of the site w i t h  

generally lower plasticity soils are expected to  provide a more favourable 

classification on a residential lot basis than in the lower areas. 

3.4.2 SPT Tests 

SPT Tests were undertaken in selected boreholes drilled for groundwater 

piezometer installation. Tests were typically undertaken at  depths of 0 .5m t o  

0.95m. 1.5m t o  1.951-17 and 3.0m t o  3.45m. The results are shown on the 

borehole logs in Appendix A. A t  most locations the SPT values increased w i th  

depth. 

The results at 0.5m depth varied f rom 4 t o  15  wi th  a typical value of 11.  

These results indicate the clayey soils t o  be of f irm to  very stiff, w i th  a typically 

stiff consistency. 

The results at 1.5m depth varied f rom 7 t o  3 0  wi th  a typical value of 15. 

These results indicate the clayey soil t o  be of stiff t o  hard, typically very stiff 

consistency. 

The results at  3.0m depth varied f rom 1 0  t o  refusal w i t h  a typical value, where 

refusal was no t  encountered (ie in the shaly material), o f  about 25. The results 

typically indicate the clayey soil t o  be of very stiff t o  hard consistency. 

Hand penetrometer strength tests were undertaken on most of the SPT 

samples. These tests give a more direct indication of the soil strength. 

3.4.3 Permeability 

Rising head permeability tests were undertaken where possible in the 

piezometers installed for the groundwater investigation. The results are 

presented in Table 7. 

The piezometers installed in the clay overburden (PS series) gave permeability 

values of 0.00001mlday t o  0.048mlday. The large range is attributed t o  the 

variable material type and remnant geological structure. The higher value was 

located in an area of higher ground compared t o  the remaining tests. Four of 
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the piezometers were dry, indicating a lack of groundwater perched in the clay 

overlying the shale at  the time on the measurements. The median value was in 

the order of O.O06m/day, which is typical of a silty soil. 

The deeper piezometers installed in shale or sandstone (except P2D, terminated 

in silty gravelly clay) gave permeability values of 0.0007mfday t o  0.05mIday. 

The large range of permeability is attributed t o  variable geologic structure in the  

bedrock. The median permeability was approximately 0.0016m/day, which is 

typical for shale of this origin. 

4 DISCUSSION 

4.1 Soil Conditions 

The location of the soil sampling sites was designed t o  provide data in the 

following areas: 

General residential development area - 21 locations 

Drainage lines - 6 locations 

Proposed wetland locations - 6 locations w i th  3 common t o  the 

drainage lines. 

Sample location details are shown in the table below. 

Sample Location Areas 
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In addition to  the sample locations in the above table, 7 piezometers were 

installed at the wetland locations (P series) and 5 piezometers were installed in 

the general area of development (G series). Soil samples, principally for 

geotechnical testing purposes, were obtained from the boreholes drilled to 

install the piezometers. 

4.1.1 Salinity 

Soil salinity was evaluated at 31 test pit locations with typical sample depths of 

Om to  0. I m, 0.3m and 7 m. Sampling to a depth of 2m was also undertaken in 

areas where development may expose a deeper soil profile (wetland locations). 

The salinity data has been adjusted for texture as outlined by Hazelton and 

Murphy (1 992). This permits independent interpretation of the salinity data, 

regardless of the soil type. The adjustment factor for the given site soils varied 

from 7 to  14. The adjusted data is discussed as a saturated paste and is 

presented in Tables 1 and 2. 

Salinity criteria was originally developed by the US Salinity Laboratory in 1954. 

This criteria has since been modified slightly to take into account Australian 

conditions (Northcote and Skene, 1972). 

Salinity is usually assessed in terms of effects on crops. Salinity classes and 

plant response have been adapted from a review of Australian Soils by Shaw 

(1 999), and are shown in the table below; 

Salinity Classes and Response of Different Plant Types. 

- - -- .--. --." ---A- 

Salinity (Saturated Soil salinity rating Plant response lmaxirnum salinity at 

extract) dSlrn. which a 10% yield reduction occurs) 

<0.95 I Verv low I Sensitive ~ lan ts  I 
0.95I1.9 I Low I Moderately sensitive plants 

1.9-4.5 I Medium I Moderately tolerant plants 
I 

4.5-7.7 High Tolerant plants 

7.7-12.2 I Very high I Very tolerant plants 

11 >12.2 I Extreme I Too hiah for most ~ i a n t s  I 
I 

(Source: Shaw, 1999). 
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Surface soils usually have the least salinity. Significant salinity was evident in 

the soils in TP4, TP18, TP25, Sites B and C. TP18 and Site B are located in the 

general area of site development and the remainder are located at the drainage 

and wetland locations. The salinity in TP18 and Site B correlated with the €MI 

survey data, where higher salinity was indicated. At these locations the salinity 

of the surface soils was considered to be low and would only affect moderately 

sensitive plants. 

Knowledge of deeper soil salinity conditions is necessary in order to manage 

and minimise the potential for development of salinity problems as the proposed 

development will expose deeper profiles at specific locations. This information 

is also necessary for assessment and design to prevent the potential 

development of saline conditions at the toe of slopes associated with increased 

run-off due to urbanisation. 

Salinity (corrected to  saturated paste) at 0.3m ranged from 0.36 dS/m at TPI 6 

(very low) t o  4.86 dSlm at TPl 1 (high). Low to very low salinity (< 1.9 dS/m) 

was encountered in the samples obtained at 0.3m depth at all locations except 

A2, C, TP3, TPI 1, TP14 and TP25. Site C, TP3, TPI 1 and TP25 are in lower 

parts of the landscape in drainage line and detention basin areas. Exposure of 

these soils should be minimised. This requirement should be incorporated into 

the planning process. 

The soil salinity increased with depth at most locations sites. The table below 

shows that TP5, TP12 and TP24 are the only locations in the general 

development area of the site with very high salinity a t  a depth of 1 .Om. 
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Soil Salinity Data at l m  Depth 

Note: Data not available at lrn at TP13 

The very high salinity ratings at sites TP12 and TP24 are consistent with the 

EM1 survey. TP18, which lies between TP12 and TP24 has a high rating. 

These test pits are located in the south-west corner of the site adjacent to The 

Northern Road. Development in this area of the site will require specific 

planning to accommodate the saline nature of the subsurface soils. Excavation 

depths should be limited to 0.5m in this area where possible and subsoil 

drainage may be required to control and reduce the level of the groundwater 

table. 

In summary, the surficial soil salinity conditions are considered to  be 

satisfactory for the proposed development. Salinity becomes relatively high at 

a depth of approximately lrn and the development should be designed not to  

mobilise salinity from this depth to lower parts of the landscape. This can be 

achieved by limiting excavation depths, by reducing the volume of water 

entering the soil, and by the inclusion of surface and subsoil drains in areas 

where salinity may be mobilised. 

4.1.2 pH 

Bare soil can be eroded if the soil pH is outside of the desirable range. The 

criteria for soil pH is largely based on the effect on plant growth. The table 

below shows soils at TPI 1, TPI 5 and TP17 are highly acidic in the upper soil 
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layer to a depth of approximately 0.3m. Five other locations show similar 

acidity at a depth of l m .  

Virtually all the soils show acidity at strong to very strong levels. Exceptions 

occur at TP5 and TP6 where soil pH conditions are optimal. 

Ef fec t  of Soil pH on Plant Growth and Nutrient Availability 

and pH Variation with Depth 

Note: D a t a  not available at lm at TP13 

TPl ,  TP15. TP17. 
soils, high A1 toxicity 

Al and Mn toxicity, 

Reduced N 

Surface soil acidity is able to  be adjusted relatively easily and economically by 

the addition of lime. Lime requirement analysis results presented in Table 2 

indicate that up to 4.31 kg of limeltonne of soil is needed. Assuming a soil 

bulk density of 1.75 tonneslcubic metre and treatment for the surface O.lm, 

the mass of l ime required is up to approximately 7tlha. The average application 

required is 2.9 tlha. Present day costs including delivery and spreading are 

approximately $4001ha. 

In summary, the acidic nature of the site soils is considered to be satisfactory 

for the p r o p o s e d  development, provided that adjustment is undertaken at 

appropriate times. Conventional treatment by the addition of lime is 

recommended. 
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4.1.3 Dispersivity 

Soil dispersivity was assessed by performance of Emerson Aggregate Tests 

(EAT), dispersivity, cation exchange concentration and sodicity measurements 

on soil samples obtained from the test pits. These tests can be used to  predict 

soil structural behaviour under various field conditions. 

Dispersive soils are commonly associated with the following soil structure 

behaviour in urban development areas: 

Dispersion leading to sediment loss to  streams; 

Susceptibility to tunnelling or piping through water retaining 

embankments; 

Leakage from detention ponds. 

Severe soil softening when saturated. 

Desirable urban soil characteristics vary with the likely use. For example, an 

ideal pond base should be slightly dispersive to  assist sealing of the pond base 

and t o  prevent water loss. Conversely a very stable soil is preferred on building 

sites. 

Dispersibility criteria has been set out by Charman (1978). This is sumrnarised 

in the table below; 

Relationship Between Soil Dispersion and EAT 

(Suitability for Water Holding Structures is also Shown) - . - - 

arthwork structures unless 

EAT 

1 & 2(3) 

Bracketed figures are EAT assessments for remoulded (reworked) soil samples. 

Dispersivity ility for structures 

Very high I High tunnelling susceptibility 

(Source Charman, 1978, Crouch, 1991 ) ,  

2(2) I High I Possible tunnelling 
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The dispersive nature on the soils at the various site locations are shown in the 

following table. 

Soil Dispersibility Location Data 

Development- 

surface 

Drainage line area- 

surface 

Drainage line area- 

TP14. Al ,  TP5, TP6, TPlO. 

TP12, TP13, 

TP24, C 

- 
eraability 

Moderate 

341 and 3131 

TP6, TP7, 

TP14, TP23, 

A2, A3, C 

TP17, TP18, 

TP23, 

TP3, TP9. C 

TP9 

TP11, TP21, 

TP4 

- 
Slight 312). Negligible 

3111 and 5 6 . 7 & 8  

TP5, TPIO, 

TP12. TP13. 

TPl5, TP16, 
TP18, TP19, 

TP20. TP24, 

Al, A. B 

i+ 

The table above shows that the surface soils in the general development areas 

have slight to  moderate dispersibility, which is consistent with the occasional 

visual evidence of crusting of the surface soils. Dispersibility increases with 

depth. Soils at TP14, A l ,  A2 and C are very highly dispersive, and will require 

treatment in areas where the subsoil will be exposed by excavation to physical 

erosion processes. 

The results in the drainage lines appear similar t o  those in the development 

areas, with low to moderate dispersibility in the surface soil. High to very high 

dispersibility occurs in the subsurface soil. The erosion potential of the highly 

dispersive soils is demonstrated by the slumping of exposed subsurface soils 

seen along drainage lines at the west precinct. 

Site development will require exposure of subsoil. The use of conventional soil 

treatment methods to  avoid soil dispersion is recommended in all such areas. A 

management plan will be required to ensure that potential soil dispersivity is 

effectively controlled and prevented. The table shown in Section 3.2.3 provides 
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data on gypsum addition required to ameliorate potential soil dispersivity 

problems. 

An initial application of up to  10tonnesIha should be applied to  the proposed 

development area (well in advance, to  permit the gypsum to move through the 

soil profile). The indicative cost is on the order of $1,00O/ha. Further 

applications of gypsum will be required during the development works, 

dependent on specific site conditions. 

Wetland and detention ponds will require gypsum addition to the soils, both 

during and after construction, to prevent dispersion of clay into the stored 

water. The prevention of initial dispersion is critical, as control in 

detentionlsediment ponds without the extensive use of potentially toxic 

chemicals is difficult. 

In summary, provided that soil dispersivity is managed appropriately, the 

dispersive nature of the soils is not seen to  be a limitation to the proposed site 

development. 

4.1.4 Soil Erosion Potential 

Site development will involve the exposure of areas of soil without vegetation 

cover. The main factors that affect potential soil erosion under these 

conditions are the erodibility of the soil, the slope gradient and the length of an 

uninterrupted slope. The soil erodibility is a measure of the susceptibility of soil 

particles to  detachment and transport by rainfall and runoff. The soil erodibility 

(K) values in the table below have been calculated from measured soil 

properties including particle size analysis, organic carbon content, soil structure 

and profile permeability. Highly dispersive soils are also recognised to  exhibit 

higher erodibility than soils with the same K value. The "Blue Book" 

(Department of Housing, 1998) suggests that the K value be increased by 20% 

for EAT Class 1 and 2 soils. In the table below these soils are denoted by J in 

the column headed "High Dispersibility". The recommended 20% increase in K 

value is not shown in the table, but the "Erodibility Rating" (last column) has 

been adjusted accordingly. 
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Soil Erodibility Assessment 

All anz ~ lysed  soils exhibit either high (K = 0.04 t o  0.06) or very high (K > 
0.06). The erodibility ratings indicate that  effective erosion and sediment 

control measures will be required during the development process t o  manage 

and control sediment discharge from the site. The erosion and sediment control 

programme wil l  need t o  remain in place during the development phase until 

dwelling construction is substantially complete. 

In summary, provided that potential soil erosion is managed appropriately, the 

erosive nature of the soils is not seen t o  be a limitation t o  the proposed site 

development. 
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4.1.5 Soil Fertility and Stability 

Soil Cation Exchange Concentration 

The ability of a soil to retain nutrients is indicated by the soil Cation Exchange 

Concentration (CEC). The CEC plays important roles in soil fertility and stability 

and is a relatively stable attribute that can be slowly changed by reducing 

acidity or adding organic matter. The CEC is also a good indicator of soil 

dispersivity. In an urban development setting a low CEC indicates that leaching 

of nutrients to  streams may occur. 

The CEC was measured at all test pit locations. As in most Australian soils the 

CEC is lowest in the sandy topsoil and increases as the clay content increases 

with depth. TPI shows this typical pattern. The surface CEC was 7.7 

cmol(+)/kg. This increased to 17.8 at  0.3m with a slight further increase to 

18.1 at 1m. 

The variation of CEC over the site and CEC rating details are shown in the 

following table. 

Cation Exchange Capacity at Investigation Locations 

line. If not limitation is 

moderate to minimall 
p~~ 

Severe limitation (low 

ability to retain nutrients 

or contaminants) 

Moderate limitation 

Little limitation 

None None 
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The CEC soil results vary f rom moderate t o  l itt le limitation. None of the  soils 

sampled indicated severe limitation due t o  l ow  CEC. A n  east - west  band of 

soils (TP1 8 t o  TP16) in the centre portion of the site indicated lower CEC than 

other areas. However, even at this location, the soils have adequate t o  high 

CEC at depth. 

The CEC measurements indicate that the CEC is not likely t o  be a significant 

limitation t o  development of the site. 

Exchangeable Sodium (Na) 

Exchangeable Na plays a key role in the assessment of soil stability. Excessive 

Na leads t o  unstable soils, increased runoff, potential salinity, dispersivity and 

water logging problems. Normally the Na content is expressed as a percentage 

of the CEC as other cations can counteract the negative effects o f  the Na. 

The effect o f  the exchangeable Na (Exchangeable Na percentage, ESP) varies 

wi th other soil factors such as the type of clay, the relative quantity of 

magnesium and the quantity of organic matter. A soil is considered sodic i f  the 

ESP exceeds 6%. A n  ESP greater than 15% indicates the soil t o  be severely 

sodic. 

Sodicity at Investigation Locations 

Sodic 

Severely 

sodic 

1 soils are non 1 TP13, TP16, TP17, 

sodic TP19, TP21 

I None 1 6, C, TP1. TP4, TP5, 

(Criterion Source: Soils: their Properties and Management. Charman and Murphy, 2000 
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The above table indicates that all the surface soils are non-sodic. The sodicity 

increases w i t h  depth. The soils at a depth of 0.3m at TP3, TP22 and site C are 

severely sodic. Exposure will require treatment to  prevent the creation of 

significant sediment yields. Treatment will typically involve the addition of 

gypsum. T h e  amount of gypsum to  be added will vary with the soil, but an 

indicative ra te  of up to 10  tlha (cost in the order of $1,000/ha) is a reasonable 

initial a s s u m p t i o n .  

Almost h a l f  the soils are severely sodic at 1.0m depth. The development 

should be designed to minimise exposure of the deeper soils. 

C o n s t r u c t i o n  of detention ponds will involve the exposure of sodic soils. 

Gypsum s h o u l d  be applied to exposed surfaces during basin construction and 

site d e v e l o p m e n t  phases to avoid de-flocculation of pond sediments (this would 

create an opaque suspension which would be difficult to treat and clarify). 

Lime stabilisation1rnodification and or gypsum application requirements for the 

detention ponds and the drainage lines should be assessed by site specific 

investigation. 

Exchangeable Potassium 

E x c h a n g e a b l e  potassium ranged from 0.1 cmol(+)/kg at TP3 to  1.6 to  1.7 

cmol( + )/kg in the subsoils at TP5 and TP14. Concentrations less than 0.2 

cmol( + )/kg are considered low for pastures (Metson, 1961). Table 2 shows 

that TP3 a n d  TP8 are the only locations with low potassium concentrations. 

Potassium deficiency can be readily corrected with fertiliser. 

The p o t a s s i u m  availability is generally considered to be at appropriate levels for 

the proposed development. 

Exchangeable Calcium (Cai 

E x c h a n g e a b f e  calcium concentrations are generally at  levels considered suitable 

to maintain plant growth and soil structure associated with the proposed 

development. However, there are some locations where the exchangeable Ca 

c o n c e n t r a t i o n s  are less than cmol(+)lkg, which are considered very low 

(Metson, 1 9 6 1 ) .  This occurs in soils at TPI, TP8, TP15 and TP17. These soils 
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lie in a north-south band at the central northern portion of the site. Ca deficiency 

in this band can be corrected via general application of gypsum and lime. 

Exchangeable Magnesium (Mg) 

The magnesium concentration is suitable for the proposed development. The soils 

have an average of 8.3 cmol(+)lkg, greater than the minimum desirable 

magnesium concentration of 1 cmol( + )/kg. 

Magnesium is essential for plant growth, but too much relative to  the quantity of 

Ca can result in loss of soil structure. Ideally there should be 4 to  6 times the 

amount of Ca to  Mg (Eckert, 1987). Table 2 shows the ratio of Ca to Mg at the 

site to  be typically 1:2.5. The relative deficiency in Ca can be corrected by the 

general application of gypsum and lime. 

Exchangeable Aluminium {All 
Soil conditions at the site in relation to aluminium are considered to  be suitable 

for the proposed development provided that the application of lime required for 

pH adjustment is undertaken. 

Soils usually contain large amounts of aluminium. The aluminium becomes 

exchangeable and potentially toxic when the pH is less than 4.5 (CaCIz). Al 

toxicity is also related to  Ca availability and if Ca is more than 4 cmol(+)/kg 

toxicity is unlikely (Cregan, 1980). Soils with pH<4.5 and low Ca require the 

addition of lime t o  reduce Al availability. 

The conditions at many of the test pits require the addition of lime as outlined 

above. These are TPl , TP8, TP9, TPI 4, TPI 5, TP17, TPI 8, TPI 9, TP20, TP24 

and A. Liming recommendations to counteract soils acidity are presented in the 

section dealing with soil pH (section 4.2.1). 

4.1.6 Available Phosphorous 

The addition of fertiliser to appropriate sections of the land is recommended to 

overcome a phosphorous (P) deficiency of the site soils. 
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The available P was extremely low in all soils tested with I mglkg the highest P 

concentrations in the test pit samples. Soils with less than 8 mglkg are 

considered deficient (NSW Agriculture and Fisheries, 1989). 

Low P concentrations reduce plant growth and affect revegetation rates of 

disturbed sites. The application of 4 0  kglha of elemental P to appropriate 

completed sections of the development is recommended (NB: the rate of fertiliser 

application will depend on the P concentration in the fertiliser mix). The 

application of P will be especially critical in areas where the subsoil has been 

exposed. 

4.1.7 Summary 

In summary, in common with typical Western Sydney soils, the soils at the site 

are, to  a varying degree, acidic, unstable, erodible and have very low fertility. 

Salinity also occurs at depth. These characteristics can be readily overcome by 

a combination of amelioration and careful management involving standard 

methods. 

The use of gypsum and lime will overcome aluminium toxicity, soil instability 

and acidity. A total of 10 tlha (2 to 3 t/ha of high grade agricultural lime and 7 

to 8 tlha of gypsum) is recommended for the site in the proposed development 

area as soon as possible right up to the creek lines. 

An effective application method is by a dual axle truck mounted spreader 

equipped with a hopper, vibrating feed and spinner. Such a unit should provide 

a 20m to 30m coverage per pass. The application should not involve any 

cultivation or ripping in order to minimise mobilisation of salinity from the 

subsurface soils. 

All soils have a relatively high erodibility rating. An effective erosion and 

sediment control plan will be required during the development process in order 

to ensure that sediment discharge from the site is kept to acceptable levels. 

Salinity at depth can be controlled by minimising the hydrological load on the 

site. This is discussed in Volume 1. 
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Phosphorus is needed to increase plant growth. In view of the generally low 

fertility of the site, a mix of N, P and K is recommended in selected areas of the 

site at an appropriate time. The mix should contain a minimum of 40 kglha of P 

and 100 kglha of K. 

All design and work teams should be formerly inducted to the management 

strategies developed for the site in relation to  the control of salinity and erosion. 

This will assist orderly development of the site with due consideration to the 

controls required for the range of soil conditions encountered. 

4.2 Groundwater Conditions 

Groundwater conditions were investigated at the site by the installation of t w o  

piezometers at each of the seven proposed wetland locations (P series 

piezometers). A further seven piezometers (G series piezometers) were 

installed up-slope of the wetlands adjacent to drainage lines (2 piezometers 

were located at G6 ie G6S and G6D). The up-slope piezometer locations were 

considered to  be reasonably representative of the more elevated section of the 

site designated principally for residential development. 

The depth to  groundwater in the piezometers varied from 0.95m to 6.05m. 

There was no obvious correlation between the depth of the groundwater table 

at any particular location and other site features. 

In the shallow clay soil piezometers (designated by S, eg PIS), the depth to  

groundwater varied in some cases to that in the deep shale piezometers 

(designated by D, eg PI D). The depth was virtually the same in P I ,  P4 and P5. 

In P3 and G6, the depth was shallower by up to  2.5m compared to  the shale, 

indicating a possible perched aquifer condition. In P6 the depth was deeper by 

0.54m indicating a possible sub-artesian condition. In P2S and P7S, the 

shallow clay piezometers installed to a depth of 4.4m and 4.05m respectively, 

did not intersect any groundwater. 

The depth to  the groundwater table appears to be affected by geologic 

structure including joints, faults, bedding and other discontinuities that can act 

as a flow path within the rock. 
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The groundwater table depth level was related to AHD datum and is plotted in 

Figures 4 and 5. The data has been contoured and the topographic features 

have been used as a guide to interpret the contours on the assumption that the 

groundwater table level is generally sympathetic with the topography. 

Interpreted groundwater flow directions are shown on the figures as arrow 

lines, orthogonal to  the contours. The general f low direction was typically to  

the east, modified locally by the east-west striking ridgeline, with f low to the 

north-east on the north of the ridge and to the south-east on the south of the 

ridge. 

The groundwater gradient typically varied from approximately 0.7% to 2.0% 

over the site and was generally higher in the area of the ridge in the central, 

north section of the site. 

The formation conductivity (ie permeability) has been assessed by the 

performance of rising head tests in the piezometers, noting that most of the 

piezometers became dry during development and purging. The results were 

variable, and are described earlier in this report. 

The f low across the site from the west to  the east to  the creek region was 

estimated to  be approximately 3m3/day. This figure is based upon a typical 

groundwater gradient of approximately 1% at the site at the time of the 

investigation, medium shale permeability of 0.0016m/day and an aquifer 

thickness of 5m. 

Localised flow would be expected to vary as much as the variation seen in the 

permeability results, ie by several orders of magnitude. The relatively small 

estimated flow indicates that significant changes in the groundwater table level 

can be expected to occur in areas with variable or potentially high recharge 

conditions. 

Groundwater chemistry is discussed in Section 3.3. 
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4.3 Geotechnical Conditions 

Single and double storey residential structures and similar infrastructure 

buildings will be founded typically on residual clayey soils that are generally 

dispersive, and moderately to highly reactive. 

Detailed investigation will be required to assess individual or groups of sites in 

relation to  lot classification and specific site preparation requirements. Due to 

the relatively deep clay profile (ie >2.0m) over most of the site, the moderately 

to highly reactive nature of the soils, as based on the Atterberg Limit results, 

most sites can be expected to classify as M to H in accordance with the 

AS2870 document. Detailed shrink/swell assessment may show the site soils 

to be less reactive than expected as the clay soils have a somewhat higher 

sand fraction than those typically encountered in the western areas of Sydney. 

Earthworks at the site will potentially change these classifications and 

technically where fill is greater than 0.4m thick the lots would be classified as 

P, unless the fill is tested to  Level 1 certification, where a reclassification to 

Class M or H may be achieved. 

Sites with trees located in areas of high potential clay shrinklswell behaviour 

will require special consideration as the time required for the development of 

equilibrium conditions after tree removal can be around 2 years depending on 

the rainfall. Detailed assessment should be undertaken in such instances to 

assess potential foundation movement conditions. If trees are to  be cleared 

then preferentially this should be completed a year or more prior to  the 

commencement of works associated with the development. 

