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1.0 INTRODUCTION

Environmental & Earth Sciences Pty Ltd was requested by Adrian Smith on behalf of the
Le Clos Redevelopment Committee to undertake an Agricultural Suitability Assessment of the
Le Clos Verdun Estate, Sancrox, New South Wales.

The assessment was undertaken to assess if the site comprised “prime agricultural land”. The

following definitions for prime agricultural land were used:

“ land which occurs where the agronomic factors (e.g. soils and management) and
environmental factors (e.g. climate, water quality and availability) combine so that the value
to society from agriculture is greater than the value from alternative uses of the land.”

(Department of Agriculture Western Australia 2001)

“the land best suited to food, feed, forage, fiber, and oilseed crops. Prime farmland produces
the highest yields with minimal inputs of energy and economic resources, and farming it
results in the least damage to the environment” (The United States Department of

Agriculture)

The project was undertaken as a land capability assessment and the land within the Verdun
Estate was assessed for it’s suitability for the following agricultural enterprises, which have
been undertaken onsite or within the surrounding region, these include:

— Viticulture;

— General grazing land;

— Intense grazing land; and

— General horticulture.

Information for the capability assessment was gained by reviewing historical, geological,
hydrogeological, soil and topographical information and a geotechnical investigation report.
Further, limited laboratory analysis for selected chemical attributes was undertaken on soil
samples collected in the geotechnical investigation. Data was compiled and landunits of

specific soil physical and chemical attributes were derived.
These derived landunits were compared to the requirements of the abovementioned
agricultural enterprises, and suitability ratings were provided for each landunit and the chosen

agricultural enterprises.

N:\Rep2004\104029.doc 1
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This project was undertaken by reviewing secondary sources of information and although
professional judgement was used to extrapolate between inspected areas, even under ideal
circumstances actual conditions may vary from those inferred to exist. This land capability

assessment must be viewed in conjunction with the limitations of such a project.

Environmental & Earth Sciences Pty Ltd is not responsible any decisions which are made

from the findings of this project.

The investigation has been conducted as per Environmental & Earth Sciences’ proposal
PO104024 dated 17 February 2004 and confirmation to conduct the work received by fax
from Adrian Smith on 29 February 2004.

This report has been produced for, and is the property of Le Clos Redevelopment Committee.

No other party can rely on this report.

N:\Rep2004\104029.doc 2
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2.0 OBJECTIVES

The objectives of this investigation were:

— to qualitatively assess the suitability of the Le Clos Verdun Estate (the site) for a range of
general agricultural enterprises, taking into consideration the physical, chemical and

social limitations of the site; and

— assess if the Le Clos Verdun Estate comprises “prime agricultural land”.

This objective was achieved by:

— reviewing historical information;

— conducting a desktop geological, hydrogeological, soil and topography study;
— assessing site soils for their physical and chemical attributes;

— compiling all data into a local geographic information system (GIS);

— deriving landunits of varying characteristics; and

— assessing the suitability of these landunits by comparing the requirements of grape vines

and other agricultural enterprises to the attributes of the landunits.

The work undertaken to achieve the above objectives is presented in the following sections.

N:\Rep2004\104029.doc 3
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3.0 SITE CHARACTERISTICS

3.1 Location and property description

The site is located nine kilometres west of Port Macquarie and is situated off (north) of
Sancrox Road, Sancrox, New South Wales (Figure 1). The site covers a total area of
approximately 186 ha and is zoned as Rural land within the local government area of
Hastings. The site comprises a total of 171 separate lots (Figure 2) which are used for

viticulture and residential purposes.

The site is bound by the Hastings River to the north and north west, Haydons Creek to the

north east, Sancrox Road to the south and south east and Riverbend Road to the west.

3.2 Climate

Climatic data was obtained from the Bureau of Meteorology NSW.

Annual rainfall: 1289.3 mm

Annual evaporation: 1427.2 mm

Rainfall is at a maximum between January and April with each month averaging 184 to145
mm/month, while July through to October are the driest with each month receiving about 43
to 96 mm/month (Reference 5). Rainfall is most reliable during spring and summer and most
variable during late autumn and winter. Rainfall events during the summer months consists of
high intensity storm events which have the potential for erosion, especially in sloping and low

ground cover environments.