Roads fill may be constructed using the dispersive, moderate to high plasticity 

clay soils but precautions are required. Shale excavated from other 

infrastructure construction may be available for use as fill and should prove to  

be a better material, both to handle during earthworks and in relation to  

engineering properties. The dispersive clays will soften substantially on 

saturation and will have low California Bearing Ratio (CBR) values and resulting 

relatively thick pavements. Use of these soils as subgrade materials should be 

avoided if possible. Alternatively these soils could be improved by lime 

stabilisation/modification prior to  use. 
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Roads located in potentially water logged areas should preferably be built 

upldown slope to minimise the damming effect of the roadway to the downhill 

flow of subsurface water. The need for subsoil drainage as part of road 

construction should be assessed on a case by case basis by the designer. 

Site preparation should be based on conventional treatment including topsoil 

stripping and grubbing and treatment of soft spots etc. The effects of the 

dispersive and expansive nature of the clayey soils as well as low CBR values 

can be improved by conventional lime stabilisationlmodification of the soil 

during earthworks and construction. The amount of lime should be assessed 

from the results of CBR tests on stabilised samples. Compaction of fill should 

generally be at or just above Standard Optimum Moisture Content, to at least a 

density of between 100% and 104% of the Standard Maximum Dry Density to 

minimise future dispersion and softening. 

All batter slopes in the relatively dispersive clayey soil will require stabilisation. 

Standard Blue Book stabilisation methods should be satisfactory to control 

erosion. The stabilisation works should be undertaken as soon as possible. 

Development of the Western Precinct will involve construction of 7 major 

wetlands to  depths up to  approximately 3.0m. One of the ponds may extend 

down into the Bringelly shale. The base of the ponds may in some cases be 

below the groundwater table level. Seasonal fluctuation of the groundwater 

data must be expected and should be assessed by additional monitoring. 

Leakage from the wetlands into the underlying clay or shale aquifer may be 

significant as the wetlands are to be maintained at a constant level where 

possible. Such leakage could be expected to lead to a localised rise in the 

groundwater table level due to the additional aquifer recharge, which may lead 

to the development of soil salinity problems. 

Based on the available information, provision of a liner to  the wetland facilities 

may be necessary. Conditions at each specific wetland location should be 

further investigated and assessed in relation to liner requirements and other 

design parameters. Assessment of special requirements for concrete in relation 

to sulphate attack should also be made. 
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Provision of a clay liner to the wetland facilities will reduce the loss of water 

from the wetlands through leakage. This is of benefit, as the ponds should be 

maintained at as constant a level as possible during dry weather periods. The 

thickness of the liner will be dependant on the availability of appropriate quality 

soils, and the construction method, together with operational methods of 

sediment removal from the wetlands. A liner thickness of approximately 0.5m 

to 1 .Om is envisaged, based on the available information. The permeability of 

the stabilised material should be checked as lime stabilisation may increase the 

permeability of the soil. 

Liners should be able to  be constructed from on-site clayey soils, provided the 

dispersive behaviour is reduced by lime stabjlisation of the soil during 

construction. A synthetic liner may be found to be more economical, especially 

where the possibility of the clay liner drying out exists. Good quality soils 

should be identified by sampling and testing during the wetland construction 

and such materials stockpiled during site earthworks for later use. 

5 LIMITATIONS 

This report has been prepared for the particular project described and no 

responsibility is accepted for the use of any part of this report in any other 

context or for any other purpose. J&K has used a degree of care, skill and 

diligence normally exercised by consulting engineers in similar circumstances 

and locality. No other warranty expressed or implied is made or intended. 

Subject to  payment of all fees due for the investigation, the client alone shall 

have licence to use this report. The report shall not be reproduce except in full. 

Should you have any questions regarding this report, please do not hesitate to  

contact the undersigned 

V Joanne Rosner 

Environmental Scientist 

E H Fletcher 

Director 
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GLOSSARY1 

AAS 
Acidity 

AHD 
A1 
ANZECC 

Aquatic Macrophyte 

BGL 
BH 
BD 
C 
Ca 
CaC03 
Ca(OH)z 
CBR 
CEC 

Atomic Absorption Spectrometry 
The chemical activity of hydrogen ions in soil. Usually expressed 
in pH units 
Australian Height Datum (metres) 
Aluminium 
Australian and New Zealand Environment Conservation 
Council 
A large plant capable of living in soils and sediments that are at 
least periodically flooded 
Below Ground Level 
Borehole 
Bulk Density 
Carbon 
Calcium 
Calcium Carbonate 
Lime (Calcium Hydroxide) 
Californian Bearing Ratio 
Cation Exchange Capacity: The total quantity of 

exchangeable cations that the soil can absorb. Includes 

Ca, Mg, Na, K, H and Al. 

Crusting The nearly horizontal orientation and packing of dispersed 
soil particles in the immediate surface layer of soil. This 

greatly reduces water penetration, encouraging run-off. 
CSIRO Commonwealth Scientific and Industrial Research 

Organisation 

D % Dispersion (percentage) The breakdown of soil particles into 

constituents such as clay, silt and sand via the process of 
deflocculation. Dispersion can lead t o  erosion, high rainfall 

run-off and turbid waters. 
DUAP Department of Urban Affairs and Planning (NSW) 
EM1 Electromagnetic Induction Survey 
EAT 
EC 
Eh 
EPA NSW 
Erodibility 

GC-ECD 
GC-FID 
GC-MS 
G series 

Emerson Aggregate Test (Class number) 
Electrical Conductivity 
REDOX Potential 
Environment Protection Authority, New South Wales 
The susceptibility of soil to detachment and transport by water 
and wind (The K value in R-USLE) 
Gas Chromatograph-Electron Capture Detector 
Gas Chromatograph-Flame lonisation Detector 
Gas Chromatograph-Mass Spectrometer 
Piezometer series - upstream of wetland areas 

' Where possible definitions for industry based texts such as Wong et a1 (1998) have been used 
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ha 
HCI 
K 
KL 

Mg 
NATA 
Na 
NHMRC 
NH4F 
No3 
OC% 
P 
Percentile 

pH 
PD series 
PS series 
Po4 
PSA 
RPD 
R-USLE 

R-USLE K Value 
S AR 

Slaking 

Sodic soil 

SWL 
t 

tlha 
TN 37 
TP 
USEPA 
USLE K value 
uv 

Hectare (I ha = 1 OOmx loom) 
Hydrochloric Acid 
Potassium 
Kilolitre (1 000L) equivalent to 1 cubic metre of water 
Magnesium 
National Association of Testing Authorities, Australia 
Sodium 
National Health and Medical Research Council 
Ammonium Flouride 
Nitrate 
Organic Carbon Percentage 
Phosphorus 
The percentage 
A measure of acidity 
Piezometer series - deep shale at wetland locations 
Piezometer series - shallow clay a t  wetland locations 
Phosphate 
Particle Size Analysis - soil fractionation based on grain size 
Relative Percentage Difference 
Revised Universal Soil Loss Equation - refer to Department of 
Housing "Blue Book" publication 
Soil Erodibility Rating 
Sodium Absorption Ratio: A measure o f  the ratio of sodium 

t o  calcium plus magnesium. It is used in conjunction w i th  

salinity data t o  determine the stability o f  irrigation water. 

The partial breakdown of soil aggregates in water due to clay 
swelling and soil gas pressure 

A soil whose structure is degraded due t o  excess 
exchangeable sodium. Usually applies t o  soil where more 

than 6% of exchangeable cations are sodium. More than 

15% indicates a strongly sodic soil. 
Standing Water Level 
Metric tonne (1 000kg) 
Tonnes per hectare 
Technical Note: Cement and Concrete Association 
Test Pit 
United States Environmental Protection Agency 
Soil erodibility rating - U 
Ultra Violet 
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Notes o n  the  Roles of Clay Type and Cations - Effect o n  Soil Behaviour. 

Clays are formed in soils f rom the weathering of rocks. The parent material 

determines the type of clay. Clays consist of sheets of cations (largely AI3+and 

Si4+) and anions (OH-and 0'-). Substitution of cations especially MgZi, Ca2+ for 

Ai3+and Si4+, plus imperfections in the sheet result in  the sheet surfaces having 

a net negative charge. This negative charge attracts cations such as Hf, Mg2+, 

Ca2+,, Na+ and K + (See below). This attraction is critical t o  soil structure. 

Without it the individual clay particles will not coalesce. The individual clay 

sheets are too small t o  settle via gravitational forces and therefore will remain 

in suspension forming a stable floc. 

Cations are attracted into this space 
. - - - - - - - - - - - - - - - - - - -  

Individual clay sheets 
- - - - - - - - - - - - - - - - - -  

Cations are attracted int 
. . . - . - - - - - - - - - - - - - - - - -  

. . . . . . . . . . . . . . . . . . . . .  

Cations are attracted into this space 

The distance between the clay surfaces is dependant o n  the equilibrium 

between the negative charges on the clay surface and the attractive forces of 

the cations. The attractive force of the cations is very dependant on the 

valance of the cations. For example, Ca2+ has a much more attractive force for 

the clay layers than does Na+. Additionally the attractive force is obviously 

dependant on the concentration of the cations. Thus adding gypsum (Calcium 

sulphate ) has a t w o  fold effect. It increases the proportion o f  cations that are 

divalent and it increases the total cation concentration of quantity of Cazi. 
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TABLE 1 
SUMMARY OF LABORATORY TEST DATA - SOILS 
Urban Capability Data - Electrical Conductivity, pH, Organic Carbon, 

Dispersion (%) and EATS 

Explanation of abbreviations 

EC: Electrical Conductivity 

OC: Organic Carbon 

D: Dispersion 

EAT: Emerson Aggregate Test 

Ref: E1343iFr~t  
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TABLE 3 
SUMMARY OF LABORATORY TEST DATA - SOILS 
Soil Erodibility Test for USLE (K) 

The first approximation of K is calculated from the laboratory data. PSA-mechanical 

dispersion and organic carbon (OC) 
The second value of K is derived from the 1st approximation of K, soil structure (SS) 

and profile permeability (PP) 

Adjusted rating is based on the "Blue Book" suggestion that k values for be 

increased by 20% for EAT class 1 or 2 soils. 

The ratings are as follows: 

-ow: less than 0.02 

Woderate: 0.02 to 0.04 

iigh: 0.04 to 0.06 

Jery High: greater than 0.06 

This interpretation is based on: 

1. The samples supplied being representative; 

2 Ljterature guidelines. 

Ref E13431Frpf 



TABLE 4 
SUMMARY OF LABORATORY TEST DATA - SOILS 
Particle Size Distribution Analysis 

Explanation 

clay, panicle size <O,002mm 

silt: panicie size = 0 002-002mm 

very fine sand: particle sire = 0.02-0 imm 

course flne sand. particle size = Ol-02mm 

Course sand particle size = 0.2-2Omm 

raw: partlcle size s2mm 

Location Sample Depth 
VERY FINE COARSE FINE COARSE TOTAL 

GRAVEL CLAY SILT SAND SAND SAND SAND 

TPI 0.8-1 .Om 41 23 21 8 6 35 1 
TP7 I3 74 17 15 51 10 7 

PARTICLE SIZE ANALYSIS - MECHANICAL DISPERSION (%) 

CLAY 

37 

COARSE FlNE 
SAND 

9 

'ILT 

23 

FlNE 
SAND 

23 

COARSE 
SAND 

7 

TOTAL 
SAND 

39 

GRAVEL 

1 



TABLE 5 
SUMMARY OF LABORATORY TEST DATA - SOILS 
Piezometer Soil Samples - Engineering Tests - Atterberg Limits, EATS 
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TABLE 6 
SUMMARY OF LABORATORY TEST DATA - SOILS 
Piezometer Soil Samples - Electrical Conductivity, pH 

Chloride and Sodium 

Ref: E13431Fml 



.. 
BHG6 1 83-85 1 0.562 1 8.26 I na I na 

I note: EC uoitz mSlm are equivaient to dSlm. 1 
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TABLE 8: SUMMARY OF FIELD AND TEST DATA - GROUNDWATER 
Groundwater depth, volume and permeability test details 

" "" , " "" L" "I , , .".I0 , ,-.v / /  < , " "  , ,.- / l-.Y /, , ,.," ,, .," 

1 : ; I >i .o i 22 oA I 0.53 I 22 57 11 7589  I 1 2 5  I I ,599 I 5.05 I 310. 11 6.85 I 6.53 I 42 
22 02 0.40 2 2 4 2  11 . 1 0.0 11 . I 1 0.0 I /  ~enneabib!y ~ e r t  NO! 

8 5 8  1 8 5 0  / 21 87 0.45 22.42 / /  18.87 1 12.0' 11 16.73 1 5.24 1 11.0. 11 8 6 6  1 8 28 I 50 

Explanation of rymbols and abbreviations 
: Denotes Purged Dry All recorded heights are msaaursd in metres (m) 
SWL: Standing Water Level Ail recorded volumsa are measured in Litrel (L) 
BGL: Below Ground Level 
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CONSULTING ENVIRONMENTAL ENGINEERS 

BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS, NSW. 

I Job No. E l  3431 F Method: SPIRAL AUGER 

Date: 5- 1 1 -99 

LoggedlChecked by: J.R./&. 

DESCRIPTION 

SILTY SANDY CLAY: medium 
plasticity, brawn mottled 
do* gray. fine to medium 
groined sand. with fine to 

\medium grained ironstone 
\gravel. 
os above. 
but brown mottled pale grey 
\and dark grey. 
as above. 
but high plasticity, pole 
grey mottled yellow brown. 

SILTY GRAVELLY CLAY: medium 
to high plasticity, orange 
brown mottied grey. with 
bands of fine to coarse 
grained ironstone gravel 
and fine to medium grained 
sond. 

- 
gravel. 

.......... ~ . . . ~ ~  .. . . . . . . . .  ~ ~ . . . ~  
or above. 
but high plasticity, brawn 
mottled grey. 

SHALE: pole grey. 

R.L. Surface: N/A 

Datum: 

c' 
0 

La 
m z -.. 
E & 2 c 

n;S 
c C 0 
0 . a -  
ran - 

- 
120 
140 

200 - 

- 
230 
270 
280 
- 

- 
360 
400 
350 

Remarks 

RESISTANCE 

VERY LOW TO 
LOW RESISTANCE 



CONSULTING ENVIRONMENTAL ENGINEERS 

BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E13431F 

Date: 5-1 1 - 99 

Method: SPIRAL AUGER 
INTERTECH 550 

R.L. Surface: N/A 

Datum: 

LoggedlChecked by: J.R./.& 

DESCRIPTION 

SHALE: pole grey. 

iND OF BOREHOLE AT 9.0m 

- 

> + 
,'G 
L C  - 0 

mn 
* .  
2% 
V) (L - 
VL 

- 
VL-L 

- 

- 

Remarks 

VERY LOW TO 
LOW RESISTANCE 

LOW TO 
MODERATE 
RESISTANCE 



I Borehoie No. I 
BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E13431F 

Date: 5-1 1- 99 

Method: SPIRAL AUGER 
INTERTECH 550 

LoggedlChecked by: J . R . / $ ~  

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

SILTY CLAY: low to medium 
dorticitv. brown. with a 
iroce of rootlets. 

SILTY SANDY CLAY: medium to 
hiah olosticitv. oale are" 
mottlad oron& 'brow;. k i th  
fine to medium grained sand. 

as above. 
but orange brown mottled grey. 
with o trace of fine to 
medium grained ironstone 
grovel. 

:ND OF BOREHOLE AT 6 . 0 m  

- 

,.i 
c I - ,  
FC 

"7 0 

csf 
vst 

- 

Remarks 



BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Date: 5-1 1-99 

Job No. E13431F Method: SPIRAL AUGER 
INTERTECH 550 

LoggedlChecked by: J . R . / ~  

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

igrohed sand. 
SILTY CLAY: hioh oiarticitv. 
pole grey m o t l i d r e d  brbwn. 
with fine to medium grained 
sand. 

as  obove. 
but with bands of iron 
indurated, fine to medium 
grained gravel. 

o r  obove, 
but medium to high lasticity, 
pale grey mottled r e l a n d  
fellow brown. 



CONSULTING ENVIRONMENTAL ENGINEERS 

BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E13431F 

Date: 5-1 1- 99 

Method: SPIRAL AUGER 
INTERTECH 550 

LoggedlChecked by: J.R./A 
R.L. Surface: N/A 

Datum: 

DESCRIPTION 

SILTY SANDY CLAY: h i g h  
plasticity. o range  b rown 
mot t led  red and pa le  grey, 
wi th f ine fo m e d i u m  gra ined  
i ronstone gravel. 
SILTY GRAVELLY CLAY: m e d i u m  
t o  h i g h  plasticity. brown. 
wi th f i ne  fa m e d i u m  gra ined  
i ronstone gravel  a n d  a t race 
of f ine t o  m e d i u m  gro ined  
sand. 

END OF BOREHOLE AT 9.0m 

- 

PIEZOMETER 
- INSTALLED TO A 

DEPTH OF 9.0m. 
- SLOTTED 5 0 m m  

DIA. PVC PIPE 
- 9.0-6.0m. 

UNSLOTTED PVC 
6.Om TO 
SURFACE. 2 m m  

- COARSE GRAINED 
. SANDPACK FROM 

9.0-5.0m AND 
. 4.5m TO 

SURFACE. 
- BENTONITE SEAL 

FROM 5.0-4.5m. 
- FITTED WITH A 

0.5m LOCKABLE 
- STEEL 

STANDPIPE 



CONSULTING ENVIRONMENTAL ENGINEERS 

BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E13431F 

Date: 5- 1 1-99 

Method: SPIRAL AUGER 
INTERTECH 550 

LoggedIChecked by: J.R./-@ 

DESCRIPTION 

grained sand. 
SILTY SANDY CLAY: h igh  
olosticiiv. oale arev mott led 
;ad wi th - f i ne  t o  m'edium 
grained sand. 

os obave. 
but  pale grey mottled red and 
yellow brawn. with bands of 
f ine to med ium grained 
ironstone gravel. 

:ND OF BOREHOLE AT 4.5m 

R.L. Surface: N 

Datum: 

INSTALLEr 
4.5m DEF 
5 0 m m  Dl 
SLOTTED 
PIPE FRO1 
4.5-1.5m 
UNSLOTTE 
1.5m TO 
SURFACE. 
COARSE 5 
PACK FRC 
4.5-1 .Om 
BENTONlTi 
FROM 1.0 
SURFACE. 
FITTED W l  
0.5m LOC 
STEEL 
STANDPIPI 



BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E l 3 4 3 1  F Method: SPIRAL AUGER 

Date: 3-1 1 - 99 INTERTECH 550 

LoggedlChecked by: J . R . / ~  

DESCRIPTION 

FILL: Silty gravelly clay. 
medium to high p18ticity. 
brown. with o trace of fine 
to medium grained igneous o m  
ironstone gravel and concrete 

\fragments. 
or above. 
but with fine to coarse 
grained igneous gravel, ash 
ond fine to medium grained 
sand. 

SILTY SANDY CLAY: medium to 
high plasticity, pale grey 
mottled oronge brown. 

SILTY SANDY CLAY: low to 
medium plasticity, pale grey 
mottled oronge brown, with o 
trace of fine to medium 
rained ironstone gravel and 

fine grained sand. 

os above. 
but with no ironstone gravel. 

SILTY SANDY CLAY: low 
plasticity, mottled grey and 
oranoe brawn. with fine to 
r n e d i h  groinid ironstone 

. . .  . . . . . . . . . . . . . . .  ~ . .  
SILTY SANDY CLAY: h i i h  '~ 

,iasticity, brown mottled 
,ranqe brown. with fine to 
n e d h  grained ironstone 
jmvel. 

R.L. Surface: N/A 

Datum: 

> * 
\'F 
5 6 
F 
z; 
"7- - 

- 
VSt 

- 
F 

Remarks 

APPEARS 
POORLY 
COMPACTED 



1 Borehole No. / 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. El3431 F 

Date: 3- 1 1 - 99 
Method: SPIRAL AUGER 

INTERTECH 550 

LoggedlChecked by: J.R./& 

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

SILTY SANDY CLAY: as above 

SILTY CLAY: high plastici ty. 
grey, with bands of  silty 
sandy cloy, orange brawn. 

SHALE: grey. 

END OF BOREHOLE AT 9.0m 

Remarks 

LOW 7C' BIT 
RESISTANCE 

INSTALLED TO 
9.0m DEPTH. 
SLOTTED PVC 
PIPE FROM 9.0- 
6.Om. 
UNSLOTTED PVC 
FROM &Om TO 
SURFACE. Zmm 
COARSE GRAINED 
SAND PACK FROM 
9.0-5.5m AND 
FROM 4.75m TO 
SURFACE. 
BENTONITE SEAL 
FROM 5.5-4.75rn. 
FITTED WITH A 
0.5m LOCKABLE 
STEEL 
STANDPIPE 



CONSULTING ENVIRONMENTAL ENGINEERS 

BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 3-1 1- 9 9  

Method: SPIRAL AUGER 
INTERTECH 550 

LoggedlChecked by: J.R./$~ 

R.L. Surface: N/A 

Datum: 

OESCRlPTiON 

FILL: Silty sandy grovel. 
f ine to coarse grained 
igneous grovel, with a t race  
o f  f ine to coarse grained 
ironstone gravel. 

SILTY SANDY CLAY: med ium to 
h igh  piosticity, mott led 
orange brown and grey brawn. 
with a*ace of fine to med ium 
groined ironstone gravel. 

grained ironstone gravel 

END OF BOREHOLE AT 4.5m 
INSTALLED TO 
4.5m DEPTH, 
5 0 m m  OIA. 
SLOTTED PVC 
PIPE FROM 
4.5-1 S m .  SAND 
PACK 4.5-1 .Om, 
BENTONITE 
SEAL 1 .Om TO 
SURFACE. 
FITTED WITH 
0 .5m LOCKABLE 
STEEL 
STANDPIPE 



BOREHOLE LOG 
/ Borehole No. 1 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 3-1 1-99 

Method: SPIRAL AUGER 
INTERTECH 550 

LoggedlChecked by: K.T .N . /~ -  

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

TOPSOIL: Silty clay, law to 
medium plasticity, dark brown. 

\with a trace of rootlets. 
SILTY SANDY CLAY: high 
plasticity. orange brown, with 
a face of  f ine medium grained 
ironstone gravel. 

as above. 
bu t  pale w a y  mottled aranae 

GRAVELLY SILTY CLAY: medium 
to high plasticity, pole grey 
mottled orange, with o trace 
of fine to medium aroined 
sand. 

os above. 
but with ironstone bonds. 

;HALE: pals grey mottled 
,range. 

> - 
,.G 
5: 
mo 
0 .  
2% 
V) LL - 

- 
VSt 

- 
:L 

Remarks 

GRASS COVER 

- 

VERY LOW 'TC' 
BIT RESISTANCE 



BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 3-1 1 - 99 
Method: SPIRAL AUGER 

INTERTECH 550 

LoggedIChecked by: K.T.N.& 

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

SHALE: grey brown. 

END OF BOREHOLE AT 9.0m 

Remarks 

LOW RESISTANCE 



BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 3- 1 1- 99 

Method: SPIRAL AUGER 
INTERTECH 550 

LoggedlChecked by: K.T.N./ 

DESCRIPTION 

o r a n g e  brown.-with a tr&e of  
f ine  to m e d i u m  gra ined 
ironstone gravel  and fine to 
m e d i u m  gra ined  sand. 

i N D  OF BOREHOLE AT 5.0m 

R.L. Surface: N/A 

Datum: 

GRASS COVER 
- 

INSTALLED TO 
5.Om SLOTTED DEPTH. 5 0 m m  

DIA. PVC PIPE 
FROM 5.0-2.0m. 
UNSLOTTED 2 -O m  
TO SURFACE. 
2 m m  COARSE 
GRAINED SAND 
PACK FROM 5.0-  
1 .Om. 
BENTONITE SEAL 
FROM 1.0m TO 
SURFACE. 
FITTED WITH 
LOCKABLE STEEL 



BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E13431F 

Date: 20- 10-99 
Method: SPIRAL AUGER 

INTERTECH 550 

LoggedlChecked by: K.T.N./& 

DESCRIPTION 

TOPSOIL: Silty cloy. medium 
olasticitv. dark brown. with , . 

\a trace of rootlets. 
SILTY CLAY: high plasticity. 
red brown. with a trace of  
fine to medium grained 
ironstone grovel and fine to 
medium grained sand. 

~~. ~ .... ~ . . . .  ~ . . . . . . . . . . . . . . . . . . . . .  . 
as above. 
but pale grey mottled red 
brown, with bands of  fine to 
medium arained iron indurated 
grovel. 

I 

R.L. Surface: N/A 

Datum: 

- 

\7 
E : 
FC 
2; 
w a  - 

- 
H 

- 
vst 

- 
L 

- 

- 

Remarks 

GRASS COVER 

RESISTANCE 



/ Borehole No. 1 
CORED BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  Core Size: NMLC R.L. Surface: N/A 

Date: 20- 1 0- 9 9  Inclination: VERTICAL Datum: 

Drill Type: INTERTECH 550 Bearing: - LoggedlChecked by: K.T.N., 

CORE DESCRIPTION 

01 - 1 1 Rock Type. grain character- 
istics. colour. structure. 

minor components. 

1 / END OF BOREHOLE AT 9 . 1 4 ~  

Q 
c - 
&. - 
f 

- 

- - 
OH 

- 
OW- 
SW 

I POINT DETAILS 

DESCRIPTION 
Type, inclination, thickness. 

planarity. roughness, coding.  

Specific General 

NOTE: DEFECTS NOT lNDlViDUAiLY 
DESCRIBED ARE BEDOlNG PARTINGS 
O O .  PWNAR. SMOOTH 

- XWSICS. 15mmt .  

- XWSICS. 20mmt.  
- XWSICS. l9Dmm.r. 

XWSICS. 50mm.i. 

XWSICS. 1lOmm.i 



BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Date: 2 0 - 1  0- 9 9  

Job No. E l  3 4 3 1  F Method: SPIRAL AUGER 
INTERTECH 550 

LoggedlChecked by: K.T.N./& 

DESCRIPTION 

TOPSOIL: Silty cloy, m e d i u m  
~ l a r t i c i t v .  dar*  brown. wi th 
,b t r o c e ' o f  rootlets. 
SILTY CLAY: h iah  olart ici tv. 
red  brown. wi ih  d t race  br 
f i ne  t o  m e d i u m  gro ined  
i ronstone grovel  a n d  f ine  t o  
m e d i u m  gra ined  r a n d .  

. . . . .  ~ . . . . . . .  . . . . . . . . . . . . . . . . . .  ~. ~ 

as above. 
b u t  mot t ied  pole g rey  a n d  red  
brown. 

:ND OF BOREHOLE AT 5.7m 

R.L. Surface: N/A 

Datum: 

Remarks  

GRASS COVER - 

2.7m. 
UNSLOTTEO 2.7m 
TO SURFACE. 
SAND PACK 5.7- 
2.5m AND 1.75m 
TO SURFACE. 
BENTONITE SEAL 
2.5-2.75rn. 
WITH LOCKABLE 
STEEL 
STANDPIPE 



BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E13431F 

Date: 29- 10-99 

Method: SPIRAL AUGER 
INTERTECH 550 

R.L. Surface: N/A 

Datum: 

_L 
AFTER 

5 MINS 

- 

LoggedIChecked by: J.R./d 

DESCRIPTION 

SILTY CLAY: low to med ium 
olasticltv. brown. with f ine . . 
to medium grained ironstone 
gravel and  f ine to med ium 
arained sand. 

SILTY SANDY CLAY: h igh 
plasticity, pale grey mott led 
yellow brown, with a trace o f  
roo t  fibres. 

as above. 
bu t  med ium to h igh  
plasticity, grey mottled red. 

INTERBEDDED SILTY CLAY: h igh  
plasticity, r ed  mott led pole 
srev. and  SHALE:  ale arev. 
i i t h  bands o f  fine' 
i r on  indurated gravel. 

SHALE: pale grey. 

Remarks 

ROOTS 

EXTREMELY LOW 
'TC' BIT 

\RESISTANCE 

LOW RESISTANCE 



BOREHOLE LOG 
1 Borehole No. I 

I Client: LEND LEASE DEVELOPMENT I 
Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E13431F 

Date: 29-1 0- 99 

Method: SPIRAL AUGER 
INTERTECH 550 

R.L. Surface: N/A 

Datum: 

LoggedlChecked by: J . R . 1 4  

DESCRIPTION 

SHALE: grey. 

END OF BOREHOLE AT 7.5m 



BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 2 9 -  1 0- 9 9  

Method: SPIRAL AUGER 
INTERTECH 550 

LoggedlChecked by: J . R . / ~  

DESCRIPTION 

S I L N  SANDY CLAY: low t o  
m e d i u m  plasficity, r e d  brown. 
with f ine g ra ined  i ronstone 
grovel. 

as above. 
b u t  m e d i u m  t o  h igh  plasticity. 

ale g rey  mot t led yel low 
EWW". 

as obove. 
b u t  eole are" mott led r e d  

os obove. 
b u t  po le  g rey  mot t led yel low 
brown. 

END OF BOREHOLE AT 4.0m 

R.L. Surface: N/A 

Datum: 

- 
,- 

L 0 
- 2  -. 
E ' e : 

nX' i  
c c < 
O Y q  

I L L -  - 

Remarks  

PIEZOMETER 
INSTALLED TO 
4.0m DEPTH. 
SLOTTED 5 0 m m .  
DIA. PVC PIPE 
FROM 4.0-1 .Om. 
UNSLOTTED PVC 
FROM 1.0m TO 
SURFACE. 2 m m  
DIA. COARSE 
GRAINED SAND 
PACK FROM 4.0- 
0.75m. 
BENTONITE SEAL 
FROM 0.75m TO 
SURFACE. 
FITTED WiTH A 
0.5m LOCKABLE 
STEEL 
STANDPIPE 



BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 13431 F 

Date: 29-1 0- 99 

Method: SPIRAL AUGER 
INTERTECH 550 

LoggedIChecked by: J.R./& 

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

SILTY SANDY CLAY: m e d i u m  
olasticitv. brown. with a 
irace a/  ' f i n e  t o  m e d i u m  
gra ined  i ronstone gravel  o n d  

,rootlets. 
SILTY SANDY CLAY: h i g h  
olastici tv. r e d  b rown mot t led  
grey, w(jh a t race o f  m e d i u m  
t o  coarse gro ined  i ronstone 
grovel  and f ine rootlets. 

SILTY SANDY CLAY: h i g h  
plastici ty, pole g rey  mot t led  
red and yellow brown, wi th a 
t race  o f  f i ne  to m e d i u m  
gro ined  i ronstone grovel. 

VERY LOW TO 
LOW 'TC' BIT 
RESISTANCE 

LOW RESISTANCE !-- 
MODERATE 
RESISTANCE 

MODERATE TO 1 HIGH 
RESISTANCE 



/ Borehole No. I 
BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E l 3 4 3 1  F 

Date: 29-1 0-99 

Method: SPIRAL AUGER 
INTERTECH 550 

R.L. Surface: N/A  

Datum: 

LoggedIChecked by: J.R./@ 

DESCRIPTION 

SHALE: pale grey. 

END OF BOREHOLE AT 7.5m 

Remarks 



BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 29-1 0- 99 

Method: SPIRAL AUGER 
INTERTECH 550 

LoggedIChecked by: J.R./&{ 

c 
0 - - 
0 
0 DESCRIPTION 

v r  
.? z 
z m  
c 2 
3" 

SILTY SANDY CLAY: brown.  wi th  
a t race  o f  f i n e  g ra ined  sand 

=\and rootlets. 
SILTY SANDY CLAY: m e d i u m  t o  
h i g h  plast ici ty, r e d  brown 
mot t l ed  pa le  grey. 

b u t  h i g h  plast ici ty. 7 
b u t  red mot t led  po le  grey. 
wi th  m e d i u m  t o  coarse gro ined  
i ronstone grovel.  

SHALE: po le  grey. '-- 

R.L. Surface: N/A 

Datum: 

Remarks  

VERY LOW TO 
LOW 'TC' BIT 
RESISTANCE 

PIEZOMETER 
INSTALLED T O  
4.0m DEPTH. 
SLOTFED PVC 
PIPE FROM 
4.0-1 .Om. 
UNSLOTTED PVC 
FROM 1.0m TO 
SURFACE. 2 m m  
COARSE GRAINED 
SAND PACK FROM 
4.0-0.5m. 
BENTONITE SEAL 
0.5m TO 
SURFACE. 
FITTED WITH 
LOCKABLE O.5m 
STEEL 
STANDPIPE 



/ Borehole No. 1 
BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 3- 1 1- 99 

Method: SPIRAL AUGER 
INTERTECH 550 

LoggedlChecked by: J.R./& 

DESCRIPTION 

TOPSOIL; Silty cloy. l ow t o  
m e d i u m  plastici ty, brown.  

,with rootlets. 
SILTY SANDY CLAY: h i s h  
piort ici ty. mot t led  o rahge  
brown a n d  p o l e  grey. 

g ra ined  i ronstone g rave l  

as above. 
b u t  in terbedded wi th b o n d s  of  
extremely weathered SHALE. 
p a l e  grey. 
SHALE: p a l e  b rown grey. 

SHALE: d a r k  grey. 

:ND OF BOREHOLE AT 6.0m 

R.L. Surface: I 

Datum: 

- VERY LO 
BIT RESt 

- 

- LOW TO 
MODERAT 

- RESISTAN 

- 

PIEZOMET 
INSTALLEI 
Om DEPT 
SLOTTED 
DIA. PVC 

. FROM 6.0 
UNSLOnE - 3.0m TO 
SURFACE, 

- COARSE ( 

SAND PA[ - 6.0-2.5m 
2.Om TO 

1 SURFACE, 
. BENTONIT1 

2.5-2.0m 
. FITTED WI 

O.5m LOC 
- STEEL 

STANDPIPI 



TlNG ENVIRONMENTAL ENGINEERS 

REHOLE LOG 

nt: LEN D LEASE DEVELOPMENT 

ect: SOIL AND GROUNDWATER INVESTIGATION 

3tion : C O M L A N D ,  ST MARYS. NSW 

No. E l 3 4 3 1  F 

2 :  5 - 1  1 - 9 9  

Method: SPIRAL AUGER 
INTERTECH 550 

LoggedlChecked by: J . R . / ~  

TOPSOIL: Silty cloy. low . dark  brown, with o 
I p:z:?LT f ine orained 
\ ironstone grav;l a n d  roots. 
SILTY CLAY: med ium plasticity. 

l r e d  brown mottled qrey, with 

\med ium &ined. 
as above. 
bu t  no 
SILTY SANOY CLAY: med ium to 
h igh  plasticity, mott led r ed  
brown a n d  grey. 

SILTY SANDY CLAY: med ium to 
h igh plasticity, grey mott led 
orange brown. 

as above. 
bu t  with bonds of i r on  
indurated siltstone. 

SHALE: pale brown. 

SHALE: pale brown. 

Datum: 

- 

- 
,.: 
c c 
- a  
FC 
; z 
m a  - 

- 
H 

St 

- 
S t 4  

- 
VL 

- 
L-L 

- 

LOW 'TC' BIT 
RESISTANCE 

PIEZOMETER, 
SLOTTED 6.0- 
3.0m, 
UNSLOTTED 3 
TO SURFACE, 
2 m m  COARSE 
GRAINED SAN 
PACK 6.0-2.: 
AND 2.0m TC 
SURFACE. 
BENTONIE SEL 
2.5-2.0,~. AP 



CONSULTING ENVIRONMENTAL ENGINEERS 

BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 2 8- 1  0- 99 

Method: SPIRAL AUGER 
INTERTECH 550 

LoggedlChecked by: B.A./.. 

DESCRIPTION 

TOPSOIL: Clayey silt. low 
iplorticity, brown. 
SILTY SANDY CLAY: medium 
plasticity. brawn. 

as above. 
with a trace of fine to 
medium grained ironstained 
gravel. 

SILTY CLAY: high plasticity. 
liaht are" mottled red brown. 
with &ccbsional bands of 
ironrtained rhole fragments 
and fine to medium grained 
ironstone gravel. 

SILTY SANDY CLAY: high 
plasticity, red brown, with 
extremely to distinctly 
weathered shale fragments and 
fine to medium grained 
ironstone gravel. 

REFER TO CORED BOREHOLE LO( 

R.L. Surface: N/A 

Datum: 

Remarks 



CONSULTING ENVIRONMENTAL ENGINEERS 

CORED BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

R.L. Surface: N/A 

Datum: 

Job No. E 1 3 4 3 1 F  Core Size: NMLC 

Date: 28- 10-99 Inclination: VERTICAL 

Drill Type: INTERTECH 550 Bearing: - 
CORE DESCRIPTION 

0 2  - 0 

E Rock Type, groin charocter- - 0 .- istics, colour, structure. 
5 E minor components. 
a 0 I Specific General 



BOREHOLE LOG 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 

Method: SPIRAL AUGER 
INTERTECH 550 

LoggedlChecked by: J.R./k 

- 
Client: LEND LEASE DEVELOPMENT 

DESCRIPTION 

SILTY CLAY/CLAYEY SILT: low 
plasticity. brown. with a 
trace of f ine grained 
ironstone oravel. w 

SiLTY SANDY CLAY: medium 
olasticitv. brown mottled o d e  
bray and yellow brown. i i th  a 
trace of  f ine t o  medium 
grained ironstone gravel. 

- - - - - . -. 
but medium to  high plasticity. 
red  brawn, with f ine to 
medium grained ironstone 

ravel. 
or above. 
but mottled pale grey, red 
and  orange brawn. with mediun 
to coarse grained ironstone 
gravel. 

- 
SHALE: pale grey. 

R.L. Surface: N/A 

Datum: 

VERY LOW TO 
LOW 'TC' BIT 
RESISTANCE 



-~~ 

CONSULTING ENVIRONMENTAL ENGINEERS 

BOREHOLE LOG 
1 Borehole No. I 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

I J o b N o .  E13431F Method: SPIRA- AJGFR 
INTERTECd 5 5 0  

LoggedIChecked by: J.R./A 

DESCRIPTION 

SHALE: pole grey. 

END OF BOREHOLE AT 9.0m 

R.L. Surface: N/A 

Datum: 

Remarks 

LOW RESISTANCE 

VERY LOW TO 
LOW RESISTANCE 



- - - - - . - - - - . - . -. - - - - - - - - - - - - - - 
CONSULTING ENVIRONMENTAL ENGINEERS 

BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E l 3 4 3 1  F 

Date: 3- 1 1- 9 9  

Method: SPIRAL AUGER 
INTERTECH 550 

R.L. Surface: N/A 

Datum: 

LoggedIChecked by: J.R./ 

clay/cloyey iondy &It. brown. 

SILTY SANDY CLAY: medium 
plasticity. orange brown 
mottled o a k  we". with fine 
to medium i r o n s h e  gravel. 

as above. 
but high plasticity, pale 
grey mottled red, with 
occorionol bands o f  fine to 
coarse grained ironstone 
grovel. 

SHALE: pale grey. I 

VERY LOW 
LOW 'TC' B 
RESISTANCE 

I LOW RESiST 

MODERATE 
RESiSTANCE 



- -  -- - - -  - -- - - - - - -  ---.- ---- 
CONSULTING ENVIRONMENTAL ENGINEERS 

BOREHOLE LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  I Date: 3 - 1  1- 9 9  

Method: SPIRAL AUGER 
INTERTECH 550 

LoggedlChecked by: J . R . / ~  

DESCRIPTION 

SHALE: grey. 

EN0 OF BOREHOLE AT 8.0m 

R.L. Surface: N/A 

Datum: 

INSTALLED TO 
8.0m. SLOTTED 
PVC 8.0-5.0m. 
UNSLOTTEO PVC 
FROM 5.0m 
TO SURFACE. 
2 m m  COARSE 
GRAINED SAND 
PACK 8.0- 5.0m. 
BENTONITE SEAL 
5.0-4.0m. 
SHALE CUTTINGS 
FROM 4.0m- 
SURFACE. 
FIUEO WITH 
LOCKABLE STEEL 
STANDPIPE 



- - - - . -. - - . . - . . - . - - . . -. . . . - . - - 
CONSULTING ENVIRONMENTAL ENGINEERS 

BOREHOLE LOG 
I Borehole No. I 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 28- 1 0 - 9 9  
Method: SPIRAL AUGER 

INTERTECd 550 

LoggedlChecked by: B.A./j 

DESCRIPTION 

TOPSOIL: Clayey silt, brown. 

SILTY CLAY: high plasticity. 
brown. 

SILTY SANDY CLAY: medium 
plasticity, brown mottled grey 
and black. with o troce of  

\f ine groined gravel. 
SILTY SANDY CLAY: medium to 
high plasticity, l ight grey. 

. - 
SIITY SANDY CLAY: high 
plos1:ciI mol l lea l ignt grey 
and r e d '  brown. 

.. ~~ ~ ~~ .~ . . . . . . . . . . . . . . . . . . . . . . .  . .  
as above. 
but  with bonds o f  f ine to 
med ium grained i ron indurated 
gravel. 

SILTY SANDY CLAY: med ium 
losticit , brown, with a P race o r extremely weathered 

shale fragments. 

lEFER TO CORED BOREHOLE LOG 

R.L. Surface: N/A 

Datum: 

2.; - ,  
FC 
A7 
V10 - 

- 
H 

- 
st-  

- 
H 

- 

- 

Remarks 

TRACE OF ROOT 
,FIBRES 



CONSULTING ENVIRONMENTAL ENGINEERS 

CORED BOREHOLE LOG 
I Borehole No. I 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  Core Size: NMLC R.L. Surface: N/A 

Date: 28- 10-99 Inclination: VERTICAL Datum: 

I Drill Type: INTERTECH 550 Bearing: - LoggedIChecked by: B./ 
- 
Poll 
LOP 
lNDl 
REF. 

1, (5  

DEFECT DETAILS 

DESCRIPTION 
Type. inclination, thickni 

planarity. roughness. coa 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E l  3431 F Method: BACKHOE R.L. Surface: N/A 

Date: 29-10-99 Datum: 

LoggedlChecked by: B.A./& 

DESCRIPTION 

CLAYEY SILT: low plasticity. 
\brown. 
i SILTY CLAY/CLAYEY SILT: low 
\plasticity. brown. 
SILTY SANDY CLAY: h iah  
plasticity. orange brown 
mott led yellow grey. with o 

t r a c e  of  f ine qrained 
i r o n s t o n e g r a v ~ l . . ~ .  ~ ~~ ~ ~ ~ ~ 

SILTY SANDY CLAY: h igh  
plasticity, l i gh t  grey mott led 
orange brown and  red  brown. 

med ium grained i ronstone 
nodules. 
END OF TEST PIT AT Z . l m  

- 
\'i 
5: 
wc 

:< 
m a  - 
- 
vsi 

. . . .  
H 

- 

Remarks 

c c 0 

ROOT FIBRES 
THROUGHOUT 

260 



CONSULTING ENVIRONMENTAL ENGiNEERS 

I Test Pit No. I 
TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

I Job No. E l 3 4 3 1  F 

Date: 29-70-99 

? 

Method: BACKHOE 

LoggedlChecked by: B . A . / ~  

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

TOPSOIL: Clayey sdt, law 
plasticity. brown. 
- - - - - . -. 
but dark brown. 
SILTY SANDY CLAY: medium 
plasticity, brown mottled 
black. 
SILTY SANDY CLAY: medium to 
hlah olasticitv. vellaw brown 
mottiid black. kith fine 
grained ironstone gravel. 
SANDSTONE: fine grained. 
brown. 
END OF TEST PIT AT 1.05m 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 
/ Test Pit No. I 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E13431F 

Date: 29-1 0-99 

L 
u - 
0 
3 
n u  c L 
3 0 

?: 
D n  - 

IRY 0 
3MPLI 
TlON 

- 

Method: BACKHOE 

LoggedIChecked by: B.A./$ 

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

TOPSOIL: Clayey silt, law 

SILTY CLAY: med ium to law 

SILTY CLAY: med ium plasticity. 
brown mott led arev. with f ine 

I to med ium g r o k e d ' s o n d  

grading t o  

SILTY SANDY CLAY: med ium 
plasticity, yellow brown 
mott led block. with f ine to 
med ium ironstone I grovel. 

GRAVELLY SILTY CLAY: med ium 
plasticity, yellow brown 
mott led block, with f ine to 
med ium grained ironstone 
grovel. 
END OF TEST PIT AT 2.2m 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Method: BACKHOE 

LoggedlChecked by: B.A./&! 

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

losticity. brown and grey 
with o k c e  of fine to 

coarse grained ironstone 

SILTY SANDY CLAY: medium 
plasticity, brown. 

Remarks 

BLOCKY IN 
NATURE 

SOME BLACK 
ROOT STAINING 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E l 3 4 3 1  F 

Date: 29- 10- 99 

! 

Method: BACKHOE 

LoggedlChecked by: B.A./ j  

I 

R.L. Surface: N/A 

c 
0 .- + 
0 
o 

0'; .! 77 - w - 
c 2 
3 0 

CL 

- 
CH 

Datum: 

DESCRIPTION 

TOPSOIL: Clayey silt, low 
\plasticity. brown. 

SILTY SANDY CLAY: med ium 
plasticity, aronge brown and 
yellow brown, grading to 
yellow brown, with o trace of 
fine to med ium grained 

bmnstone grovel. 
SILTY SANDY CLAY: h i gh  
plasticity. l ight grey with 
yellow streaking. 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 8- 1 1 - 99 

Method: BACKHOE 

LoggedIChecked by: B . A . / ~  

R.L. Surface: N/A 

Datum: 

Remarks 

n Z S  
C C O  

ROOT FIBRES 
THROUGHOUT 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E l  3431 F 

Date: 29-10-99 

Method: BACKHOE 

LoggedlChecked by: B.A./@ 

c 
0 - - 
0 
0 DESCRIPTION 

R.L. Surface: N/A 

Datum: 

Remarks 

I a l r  



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 
/ Test Pit No. I 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E l  3 4 3 1  F 

Date: 8-1 1- 9 9  

Method: BACKHOE 

LoggedlChecked by: B . A . / '  

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

TOPSOIL: Clayey silt, brown. 
with o t race  o f  f ine to 
med ium grained sand. 
CLAYEY SILT/SILTY CLAY: low 
plasticity, brown. 
SILTY CLAY: med ium plasticity. 
brown a n d  orange brown, with 
t race of f ine  grained sand. 
SiLTY CLAY: med ium plasticity, 
orange brown. with f ine 
grained sand. 

~ . . . . . . . . . . . . . . . . .  . ~~. . . . ~  ~ 

SiLTY CLAY: med ium plasticity. 
brown, with f ine g+?d spctd. ~ . . . . . .  
SILTY CLAY: med ium plasticity, 
mott led brown, yellow brown 
and  grey brown, with f ine  
grained send. 

END OF BOREHOLE AT 2.45m 

Remarks 

ROOT FIBRES 
THROUGHOUT 

PATCHY BLACK 
STAINING - 
PROBABLY ROOT 
FIBRES 



CONSULTING ENVIRONMENTAL ENGINEERS 

/ Test Pit No. I 
TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

I JobNo.  E 1 3 4 3 1 F  Method: BACKHOE 

LoggedlChecked by: B.A./& 

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

TOPSOIL: Clayey silt, low 
plasticity, brown. 
SILTY CLAY: medium plosticity. 
oranae brown. 

SILTY CLAY: high plosticity. 
brown, with fine to medium 
grained sand. 

SILTY SANDY CLAY: medium 
plosticity, yellow brawn. 

~.~ ~ . . . . . . .  
as above. 
but brawn mottled 
brown ond black. 
EN0 OF TEST PIT AT 2.5m 

ROOT FIBRES 
\THROUGHOUT 

OCCASIONAL 
TREE ROOTS 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 
/ Test Pit No. I 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

JobNo. E 1 3 4 3 1 F  

Date: 29-10-99 

- 
r 
-? 
* 
L 
3 
J 

Method: BACKHOE 

LoggedlChecked by: B.A./& 

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

-. 

SM I SILTY SAND: f ine grained. 
brown. 

CH SILTY CLAY: h igh plasticity. 
r ed  brown mott led l iaht  are", 

/ w i th f ine to m e d i u m - g r o h d  
sand. 
SILTY SANDY CLAY: h igh  
plasticity, l ight  grey mott led 
r ed  brown. 

. ~ . ~ ~ ~  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ~.~~ 
SILTY CL4Y: h igh plasticity, 
with shale fragments. 
dist inctly weothered. very 
low ztren th. 
END OF TEST PIT AT 1.2m , 

- 

> - 
i 6  
L C  - e 
mo L 
a .  5z 
m n  - 

- 
v s t  

- 
H 

- 

- 

Remarks 

ROOT FIBRES 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E l  3431 F 

Date: 8-1 1-99 

Method: BACKHOE 

LoggedIChecked by: B.A./& 

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

INTERBEDDED SILT AND SILTY 
CLAY: low to med ium 
plasticity, brown. 

SILTY SANDY CLAY: med ium 
plasticity, orange brown. 

SILTY SANDY CLAY: med ium to 
h igh  plasticity. yellow brown 
mottled brown. 

. .  .~ ~ . .  . ~ .  . . . . .  ~ . . . . . . . .  . .  
SILTY SANDY CLAY: med ium 
plosticity, yellow brown. 
END OF BOREHOLE AT 1.8m 

TREE ROOTS 
HEAVILY BLACK 
STAINED - 
PROBABLY ROOT 
FIBRES 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 8-1 1-99 

Method: BACKHOE 

LoggedlChecked by: B.A./~I 

R.L. Surface: N/A 

Datum: 

C 
0 .- + 
0 DESCRIPTION 

\nodules. 
SILTY GRAVELLY CLAY: high 

losticity, light grey, with 
Eorizontol bands of  fine to 
medium grained ironstone 

1-,,vet. 
END OF TEST PIT AT 1.24m 

- 
\u 
5 :  
mc 
u 
2% 
V) m - 
- 
VSt 

H 

- 

- 

Remarks 

ROOT FIBRES 
THROUGHOUT 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

- -- 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E13431F 

Date: 8-1 1-99 

Method: BACKHOE 

LoggedIChecked by: B.A./& 

R.L. Surface: N/A 

Datum: 

- 
IRY 0 
IMPLI  
TlON 

- 

DESCRIPTION Remarks 

0 Z G  
c c 0 

ROOT FIBRES 
THROUGHOUT 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E13431F 

Date: 29-1 0-99 

Method: BACKHOE 

LoggedlChecked by: B.A./-$ 

R.L. Surface: N/A 

Datum: 

C 
0 .- + 
0 
0 DESCRIPTION 

0 L= 
c3 .: 
E" 
c 2 
3" 

TOPSOIL: Clayey silt, law 
last ic i  . brown, with o T I P  race  o 7 f ine grained sand. 