January and February are the warmest months and July is the coldest. Mean daily maximum

temperatures in summer are around 27 °C while in winter 19 °C.
3.3 Site history

The site history has been gained by citing a letter provided by Jim Wade written on 24 January
2004 to Adrian Smith from Le Clos Redevelopment Committee.

N:\Rep2004\104029.doc 4
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The site was developed as a viticultural share farm in 1987 by G. Cassegrain & Company Pty
Ltd. The development scheme was to provide a number of separate landowners with two
parcels of land under a single title. One of the parcels was designated for a residential
dwelling while the other parcel was designated for vineyards (~1.2 hectares). The parcels not
necessarily adjacent to each other. The scheme was sold on the understanding that the
vineyards would produce 15 tonnes/hectare in year five of the viticultural operation and were
sold to about130 landowners. The viticulture management was undertaken by G. Cassegrain
& Company Pty Ltd and land owners were required to pay a maintenance charge per annum
for this service. When the lots were sold by G. Cassegrain & Company Pty Ltd, the company

claimed to retain by way of an 88B instrument on the title, the right to farm the land in

perpetuity.

During the first five years of operation, the goal of 15 tonnes/hectare was never met and
investors did not receive any returns on their investments. Figure 3 shows the yields achieved
and the losses incurred over the period between 1994 to 1999. This lead to over 25% of the
land owners refusing to pay the maintenance fee placing significant pressure on the
maintenance company G. Cassegrain & Company Pty Ltd. This lead to the cessation of
viticultural management in 2000 by Cassegrain Wines, whom decided that the majority of the

vineyards were not economic.

As a consequence, individual landowners were essentially left with small parcels of scattered
rural land which was not providing any returns and could not be used due to the 88B
Instrument on the title, which gave G. Cassegrain & Company Pty Ltd the right to farm the
land in perpetuity. This right was challenged in court and was found to be invalid in
December 2002.

Currently, the vineyards have not been administered are in a dilapidated state, with many of

the vines having died or been removed.

3.4 Regional geology, topography and soil

34.1 Geology

The local geology has been described in the Hastings 1:250 000 Geological Series Sheet SH
56.14 (Reference 11) as mostly comprising the Carboniferous aged (292 to 354 million years
of age) Byabarra Beds geological group with minor Quaternary aged (>1.81 million years of

age) sediments. The Byabarra Beds geological group comprises lithic sandstone, siltstone,

tuff, shale and limestone. The Quaternary aged sediments are found to overly the Byabarra

N:\Rep2004\104029.doc 7
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Beds geological group in low relief areas and drainage channels and comprise alluvially

deposited sand, silt, mud and gravel.

3.4.2 Topography

The topography of the area is described in References 2 and 13 as comprising undulating rises
with broad crests, to low relief foot slopes and flood prone areas. Slopes range from 3 to 10%
and local relief varies from less than five metres Australian Height Datum (AHD) to 30

metres AHD. The site is draped over a saddle and slopes in a north-easterly direction towards

the Hastings River. Figure 4 represents the topography of the site.

3.4.3 Soils

The soils observed in the investigation area are related to the geology and topography of the
area and are described in the Soil landscapes of the Kempsey-Korongo Point 1:100 000 sheet
(Reference 2).

The site encompasses four separate soil landscapes including the:
— The residual Kundabung Soil Landscape;

— The transferral Cairncross Soil Landscape;

— The estuarine Blackmans Point Soil Landscape;

— The alluvial Austral Eden Soil Landscape; and the

— The alluvial Long Flat Soil Landscape.

A soil landscape is an area of land that has recognisable and specifiable topographies and
soils. The distribution of these soil landscapes in the vicinity of the site is presented in
Figures 5 & 6. Descriptions of the expected soils contained within these landscapes are as

follows:

Kundabung Soil Landscape

Shallow to deep (<100 to >300 cm), poorly drained hardsetting Soloths and Grey-brown,
Yellow and Red Podzolic Soils on ridges and hill slopes with Gleyed Podzolic Soils with
Humic Gleys in drainage depressions. The limitations of these soils include seasonal water
logging; water erosion hazard; foundation hazards; run-on (localised); shallow soils
(localised); hardsetting, erodable, sodic, acidic soils with low wet bearing strength, low

permeability and high potential aluminium toxicity.