SILTY CLAY: h igh  plasticity. 
mott led l ight  grey and  orange 
brow-, with a trace o f  f ine 

:\to med ium grained sand. 
SHALE: brown. 

CH S l L N  SANDY CLAY: h igh  
plasticity. mott led l ight  grey 

,and nrange brown. 
SILTY C U Y :  h igh  plasticity. 
mott led l ight  grey and  red  

- brown, with bonds of  - ironstained shale, distinctly 
weathered, very low strength. 
SHALE: brown. 
END OF TEST PIT AT 1.65m 

ROOT FIBRES 
THROUGHOUT 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E l  3431 F 

Date: 8-1 1- 99 

Method: BACKHOE 

LoggedlChecked by: B . A . / ~  

R.L. Surface: N/A 

Datum: 

D CY 
2 0 

2 2 
"rr - 

IRY 0 
IMPLI  
TlON 

- 

C 
0 - - 

DESCRIPTION Remarks 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E l  3431 F 

Date: 29- 10-99 

Method: BACKHOE 

LoggedlChecked by: B . A . / q  

R.L. Surface: N/A 

Datum: 

c 
0 .- - 
0 " 

7,z 
m .: 
'- m .- 
c 2  
30 - 
- 
ML - 

L-C 

- 
CL 

DESCRIPTION 

TOPSOIL: Ciavev silt, low 
plort icity. brbw'n. 
CLAYEY SILT: law ~ l a s t i c i i v .  
brown. with f ine fo m e d i k  
grained ironstone gravel. 
SILTY SANDY CLAY: med ium to 
h igh  plasticity, yellow brawn. 
SILTY SANDY CLAY: med ium 
plasticity, yellow brown 
mott led b lack  and aronae 
brown, with o trace o f  l i n e  
grained ironstone gravel. 

END OF TEST PIT AT 1.6m 

Remarks 

,ROOT FlL3RES 
- 

INCREASE IN 
PROPORTION OF 
BLACK STAININC: 
POSSIBLY 
INDURATED 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 
I Test Pit No. I 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 8- 1 1- 99 

Method: BACKHOE 

LoggedlChecked by: B.A./A 

DESCRIPTION 

GRAVELLY SILTY SAND: f i ne  
g ra ined .  brown. 
SAND: f ine grained, o range  
brown. with c lay a n d  silt. - 
SILTY SAND: f ine grained. 
grey, wi th a t roce o f  c loy 
a n d  f ine  s ra ined  i ronstone 
@ravel. 
SILTY CLAY: m e d i u m  plostici ty. 
mot t led  o range  b rown and grey, 
wi th a t race of f ine t o  
m e d i u m  gra ined  rood .  
SILTY CLAY: h igh  plasticity. 
mot t led  oranqe brown a n d  
l i gh t  grey, wiih f i ne  t o  
medlum g r a i n e d  sa!!d,. 

,,,-,,,>. 
OF TEST PIT AT 2.2m 

R.L. Surface: N/A 

Datum: 

Remarks 

ROOT FIBRES 
THROUGHOUT 

IRONSTAINED 
SANDSTONE 
FRAGMENTS 
INCREASING \ WITH DEPTH 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 8- 1  1-99 

Method: BACKHOE 

LoggedIChecked by: B . A . / ~  

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

TOPSOIL: Clayey silt. low 
(plasticity, brawn. 
SILTY GRAVEL: f ine ond  medium 
grained. 
SILTY SANDY CLAY: med ium to 
h igh  plasticity, mott led brown 
and  orange brown, with t race 
of med ium aroined ironstone 1 grovel. 

- 
SILTY CLAY: h igh plasticity. 
r ed  brown mott led l igh t  grey. 

SILTY SANDY CLAY: h igh  

E losticity, grey mottled red  
rown. with bands of f ine to 

coarse grained ironstone 
gravel increasing with depth. 

END OF TEST PIT AT 2.2m 

- 

> 
,% 
5 : 
ma c 
m .  
kz 
m a  - - 
H 
- 
VSt 

- 
vst :  

- 

ROOT FIBRES 
THROUGHOUT 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 8- 1  1 - 99 

Method: BACKHOE 

LoggediChecked by: B . A . / 4 d  

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

TOPSOIL: Clayey silt, low 
plasticity, with a trace of 

\fine grained ironstone gravel. 
SILTY SANDY CLAY: low to 
medium plasticity, mottled 
brown and yellow brown, with < 
trace of  ironstone gravel. 

~ .~~~ ~~ .~ ~~~ ~~ ~ ~~ ~~ ~~ ~.~ . 
SILTY CLAY: medium plasticity. 
mottled yellow brawn and 
light grey, with fine grained 
sond. 

Remarks 

ROOT FIBRES 
THROUGHOUT 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 8-1 1- 9 9  

Method: BACKHOE 

LoggedlChecked by: B.A./&. 

R.L. Surface: 

Datum: 

END OF TEST PIT AT 2 . l m  7 

- 

,. + 
,.G, 
5 2 
mo 
m .  

V1Lx - 
- 
VSt 

- 
H 

- 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E l  

Date: 8- 1 1 

- 
z 
-1 
+ 
2 
1 
2 

Method: BACKHOE 

LoggedlChecked by: B.A./&~( 

DESCRIPTION 

SILTY SANDY CIAY: low 
.~?k??!~c% !?rown..~. . . . .~ . . ~  ~ 

as obave. 
but medium to law plasticity. 

as  above. 
but mottled orange brown and 
brown. 
SILTY SANDY CLAY: medium 
dosticitv, mottled brown and 

grey. 
END OF TEST PIT AT 1.5m 

R.L. Surface: N/A 

Datum: 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. € 1  3431 F 

Date: 29-1 0-99 

Method: BACKHOE 

LoggedlChecked by: B.A./M 

R.L. Surface: N/A 

Datum: 

TOPSOIL: Clayey silt. law 
plorticity. brown. 
SILTY CLAY: med ium plasticity. 
mottled orange brawn and 
l ight grey. 

grained ironstone gravel. 

SILTY SANDY CLAY: med ium 

E lasticity, mottled yellow 
r o w .  aranae brown a n d  l iaht 

grey, with o h c e  o f  f ine  to- 
med ium groined ironstone 
gravel. 

S i L N  SANDY CLAY: med ium 
plasticity, with heavily 
ironstainad shoie. 
END OF BOREHOLE AT 2.7m 

Remarks 

ROOT FIBRES 
THROUGHOUT 
- 

ROOT FIBRES 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 
I Test Pit No. I 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E l  3431 F 

Date: 8-1 1-99 

Method: BACKHOE 

LoggedIChecked by: B . A . / ~  

OESCRIPTION 

TOPSOIL: Cloyey silt, law 

trace o fme rained rand. 
SILTY SANDY CLAY: medium 
plasticity, mottled brown and 

ellow brown. 
SILTY SANDY CLAY: high 
plasticity, mottled brown and 

ellow brown. 
SILTY SANDY CLAY: high 
olasticitv. liaht are" mottled ,. - - ,  I 'brwe brown,. . . . . 
as above. 

1 but with medium to coarse 
grained ironstone grovel. 

END OF TEST PIT AT 1.8m 

R.L. Surface: N/A 

Datum: 



rlNG E N V i R O N M E N T A L  ENGINEERS 

ST PIT LOG 
/ Test Pit No. I 

lt: LEND LEASE DEVELOPMENT 

z c t :  SO1 L AND GROUNDWATER INVESTIGATION 

ation: C O M  LAND, ST MARYS. NSW 

No. E 1 3 4 3 1 F  Method: BACKHOE 

LoggedIChecked by: B . A . / ~  

CH /j\plosticity, brown. 
: SILTY SANDY CLAY: medium to 

R.L. Surface: N/A 

Datum: 

Remarks 

ROOT FIBRES 
THROUGHOUT 
- 



- - -  ---.-.--- 
CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 
1 Test Pit No. I 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  Method: BACKHOE R.L. Surface: N/A 

Date: 8-1 1-99 Datum: 

LoggedlChecked by: B . A . / ~  

- 
VSt) 



TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E 1 3 4 3 1 F  

Date: 2 9- 1 0- 9 9  

Method: BACKHOE 

LoggedIChecked by: B.A./$~ 

DESCRIPTION >.; f.2 2 
3zc zv- .- c 0 

os above. 
but with fine to medium 
grained ironstone qrovel. 
EN0 OF TEST PIT AT 2. Im 

R.L. Surface: N/A 

Datum: 

- 

> - 
1'; 
5 5 
mo 
w . 
C ,  
V ) W  - 
VSt - 
VSt - 
St 

- 
V5t - 
H 

- 
(0) - 
H 

- 

Remorks 

C L O  

zaa 

ROOT FIBRES 

0.25-0.55m 
VISIBLE FREE 
WATER 

4 0 0  PERCHED WATER 

> 4 0 0  



flNG E N V I R O N M E N T A L  ENGINEERS 

ST PIT LOG 

~ t :  L E N D  LEASE DEVELOPMENT 

zctr SO1 L AND GROUNDWATER INVESTIGATION 

2tion: COM LAND, ST MARYS. NSW 

No. E 1 3 4 3 1 F  

?: 29-10-99 

Method: BACKHOE 

LoggedIChecked by: B.A./{ 

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

TOPSOIL: Clayey silt. low 
(plasticity. brown. 
SILTY CLAY: h igh plart icity. 
mott led l igh t  grey. orange 
brown a n d  red  brown, with a 
t race of f ine  to med ium 

rained ironstone grovel ond 
m e  t o  med ium grained sand. 9. 

SILTY SANDY CLAY: h igh  
plasticity. l ight  grey mott led 
r e d  brown. with a t race o f  
i ronstained shale f ragments,  
increasing with depth. 

END OF TEST PIT AT 1.85m 

- 

,. - 
,z 
5 : 
00 c * .  
k z 
V1 E - 

H 

- 
VSt 
- 

H 

- 

Remarks 

ROOT FIBRES 

HORIZONTAL 
ROOTS AT 0.45m 

HORIZONTAL 
SHALE SEAM. 
50mm.t.. 
DISTINCTLY 
WEATHERED. 
VERY LOW 



-. - . . . . - . - . . . - - - - - - - 

CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS. NSW 

Job No. E l  343 1 F 

Date: 29- 10-99 

Method: BACKHOE 

LoggedlChecked by: 'B.~.//ifd 

C 
0 .- + 
Q 

R.L. Surface: N/A 

Datum: 

DESCRIPTION 
0 - 
.? % 
r a  cz 
3 0 

7 ------- 
cH 

CL 

- - 

A TRACE OF 
>do0 ROOT Fl8RES 

TOPSOIL: Cloyey silt. low 
plasticity, brawn. 

CLAk medium 
plosticity, mottled brown and 
oronga brown, with a trace of  
f ine to med ium grained sand. 
SILTY CLAY: high losticity. 
orange brown m o i l e d  yellow 
brown, with a trace o f  f ine 
to med ium groined sand. 
SILTY SANDY C U k  medium 

------,plasticity. orange brown. 
SANDSTONE: f ine groined. \ brown. 
END OF TEST PIT AT 1.55m 



- - -  - ...-.-.-.-.--- -- - - -  - -- - -  --  
CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

-- 

Client: LEND LEASE DEVELOPMENT 

I Project: SOIL AND GROUNDWATER INVESTIGATION 

I Location: COMLAND, ST MARYS, NSW. 

Job No. E 1 3 4 3 1 F  

Date: 1 3- 4- 0 0  

Method: 4WD BACKHOE 

LoggedlChecked by: J.R./$ 

DESCRIPTION 

SILTY SANDY CLAY: low to 
medium plasticity. fine 
grained sand, brown. 

as above. 
but medium plosticity. 
mottled red brown and grey. 

grading to 
grey mottled red yellow brawn, 
with o trace of  fine arained 
ironstone grovel, incr&dasing 
*ith depth. 

IND OF TEST PIT AT 1.5m 

R.L. Surface: N/A 

Datum: 



-. . . . . . - . - . - - - - - - - - 

CONSULTING ENViRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS, NSW. 

I Job No. E 1 3 4 3 1 F  

Date: 1 3- 4- 0 0  

Method: 4WD BACKHOE 

LoggedlChecked by: J.R./4 

DESCRIPTION 

CLAYEY SILT/SiLTY CLAY: low 
to med ium plasticity, brown. 

SILTY CLAY: med ium to h igh  
plasticity. orange brawn 
mottied l igh t  brown. with a 
trace o f  roo t  fibres, f ine  
grained sand ond f ine grained 
ironstone gravel. 

or above. 
bu t  l iqht  b rown mott led 
orange brown, pole g re  ond 
black, with a t roce o f  hne 
grained rond. 

END OF TEST PIT AT 1.7m 

R.L. Surface: N/A 

Datum: 

Remarks 

= C 0 
0 m . z  

THROUGHOUT 

INCREASING 
BLACK STAINiNG 
WITH DEPTH- 
POSSIBLY 
ROOT FIBRES. 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 
I Test Pit No. I 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS, NSW. 

Job No. E 1 3 4 3 1 F  

Date: 13-4-00 

Method: 4WD BACKHOE 

LoggedIChecked by: J . R . / ~  

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

SILTY SANDY CLAY: low t o  
med ium plasticity. gre brown 
mott led orange ond  b h .  
with f ine grained sand. 

SILTY CLAY: med ium to h igh  
plasticity, orange brown 
matt ied r ed  brown a n d  grey. 
with a t race o f  f ine 
grained sand and roo t  fibres. 

SILTY CIAY: med ium 
plasticity, mott led yellow 
and  orange brown and  pale 
grey, with fine grained rand. 

. . . . . . . . . . . . . . . . . . . .  . ~ ~ . . .  
as above. 
bu t  no b lack  staining. 

END OF TEST PIT AT 1.6m 

Remarks 

ROOT FIBRES 
THROUGHOUT 

BLACK STAINING 
APPARENT - 
POSSIBLY ROOT 
FIBRES. 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS, NSW. 

Job No. E 1 3 4 3 1 F  

Date: 1 3- 4- 0 0  

- 

IRY 0 
IMPLE 

ION 

Method: 4WD BACKHOE 

LoggedIChecked by: J.R./& 

DESCRIPTION 

TOPSOIL: Clayey silt, low to 
medium plasticity. dark brown. 
with a trace of fine aroined - 
sand. 
SILTY CL4Y: medium to high 
olasticitv. brown mottled red 
brown. with fine grained sand 
ond o trace of  rootlets. 

as above. 
but grey mottled red and 
yellow brown, with fine 
grained sand and o trace of 
black staining. 

. ~ . . . . . . . . .  . . .  . . .  ~~. .~ 
as above. 
but with o trace of fine 

R.L. Surface: N/A 

Datum: 

ROOT FIBRES 
THROUGHOUT 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS, NSW. 

Job No. E l  3431 F 

Date: 13-4-00 

Method: 4WD BACKHOE 

LoggedlChecked by: J . R . / ~  

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

TOPSOIL: Clayey silt. low 
plasticity, brown. 

SILTY CLAY: high plasticity. 
red brown mottled grey brown. 
with f ine grained sond and a 
trace of  rootlets and fine 
grained ironstone gravel. 

SILTY CUY: hiah olasticitv. . . 
gale gray mot&d'yellow 

rawn, with bands of  f ine to  
coarse arained ironstone 
grovel. 

as above. 
but with bands of ironstoined 
shale, distinctly weathered. 
increasing with depth. 

END OF TETS PIT AT 2.2m 

ROOT FIBRES 
THROUGHOUT 

- 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS, NSW. 

Job No. E l  3 4 3 1  F 

Date: 1 3- 4- 0 0  

Method: 4WD BACKHOE 

LoggedlChecked by: J.R./4 

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

SILTY CLAYEY SAND: fine to 
medium grained, mottled red 
brown ond yellow brown. 

grained sand and rootlets 

as above. 
but pale gre mottled red and 
yellow. with gonds of 
tronstane grovel and fine 
grained sand. 

......................................... 
as above. 
but with bands of ironstained 
shale, distinctly weathered. 
increasing with depth. 

END OF BOREHOLE AT 2.2m 

Remarks 

ROOT FIBRES 
THROUGHOUT 



CONSULTiNG ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

I client: LEND LEASE DEVELOPMENT 

/ Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS, NSW. 

Job No. E l  3431 F Method: 4WD BACKHOE 

Date: 1 3- 4- 0 0  

LoggedlChecked by: J.R./$ 

DESCRIPTION 

TOPSOIL: Clayey silt, low 
plasticity. brown. 

groined sand -and o trace of 
f ine  t o  med ium grained 
i ronstone grovel o n d  rootlets. 

as above. 
bu t  yellow brown mott ied 
b rown a n d  pale grey. with 
bands o f  i r on  indurated gravel 
and b lack  staining. 

. . . . . . .  ~. ~ . . . . . . . . . . . . . . . . . . . . .  ~.~~ . . . .  
as above. 
bu t  no i r on  induration. 

. ~ ~ . . . ~  . . . . . . . . . . . . . . . . . .  ~ . . .  
as above. 
but pole grey mott led yellow 
brown, with increasing black 
staining. 

END OF TETS PIT AT 1.6m 

R.L. Surface: N/A 

Datum: 

Remarks 

ROOT FIBRES 
THROUGHOUT 

PATCHES OF 
BLACK STAINING 
POSSIBLY ROOT 
FIBRES. 



CONSULTiNG ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

I Project: SOIL AND GROUNDWATER INVESTIGATION 

I Location: COMLAND, ST MARYS, NSW. 

I Date: 13-4-00 

Method: 4WD BACKHOE 

LoggedlChecked by: J . R . / ~  

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

FILL: Silty cloy, medium to 
high plasticity, pole grey 
mottled red. orange and 
yellow brown. with a trace of 
,ash. 
SILTY CLAY: medium to high 
p!asticity, mottled red brown. 
wtth fine grained sand and 
o trace of rootlets. 

ironstone grovel 

as above. 
but mottled red brown ellow 
brqw? and grey, with byack 
stamong. o trace of fine to 
medium grained ironstone 
gravel and rootlets. 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  ~. ~~ ~~. .. 
SILTY SANDY CLAY: medium to 
high plastici . yellow brown. 
mottled red 'l rown, with block 
staining. fine grained sond 
and a trace of fine to medium 
grained sondrtane gravel. 

:ND OF TEST PIT AT 2.8m 

Remarks 

PATCHY BLACK 
STAINING - 
POSSIBLY ROOT 
FIBRES. 



CONSULTING ENVIRONMENTAL ENGINEERS 

TEST PIT LOG 

Client: LEND LEASE DEVELOPMENT 

Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS, NSW. 

Job No. E 13431 F 

Date: 13-4-00 

Method: 4WD BACKHOE 

LoggedlChecked by: J.R./#& 

R.L. Surface: N/A 

Datum: 

DESCRIPTION 

TOPSOIL: Clayey silt, law 
plasticity, brown. 

SILTY SANDY CLAY: med ium to 
high plasticity, mottled red  
a n d  orange brown, with f ine 
arained rand. 

SILTY SANDY CLAY: med ium 
plasticity, orange brown 
mottled red and ole brown, 
f ine grained sand: with a 
trace o f  f ine  t o  med ium 
grained ironstone gravel. 

grading to 
SILTY SANDY CLAY: med ium 
plasticit , mottled orange 
a n d  r e J  brown, f ine to 
med ium qroined ironstained 
rand  a n d  i ronslamed 
sandstone fragmenls. 
SANDSTONE: ( h e  qramed. 
l ight brown, with >range and 
red  brawn mottling. 

END OF TEST PIT AT 2.0m 

Remarks 

ROOT FIBRES 
THROUGHOUT 

PATCHY BLACK 
STAINING - 
POSSIBLY 
ROOT FIBRES 

FISSURE0 CLAY 
BLOCKY IN 
NATURE. 
SANDSTONE 
FRAGMENTS 
INCREASING 
WITH DEPTH 



TEST PIT LOG 

1 client: LEND LEASE DEVELOPMEN7 

I Project: SOIL AND GROUNDWATER INVESTIGATION 

Location: COMLAND, ST MARYS, NSW. 

Job No. E13431F 

Date: 13- 4- 00 
Method: 4WD BACKHOE 

LoggedlChecked by: J.R.," 

DESCRIPTION 

CLAYEY SANDY SILT: law 
plasticity, brown. fine 
arained rand. 

S ILN SANDY CLAY: high 
plasticity. red brown mottled 
orange brown and pole grey. 

as above, 
but with increasing bands of 
ironstained sandstone. 
distinctly weathered, fine 
grained. 

END O f  BOREHOLE AT 1.85m 

R.L. Surface: N/A 

Datum: 



Soil and Groundwater Investigation 
Volume 2: Technical Documentation 
St Maws Re-development Project 

TABLE B 
SUMMARY OF LABORATORY TEST DATA - SOILS 
Particle Size Distribution Analysis 

Explanation 

clay: particle size <0002mm 

silt: particle size = 0.002-002mm 

flne sand: particle size = 0.02-0.2mm 

course sand: partide size = 0.2-2.0mm 

gravel: particle size >Zmm 

Ref: E13431Frpt 



Soil and Gorundwater lnvestigafion 
Volume 2: Technical Documentation 
Comland St Marys Re-development 

TABLE C 
SUMMARY OF LABORATORY TEST DATA - SOILS 
Soil Chernisty -Cation Exchange Capacity and Dispersion % 

Explanation to abbreviations 

D%: Percentage Dispersion CEC: Cation Exchange Concentration 

Ca: Calcium Mg: Magnesium nd: Not detected 

Na: Sodium Al: Aluminium rne1100g: milliequivalents per IOOg soil 
K: Potassium 

Ref: 13431 Frpt 



APPENDIX C 



SOIL TEST REPORT 

Page 1 of 13 
Scone Research Service Centre 

REPORT NO: SC0991547Rl 

REPORT TO: J. Rosner 
EIS-Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 2 1 1 1 

REPORT ON: One Hundred and ten soil samples 
JobNo: E13431F 

PRELIMINARY RESULTS 
ISS-ED: 20 December, 1999 

REPORT STATUS: Final 

DATE REPORTED: 23 December, 1999 

METHODS: Information on test procedures can be obtained from Scone 
Research Service Centre 

TESTING CARRIED OUT ON SAMPLE AS RECENED. 
THIS DOCUMENT MAY NOT BE REPRODUCED EXCEPT IN FULL. 

G. Holman 
(Technical Offrcer) 

Gundy Road Scone NSW 2337 P.O. Box 283 Scone NSW 2337 DX 4206 
Telephone (02) 65451666 Facsimile (02)65452520 



SOIL AND WATER TESTING LABORATORY 
Scone Research Service Centre 

Report No.: SC0991547Rl 
Client Reference: J. Rosner 

EIS-Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 2 1 1 1 

Page 2 of 13 



SOIL AND WATER TESTING LABORATORY 
Scone Research Service Centre 

Report No.: SC0991547Rl 
Client Reference: J. Rosner 

EIS-Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 2 1 1 1 

Page 3 of 13 



SOIL AND WATER TESTING LABORATORY 
Scone Research Service Centre 

Report No.: SC0991547R1 
Client Reference: J. Rosner 

EIS-Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 2 1 1 1 

Page 4 of 13 



SOIL AND WATER TESTING LABORATORY 
Scone Research Service Centre 

Report No.: SC0991547Rl 
Client Reference: J. Rosner 

EIS-Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 2 1 1 1 

Page 5 of 13 

I E13431F C surface / 0.10 1 4.5 1 12.9 1 0.3 1 0.5 1 3.4 1 5.7 1 0.1 1 nt 1 3(31 11 

Lab. 
No. 

nd = not detected, nt = not tested 

Method C1.414 C2Bl3 C5M3 CEC & exch. cations (mel100g) C8AR P9BR 



SOIL AND WATER TESTING LABORATORY 
Scone Research Service Centre 

Report No.: SC0991547Rl 
Client Reference: J. Rosner 

EIS-Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 21 11 

Page G of 13 

nd = not detected; nt = not tested *c.xm 

Lab. 
No. 

Method C1N4 C2Bl3 C5Am CEC & exch. cations (mel100g) C8M2 P9Bl2 



SOIL AND WATER TESTING LABORATORY 
Scone Research Service Centre 

Report No.: SC099/547R1 
Client Reference: J. Rosner 

EIS-Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 2 1 1 1 

Page 7 of 13 

Method 1 C l N 4  ( C2Bl3 1 C5N3 CEC & exch. cations (me1100g) 

nd = not detected; nt = not tested 
C%x31. 



SOLL ANI) WATER TESTING LABORATORY 
Scone Research Service Centre 

Report No.: SC0991547Rl 
Client Reference: J. Rosner 

EIS-Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 2 1 1 1 

Page 8 of 13 

C l N 4  C2Bl3 C5N3 CEC & exch. cations (meI100g) 

nt = not tested 



SOIL AND WATER TESTING LABORATORY 
Scone Research Service Centre 

Report No.: SC0991547Rl 
Client Reference: J. Rosner 

EIS-Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 2 1 1 1 

Page 9 of 13 

nt = not tested 



SOIL AND WATER TESTING LABORATORY 
Scone Research Service Centre 

Report No.: SC0991547Rl 
Client Reference: J. Rosner 

EIS-Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 2 1 1 1 

Page 10 of 13 

I I I I 1 

Sample Id. EC CEC I Na K Ca Me  Al P EAT 

Lab. 
No. 

nd = not detected; nt = not tested 

q@o iP-3. 
,,/,' 

Method C l N 4  C2Bl3 C5N3 CEC & exch, cations (mei100g) C8A/2 P9B/2 



SOIL AND WATER TESTING LABORATORY 
Scone Research Service Centre 

Report No.: SC0991547Rl 
Client Reference: J. Rosner 

EIS-Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 2 1 1 1 

Page 11 of 13 

nd = not detected; nt = not tested *c-. 

Lab. 
No 

Sample Id EC CEC I Na K Ca Al P EAT 

Method C1N4 C2Bl3 
- 

C5N3 CEC & exch cat~olis (mel100g) C8N2 
- 

P9Bl2 



SOIL AND WATER TESTING LABORATORY 
Scone Research Service Centre 

Report No.: 
Client Reference: 

SC0991547Rl 
J. Rosner 
EIS-Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 2 1 1 1 

Page 12 of 13 

na = not applicable 
nt = not tested 

Lab. 
No. 

26. 

C3A13 

Lime Requ. to pH 6.5 
(CaC0,kglt) 

2.15 

Method 

Sample Id. 

El343 IF A surface 

Pl4BIl 

BD 
(Mglm') 

nt 



Report No.: 
Client Reference: 

SOIL AND WATER TESTING LABORATORY 
Scone Research Service Centre 

SC099/547Rl 
J. Rosner 
EIS-Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 2 1 1 1 

Page 13 of 13 

Method P14B11 

Sample Id. Lime Requ. to pH 6.5 
(CaCO,kg/t) 

'3. E13431F 115 30cm 4.3 1 nt 

6. E13431F 116 30cm 0.34 nt 

9. E13431F 117 30cm na nt 

2. E13431F 118 30cm 1.32 1.87 

na = not applicable 
nt = not tested 

END OF TEST REPORT 



Department of Land and Water Conservation 
Soil and Water Testing Laboratory 

Laboratory No.: SCO99547lRl 

Client: J. Rosner 
EIS-Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 21 1 1 

JobNo: E13431F 

b: Soil erodibilty 

Interpretation: 

Table 1. Soil erodility factor (K). 

Lab. Sample Id. 1 K K 
No. I 1" approx. I Rating I SS & PP I Rating 

1 1  I E11431FTP 101 OX-lm 1 0.029 I moderate 1 0.047 1 high -. .. ... .~. ---- ~~~~~ ~ - 
2. El343 IF TP 102 0.75-0.9m 1 0.030 moderate ( 0.040 1 high 

3 1 E13431F TP 103 0.3-0.5m I 0.041 I high 1 0.060 1 high - - 
4. El343 IF TP 104 2.0-2.lm 0.037 moderate 0.048 high 

5. E13431F TP 105 0.75-0.9m 0.034 moderate 0.052 high 

6. E13431F TP 106 0.75-0.9m 0.027 moderate 0.046 high 

7. El343 IF TP 107 0.75-0.95m 0.037 moderate 0.055 high 

24. El343 IF TP 124 0.75-0.9111 0.023 moderate 0.038 moderate 
25. E13431F TP 125 2.0-2.h 0.035 moderate 0.053 high 

SC0991547Rl Page 1 of 2 
Scone Research Service Centre 

Gundy Road Scone NSW 2337 P.O. Box 283 Scone NSW 2337 DX 4206 Scone 
Telephone (02) 65451666 Facsimile (02) 65452520 



Department of Land and Water Conservation 
Soil and Water Testing Laboratory 

The 1"' approximation of K is calculated from the laboratory data, Particle size analysis - 
mechanical dispersion and organic carbon (OC). 

The 2"* K value is derived from the 1" approximation of soil structure (SS) and profile 
permeability(PP). 

The ratings are as follows - 
Low: less than 0.02 
Moderate: 0.02 to 0.04 
High: 0.04 to 0.06 
Very high: greater than 0.06 

This interpretation is based on: 
1. the samples supplied being representative, 
2. literature guidelines. 

Stephen Young 
Laboratory Manager 
Scone Research Service Centre 
3 March, 2000 
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SOIL TEST REPORT 

Page 1 of 2 
Scone Research Service Centre 

REPORT NO: SC0991547R2 

REPORT TO: J. Rosner 
EIS-Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 2 1 1 1 

REPORT ON: Six soil samples 
Job No.: E13431F 

PRELIMINARY RESULTS 
ISSUED: Not issued 

REPORT STATUS: Final 

DATE REPORTED: 9 February, 2000 

METHODS: Information on test procedures can be obtained from Scone 
Research Service Centre 

TESTING CARRIED OUT ON SAMPLE AS RECEIVED. 
THIS DOCUMENT MAY NOT BE REPRODUCED EXCEPT IN FULL. 

G. Holman 
(Technical Off~cer) 



SOIL AND WATER TESTING LABORATORY 
Scone Research Service Centre 

Report No.: SCO991547R2 
Client Reference: J. Rosner 

EIS -Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE 21 1 1 

nt = not tested 

END OF TEST REPORT 

Page 2 of 2 
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REPORT NUMBER: NA99-2144 
(Page 1 of 6) 

DATE RECEIVED: 24 November 1999 

Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE NSW 2111 

ORDER NUMBER: 

CLIENT CONTACT: 

DESCRIPTION: 

TEST METHODS: 

TEST RESULTS: 

Dr Rama Bhat 
Manager Environmental Services 
1511 2199 

A Commltrnen? io Quality 

ETRS Pty LM 
A.C.N. 006 353 046 
11-13 Byrne Street 
Auburn NSW 2144 
PO Box 61 24 
Silverwater DC 
NSW 1811 Australia 

Fax (02) 9647 2341 
Phone (02) 9647 1077 

Chain - of - Custody Records 24.11.99 

Analysis of (120) soil samples and three duplicate soil 
samples identified as project E13431F, St Marys. 
Samples transported in plastic bags placed in an esky 
cooled by ice. Analysed "as received". 

Refer Page 2 

Refer Pages 3,4, 5 and 6. 

ISm001:IYY4 
Liccncc No. 7944 

NCS lnrrrnational hy Lul 

..... I2 



REPORT NUMBER: NA99-2 144 
(Page 2 of 6 )  

EIS Project: E13431F, St Marys. 

I Calcium Chloride extraction (1 5 )  I APHA4500-H+B 

I Conductivity I Water Extraction (1 5 )  1 BCRI 

Analysis 

NSW AES.030 

Tests 

Chlonde 

Preparation 

Water Exrtact~on 

Sodium (Soluble) I Water Extraction AAS,APHA3111 - B  



REPORT NUMBER: NA99-2 144 
(Page 3 of 6) 

EIS Project No: E13431F, St Marys 

TEST RESULTS: Measurements in mg/kg dry weight, except pH and Conductivity. 

NOTE: (a) Sampler will bc disposed of lhiny days after inruc of this repon unless oihenvise notilicd. 
(b) < Den~tcs 'ICIS than'. -.-means tests not 

Sample 
ID 

Chloride 

pH 
Conductivity (pSlcm) 
podium 

BHP2D 
7.5-8.0 
-. 

5.61 
1269 
- - 

BHP2D 
8.5-9.0 
. . 

5.43 
2090 

- - 

BHG2 
0-0.2 
372 
4.49 
279 
230 

BHG2 
1.0-1.5 
1074 
6.07 
648 
2000 

BHG2 
0.2-0.5 

285 
4.48 
262 
265 

BHG2 
2.5-3.0 

- . 
7.57 
790 
- - 

BHG2 
3.0-3.45 

- - 
5.85 
841 
. . 

BHG2 
3.5-4.0 
. - 
5.79 
407 
- - 



REPORT NUMBER: NA99-2144 
(Page 4 of 6) 

EIS Project No: E13431F, St Marys 

TEST RESULTS: Measurements in mgikg dry weight, except pH and Conductivity 

NOTE: (a) Samplca will be disposed of thiny days aher issue of this rcpon unless otherwise notificd. 
(b) < Denom 'less than'. -.-means tests not rcquestcd. 



REPORT NUMBER: NA99-2 144 
(Page 5 of 6 )  

EIS Project No: E1343tF, St Marys 

TEST RESULTS: Measurements in mgkg dry weight, except pH and Conductivity 

NOTE: (a) Samplcr will be disposed of thiry days after issue of this report unlesi othenv~se notificd 

(b) < Dcnotrs less than', -.-means tcsts not requested. 



REPORT NUMBER: NA99-2 144 
(Page 6 of 6 )  

EIS Project No: E13431F, St Marys 

TEST RESULTS: Measurements in mgkg dry weight, except pH and Conductivity. 

Sample I BHPZD I BHG6 I BHG6 I 

NOTE: (a) Sampler will be disposed of thirty days alier irauc of thts repon unlcss ofhenvise n o t i t i d  
(b) < Drnalrs 'less than', -.- meam trss not requertcd. 

Dr Rama Bhat 
Manager Environmental Services 
15/12/99 



R e f  No : E13431F 
Table A: Page 1 of 1 

TABLE A 
SUMMARY OF LABORATORY TEST RESULTS 

AS 1289 TEST METHOD 2.1.1 3.1.2 3.2.1 3.3.1 3.4.1 

BOREHOLE SAMPLE MOISTURE LIQUID PLASTIC PLASTICITY LINEAR 
NUMBER DEPTH CONTENT LIMIT LIMIT INDEX SHRINKAGE 

rn % % 5 % % 

Jeffery and Katauskas Pty Ltd 
39 BUFFALO ROAD GLADESVILLE NSW 21 11 2$&9 
LAB No. 1327 ~u thohseh  Signature 

This laboratory is accredited by the National Associaton of 
Testing Authorities, Australia. The testis1 reported therein 
have been performed in accordance witti the terms of 
accreditation, TIIK document s h d  not be reproduced except 
in full without the ptioi approval of the laboratory, - 

COPYRIGHT 



Ref NO : E13431F 
Table B: Page 1 of 3 

TABLE B 
SUMMARY OF EMERSON CLASS NUMBER TEST RESULTS 

BOREHOLE DEPTH Air dried soil crumbs Remoulded soil Contact with 1:s ~oil/water Emerson 
in water samples hydrochloric suspension class 

i m )  in water acid number 

BH GI 0 . 5 0  - 0 . 9 5  Slaking NA 
Strong dispersion 

BH G2 0 . 5 0  - 0 . 9 5  Slaking NA 
Moderate dispersion 

BH G4 0 . 5 0  - 0 . 9 5  Slaking NA 
Strong dispersion 

BH G5 0 . 5 0  - 0 . 9 5  Slaking NA 
Strong dispersion 

BH G6 0 . 5 0  - 0 . 8 0  Slaking NA NA NA 1 
Strong dispersion 

Jeffery and Katauskas Pty Ltd 
39 BUFFALO ROAD GLADESVILLE NSW 21 11  2 # h ~ / h  
LAB No. 1327 ~uthor isek  Signature 

This laboratory is accredited by the National Association of 
Testing Authorities, Australia. The testis) repaned herein 
have been performed in accordancil with the terms of 
accreditation. This document shaii not he reproduced except 
in full without the prior approval of the laboratory. 

COPYRIGHT 



Ref NO : E13431F 
Table B: Page 2 of 3 

TABLE B 
SUMMARY OF EMERSON CLASS NUMBER TEST RESULTS 

BOREHOLE DEPTH Air dried soil crumbs Remoulded soil Contact with 1 : 5  Soil/water Emerson 
in water samples hydrochloric suspension class 

(m) in water acid number 

BH P1D 0 . 5 0  - 0 . 9 5  Slaking NA 
Moderate dispersion 

BH P2D 0 . 7 5  - 0 . 9 5  Slaking NA 
Strong dispersion 

BH P3D 0 . 3 0  - 0 . 5 0  Slaking NA 
Strong dispersion 

BH P4D 0 . 5 0  - 0 . 9 5  Slaking NA 
Strong dispersion 

BH P5D 0.50 - 0 . 9 5  Slaking NA 
Slight dispersion 

BH P6D 0 . 6 5  - 0 . 9 5  Slaking NA 
Slight dispersion 

Jeffery and Katauskas Pty Ltd 
39 BUFFALO ROAD GLADESVILLE NSW 21 11 
LAB No. 1327 Authatised Signature 

This laboratory is accredited by the National Associatiol? of 
Testing Authorities, Australia. The testisl ieponad herein 
have been perfaimed in accordance vwth the terms of 
accreditation Thls document shall not be reproduced except 
in full w~thout  the prior approval o f  the laboratory. 

COPYRIGHT 



Ref No : E13431F 
Table B: Page 3 of 3 

TABLE B 
SUMMARY OF EMERSON CLASS NUMBER TEST RESULTS 

BOREHOLE DEPTH Air dried soil crumbs Remoulded soil Contact with 1:s Soil/water Emerson 
in water samples hydrochloric suspension class 

(m) in water acid number 

BH P7D 0.00 - 0.20 Slaking NA NA NA 1 
Strong dispersion 

BE P7D 0.50 - 0.95 Slaking NA NA NA 1 
Strong dispersion 

NOTES: - The lowest Emerson Class Number refers to the highest dispersion potential 
(Range: Class 1 to Class 8). 

- The determination of the Emerson Class Number of a soil was completed in 
accordance with AS1289 3.8.1 1997. 

- All contact water was distilled water; water temperature was 2 3 O C .  
- Water contact time was greater than 5 minutes for all test stages. 
- Refer to the appropriate Borehole logs for soil descriptions. 
- NA = Not Applicable. 

Jeffery and Katauskas Pty Ltd 
39 BUFFALO ROAD GLADESVILLE NSW 21 11 
LAB NO. 1327 Authorired Signature 

This laboratory is accredited by the National Association of 
Testing Authorities, Australia, The tesilsl reported herein 
have been perfoimed in accordance with the terms of 
accreditation This document shali not be reproduced except 
in full wtthout the prior approval of  the laboratory. 

COPYRIGHT 
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...... 

PARTICLE SlZE (mm) 
CLAY SILT SAND GRAVEL / COBBLES 1 FINE l MEDIUM I COARSE I FINE I MEDIUM I COARSE / FINE I MEDIUM I COARSE 

Test Method AS1289.3.6.1 Wet Sieve 

PARTICLE SlZE DISTRIBUTION CURVE 

Jeffery and Katauskas Pty Ltd 
39 BUFFALO ROAD GLADESVILLE NSW 21 11  
LAB No. 1327 ~ u t h o r i s b d  Signature 

SIEVE ANALYSIS RESULTS 
SIEVE SlZE % PASSING 

4.75 rnrn 
2.36 rnrn 
1.18 rnrn 

0.600 mrn 
0.425 rnrn 
0.300 rnrn 
0.150 rnrn 
0.075 mrn 

JOB No: E13431F 
TEST PIT: TP 125 

DEPTH: 2.00-2.10rn 

This laboratory is accredited by  the National Association of  
Testing Authorities, Ausrraiia. The testis1 ieponed hereln 
have been performed in accordance wlrh the terms of  
accreditation. This document slial: not  be reproduced except 
in full without the prior approval of the laboraiory. 

COPYRIGHT 
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Jeffery a d Katauskas 
L(JNSULTIN4 GEOTECHNICAL ENGINEERS 

EPORT 

INTRODUCTION 
These notes have been provlded to amplify the 

geotechnical report in regard to classification methods, 
f~eld procedures and certain matters relating to the 
Comments and Recommendations section. Not all 
notes are necessar~ly relevant to all reports. 

The ground 1s a product of continuing natural and 
man-made processes and lherefore exh~bits a variety 
of characteristics and properties which vary from place 
to place and can change with time. Geotechnical 
engineering involves gathering and assimilating limited 
facts about these characteristics and properties in 
order to understand or predlct the behav~our of the 
ground on a particular site under certain conditions. 
This report may contain such facts obtained by 
inspection, excavation, probing, sampling, testing or 
other means of investigation. If so, they are directly 
relevant only to the ground at the place where and time 
when the investigation was carried out. 

DESCRIPTION AND CLASSIFICATION 
METHODS 

The methods of description and classification of so~ls 
and rocks used in this report are based on Australian 
Standard 1726, the S.A.A. Site lnvestigatlon Code. In 
general, descriptions cover the following properties - 
soil or rock type, colour, structure, strength or dens~ty, 
and inclusions. Identification and class~fication of soil 
and rock involves judgement and the Company Infers 
accuracy only to the extent that is common in current 
geotechnical practice. 

So11 types are described according to the pre- 
dominating partlcle size and behaviour as set out in the 
attached Unif~ed So11 Classification Table qualified by 
the grading of other part~cles present (e.g, sandy clay) 
as set out below: 

Soil Classification Particle Size 

Clay less than 0.002mm 
Slit 0.002 to 0.06mm 
Sand 0.06 to 2mm 
Gravel 2 to 60mm 

Cohesive soils are classified on lhe basis of strength 
(consistency) either by use of hand penetrometer, 
laboratory testing or engineering examination. The 
strength terms are def~ned as follows. 

Unconfined Compressive 
Classification Strength kPa 

Very Soft less than 25 
Soft 25 - 50 
Firm 50 - 100 
Stltt 100 - 200 
Very Stiff 200 - 400 
Hard Greater than 400 
Friable Strength not attainable 

- so11 crumbles. 

Non-coheslve soils are classified on the basis of 
relative density, generally from the results of Standard 
Penetration Tests (S.PT) as below: 

Relative Density S.P.T. "N" Value 
(blows1300mm) 

Very loose less than 4 
Loose 4 - 10 
Medium dense 10 - 30 
Dense 30 - 50 
Very Dense greater than 50 

Rock types are classified by their geological names, 
together with descriptive terms regarding weathering, 
strength, defects, etc. Where relevant, further inform- 
ation regarding rock classification is given in the text of 
the report. In the Sydney Basin, "Shale" is used to 
describe thinly bedded to laminated siltstone. 

SAMPLING 
Sampling is carried out during drilling or from other 

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

Disturbed samples taken durlng drilling provide 
information on plasticity, grain size, colour, moisture 
content, minor constituents and, depending upon the 
degree of disturbance, some information on strength 
and structure. 

Undisturbed samples are taken by pushing a th~n- 
walled sample tube, usually 50mm diameter (known 
as a U50), into the soil and withdrawing i t  with a 
sample of the soil contained 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 used are 
glven on the attached logs. 

INVESTIGATION METHODS 
The following is a brief summary of investlgatlon 

methods currently adopted by the Company and some 
comments on their use and application All except test 
pits, hand auger drilling and portable dynamic cone 
penetrometers require the use of a mechanical dr~lling 
rig which is commonly mounted on a truck chassis 

Test Pits - These are normally excavated with a 
backhoe or a tracked excavator, allowlng close 
examination of the in situ soils if it is safe to 
descend into the pit The depth of penetration is limited 
to about 3m for a backhoe and up to 6m for an 
excavator Lim~tations of test pits are the problems 
associated with disturbance and difficulty of rein- 
statement and the consequent effects on close-by 
structures Care must be taken if construction 1s to be 



made of the end bearing resistance on the cone and 
the frictional resistance on a separate 134mm long 
sleeve, immedtately behtnd the cone Transducers in 
the ttp ol the assembly are electrically connected 
by wires passing through the centre of the push rods 
to an amplifter and recorder untt mounted on the 
control truck 

As penetration occurs (at a rate of approximately 
20mm per second) the tnformation ts output on 
continuouschart recorders The plotted results given in 
this report have been copted from the original records 

The tnformafion provtded on the charts comprises. 

q Cone reststance - the actual end bearing force 
divided by the cross sectional area of the cone - 
expressed in MPa. 

Sleeve frictton - the frictional force on the sleeve 
dtvtded by the surface area - expressed in kPa 

q Friction ratio - the ratto of sleeve friction to cone 
reststance, expressed as a percentage 

There are two scales available for measurement 
of cone resistance. The lower (A) scale (0 to 5 MPa) is 
used in softer soils where increased sensitivity is 
required. The main (6) scale has a range of 0 to 
50 MPa. 

The ratios of the sleeve resistance to cone resistance 
will vary with the type of sod encountered, with higher 
relative frtction in clays than in sands. Friction ratios of 
1% to 2% are commonly encountered in sands and 
occasionally very soft clays, rtstng to 4% to 10% in stiff 
clays and peals. Soil descriptions based on friction 
ratios are only inferred and must not be considered as 
exact. 

Correlations between E.FC.P and S.PT. values can 
be developed for both sands and clays but may be 
site specific. 

Interpretation of E.FC.P values can be made to 
empirically derive modulus or compresstbility values 
lo allow calculation of foundation settlements. 

Stratification can be inferred from the cone and 
friction traces and from experience and information 
lrom nearby boreholes etc. Where shown, this 
information is presented for general gutdance, but 
must be regarded as interprettve. The test method 
provides a continuous profile of engineering properties 
but, where precise informatton on soil classification is 
required, direct drilling and sampling may be 
preferable. 

Portable Dynamic Cone Penetrometers - Portable 
Dynamic Cone Penetrometer tests are carried out by 
driving a rod into the ground wtth a falling weight 
hammer and measuring the blows for successive 
lOOmm increments of penetration 

Two relatively stmilat tests are used: 

Cone peneltometer (commonly known as the Scala 
Penetrometer) - a  16mm rod with a 20mm dtameter 

cone end is driven with a 9kg hammer dropping 
510mm (AS 1289, Test F3 2) The test was developed 
intlially for pavement subgrade investigations and 
correlations of the test results with California Bearing 
Ratio have been published by varlous Road 
Authorities 

BPerth sand penetrometer - a 16mm d~ameter 
flat ended rod is driven with a 9kg hammer drop 
ping 600mm (AS 1289, Test F3 3) This test was 
developed for testing the density of sands 
(origtnattng in Perth) and is mainly used in granular 
soils and filling 

LOGS 
The borehole or test pit logs presented herein are an 

engtneering andlor geologtcal interpretation 01 the 
subsurface conditions, and their reliability will depend 
to some extent on the frequency of sampling and the 
method of drilling or excavation Ideally. continuous 
undisturbed sampling or core drilling will enable the 
most reliable assessment, but is not always practicable 
or possible to lustify on economic grounds In any case 
the boreholes or test pits represent only a very small 
sample of the total subsurface conditions 

The attached explanatory notes define the terms and 
symbols used in preparation of the logs 

lnterpretation of the information shown on the logs 
and its application to design and construction. should 
therefore take into account the spacing of boreholes or 
test pits, the method of drilling or excavation, the 
frequency of sampling and testing and the possibility of 
other than "straight ltne" variations between the 
boreholes or test pits Subsurface conditions between 
boreholes or test pits may vary signiftcantly from 
conditions encountered at the borehole or test pi1 
locations 

GROUNDWATER 
Where groundwater levels are measured in 

boreholes, there are several potential problems 

q Although groundwater may be present, in low 
permeability soils i t  may enter the hole slowly 
or perhaps not at all during the tlme i t  1s lelt operl 

q A localised perched water table may lead lo an 
erroneous indication of the true water table 

q Water table levels will vary from time to time with 
Seasons or recent weather changes and may no1 be 
the same at the time of construction 

The use of water or mud as a drilling fluid will mdsk 
any groundwater inflow Wafer has to be blown out ol 
the hole and drilling mud must be washed out of the 
hole or "reverted" chemically 11 water observations 
are to be made 

More reliable measurements can be made by 
installing standpipes which are read alter stabillsing at 
intervals ranging from several days to perhaps weeks 
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CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS 

DEFECTS AND INCLUSION: 

CONGLOMERATE 

B CLAY SEAM 

SHEARED OR CRUSHED a SEAM 

' / CLAY ICL. CHI 
/ 1 

, / 4  
" /A a BRECCIATED OR 

SHATTERED SEAMRONE 

1- IRONSTONE GRAVEL SILT IML, MHI SILTSTONE, MUDSTONE, 
CLAYSTONE 

SANO (SP, SWI 

! 
ORGANIC MATERIAL 

GRAVEL (GP. GW) 

I 
a- @ PHYLLITE, SCHIST 

SANOY CLAY ICL, CHI TUFF 

SILTY CLAY ICL, CHI GRANITE, GABBRO 

: '  CLAYEY SANO (SCI 

Y' .  :I 
/ii OOLERITE, DIORITE 

SILTY SANO ISM) 

. . 

"SALT, ANOESITE 

GRAVELLY CLAY ICL. CHI 

B '  

CLAYEY GRAVEL (GC) 

I I SANOY SILT IML/ BITUMINOUS CONCRETE. 
COAL 

" - -  
PEAT AND ORGANIC SOILS 

& & l d  b & &  



CONSULTING GEOTECHNICAL AND ENVIRONMENTAL ENGINEERS 

LOG COLUMN 

Groundwater Record 

Field Tests 

Moisture Condition 
lCohasiv< Soils) 

Strength 
IConsistsncy) 
Cohesive Soils 

Jansity Index/ 

Relatws Density 

ICohasionless Soils1 

SYMBOL 

ES 

US0 

DB 

DS 

VNS = 25  

'V' btt 

'TC' btt 

DfflNmON 

Standing water level. Time delay following camplstion of drilling may be shown. 

Groundwater seepage into borshals or sxcavetion noted during drilling or sxcavstion. 

Soil sample tsksn ovsr dspth indicatsd. for snvironmsntsl analysis. 

Undisturbed 50mm diameter tubs sample taken ovsr dspth indicatsd. 

&I% disturbed ssmpla taken over depth indicated. 

Smell disturbed bag sample tsksn ovsr depth indicated. 

Standard Penetration Test (SPT) performed between depths indicated by lines. Individual 
figures show blows per 150mm penetration. 'R' ss noted below. 

Dynsmic Cans Panstretion Test performed between depths indicatsd by lines. Individual 
figure4 show blown per 150mm penetration for 60 degree solid cons driven by SPT hammer. 
'R' refers to apparent hammar refusal within the corresponding 150mm dspth increment. 

Vans shear reading in kPe of Undrainsd Shaar Strength 

Photoioniletion detector reading in  ppm (Soil sample headspace test) 

Moisture content sstimstal to be granter than plastic limit. 