N:\Rep2004\104029.doc 9
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Cairncross Soil Landscape

Moderate to deep (200 - >300 cm), poorly drained Humic Gleys, Soloths and yellow podsolic
soils located on gently inclined, broad, open drainage depressions and footslopes of low relief.
The limitations of this soil landscape include flooding hazard (localised); water logging; run-
on; foundation hazards; low wet bearing strength; sodicity; high erodibility; very low
permeability; strong acidity; high aluminium toxicity; low fertility; and moderate available

water holding capacity.

Blackmans Point Soil Landscape

Deep (>300 cm) very poorly drained, saturated Solonchaks and Calcareous sands located
within tidal flats and creeks in coastal inlets and estuaries. The limitations of this soil
landscape include flooding hazard; water logging; low wet bearing strength; organic soils;

acid sulfate soils; very strong sodicity; very strong salinity; and high erodibility.

Austral Eden Soil Landscape

Deep (>300 cm), well drained uniform loams forming alluvial soils and Chernozems with
some gradational Yellow Earths. The limitations of this soil landscape includes flooding
hazard; wind erosion hazard (localised); non cohesive soils; high plasticity; low wet bearing

strength; high erodibility; and high permeability.

Long Flat Soil Landscape

Deep well drained Alluvial Soils ranging from uniform sands and loams to gradational
profiles. The limitations of this soil landscape includes flooding hazard; stream bank erosion;

and low wet bearing strength soil.

3.4.4 Additional soil information

A geotechnical investigation was undertaken in December 2003 (Reference 4) assessed the
soil at 31 locations across the site using a backhoe and drill rig. Although the soils were
described in geotechnical terms they were relatively consistent with those described in Section
3.4.2. The sample locations used in this investigation are presented on Figure 7. Laboratory
analysis was undertaken on samples of top and subsoil from testpit locations TP3, TP6, TP11,

TP13, TP19 and TP24. Laboratory analysis comprised cation exchange capacity (CEC),

N:\Rep2004\104029.doc 13
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native phosphorus, phosphorous sorption capacity, electrical conductivity (EC), pH, texture
classification and bulk density. These results are compiled in Appendix C. The geotechnical

soil bore/testpit logs are presented in Appendix A.

As the descriptions provided in the geotechnical borelogs were not suitable for this land
capability study, supplementary information on the soil stratigraphy was gained from the Soil
Profile Attribute Data Environment (SPADE) website (Reference 6). Soil profile information
directly related to the site area was gained from viewing the soil profile reports (Soil

Essentials Reports) from the Sancrox area.

According to the Department of Land & Water Conservation (DLWC) Wauchope/Port
Macquarie acid sulfate soil risk map (Reference 7), there is a high potential for the occurrence
of acid sulfate soil (ASS) at the site. The areas of potential ASS are associated with the
Blackmans Point, Long Flat and Austral Eden Soil Landscapes.

3.5 Laboratory analysis

As soil samples from only six of the 31 geotechnical sampling locations had laboratory
analysis conducted on them, additional laboratory analysis was required to further chemically
characterise the site soils. Samples from Reference 4 were obtained from Chandler
Geotechnical Pty Ltd. Samples of both top and subsoil were received from all locationsand
were analysed for pH (1:5 soil water) and EC (1:5 soil:water). Additionally, similar samples
of top and subsoil were composited into 10 composited samples (Table 1) and were analysed
for CEC (including exchangeable Ca, Na, Mg, K & Al), pH (1:5 soil:water), pH

(1:5 soil:CaCl,), trace elements (DTPA extractable Cu, Zn, Mn, Fe), Nitrate (NO3'), Sulfate
(SO42') and Phosphorous (Cowell method).

Samples that were composited were done so on the following basis:
— similar stratigraphy i.e. topsoil or subsoil;

— similar texture;

— similar location; and

— similar soil landscape.

The results of the composited analysis were attributed to each individual sample from that
composited group. The results of the composited laboratory analysis are presented in
Appendix C. The general chemical characteristics of the site soil are presented in the

following section.