Moisture content estimated to ba approximstsly equal to plastic limit. 

Moisture content estimated to be less than plastic limit. 

DRY - runs freely through fingers. 

MOIST - does not run freely but no fraa water visible on soil surface. 

WET - free water visible on soil surface. 

VERY SOFT - Unconfined compressive strength less than 25kPa. 

SOFT - Unconfined compressive strength 25-50kPe. 

FIRM - Unconfined comprsreivs strength 50-100kPa. 

STIFF - Unconfined comprassiva strength 100-200kPa. 

VERY STIFF - Unconfined compressive strength 200-400kPa. 

HARD . Unconfined comprsssive strength greater than 4QOkPa. 

Bracksttsd symbol indicates estimated consistency based on tactils examination or other 

tests. 

Density Index (I.) Rsnga 1%) SPT 'N' Value Range IBlowd300mrnl 

Very Loose < I S  0-4 

Loose 15-35 4-10 

Medium Dsnss 35-65 10-30 

Dsnss 65-85 30-50 

Very Densa >85 > 50 

Bracksttsd symbol indicates estimated density based an sass of drilling or other tests. 

Numbers indicate individual test results in kPa on raprsssntativs undisturbed material unless 

notad otherwisa. 

Hardsnad steel 'V' shaped bit. 

Tungstan carbide wing bit. 

Psnetratmn of auger $Iring in  mm under static load of rig applied by drill head hydraulics 
without rotatton of augers. 
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Induction Survey 

Dryland Salinity Investigation 
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Prepared by 
Nik Henry 
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S C O P E  O F  T H E  I N V E S T I G A T I O N  

In October 1999 the Environmental Investigation Services (EIS) division of Jeffery and Katauskas Pty 
Ltd (J&K) requested that a salinity investigation proposal be presented for the western area of the 
Comland - St Marys redevelopment site. A proposal was presented during September 1999 and an 
on-site meeting with staff from EIS was organised by staff of Department of Land and Water 
Conservation (DLWC). It was agreed that the Cowra Salt Team would assist with salinity 
investigations prior to redevelopment. 

The proposed investigation would include an Electro-magnetic induction (EMI) survey to help with the 
assessment of the salinity and waterlogging hazard for the site. The investigation was carried out on 
two western precinct of the redevelopment site of Comland - St Marys. The EM1 survey is a 
comparative method and when coupled with validation methods can show the distribution of certain 
soil characteristics within a surveyed landscape. The data can be used to assess the extent of 
salinity, potential salinity and waterlogging in the survey area. 



S U M M A R Y  

The aim of the investigation was to map and identify wet and possibly saline areas within the west 
precinct of the Comland St Marys redevelopment site (Figure 1). An EM1 survey and its validation are 
one method to obtain site-specific data. Salinity is not just a problem in the South Creek Catchment, 
but is also a problem in the urban areas of the district. Salinisation arises from changes in the water 
balance of a catchment, which is directly related to geological features, soil characteristics, slope and 
especially landuse. Saline outbreaks generally occur in the lower parts of the landscape affecting 
some 5% at date, but could affect up to 20% of the region (Dias et a/, 1997). 

The Comland St Marys site has areas within the boundaries that could potentially become a saline 
hazard. These areas are associated with areas more prone to water table rise, such as waterways, 
flow lines, break of slope and low lying areas. 

The EM1 survey was carried out on two areas within the west precinct of the site and these included a 
relatively cleared area, Area 1 (400 hectares), which constitutes most of the site and a mainly forested 
area, Area 2 (240 hectares), the east of the survey site. Area 1 was highlighted as potentially more 
saline than Area 2 with the hazard areas being associated with the flow lines from the northern and 
western boundaries of the survey site. 

Changes in saline hazard site conditions may be influenced by climatic changes, a series of wet years 
in succession may exaggerate salinity expression at the site. On-site meetings are recommended in 
order to explain the report and specifics about the EM1 survey. 

The EM1 Survey of the Comland - St Marys site should be used as another layer of information in the 
determination of the type and accurate location of salinity, potential salinity and waterlogging at the 
site. Additional data sets, such as desktop geology, ground water levels and soil sampling analysis 
should be collated to provide the basis for validation. 





LANU C WAI cK 
CONSEh'VATION 

Vegetation Background 

Previous clearing of natural vegetation from the land removed deep rooted and diverse vegetation 
communities capable of using rainfall and surface water effectively without groundwater recharge. 
The present grasses and sparse trees do not use all available moisture and in turn increase 
groundwater recharge. 

In urban communities the situation is somewhat different, excess watering of garden beds and lawns 
increases the available water entering the soil. As with crops and pastures these gardens and lawns 
don't use water effectively and the excess water enters the groundwater system or storm water 
system and in turn rises the water table level. 

Topography and Climate 

The general topographic features of the survey site consisted mainly of two creek systems that feed 
into the South Creek and an east-west tending ridge that is near the northern part of the site. This 
would form two partial catchments contained within the survey site, with the general flow of these 
creek systems moving west to east. 

The Comland - St Marys site is in a known high rainfall zone (>700 mm) and under the present 
vegetation conditions groundwater recharge is substantially increased. The majority of the 
surrounding area is urbanised and additional groundwater recharge can lead to seasonal 
waterlogging. 

Preliminary Investigation 

During the on-site inspection (13 September 1999), the Salinity Technical Officer collected water and 
vegetation information. This form of investigation highlighted the areas that are more prone to 
salinisation, involving the sampling of flow lines and creeks for electrical conductivity (EC), together 
with the identification of salt tolerant veaetation. 

Figure 2. Salinity symptoms for the brackish northwestern flow-line entering the main storm water drain (1319199) 



The preliminary investigation of the Comland - St Marys site found that the creek at the north 
boundary of the site was of a saline nature (9200 EC), which on the day was the most saline of all 
waterways within the survey area. The other watenvays where brackish (900-1200 EC) and where 
flowing into the large storm water drain to the south of the survey area. 
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E L E C T R O - M A G N E T I C  I N D U C T I O N  
S U R V E Y  

The Electro-magnetic induction survey was carried out a few days after the area received heavy rain 
(-50 mm), this was considered an appropriate time to wait before survey allowing soil moisture to 
distribute naturally throughout the survey area. Both areas where surveyed over a three day period. 

Interpretation of EM1 Survey Maps 

It should be noted that these maps represent a soil's ability to conduct electricity, known as the 
electrical conductivity (EC). EC depends on the relative amounts of moisture, clays, gravels and 
cyclic salts in the soil. The instrument that is used to measure the EC of soil measures the apparent 
bulk electrical conductivity (EC,), which is the average of the soil layers to 6 meters under the ground 
(Geonics, 1992). 

The EM1 survey map is generated using the EC, readings. These maps are a representation of six 
main soil factors and how they are distributed across the survey site. These factors are (Nicholl et a1 
1993): 

1. Total amount of pore space in the 6-meter soil profile 

2. The amount of groundwater or soil moisture filling the pore spaces 

3. The salinity of the groundwater or soil moisture 

4. Temperature of soil profile 

5. The type and amount of clay in the 6-meter soil profile 

6. The amount of organic matter in the soil 

Generally EM1 maps show low conductivity areas as blue to green, inferring that these areas are dry 
sandy textured soils with little or no cyclic salts. Usually these are hills and quarries as well as 
geological barriers. High conductivity areas are shown as red to pink, inferring that these areas are 
waterlogged clayey textured soils with saline groundwater. Usually they are present in low areas 
adjacent to creeks, flow lines or groundwater barriers (railways, geological features). 

The usual pattern seen for EM1 survey maps is a gradual change from low conductivity (blue) to high 
conductivity (pink) and is consistent for most creeks and flow systems. For unusual distribution of 
colours and unusually high readings validation has to be carried out, this is also required for areas that 
have layered soil profiles. 

The results from EM1 surveys must be interpreted on a case-by-case basis. EC, values measured for 
one landscape cannot be directly compared to other landscapes. Due to the apparent nature in which 
EM1 survey results are measured interpretation of survey maps is based on the variation in readings 
obtained not the values themselves. 





Results of the EM1 Survey 

The patterns seen on the EM1 survey map (Figure 5) shows an unusual distribution of low conductivity 
and high conductivity. The two areas have distinct differences, with Area 1 (Figure 3) having primarily 
a wider distribution of EC, readings than Area 2 (Figure 4). 

There are three zones that have unusual bulk apparent electrical conductivity (EC,) readings, Zones 
A, B and C on the EMI Survey map (Figure 5). The yellow band of colour that surrounds these areas 
would best define these boundaries for the zones. Zone A is situated near the south-eastern edge of 
Area 1 and extends slightly northwest. Zone B constitutes the dark blue section near the northwest 
edge of Area 1. Zone C is reddish section just to the south of Zone 8,  surrounded by the light blue 
sections. 

The rest of Area 1 (Figure 3) shows a usual distribution of gradually changing low readings on the 
ridge to gradually higher readings on the slopes and some low-lying areas. 

For Area 2 (Figure 4) there are two features that have gradual changes from high to low EC, readings. 
Zone 1 and 2. Zone 1 is mainly the low readings confined to the northern half of Area 2 and extends 
into Area 1. Zone 2 constitutes the mainly red section to the south-west part of Area 2. 

Conductivity anomalies are situated along hnro flow lines, Site 1 and Site 2 (Figure 3). Site 1 is 
situated at the northern boundary and Site 2 at the western boundary. Site 1 being higher in 
conductivity than Site 2, is the saline flow line from the suburbs to the north of the survey site. Site 2 
is the brackish flow line that flows into the main storm water drain. 
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P U T T I N G  T H E  P I E C E S  T O G E T H E R  

The preliminary investigation highlighted two main sites (Figure 3) that may have a salinity hazard, 
these are Sites 1 and 2. Site 2 correlates with the information collected during the preliminary 
investigation. These sites have definitely a waterlogging problem and should be investigated further 
to establish a more accurate determination of the salinity hazard. 

Waterlogging sites should be treated with the same precautionary measures as saline sites when 
considering management and planning decisions, the effect these sites could have on residential 
buildings and the issues involved requires a comprehensive approach. 

Zone 2 of Area 2 (Figure 4) corresponds to the naturally forested area, light blue colours on the €MI 
survey map, indicating dryer soil conditions when compared to the other parts of Area 2. The other 
bluelgreen areas of the survey site also correspond to hills or ridges where the soils are generally 
dryer and lighter in texture. 

Zone A and Zone B (Figure 5). need to be related to groundwater and soil chemistry investigations. 
Differences between these zones and the remainder of the surveyed area should be assessed on this 
basis. 

Zone A - Light bluekreen area, needs to be differentiated from other survey areas using soil 
chemistry and soil texture results. 

Zone B - Very blue area, needs to be differentiated using soil texture results that may also 
correspond to higher rainfall infiltration for this zone and not the presence of saline ground water. 

Zone C - Red area, can be differentiated using general soil data, and possibly general geology 
information. 

The remaining survey areas seem to correspond to generalised EM1 information, blue and green 
areas are probably drier and have light textured soils with less cyclic salts. The red and pink areas 
are probably wetter with heavier textured soils. 

There might be some complications with correlating collected soil information with EM1 survey data, 
this would be related to the time the survey was conducted (after heavy rainfall). The effect 
associated with such an event may leach the lighter textured soils, making them less conductive. If 
this effect is significant then another survey should be carried during a drier season and to shallower 
depth. 
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EM1 Survey and interpretation. 

Geology and groundwater. 

Salt tolerant pastures. salt tolerant 
trees. 

Salinity identification and 
nanagement. 
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A P P E N D I C E S  



A P P E N D I X  A -  E L E C T R O M A G N E T I C  
I N D U C T I O N  T H E O R Y  

EM1 is a widely used method of estimating soil salinity levels, measuring how well the soil can hold an 
electrical current or the apparent Electrical Conductivity (ECa). ECa is determined by the amount of 
sand, silt and clay in the soil, soil moisture and how much salt is present. ECa readings usually vary 
between two extremes (Geonics, 1992): 

High conductivity readings are expected where a site has compacted, heavy clay soil which is 
waterlogged and for which the groundwater is highly saline. 

L o w  conductivity readings are expected in very dry, sandy soils, (or rocks) with very little clay and 
very little salt. 

The units of measurement used for EM1 surveys are conductivity units and are called siemens (S). 
The EM31 reads in milli siemens per centimetre (rnS/cm). The electromagnetic current that a soil 
conducts can be related to the amount of salts present. ECa readings plotted on a map can be used 
to define recharge and discharge areas in a landscape. These maps coupled with geology can also 
help to distinguish between locally influenced salt sites and regionally influenced sites. 

The EM31 

The instrument used for the EMI survey was an EM31. which is operated by one person and 
measures the Electrical Conductivity of approximately the top three to six metres of ground. An 
advantage of using this unit is that the survey is quick and requires no ground disturbance. 

Resolution of the EM31 is high, with changes of 5% being quickly determined. The instrument is 
capable of gi-ving an extremely precise survey with information on small variations in the terrain. 
There are a number of things which can influence the readings of apparent conductivity; clay content, 
soil moisture, soil salinity, geology, as well as interference. The instrument is relatively unaffected by 
fences, overhead power lines and other nearby metallic objects. The EM31 is sensitive to electric 
fencing and underground conductors such as large pipes and drums etc. Hence there is a real need 
for validation of EM survey results. 



A P P E N D I X  8- EM1 S U R V E Y  
M E T H O D S  

The EM31 is calibrated on areas expected to produce low conductivity values. The area used to 
calibrate the EM31 for the EM1 survey was on the crest of the main ridge of Area 1. The AGM grid co- 
ordinates were 846100 E at 6262300 N. 

Readings were taken every 2-4m along transacts spaced up to 20 metres apart, depending on 
geomorphology and field conditions. In areas where there was a higher probability of salinity 
occurring more readings were taken. To this extent the survey is subjective, however comparison 
with earlier grid style surveys shows good correlation. Regardless of sampling strategy it is important 
to obtain good ground coverage. This ensures the mapping program GEOSOFT Montaj has 
adequate data to produce accurate results. 

Physical Suwey 
The EM31 is mounted alongside a 4WD motorbike using on a 50 mm PVC frame. Also mounted on 
the bike is a Trimble ProXR global positioning system (GPS), a Land Star Mklll differential GPS and 
the Asset Surveyor data logger. At each survey point an EM1 reading is sent from the EM31 and 
stored with the position co-ordinates in the data logger. The data logger's memory is downloaded as 
required and the format of data altered to suit the GEOSOFT Montaj mapping system. 



A P P E N D I X  C -  M O R E  A B O U T  EM1  
S U R V E Y  M A P S  

Electro Magnetic Induction (EMI) is a widely used method of inferring soil salinity levels. The Geonics 
EM31 can sample 'soil conductivity' down to 6 m (18 ft) below the surface, but this depends greatly on 
the properties of the soil layers being surveyed. In some areas, especially ridges and crests, geology 
can be the main influence of readings obtained, the accurate location of the data collected is 
determined using a Trimble Differential GPS unit (2 1 m). 

The EM1 survey map is generated using the mapping program GEOSOFT Montaj, which compares 
only the EC, readings collected from the survey site, it shows the site divided into 40 classes from the 
least conductive to the most conductive. This gives an indication of the distribution of soil texture, soil 
moisture and cyclic salts from around the survey site. 

These maps are useful in giving an indication where potential problems lie and an indication of the 
potential spread of current saline sites. It is important to understand the distribution of patterns on 
EM1 survey maps to distinguish between differing soils types or recharge and discharge zones. 

Low conductivity areas are blue and green, inferring that these areas are recharge areas and are 
generally light textured, dry and free of cyclic salts. In some cases these areas can be discharge 
sites, but have little or no cyclic salts in the groundwater. 

High conductivity areas are red and pink, we infer that they are mainly discharge sites and generally 
heavy textured, moist and contain high amounts of cyclic salts. When there are different geologies 
within a survey area the readings obtained for crests and ridges can vary between low for shale and 
high for basalt. The survey readings depend on the nature of geologies being compared with the EM1 
survey. 

Because the EM31 takes an average reading from the surface to 6 m, the maps cannot predict how 
far below the surface ground water will occur. Should there be need for further information on the 
hardware andlor software used please contact: 

EM31 METER TRIMBLE GPS GEOSOFT 

Geoterrex Pty Ltd Ultimate Positioning Software Retail 

7-9 George Place PO Box 291 Suite 24, 32 Richardson St 

ARTARMON 2064 PENNANT HILLS 2120 WEST PERTH 6005 

Ph: (02) 9418-8077 Ph: (02) 9484-9293 Ph: (08) 9322-8122 

Fax: (02) 941 8-8581 Fax: (02) 9875-3904 Fax: (08) 9322-81 33 
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St  Marys Redevelopment Project 

TABLE A 
SUMMARY OF LABORATORY TEST DATA -SOILS 
Piezorneter Soil Samples - Electrical Conductivity, pH 

Chloride and Sodium 

Explanation of  Abbreviations 

EC: Electrical Conductivity 

Reported as saturated paste using correction factors for texture detailed in Hazelton and Murphy (1992) 

Rpt: E13431Frpt 
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REPORT NUMBER- NA99-2108 
(Page 1 of 3) 

DATE RECEIVED: 18 November 1999 

Environmental Investigation Services 
39 Buffalo Road 
GLADESVLLLE NSW 2111 

ORDER NUMBER: Chain - of - Custody Records 

CLIENT CONTACT: 

DESCRIPTION: 

TEST METHODS: 

TEST RESULTS: 

Dr Rama Bhat 
Manager Environmental Services 
03/12/99 

ETRS Pty Ltd 
A.C.N. 006 353 046 
11-13 Byrne Street 
Auburn INSW 2144 
PO Box 6124 
Silverwater DC 
NSW 1811 Australia 

Fax (02) 9647 2341 
Phone (02) 9647 1077 

Ms Joanne Rosner 

Analysis of twenty (20) water sample identified as 
E13431F, St Marys. Filtered and acidified samples 
received in separate containers for metal analysis. 
Samples transported in an esky cooled by ice. Analysed 
"as received". 

Sulphate by APHA 4500 - SO:-E, Conductivity by 
APHA 25 10 B, Ammonia-N by APHA 4500 - NH, B E ,  
pH by APHA 4500 - H ' B, Fluoride by APHA 4500 - F 
- C, TKN by APHA 4500 - Norg - B, Chloride by 
APHA 4500 - C1 - B and metals by AAS, APHA 3 11 1 - 
B, 3500 - B and Alkalinity (total), carbonate alkalinity 
by APHA 2320 B 

Refer Pages 2 & 3. 

1S09001:1994 
Liccncc No. 7944 

NCS lntcmationai Pty W 
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EIS Project: El343 IF, St Marys. 

TEST RESULTS- Measurements in m a  except pH and Conductivity 

Sample I P 1 D  
ID I 

Sulphate --J.. -- 1378 
onductivity ( ~ S I C ~ )  

. . . -. . 

.. . . ... . . . 

0.5 
I 9600 

agnesium 

barbonate Alkalintiy 0 

Sample I P3D 
n, I 

Sulphate -. - - 1 . 1698 
konductivitv (uSlcm) / 26900 

hloride 13000 
kotal Kieldahl Nitroeen / 1.2 

Sodium ... 

otassium 16.3 
agnesium -. .- 

- 
PIS 

Total Alkalinity measured to pH 4 9, 4.6 and 4.3 as per APHA method. Results in mgCaCO,/L 

NOTE: (a) Samplcs d bc &pored of UUrty day. &cr issuc of thi$ rcpon udes othmvisc n ~ ~ c d .  

(h) < Dcnolrs I s s  thm' Nq Ca and K analysed by WatcrTcrt, NATA Keg No. IR84 Rcpod No. WK1 ISSA and B 
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EIS Project: El343 IF, St Marys. 

TEST RESULTS- Measurements in mg/L except pH and Conductivity. 

I Sample I Blank 

ulphate 
.- 

onductivity .- ( ~ S I C ~ )  ~ ~ 

monia-N iO.5 
8.05 

-. -- 
luoride -- - $ :: hloride 
otal Kjeldahl Nitrogen / <O 5 

. -- -- - . ... 
alcium 0 4 

otassium 
..- -. -. 

agnesium .- .. 

lkalinity (total) 
arbonate Alkalinity 0 

Dupi 1 

I Sample I G1 I G4 

<o 5 <o 5 - -. 
hloride 11900 9500 
otal Kjeldahl Nitrogen 1 2  
alcium - 250 120 

ID 
Sulphate 
Conductivity (pS/cm) 
Ammonia-N .- .- -- 

kodium 1 5800 1 6300 

SLII K (4) Sup l r% wll  nc dsposd 01 UI.1) days llkr i r , ~ c  ur liui r:pon unlm olhurnrw nuulird 

,h) i)i.ncus lcu lhrn Sd. ('1 i r d  K md\ ,cJ  hv \I'llr.rli.$l. N.PI.1 K q  XU 11161, K:pcnl NI, \1'K1181 A and I3 

'7 

1132 
30000 
<0.5 

Dr Rama Bhat 
Manager Environmental Services 
03/12/99 

1748 
29100 
<0.5 



REPORT NUMBER: NAA00-0094 
(Page 1 of 3) 

DATE RECEIVED 18 January 2000 

Environmental Investigation Services 
39 Buffalo Road 
GLADESVLLLE NSW 2111 

ORDER NUMBER: Chain - of - Custody Records 

CLIENT CONTACT: 

DESCRIPTION: 

TEST METHODS: 

TEST RESULTS: 

Dr Rama Bhat 
Manager Environmental Services 
0 1 /02/00 

ETRS Pty Ltd 
A.C.N. 006 353 046 
11 -1 3 Bvine Street 
Auburn ' 1 . 1 ~ ~  2144 
PO Box 61 24 
Silvewater OC 
NSW 11311 Australia 
Fax (02) 9647 2341 
Phone (02) 9647 1077 

Ms Joanne Rosner 

Analysis of nineteen (19) water sample identified as 
E13431F, St Marys. Filtered and acidified samples 
received in separate containers for metal analysis. 
Samples transported in an esky cooled by ice. Analysed 
"as received". 

Sulphate by APHA 4500 - SO?E, Conductivity by 
APHA 25 10 B, Ammonia-N by APHA 4500 - NH, B/E, 
pH by APHA 4500 - H + B, Fluoride by APHA 4500 - F 
- C, TKN by APHA 4500 - Norg - B, Chloride by 
APHA 4500 - C1 - B and metals by AAS, APHA 3 11 1 - 
B, 3500 - B and Alkalinity (total), carbonate alkalinity 
by APHA 2320 B. 

Refer Pages 2 & 3. 

IS09001:1994 
Liccncr No. 7944 

NCS Infcrnatianal FYy Lld 



( ragez  o r j )  
EIS Project: El343 IF, St Marys. 

TEST RESULTS: Measurements in mg/L except pH and Conductivity. 

Sample G 6 D  P1D PIS P2D P3D P4D 
ID 10.33am 2.20pm 2.30pm 9.10am 11.15am 8.45am 

13.01.00 13.01.00 13.01.00 12.01.00 12.01.00 17.01.0C 
Sulphate - - - - -. - - - - 1680 
Conductivity (,uS/cm) 13770 22500 23400 . -- 24300 26800- 25400 

. - . .- .- 

Potassium 
Magnesium 

.. 

Alkalinity (total) 
Carbonate Alkalintiy 
Total Dissolved Solids - 

Total Alkalinity measured to pH 4..3 as per APHA method. Results in mgCaC0,L. 
I I 

NOTE: (a) Sample v d  bc dkporcd of thuty day. alvr issuc of Ultr rcpan udrs oIhenvirc notilid 
(b) c Dcnotcs lcss than'. -.- m- tsn not rquircd. Nq Ca and K analyscd by WnlrTcst, NATA Kcg No. 1884, R~palr No. 

WKI18SA md B 

. 

26 
57 

874 
. - 

10700 

- - 15 
- - 

- 
- - 
-. 

- - 
- - 
-. 

13800 

-. .- . 

18 
1080 --- 
307 

0 
18000 

.- 
- - 
. . 

- - 
- - 

7200 

890 
. . 

- - 
13600 

- - 
- - 

14300 
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EIS Project: El343 IF, St Marys. 

TESTRESULTS Measurements in mg/L except pH and Conductivity 

Sample I P4S I P5D I P5S I P6D I P6S I P7D I 

1 17.01.00 1 12.oi.00 I 12.oi.00 1 13.01.00 1 13.01.00 1 12.0ioo 
ulohate 1 . - I - - 1 1530 1 - - I - - . - 

arbonate Alkalinity - - . - - - - - - - - - 
otal Dissolved Solids 1 17100 1 17000 1 16800 1 18100 1 19030 1 19520 

Sample 
18.01.00 

Sulohate 

. -. 

otal Kjeldahl Nitrogen 

. . - 

l~arbonate Alkalinity - - 
botal Dissolved Solids 1 18950 

i L % ,  
Dr Rama Bhat 

A 

Manager Environmental S e ~ c e s  
0 1 /02/00 

NOTE: (a) Samplci will be disposed oithiny day. after ksuc of thk rcpart wllcss &envise notkicd. 
(b) < Dcnatcs icss that?, -.- mcans tcss not rcqucstcd. N e  Ca and K malyscd by WatcrTcsf NATA Rcg No. 1884, Rcpan No. 

WK1337 
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EIS Project: El343 lF, St Marys. 

NAAOO-075 1 
(Page 2 of 4) 

Conductivity Water Extraction ( 1 5 )  I BCRl 

% Moisture AS1289.2.1.1 - 1992 AS1289.2.1.1 - 1992 

- .  - 
NOTk (a1 % Moiraurc olsuWcd as a paccnmgc of Bc dry m. 

(bl Calcuirn Chlmidc extracrion step for pH mcasumcnr nor covcred by rhc lerm. of our NATA accreditation. 1 
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e EIS Project No: E13431F. St Marys 

TEST RESULTS: Conductivity in &/cm 

Sample I TP20l I TP201 I TP2Ol I TPZOl 1 TP202 I TPZOZ 1 TPZ02 I TP202 I 

~nductivity(~S1cm) / 217 1 1080 1 398 1 417 1 203 1 112 1 166 1 169 
Moisture I 17 1 12 I I5 I 19 1 18 1 13 

Sample 
ID 

[ 

nductivity &S/cm) 
moisture 

16 1 16 

TP203 
0 - 0 . h  

5.8 
1710 
12 

Sample 
ID 

lductivity @S/cm) 
vioisture 

Sample 
ID 

ductivity (pSlcm) 
foisture 

TP206 
2.0m 
6.6 
642 
13 

TPZ05 
l.2m 
5.0 
754 
15 

TP205 
0-0.lm 

5.0 
272 
15 

TP203 
0.5-0.6m 

7.1 
1460 
13 

TPZOS 
OJm 
4.3 
410 
14 

TP207 
0-0.lm 

5.0 
357 
16 

TP207 
0.7m 

-- 
-- 
-- 

TPZ04 
0.5m 
4.4 
447 
12 

TP2OS 
2.2m 
5.4 
825 
15 

TP208 
1.0m 
5.3 

1080 
16 

TP207 
O.3m 
5.4 
832 
13 

TP203 
1.0-1.h 

7.6 
1420 

18 

TP208 
2.2m 
6.8 

1190 
13 

TP207 
2.0m 
6.8 

1630 
14 

TP204 TP204 
1.0m 1.5m 

TP206 
0-0.lm 

5.0 
444 
15 

TP203 
1.5-1.6111 

6.5 
1180 
12 

4.6 
1140 
18 

TP208 
03m 
4.7 
657 
15 

TP204 
0-O.lm 

5.1 
218 
17 

6.4 
1080 
13 

TP206 
0.5m 
5.0 
649 
19 

TP208 
0.6m 
5.1 
980 
17 

TP206 
1.0m 
5.2 
746 
19 
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a 
TEST RESULTS: Conductivity in pS/cm. 

Sample Dup 1 Dup2 
m 

Sample 
ID 

IH 
Ionductivity (pS/cm) 
6 Moisture 

Dr Rama Bhat 

TP209 
0-0.lm 

4.6 
296 
17 

Manager Environmental Services 
01/05/00 

4.8 
417 
19 

t 

TP209 
0.25-0.4m 

5.4 
1121 
15 

onductivity ~ S l c r n )  
5.6 
468 
17 

TPZ09 
1.Om 
5.3 
471 
17 

TP209 
1.8m 
5.0 
268 
19 

TP210 
O.Om 
4.3 
311 
12 

TP210 
03m 
4.6 
843 
16 

TPZlO 
0.7m 
4.7 
768 
16 

TP2lO 
1.Xm 
4.7 
733 
18 



REPORT NUMBER: NAAOO-075 111 
(Page 1 of 4) 

DATE RECEIVED: 17 April 2000 

Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE NSW 2111 

ORDER NUMBER: 

CLIENT C O N T a :  

DESCRIPTION: 

8 

TEST METHODS: 

TEST RESULTS: 

DRAFT 

Chain - of - Custody Records 17.04.00 

Mr E. Fletcher 

Analysis of soil samples identified as project E13431F, 
St Marys. Samples transported in plastic bags placed in 
an esky cooled by ice. Analysed "as received". 

Refer Page 2. 

Refer Pages 3 and 4. 

1509W1:1996 
LIC~RCC NO. 7944 

NCS Inlcm~rional Pg Ld 

Dr Rama Bhat 
Manager Environmental Services 
0 1/05/00 



SAMPLE AND CHAIN OF CUSTODY FORM 

h RTS&S Required: 2811100 

%!SZ S3i and Groundwater Investigation Tests Required 

EIS Job Number: E l  3431 F I 
Sheet 19 

FROM: 
Environmental Investigation Servic 
3 9  Buffalo Road 
Gladssville NSW 21 11  
Phone: 1021 9 8 0 9  7 3 2 2  
Fax: 1021 9 8 0 9  7626 

Contact: Joanne Rosner 

Esky with ice 

Cornments/Detection Limits 
Required 



11-1 3 Byrne Street 
Aurburn NSW 2144 
Phone: 102) 9647 1077 
Fax: 1021 9647 1077 

Attention: Rama Bhat 

Date Results Required: 2811100 

SAMPLE AND CHAIN OF CUSTODY FORM 

EIS Job Number:  E13431F Sheet  219 

Project: Soil and  Groundwater lnvestigation Tests Required 

Location: St M a r y s  

Sampler: JR i CT 

FROM: 
Environmental Investigation Servi - 
39 Buffalo Road 
Gladesville NSW 211 1 
Phone: 1021 9809 7322 
Fax: I021 9809 7626 

Contact: Joanne Rosner 

Esky with ice 

ComrnentsiDetection Limits 
Required 



11-13 Byrne Street 
iu rburn  NSW 2144 
'hone: (021 9647 1 0 7 7  
:ax: (02)  9647 1 0 7 7  

SAMPLE AND CHAIN OF CUSTODY FORM 

i t tent ion:  Rama Bhat 

)ate Results Required: 2811100 EIS Job Number :  El3431 F Shee t  ?I4 
I 

'roject: Soi l  a n d  G r o u n d w a t e r  I nves t i ga t i on  Tests Required 

-0cat ion:  St M a r y s  

sampler: J R  I CT 

2 .- 
Date Time 

Samp
l
e
' Depth Sample Sample c 

Location Borehole 
4 

Sampled Sampled knl Container - m m z  
Number Description 0 z x I a c a c  

FRDM: 
Environmental Investigation Servic 
39 Buffalo Road 
Oladesville NSW 21 11 
Phone: 102) 9809 7322 
Fax: (021 9809 7626 

Contact: Joanna Rosner 

Esky w i t h  ice 

CommentsiDetection Limits 
Reouired 

Reiinquished By: 
Time: 
Date: 

T~me: 

Received By: 



11-13 Byrne Street 
Aurburn NSW 2144 
Phone: I021 9647 1077 
Fax: I021 9647 1077 

SAMPLE AND CHAIN OF CUSTODY FORM 

I %%mental Investigation ~ e r  . 
39 Buffalo Road 
Gladesvilie NSW 21 11 
Phone: (021 9809 7322 
Fax: (02) 9809 7626 

Date Results Required: 28/1/00 1 EIS Job Number: E 1 3 4 3 1 F  Sheer '(.I,+ 1 Esky with ice 

Attention: Rarna Bhat 
Contact: Joanne Rosner 

I 

Relinquished By: 
Time: 
Date: 

Time: 

Received By: 



REPORT NUMBER: NAA00-009412 
(Page 1 of 2) 

DATE RECENED: 18 January 2000 
Additional Tests Requested: 08 February 2000 

Environmental Investigation Services 
39 Buffalo Road 
GLADESVILLE NSW 2111 

oRI?_ERN:.mBER: Chain - of - Custody Recorrk 
Fax 08.02.00 

CLIENT CONTACT: 

DESCRIPTION: 

Ms Joanne Rosner 

ETRS Ply Ltd 
A.C.N. 006 353 046 
11-13 Byrne Street 
Auburn NSW 2144 
PO Box 61 24 
Silverwater DC 
NSW 1811 Australia 

Fax (02) 9647 2341 
Phone (02) 9647 1077 

Additional analysis of two (2) water samples identified 
as E13431F, St Malys. Analysed "as received". 

TEST METHODS: Sulphate by APHA 4500 - SO;E, Ammonia-N by 
APHA 4500 - NH, BIE, Fluoride by APHA 4500 - F - 
C, TKN by AF'HA 4500 - Norg - B, Chloride by AF'HA 
4500 - C1 - B and Alkalinity (total), carbonate alkalinity 
by AF'HA 2320 B. 

TEST RESULTS: 

'I 

Dr Rama Bhat 
Manager Environmental Services 
17/02/00 

Refer Page 2 

IS09001:1994 
Ii,,",, NO. 7944 

NCS htcmationai Ply Ltd 



REPORT NUMBER: NAA00-009412 
(Page 2 of 2) 

EIS Project: E13431F, St Marys. 

TEST RESULTS: Measurements in mg/L except pH and Conductivity 

- 
otal Kieldahl Nitrogen 

Sample 
ID 

Sample P6S 
ID 10.00am 

G 6s  
9.30am 

hloride 
Kj :ah1 Nitr;. 1 ;,66 1 ..-.. 

lkalinit (total) 
arhonate Alkalinit 

NOTE: (a) sampler wall bc dlrposed oifhtrty days after muc of Ulls repon unless othewlsc noOiicd 

(b) < Drnote~ 'less than'. 

Dr Rama Bhat 
Manager Environmental Services 
17/02/00 



PURGE DETAILS 



Groundwater Monitoring Report 

Project: Soil and Groundwater Investigation 

Method: 

........ 

Undertaken Bv: 
....... 

PID Reading: (ppm) ...... .... Time - ...... After: 
Total Vol Removed: 
PURGING MEASUREMENTS 
Volume Removed (L) / Temp ("C) I PH EC (mSlcm) Eh (mV) 

I 1 I I 

. .......... .................................. 1 j .- I-... .... 

I I I I 
Comments: 
WELL SAMPLING DETAILS 

Containers UsedlComments 

Tested By: : ................ ............ .... 
Date Tested: : 

.................................... ......... 
Checked Bv: i 

Remarks: 
-Al l  measurements are corrected to ground level 
-All stated Volumes are in Litres 

....................................................... 
Date: - SWL is an abbreviation for standing water level 



Groundwater Monitoring Report 

Client: Lend lease Development .- Job No.: i E13431F ......... 

Project: Soil and Groundwater Investigation .... Well No.: - i PIS ....... ........ 

Location: Comland, St Marys Depth (m): : 5.9m 
WELL FINISH 

I Gatic Cover 4 Standpipe I PVC Pipe 
WELL DEVELOPMENT 

Comments: Well purged dry using pump and bailer, recharge 5cm in 25sec 

WELL PURGE DETAILS 

PURGING MEASUREMENTS 

Comments: 
WELL SAMPLING DETAILS 

Containers UsedlComments 

..... - ....... 
-All measurements are corrected to ground level 
-All stated Volumes are in Litres 



Groundwater Monitor ing Report  

... ... ........... ...... .- 
Date: .. ............... 

Time - Before: - 
Undertaken By: ........ SWL -After: .. 

PID Readino: looml Time -After: 

Client: Lend lease Development 
Project: Soil and Groundwater Investigation 
Location: Comland, St Marys 

Zomments: 
NELL SAMPLING DETAILS 

SWL - Before: 

:ontainers UsedlComments 

Job No.: 1 E13431F 

Well No.: ......... 
' P2D 

............................ 
Depth (m): i 9.25 

-All measurements are corrected to ground level 
-All stated Volumes are in Litres 

WELL FINISH 



Groundwater Monitoring Report 

- ............................ 
- All measurements are corrected to ground level 
-Al l  stated Volumes are in Litres 



Groundwater Monitoring Report 

Client: Lend lease Development Job No.: : E13431F 
. ................... ... 

Project: Soil and Groundwater Investigation ... Well No.: P3D 
Location: Comland, St Marys Depth (m): 8.60 

WELL FINISH 

Method: SWL - Before: - ........ 
Date: Time -Before: -. ............... 
Undertaken Bv: SWL -After: 

PURGING MEASUREMENTS - ........ ..... 

Volume Removed (L) I Temp ("C) I PH EC (mSlcm) Eh (mV) 
I I I I 

:omments: 
NELL SAMPLING DETAILS 

:ontainers UsedlComments 

-Al l  measurements are corrected to ground level 
-Al l  stated Volumes are in Litres 
- SWL is an abbreviation for standina water level 



Groundwater Monitoring Report 

Client: Lend lease Development I Job No.: ! E13431F 
Project: Soil and Groundwater Investigation 
Location: Comland. St Maws I . Well No.: 

Depth (m): 

Date: 

comments: 
WELL PURGE DETAILS 
Method: SWL - Before: ..... .. 

Date: Time - Before: ............. ................................... ....................... 
Undertaken By: -. SWL -After: ......... - .................... 

PID Reading: (ppm) .... Time -After: .................................. 

Total Vol Removed: 1 
PLIRGING MEASUREMENTS , . 

Volume Removed (L) / Temp ("C) I PH EC (mSlcm) 
I I I I 

-All measurements are corrected to ground level 



Groundwater Monitoring Report 

Date: 

Total Vol Removed: I 
PURGING MEASUREMENTS 
Volume Removed (L) / Temp ("C) / PH EC (mSlcm) Eh (mV) 

I I I I 

Containers UsedlCornments 

Tested Bv: I Remarks: 
-Al l  measurements are corrected to ground level 
-Al l  stated Volumes are in Litres 



Groundwater Monitoring Report 

Time - Before: 

................ - 

Comments: 
NELL SAMPLING DETAILS 
Method: 

WL - Before: 
............... 

JH Water Temperature ("C) .............................................. ............... .--.. ............ ........... -- 
:h (mV) EC: (mSlcm) 
:ontainers UsedlComments 

-Al l  measurements are corrected to ground level 
ated Volumes are in Litres 
is an abbreviation for standing water level 



Groundwater Monitoring Repor t  

Client: Lend lease Develooment I Job No.: E13431F - ~~~~ - ~ ..... 
Project: Soil and Groundwater Investigation Well No.: : P5D 
Location: Comland, St Marys Depth (m): 8.5 
WELL FINISH 

I Gatic Cover 4 Standpipe I PVC Pipe 
WELL DEVELOPMENT 

I Staae 1 I / Staae 1 I Staae 2 

Date: 

NELL SAMPLING DETAILS 
Method: 

............. 

JH Water Temperature ("C) - ................. 

:h (mV) EC: (mSlcm) 
:ontainers UsedICornments 

All measurements are corrected to ground level 
-All stated Volumes are in Litres 



Groundwater Monitoring Report 

:omments: 
JELL S A M P L I N G  DETAILS 

...................................... 

ontainers Used lComments  

:lient: L e n d  lease Development 
'roject: Soil and Groundwater Investigation 
-0cation: Cornland, St Marys 

-All measurements are corrected to ground level 
hecked Bv -All stated Volumes are in Litres 

...................................... Job No.: .- E13431F 
Well No.: P5S 
Depth (m): i 5.7 

W E L L  FINISH 
I Gatic Cover 4 Standpipe 1 PVC Pipe 

W E L L  D E V E L O P M E N T  
Stage 1 Stage 1 Stage 2 

................... -. ..................................................... ........................... 

nethod: . Submersible Pump SWL - Before: (m) ........ 1.70 . ....................................... 

)ate: . - 311 1199 ......... Time - Before: ................ 9:45 ... . 
J n d e r t a k e n  By: B A SWL -After: (m) .... 5.42 
fol. Water R e m o v e d :  20 Time - After: 
:omments: 3.3% @ 11:05am 
V E L L  PURGE DETAILS 

. . - - . . - -. - , - 
. .......................................................... 

ate: 

tlethod: 

- SWL is an abbreviation for standing water level 

I SWL - Before: 



Groundwater Moni tor ing Repor t  

Client: Lend lease Development Job No.: E13431F 
........................... 

Project: Soil and Groundwater Investigation Well No.: P6D 
...... .................... ................... 

Location: Cornland, St Marys Depth (m): , 7.4 
WELL FINISH 

I Gatic Cover 4 Standpipe I PVC Pipe 
WELL DEVELOPMENT 

... ......... .................................. 
Undertaken By: 1 1  SWL -After: (m) 

......... ....... ................................... 
1 5.60 1 

Vol. Water Removed: Time -After: 
Comments: recovery rate 5cm in 20 seconds 
WELL PURGE DETAILS 

PURGING MEASUREMENTS 
Volume Removed (L) / Temp ("C) 1 PH EC (mSlcm) Eh (mV) 

I I I I 

Date: Time - Before: 

:omments: 
NELL SAMPLING DETAILS 
Vlethod: 1 1 

-All measurements are corrected to ground level 
-All stated Volumes are in Litres 



Groundwater Monitor ing Repor t  

1 Client: Lend lease Development ( Job No.: E13431F I 

. . I I 0 

WELL DEVELOPMENT 

Vol. Water Removed: 

Project: Soil and Groundwater Investigation 
Location: Comland, St Marys 

PID Reading: (ppm) Time -After: 

. ......................... 
Well No.: : P6S 

...................... 
Depth (m): 4.2 

Volume Removed (L) [ Temp ("C) I PH EC (mSlcm) Eh (mV) 
I 

......... .......................................................... 

Comments: 

WELL FINISH 

WELL SAMPLING DETAILS 

I Gatic Cover 

SWL - Before: 

.............. 
Water Temuerature PC 

4 Standuiue I I PVC Piue 

-All measurements are corrected to ground level 
-All stated Volumes are in Litres 
- SWL is an abbreviation for standino water level 



Groundwater Monitoring Report 

Client: Lend lease Develooment I Job No.: E13431F I 

Method: 

Undertaken By: 

Method: .- .................. SWL -Before: . 

:omments: 
WELL SAMPLING DETAILS 
Vlethod: 

.......................................................................... ............. 
>ate: SWL - Before: 

Date: - 
Undertaken By: 
PID Reading: (ppm) .- 
Total Vol Removed: 
PURGING MEASUREMENTS 

-Al l  stated Volumes are in Litres 
- SWL is an abbreviation for standina water level 

Time - Before: 

Eh (mV) Vdume Removed (L) / Temp (OC) 1 pH 

- . 
SWL - After: - ................ 
Time -After: 

I  I I I 
EC (mSlcm) 

.. 

-.- ... .... 



Groundwater Moni tor ing Report  

Client: Lend lease Development Job No.: E13431F .......... ..... 

Project: Soil and Groundwater Investigation Well No.: P7S ................. 

Location: Cornland, St Marys Depth (m): ' 4.05 
WELL FINISH 

I Gatic Cover 1 J] Standpipe I PVC Pipe 
WELL DEVELOPMENT 

Stage 1 Stage I Stage 2 
.. . ....... .......... .......................... ................. 

Method: .- na SWL - Before: (m) 'dry' ..... - ................. ... 

Date: - 311 1/99 Time - Before: 1 1:30 ......... . 

Undertaken By: ... B A SWL - After: (m) - ........ .- ..... 

Vol. Water Removed: nil Time -After: 
Commnts: PIEZOMETER 'DRY' 
iNELL PURGE DETAILS 

'URGING MEASUREMENTS 
Volume Removed (L) I Temp ("C) I pH EC (mSlcm) Eh (mV) 

I I I , 
:omments: 
VELL SAMPLING DETAILS 

........ 
. . . , ..... .................................. .- ........ 

Ih (mV) EC: (mSlcm) 
:ontainers UsedlComments 

ested Bv: 1 Remarks: 

.................................................................................. 
:hecked .- By: i -All stated Volumes are in Litres ............................... ................. 

late: - SWL is an abbreviation for standing water level 

1 of 1 



Groundwater Monitoring Report 

WELL FINISH 

:omments: 
NELL SAMPLING DETAILS 

Zontainers UsedIComments 

I Gatic Cover 

comments: bailed dry 
WELL PURGE DETAILS 

Time - Before: 

?URGING MEASUREMENTS 

-All measurements are corrected to ground level 
............. 

-All stated Volumes are in Litres 

Volume Removed (L) / Temp ("C) 1 PH 

WELL DEVELOPMENT 
4 Standpipe I PVC Pipe 

EC (mSlcm) Eh (mV) 



Groundwater Monitoring ~ e p o r t  

..-. ....... 

. 
Method: 
Date: 

:omments: 
NELL SAMPLING DETAILS 

.................. - 

:ontainers UsedlComments 

Volume Removed (L) I Temp ("C) I PH 

.............. 
-All measurements are corrected to ground level 

........................ 
-All stated Volumes are in Litres 

I I I I 
EC (mSlcm) Eh (mV) 



Groundwater Monitoring Report 

( Gatic Cover 4 Standpipe I PVC Pipe 
WELL DEVELOPMENT 

Stage 1 . Stage 1 Stage 2 -.. .......... 

Method: submersible pump SWL - Before: (m) 3.72 ........................... 
Date: 311 1/99 Time - Before: 12:55 .- ............ . 
Undertaken By: BA SWL - After: (m) 8.14 .. ........ .- ................................... 
Vol. Water Removed: 11.5 Time - After: 
Comments: recovery 5cm in Gminutes 
WELL PURGE DETAILS 
Method: SWL - Before: .......................................... ...................................... ... 

Date: Time - Before: - . ............................ ............. ................. 

Undertaken By: SWL - After: 
PID Reading: (ppm) .... Time -After: 

................. ..... 
Total Vol Removed: 
PURGING MEASUREMENTS 
Volume Removed (L) I Temp ("C) I PH EC (mSlcm) Eh (mV) 

I I I I 

Comments: 
WELL SAMPLING DETAILS 

Zontainers UsedlComments 

.................. ......... - ...................... 
- All measurements are corrected to ground level 

All stated Volumes are in Litres 



Groundwater Monitoring Report 

Containers UsedlComments 

.. .... ... 
-All measurements are corrected to ground level 
-All stated Volumes are in Litres 
- SWL is an abbreviation for standina water level 



Groundwater Monitor ing Repor t  

lol. Water R e m o v e d :  

Zlient: L e n d  lease Development 
=reject: Soil and Groundwater Investigation 
-0cation: Cornland, St Marys 

.... 
SWL - Before: (m) 

........................... 
Time - Before: .... ....................... 
SWL -After: (m) . ..................... 
Time - After: 

.- Job No.: i E13431F 
Well No.: : G6S 

............................................................................................... 
Depth (rn): 4.85 

YELL PURGE DETAILS 
Ilethod: SWL - Before: 

... ... 
>ate: Time - Before: 

NELL FINISH 

omments: 
J E L L  S A M P L I N G  DETAILS 
lethod: ...................................... ......................... - 
ate: SWL - Before: 

I Gatic Cover 

- - 
- ..................................................... 

lndertaken By: SWL -After: 

............................................ 

........... 

ontainers UsedlComments 

'ID - Reading: (ppm)  
'otal Vol R e m o v e d :  

-Al l  stated Volumes are in Litres 

NELL D E V E L O P M E N T  
( Standpipe 

....................................................................................... 
ate: - SWL is an abbreviation for standing water level 

I PVC Pipe 

.- Time -After: 
........ .......... 

'URGING MEASUREMENTS 
Eh (rnV) /olume R e m o v e d  (L) I Temp ("C) I PH 

I I I I 
EC (mSlcm) 



SAMPLING DETAILS 

ROUND ONE 



I I 

PURGING MEASUREMENTS 
Volume Removed (L )  / Temp ("C) I PH EC (mSlcm) Eh (mV) 

2 19.5 6.42 35.3 1 170.0 

Groundwater Monitoring Report 

2 * 1 L Glass bottles, aluminium foil seals and plastic lids 
2* 500mL HDPE Plastic bottles, acidified with HNO, 
Tested Bv: / Remarks: 

-Al l  measurements are corrected to ground level 
- All stated Volumes are in Litres 
- SWL is an abbreviation for standina water level 



Groundwater Monitoring Report 

Client: Lend Lease Development Job No.: i E13431F 
.................................. ..................... 

Project: Soil and Groundwater Investigation Well No.: : P I D  
. .... .... 

Location: Comland, St Marys Depth (m): : 8.70 
WELL FINISH 

. . . ...................................................................... ................................................. .............................................. 
Vol. Water Removed: Time - After: 
Comments: 
WELL PURGE DETAILS 

............ 

I I 

'URGING MEASUREMENTS 

......... -. ........ 

Zomments: Sampling undertaken at 16L as water became extremely silty 
YELL SAMPLING DETAILS 

:ontainers UsedlComments 
* 1 L Glass bottles, aluminium foil seals and plastic lids 

................ 
Method: 

* 500mL HDPE Plastic bottles, acidified with HN03 
ested By: ................. 

Remarks: 
late Tested: 
............................................. 

-All measurements are corrected to ground level 
:hecked Bv: -All stated Volumes are in Litres 
....... - ................................................. 
late: - SWL is an abbreviation for standing water level 



Groundwater Monitoring Report 

......... ............. 
dwater Investigation 

WELL FINISH 
I Gatic Cover 1 4 Standpipe I PVC Pipe 

WELL DEVELOPMENT 

Date: 
Undertaken By: 

Comments: 

Stage 1 
....... ..................... 

Method: 

Comments: . .... 

WELL SAMPLING DETAILS 

Date: 

Stage 1 
....................... 

SWL - Before: Im) 
Stage 2 .... ................... 

-Al l  measurements are corrected to ground level 
-Al l  stated Volumes are in Litres 

. , - ........................................................ ...................... ................................................ 
Eh (mV) EC: (mSlcm) 
Containers UsedlComments 
Vo Sample Obtained 



Groundwater Moni tor ing Repor t  

[ Gatic Cover 4 Standpipe I PVC Pipe 
WELL DEVELOPMENT 

................. 
Date: 

Vol. Water Removed: Time -After: 
1 

Comments: 
WELL PURGE DETAILS 

PURGING MEASUREMENTS 

Gomments: Sample taken from final bails, beyond this volume water became extremely silty 
WELL SAMPLING DETAILS 

:ontainers UsedlComments 
! 1 L Glass bottles, aluminium foil seals and plastic lids 
!* 500mL HDPE Plastic bottles, acidified with HNO, 
-ested Bv: I Remarks. 