N:\Rep2004\104029.doc 14
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3.5.1 Root readily available water (RAW)

The root readily available water (RAW) was estimated by reviewing the soil tespit borelogs
and the relevant soil textures. The depth of the estimated root zone (ERZ) of the grape vines
was based on texture and pedality (structure) of the soil profile. Essentially ERZ was
predicted by noting the depth to a restrictive layer in the soil profile. This depth was

calculated as:
— amaximum of 1.0 metres if the soil stratigraphy permitted; or
— to the depth of the low permeable, hard consistence clay/bedrock; or

— into the top 0.2 metres of the subsoil.

As no water characteristics could be tested for in the soil samples, the total available water
(TAW) (mm/m) for the expected soil textures was estimated from Reference 9 and 8. These

values are presented in Appendix E.

The root RAW was then calculated by multiplying the TAW for each texture layer by a
depletion factor of 50% (as essentially only 50% of the TAW is available to the plants)and
then multiplying this value for each texture layer within the ERZ by the depth of each of the
soil textures. For simplification purposes the top and subsoil was considered the same
texture. These calculations are presented in Appendix E and the summary of the results for

the entire site is presented in Table 2.

All soil chemical data was compiled and is presented in Appendix C. The descriptive

statistics of the site soil fertility are presented in Table 2.

N:\Rep2004\104029.doc 15
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4.0 LAND SUITABIITY ASSESSMENT

The land suitability assessment has been loosely based on “A Framework for Land
Evaluation” - FAO and Agriculture Organization of the United Nations (1976)
(Reference 10).

This principle of land evaluation embodies recognition of the fact that different kinds of land
use have different requirements. The concept of land suitability is only meaningful in terms
of specific kinds of land use, each with their own requirements, e.g. for soil moisture, rooting
depth etc. The qualities of each type of land are compared with the requirements of the
specific use. Thus the land itself and the land use are equally fundamental to land suitability
evaluation. Although land evaluation is made in terms relevant to the physical, economic and
social context of the area concerned, this report only deals with the physical resources and the

relation with agricultural enterprise requirements.

4.1 Landunits

Taking into account the inherent variability of the site, a number of landunits have been
derived. Each of these landunits has a specific range of topographical, soil physical and
chemical characteristics. The definition of these landunits was derived by reviewing existing
desktop physical resource information and compiling it into a geographic information system
(GIS). These landunit were principally derived from the existing soil landscapes (Reference
3) as these soil landscapes are based on the types of soil and their topographic location. In
addition, mean clustering (Ward’s method) of relative levels (RLs) metres AHD, the soil pH
and EC were also used to derive the various landunits. Samples collected from a former
geotechnical investigation (Reference 4) were obtained and analysed to provide specific
information of the chemical and physical properties of the soil of these locations. The data
obtained from these sample locations was attributed to each of the derived landunits. Figure 7

shows the sample locations from the geotechnical investigation.
A total of six landunit were derived for the site and are presented in Figure 8 and 9. The

characteristics of the landunits are provided in the following sections. These have been

interpreted using References 12 and 14.
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4.1.1 Landunit 1

Landunit 1 is based on the Kundabung Soil Landscape and is situated along the top of the
ridges and the top of the hill slopes with an average RL of 11.27 metres AHD. Landunit 1

covers an area of 63.16 hectares.

Soils in this landunit include shallow to deep (<100 to >300 cm), poorly drained hardsetting
Soloths and Grey-brown, Yellow and Red Podzolic Soils on ridges and hill. For Landunit 1,
the average estimated root zone (ERZ) depth is 0.45 metres and the average root readily
available water (RAW) is 36.25 mm. The soil physical characteristics of Landunit 1 are
presented in Table 3.

TABLE 3

SOIL PHYSICAL ATTRIBUTES OF LANDUNIT 1

RL ERZ RAW Topsoil Subsoil Interpreted  Erodibility
Units metres metres mm Texture Texture Permeability
Mean 11.27 0.45 36.25 Silty Clay Loam  Medium Clay Low Low

The chemical characteristics from top and subsoil in Landunit 1 are presented in Table 4.
These results highlight that the topsoil has a low fertility (CEC <12 cmol/kg) and subsoils are
moderately fertile (CEC 12-25 cmolc/kg). In general, levels of soil phosphorous are
considered moderate in the top soil and deficient in the subsoil. Levels of nitrate are generally

considered low.