-All measurements are corrected to ground level 
- All stated Volumes are in Litres 
- SWL is an abbreviation for standina water level 

Client: Lend Lease Development Job No.: 1 E13431F 
....................................................... 

Project: Soil and Groundwater Investigation Well No.: , P2D ..... 
Location: Comland, St Marys Depth (m): : 9.23 
WELL FINISH - 

- 
- 

......... 

........ 

....... 

..... 

- 

- 
- 
.... 

....... 

- 

- 

- 

..... 

.... 

..... 

- 

- 

- 



Groundwater Monitoring Repotl 

.... 

. .. 

Method: 

Time - Before: 
.......... 

rota1 Vol Removed: 
I 

'URGING MEASUREMENTS 

:omments: Piezometer purged dry at 6L, sample obtained from final bails 
YELL SAMPLING DETAILS 

:ontainers UsedlComments 
* 1 L Glass bottles, aluminium foil seals and plastic lids 

* 500mL HDPE Plastic bottles, acidified with HN03 
ested Bv: I Remarks: -.- ............... 

-Al l  measurements are corrected to ground level 
-Al l  stated Volumes are in Litres 
- SWL is an abbreviation for standina water level 



Groundwater Monitoring Repor t  

Client: Lend Lease Development Job No.: E13431F 
. 

Project: Soil and Groundwater Investigation Well No.: : P3D 
. - ................................................. 

Location: Comland, St Marys Depth (m): 8.58 
WELL FINISH 

I Gatic Cover 4 Standpipe I PVC Pipe 
WELL DEVELOPMENT 

Stage 1 Stage 1 Stage 2 
.................. .................................... 

Method: SWL - Before: Im) 
. ... 

........... 

. ....... I Date: 
Undertaken By: 
Vol. Water Removed: Time - After: 

I 

Commmts: 
WELL PURGE DETAILS 

PURGING MEASUREMENTS 

2omments: Piezometer bailed dry at 12L, samples obtained from final bails 
NELL SAMPLING DETAILS 

:ontainers UsedlComments 
! * 1 L Glass bottles, aluminium foil seals and plastic lids 

-All stated Volumes are in Litres 
- SWL is an abbreviation for standing water level 



Groundwater Monitoring Report 

Undertaken B 
.......................... 

.......... 
Total Vol Removed: 12 
PURGING MEASUREMENTS 

Comments: Sample taken at 12L as water became extremely silty 

WELL SAMPLING DETAILS 

Date: 
Jndertaken By: Time- Before 

;ontainers UsedlComments 
! * 1 L Glass bottles, aluminium foil seals and plastic lids 

-Al l  measurements are corrected to ground level 
d Volumes are in Litres 



Groundwater Monitoring Report 

Client: Lend Lease Development 
Project: Soil and Groundwater Investigation 
Location: Comland, St Marys 

... .. ............................................ 

. ... ....... 

Stage 1 Stage 1 Stage 2 
, 

Method: SWL - Before: (m) 
Date: Time - Before: 

Job No.: ; E13431F 
.- -. .... 

Well No.: P4S 
.. 

Depth (m): : 5.15 

( Gatic Cover 

~~~~~- . ...-....-- ........................ - - ......................... 
Undertaken By: SWL - After: (m) . .. - - 
Vol. Water Removed: Time - After: 
Comments: 

WELL FINISH 

4 Standpipe I ( PVC Pipe 

~ - 

WELL PURGE DETAILS 

Date: 

PURGING MEASUREMENTS 

WELL DEVELOPMENT 

. , .................................................. ..................................... - ................................................. 
Sh (mV) EC: (mSlcm) 
:ontainers UsedlComments 
! * 1 L Glass bottles, aluminium foil seals and plastic lids 
!* 500mL HDPE Plastic bottles, acidified with HNO, 

-All stated Volumes are in Litres 



Groundwater Monitoring Report 

Project: Soil and Groundwater Investigation 

......... 

............... ... 

! * 1 L Glass bottles, aluminium foil seals and plastic lids 

-Al l  measurements are corrected to ground level 



Groundwater Monitoring Report 

iners UsedlComments 
2 * 1 L Glass bottles, aluminium foil seals and plastic lids 

Client: Lend Lease Development 
Project: Soil and Groundwater Investigation 
Location: Comland, St Marys 

-Al l  measurements are corrected to ground level 
-Al l  stated Volumes are in Litres 

Job No.: I E13431F ........... 

................................... Well No.: -.-.. ' P5D . - ................... 
Depth (m): ; 8.55 

WELL FINISH 



Groundwater Monitoring Report 

Project: Soil and Groundwater Investigation 

Method: 
Date: 

'ID Reading: (ppm) 

Eomments: Bailed dry following removal of 3L 
VELL SAMPLING DETAILS 

:ontainers UsedlComments 
* 1 L Glass bottles, aluminium foil seals and plastic lids 

-All measurements are corrected to ground level 



Groundwater Monitoring Report 

Comments: 
WELL SAMPLING DETAILS 

Containers UsedlComments 
2 * 1 L Glass bottles, aluminium foil seals and plastic lids 



Groundwater Monitoring Repoti 

Client: Lend Lease Development Job No.: ; E13431F ...................................................................... ........... 

Project: Soil and Groundwater Investigation Well No.: ' P7S ~- ... 

Location: Comland, St Marys Depth (m): : 4.05 
WELL FINISH 

Zomments: 
NELL PURGE DETAILS 
Method: 1 I SWL - Before: I Piezometer 'drv' ...... - -. 

late: 

:omments: 
VELL SAMPLING DETAILS 

............................... - 

:ontainers UsedlComments 
lo sampling undertaken 

-All measurements are corrected to ground level 
-All stated Volumes are in Litres 



Groundwater Monitoring Repor t  

:omments: 
VELL SAMPLING DETAILS 

Client: Le rid Lease Development 
Project: Soil and Groundwater Investigation 
Location: Cornland, St Marys 

500mL HDPE Plastic bottles, acidified with HNO, 
ested Bv: I Remarks: 

Job No.: ! E13431F 
............ . 

Well No.: ' P7D 
..................... ............. 
Depth (m): ' 7.50 

-All measurements are corrected to ground level 
-All stated Volumes are in Litres 

WELL FINISH 
I Gatic Cover J[ Standpipe 

........................................................ ...................................... 

1 PVC Pipe 

ate: 

WELL PURGE DETAILS 

- SWL is an abbreviation for standing water level 



Groundwater Monitoring Report 

........................... 

1 2 * 1 L Glass bottles, aluminium foil seals and plastic lids 

-Al l  measurements are corrected to ground level 



Groundwater Monitoring Report 

WELL FINISH 
I Gatic Cover 4 Standpipe I PVC Pipe 

WELL DEVELOPMENT 

................................. 

...... 

Comments: 
WELL PURGE DETAILS 

PURGING MEASUREMENTS 
Volume Removed (L) [ Temp ("C) I PH EC (mSlcm) Eh (mV) 

I I I I 

late: I Undertaken 

IH I I I Wal 

do sampling 

~~~ . , .. _ ................. .- __ ........................ .......................... - ............................................. .- ................................................... 

-Al l  measurements are corrected to ground level 

I h  (mV) EC: (mSlcm) 
:ontainers UsedlComments 



Groundwater Monitoring Reporl 

Project: Soil and Groundwater Investigation 

( Gatic Cover 4 Standpipe I I PVC Pipe 
WELL DEVELOPMENT 

........ 
Date: Time - Before: 
Undertaken By: SWL -After: (m) 

Comments: 
WELL PURGE DETAILS 

PURGING MEASUREMENTS 

Comments: Purged dry at 8L, samples obtained from final bails 

WELL SAMPLING DETAILS 

............. 

:ontainers UsedlComments 
! * 1 L Glass bottles, aluminium foil seals and plastic lids 
?* 500mL HDPE Plastic bottles, acidified with HNO, 
rested By: i Remarks: ............... 

late Tested: i -All measurements are corrected to ground level ......................................... ...... 
)hecked By: i -All stated Volumes are in Litres 
late: - SWL is an abbreviation for standing water level 



Groundwater Monitor ing Report 

Client: Lend Lease Development Job No.: E13431F 
.. .. . 

Project: Soil and Groundwater investigation Well No.: I G4 
Location: Comland, St Marys Depth (m): : 8.70 
WELL FINISH 

I Gatic Cover 4 Standpipe I PVC Pipe 
WELL DEVELOPMENT 

Stage 1 Stage 1 Stage 2 
.............................. ......... ................................. . - 
Method: SWL - Before: (m) 

Vol. Water Removed: 

WELL PURGE DETAILS 
WL - Before: 1 1.60 

................................... ..- ................................................... 
r ~ i m e  - Before: h 3 0  I 

* 500mL HDPE Plastic bottles, acidified with HNO~ 

ested Bv: ! 1 Remarks: 
-All measurements are corrected to ground level 

- -All stated Volumes are in Litres 
.......................... 

- SWL is an abbreviation for standina water level 



Groundwater Monitoring Report 

comments: 
WELL SAMPLING DETAILS 

................................. 

Containers UsedlComments 
2 * 1 L Glass bottles, aluminium foil seals and plastic lids 

-Al l  measurements are corrected to ground level 



Groundwater Monitoring Report 

cli&t:  end Lease Development 
Project: Soil and Groundwater Investigation 
Location: Comland, St Marys 

-All stated Volumes are in Litres 

Job No.: 
: E13431F ............... 

Well No.: : G6D 
Depth (m): : 8.50 

.. - - - ........ WELL FINISH 

I Gatic Cover 
WELL DEVELOPMENT 

1 Staae 1 1 I Staae 1 I Staae 2 

4 Standpipe I PVC Pipe 



Groundwater Monitoring Report 

SWL - Before: (m) 

................. 

Client: L e n d  Lease Development 
Project: Soil and Groundwater Investigation 
Location: Cornland, St Marys 

. , .......................... 
Time - After: 1 "  

Job No.: ! E13431F 
.................................................... 

Well No.: . G6S 
.................................................................................... 
Depth (m): i 4.85 

W E L L  PURGE DETAILS 

............... 

.......... .- 

'URGING MEASUREMENTS 
Volume R e m o v e d  (L) / Temo PC) I DH I EC (mSlcm) Eh (mV) 

WELL FINISH 

Stage 2 
................................. 

/ Gatic C o v e r  

lo s a m p l i n g  undertaken as piezometer 'dry' 

-All measurements are corrected to ground level 
-All stated Volumes are in Litres 

NELL D E V E L O P M E N T  - 

....... 

....... 

....... 

....... 

- 

- 

..... 

...... 

..... 

- 
- 

- 

..... 

.... 

- 
- 

4 Standpipe I PVC Pipe 



SAMPLING DETAILS 

ROUND TWO 



Groundwater Monitoring Report 

Comments: I 

Client: Lend Lease Development 
Project: Soil and Groundwater Investigation 
Location: Cornland, St Marys 

Comments: final bailer used as sample 
WELL SAMPLING DETAILS 

Containers UsedlComrnents 
foil seals and plastic lids 

Remarks: 
- All measurements are corrected to ground level 
-All stated Volumes are in Litres 
- SWL is an abbreviation for standing water level 

Job No.: E13431F 
.......... ............................................................ 
Well No.: P IS  

.- 
Depth (rn): : 5.90 

WELL FINISH 
I Gatic Cover 

WELL DEVELOPMENT 
4 Standpipe I PVC Pipe 



Groundwater Monitoring Report 

Client: Lend Lease Development Job No.: . E13431F 
. . 

Project: Soil and Groundwater Investigation Well No.: I P I D  
. - .......... ........................... 

Location: Comland, St Marys Depth (m): 8.70 
WELL FINISH 

Comments: 
WELL SAMPLING DETAILS 

:ontainers UsedlComments 
1 * 1 L Glass bottles, aluminium foil seals and plastic lids 
!* 500mL HDPE Plastic bottles, acidified with HN03 

-All measurements are corrected to ground level 



Groundwater Monitoring Report 

............... ... 1-SWL - Before: 

Client: Lend Lease Development 
Project: Soil and Groundwater Investigation 
Location: Comland, St Marys 

Containers UsedlComments 

Job No.: E13431F ... 

............... Well No.: P2S .......... 
Depth (m): : 4.40 

2 * 1 L Glass bottles, aluminium foil seals and plastic lids 
ottles acidified with HNO 

-All measurements are corrected to ground level 
- All stated Volumes are in Litres 

WELL FINISH 
I Gatic Cover 

WELL DEVELOPMENT 

Vnl  Water Removed: 

4 Standpipe I PVC Pipe 



Groundwater Monitoring Report 

Time - Before: 

Comments: 
WELL SAMPLING DETAILS 

...... 

Containers UsedlComments 
foil seals and plastic lids 

Remarks: 
-Al l  measurements are corrected to ground level 
-Al l  stated Volumes are in Litres 
- SWL is an abbreviation for standino water level 



Groundwater Monitoring Report 

WELL FINISH I 

Client: Lend Lease Development 
Project: Soil and Groundwater Investigation 
Location: Comland. St Marvs 

Method: 

Job No.: E13431F .............................................................................................. 

Well No.: P3S ..... 

Depth (m): ' 4.13 

Date: I I Time - Before: 

Comments: 
WELL PURGE DETAILS 

... 

PURGING MEASUREMENTS 

I I I 

Comments: Piezometer purged dry at 6L, sample obtained from final bails 

WELL SAMPLING DETAILS 
Method: 
Date: 
Undertaken By: undertake sampling 

..r........-- ............. 

.................. 

Containers UsedlComments 

rested By: .......... .- .......... .............. I Remarks: 
late Tested: i -All measurements are corrected to ground level 

........ .......... 
:hecked By: ' 
.- .. .......... 
late: 

-All stated Volumes are in Litres 
- SWL is an abbreviation for standing water level 



Groundwater Monitoring Report 

I Client: Lend Lease Development I Job No.: E13431F 
........ .. 
n 

.................................. I Project: Soil and  roundw water Investigation l ~ e l l  NO.: ~3 - U 
........................................ 

Location: Comland, St Marys Depth (m): 8.58 
WELL FINISH 

I Gatic Cover 4 Standpipe I PVC Pipe 
WELL DEVELOPMENT 

.................... 

Val. Water Removed: 

Time - After: 

-All stated Volumes are in Litres 



Groundwater Monitoring Report 

1 2 * 1 L Glass bottles, aluminium foil seals and plastic lids 

-Al l  stated Volumes are in Litres 
- SWL is an abbreviation for standins water level 



Groundwater Monitoring Report 

Well No.: P4S 



.. - ...... 

................................ 

2 1 L Glass bottles, aluminium foil seals and plastic lids 

Tested By: i - .... 
Date Tested: i ... 
Checked By: ; 

b .............................. 
Date: I 

Remarks: 
-Al l  measurements are corrected to ground level 
-Al l  stated Volumes are in Litres 
- SWL is an abbreviation for standing water level 



Groundwater Monitor ing Repor t  

Client: Lend Lease Development Job No.: I E13431F 

Project: Soil and Groundwater Investigation ............. Well No.: ............... P5S 
Location: Comland, St Marys Depth (m): 5.70 
WELL FINISH 

I Gatic Cover 4 Standpipe I PVC Pipe 

WELL DEVELOPMENT 

Date: 

Comments: 
WELL PURGE DETAILS 
Method: Bailer SWL - Before: 1.95 ... __ ._ .......................... ......................... .. 

Date: 12/1/00 Time - Before: 2:40 ___ . ................................ ___ - __ ..... -- 
Undertaken By: . . .  _ __ - J R SWL - After: 4.93 ............... ._ -- ........ .......... . 
PID Reading: (ppm) _ ........... __ _ na Time - ... After: 2:51 .... . 
Total Vol Removed: 10 
PURGING MEASUREMENTS 

Undertaken By: 

Containers UsedlComments 
2 * 1 L Glass bottles, aluminium foil seals and plastic lids 

- Al measurements are corrected to ground level 
-Al l  stated Volumes are in Litres 



Groundwater  Monitoring Report  

Lease Development 
Project: Soil and Groundwater Investigation 

.. 

Comments: Water became extremely silty so sample taken at 28L 

WELL SAMPLING DETAILS 

Containers UsedlCornrnents 
2 * 1 L Glass bottles, aluminium foil seals and plastic lids 

-All stated Volumes are in Litres 



Groundwater Monitoring Report 

SWL - Before: (m) 

....... ........ 

Containers UsedlComments 
1 1 L Glass bottles, aluminium foil seals and plastic lids 
I* 500mL HDPE Plastic bottles, acidified with HN03 
Tested Bv. / Remarks. 

-All measurements are corrected to ground level 
-All stated Volumes are in Litres 



Groundwater Monitoring Report 

Comments: 
WELL SAMPLING DETAILS 

Containers UsedlComments 
2 * 1 L Glass bottles, aluminium foil seals and plastic lids 
2' 500mL HDPE Plastic bottles, acidified with HN03 



Groundwater Monitoring Report 

Comments: 

Client: Lend Lease Development 
Project: Soil and Groundwater Investigation 
Location: Comland, St Marys 

Job No.: i E13431F ..... 

Well No.: P7S 
Depth (m): i 4.05 

........ -- 
PIEZOMETER 

- ................................... 
'DRY' .- 

.-- 

-- ......... 

WELL FINISH 

- ............. 

WELL PURGE DETAILS 

PURGING MEASUREMENTS 

Comments: 
WELL SAMPLING DETAILS 

Date: .. ..... 
Undertaken By: 

,~ ~ ~ . , ................... ....................................... . ............................................. 

Eh (mV) EC: (mSlcm) 
Containers UsedlComments 
No sampling undertaken 

Eh (mV) Volume Removed (L) / Temp ("C) I PH 

-All measurements are corrected to ground level 
- All stated Volumes are in Litres 

I I I I 
EC (mSlcm) 



Groundwater Monitoring Report 

Client: Lend Lease Development 
.............. ... 

Date: Time - Before: 

PURGING MEASUREMENTS 

Eomments: 
VELL SAMPLING DETAILS 

.- .. 

... 

.... 

..... 

- 

flethod: 
... 

..................... 

. . .......................................................... ........... ....... 

:h (mV) 144.3 EC: (mSlcm) 
:ontainers UsedlComments 

............................. 
- All measurements are corrected to ground level 
-A l l  stated Volumes are in Litres 
- SWL is an abbreviation for standina water level 



Groundwater Monitoring Report  

Comments: 
WELL PURGE DETAILS 
Method: bailer SWL - Before: 3.58 ............ 

Date: 17/1/00 Time - Before: 3:lO ............................................ .............................................. 

Undertaken . By: JRlCT SWL -After: 5.60 ..... ... 

PID Reading: (ppm) ... .- .. na Time -After: 3:20 
Total Vol Removed: 6 
PURGING MEASUREMENTS 
Volume Removed (L) Temp ("C) PH EC (mSlcm) Eh (mV) ................................... ............................................................................................... 

2 20.8 6.86 19.49 150.6 ......................................... ................................ ........................ ..... 
4 20.6 7.06 11.35 146.1 

Somments: Bailed dry, sample obtained from final bails 

NELL SAMPLING DETAILS 
Wethod: Bailer - .................................. ...-...... 

late: 1711 100 SWL - Before: ......................................................................... ................................................ 

Jndertaken By: JRlCT Time- Before 3:20 .......... 
3H 7.02 Water Temperature ( O C )  20.7 

......................................................................................................................... ...................................... ....................................... 

t h  (mV) 151.3 EC: (mSlcm) 19.18 
:ontainers UsedlComments 
! * 1 L Glass bottles, aluminium foil seals and plastic lids 
!* 500rnL HDPE Plastic bottles, acidified with HN03 

....................... 
-All measurements are corrected to ground level 

d Volumes are in Litres 

Client: Lend Lease Development 
Project: Soil and Groundwater Investigation 
Location: Cornland, St Marys 

Job No.: i E13431F 
........................................................................ .. 

Well No.: ................................................. : G I  . 

Depth (m): 6.30 

WELL FINISH 
( Gatic Cover 4 Standpipe ( PVC Pipe 

WELL DEVELOPMENT 
I Staae 1 1 / Staae 1 I Staae 2 .... 

-. 

..- 
..... 

- 

- 
- 

.-. 
... 

.... 

.... 



Groundwater Monitoring Report  

Method: SWL - Before: (m) 
Date: . Time - Before: 
Undertaken By: SWI - After: lmb 
...... - 
Vol. Water Removed: ( / Ttme - After: 
Comments: 
WELL PURGE DETAILS 
Method: Bailer SWL - Before: 5.13 

. .. -. .... 
Date: 13/1/00 Time - Before: 1:37 

.................. ........................................................ 
Undertaken By: JRICT SWL - After: dry (5.65) 
. ... .............. 
PID Reading: (ppm) na Time -After: 1 :45 

................... .. ..... 
Total Vol Removed: 1.5 
PURGING MEASUREMENTS 
Volume Removed (L) 1 T e m ~  ("C) I pH EC (mSlcm) Eh (mV) . . . .  , , ~ ~ 

No ~ura ina undertaken due to insufficient volume of water 1 

NELL SAMPLING DETAILS 
Vlethod: 

Zontainers UsedIComments 
* 1 L Glass bottle with foil seal 

-ested By: : Remarks: 
......................................... 

)ate Tested: -Al l  measurements are corrected to ground level .. .............. 
:hecked By: -Al l  stated Volumes are in Litres 
................................... . 
)ate: - SWL is an abbreviation for standina water level 



Groundwater Monitoring Repor t  

Client: Lend Lease Development Job No.: : E13431F .......... 

Project: Soil and Groundwater Investigation Well No.: : G3 
Location: Comland. St Marys Depth (m): i 8.20 
WELL FINISH 

I Gatic Cover 4 Standpipe I PVC Pipe 
WELL DEVELOPMENT 

Method: 

Undertaken By: SWL - After: (m) 

Comments: 
WELL PURGE DETAILS 

Date: Time - Before: 

Total Vol Removed: 
?URGING MEASUREMENTS 

:omments: Purged dry at 8L, samples obtained from final bails 
NELL SAMPLING DETAILS 
method: 

Zontainers UsedlComments 
! * 1 L Glass bottles, aluminium foil seals and plastic lids 

. 
final bails 

...................................................... 
2:04 

. 
19.4 

I* 500mL HDPE Plastic bottles, acidified with HNOj 
-ested Bv: / Remarks: ....... ........................................ 
)ate Tested: 

........................................................ I -All measurements are corrected to ground level 
:hecked Bv: i -Al l  stated Volumes are in Litres 

.......................................... 
)ate: - SWL is an abbreviation for standing water level 



Groundwater Monitoring Report 

WELL FINISH 
I Gatic Cover I J I  Standpipe I PVC Pipe 

WELL DEVELOPMENT 

Comments: 
WELL PURGE DETAILS 

! * 1 L Glass bottles, aluminium foil seals and plastic lids 
!* 500mL HDPE Plastic bottles, acidified with HNOJ 

1.43 ........ ..................... 
4 9 0  

rested By: ..................... 
late Tested: 

: ...................................... 
:hecked By: : ........................................ ............. 
late: 

SWL - Before: 
........ 

Time - Before: 
Method: Bailer ........................................................ 

Remarks: 
-All measurements are corrected to ground level 
-All stated Volumes are in Litres 
- SWL is an abbreviation for standing water level 

Date: _ _  _ --- 
Undertaken By: 

f 2/1/00 
JRlCT SWL - After: 5.60 __ .... _._ .. 

PURGING MEASUREMENTS 

2omments: 

.................. 

:ontainers UsedlComments 

Time - After: ............. _ PID Reading: .......... (ppm) __ - 
Total Vol Removed: 

4:38 _.-. na ... _ 
40 



Groundwater Monitoring Report 

.......................... 

2 * I L Glass bottles, aluminium foil seals and plastic lids 

Client: Lend Lease Development 
Project: Soil and Groundwater Investigation 
Location: Cornland. St Marys 

surements are corrected to ground level 

Job No.: : E13431F ........ ......... ............ 
Well No.: G4 ............ + ........... 
Depth (m): 8.70 

WELL FINISH 
I Gatic Cover I J I  Standpipe 1 PVC Pipe 

WELL DEVELOPMENT 

Comments: 
WELL PURGE DETAILS 



Groundwater Monitoring Report  - 
Client: Lend Lease Development Job No.: I E13431F 

........................ 
Project: Soil and Groundwater Investigation - Well No.: ' G5 
Location: Comland, St Marys Depth (m): 8.10 
WELL FINISH 

I Gatic Cover 4 Standpipe I PVC Pipe 
WELL DEVELOPMENT 

Method: 
.- ............. 
Date: 
Undertaken By: 
Vol. Water Removed: 

Time - Before: 
................................. 

SWL - After: (m) 
Time - After: 

I Comments: 

Time - Before: 

....... 

1 2 * 1 L Glass bottles, aluminium foil seals and plastic lids 
2* 250rnL HDPE Plastic bottles, acidified with HNO~ 

Tested Bv: I / Remarks: 
-All measurements are corrected to ground level 
-All stated Volumes are in Litres 
- SWL is an abbreviation for standincl water level 



Groundwater Monitoring Report 

comments: 
WELL SAMPLING DETAILS 

.................... - 

Containers UsedlComments 
Vo sampling undertaken as piezometer 'dry' 

...................... 
- All measurements are corrected to ground level 
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