Both top and subsoil are strongly acidic and have excessive percentages of exchangeable
aluminium. Both top and subsoil are considered non-saline (ECe <2 ds/m) and are not
considered to be sodic (ESP% <6%), although sub soil at sampling location BH5 was found to

be sodic. Overall the soil erodibilty at this land unit is low.

The Ca:Mg ratios indicate that Ca levels in the top soil are low in the top soil and deficient in

the subsoil. Ca:Mg ratios of <2 are also thought to favour clay dispersion.
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TABLE 4

SOIL CHEMICAL ATTRIBUTES OF LANDUNIT 1

Topsoil

pH pH EC Phosphorus  NO; Na
Units soil:water soil: CaCl, us/m mg/kg mg/kg cmol /kg
Mean 5.53 4.49 121.25 12.17 10.33 0.41

K Ca Mg Al CEC ESP
Units cmol /kg cmol /kg cmol /kg cmol /kg cmol /kg %0
Mean 0.19 7.90 2.21 2.21 11.03 4.25

Cu Zn Mn Fe ECe Ca:Mg
Units mg/kg mg/kg mg/kg mg/kg ds/m Ratio
Mean 1.52 0.61 5.01 164.17 0.55 4.25
Subsoil

pH pH EC Phosphorus  NO; Na
Units soil:water soil: CaCl, us/m mg/kg mg/kg cmol /kg
Mean 5.10 3.75 85.00 <5.0 0.75 0.73

K Ca Mg Al CEC ESP
Units cmol /kg cmol /kg cmol /kg cmol /kg cmol /kg %
Mean 0.12 1.11 3.27 3.27 12.32 5.84

Cu Zn Mn Fe ECe Ca:Mg
Units mg/kg mg/kg mg/kg mg/kg ds/m Ratio
Mean 0.02 0.12 0.59 26.91 0.60 0.36

4.1.2 Landunit 2

Landunit 2 is also based on the Kundabung Soil Landscape and is situated on the lower gentle

hill slopes and foot slopes with an average RL of 5.24 metres AHD. Landunit 2 covers an

area of 50.49 hectares.

Soils in this landunit include shallow to deep (<100 to >300 cm), poorly drained hardsetting

Gleyed Podzolic Soils with Humic Gleys in drainage depressions. For Landunit 2, the average

estimated root zone (ERZ) depth is 0.67 metres and the average root readily available water

(RAW) is 52.65 mm. The soil physical characteristics of Landunit 2 are presented in Table 5.

The chemical characteristics from top and subsoil in Landunit 2 are presented Table 6.
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TABLE 5

SOIL PHYSICAL ATTRIBUTES OF LANDUNIT 2

RL ERZ RAW Topsoil Subsoil Interpreted  Erodibility
Units metres metres mm Texture Texture Permeability
Mean 5.24 0.67 52.56 Silty Clay Loam  Medium Clay Extre. Low High

These results highlight that the top and subsoil of this landunit have a low fertility (CEC <12
cmol/kg). Levels of soil phosphorous are considered low in the top soil and deficient in the

subsoil. Levels of nitrate are generally considered low.

TABLE 6

AVERAGE SOIL CHEMICAL ATTRIBUTES OF LANDUNIT 2

Topsoil

pH pH EC Phosphorus  NO; Na
Units soil:water soil: CaCl, us/m mg/kg mg/kg cmol /kg
Mean 5.81 4.54 64.00 11.73 8.50 0.60

K Ca Mg Al CEC ESP
Units cmol /kg cmol /kg cmol /kg cmol/kg cmol /kg %
Mean 0.21 5.95 1.94 1.94 9.49 6.04

Cu Zn Mn Fe ECe Ca:Mg
Units mg/kg mg/kg mg/kg mg/kg ds/m Ratio
Mean 1.23 0.74 431 199.64 1.10 6.04
Subsoil

pH pH EC Phosphorus  NO; Na
Units soil:water soil: CaCl, us/m mg/kg mg/kg cmol /kg
Mean 5.27 3.37 126.82 <5.0 2.15 0.85

K Ca Mg Al CEC ESP
Units cmol /kg cmol /kg cmol /kg cmol /kg cmol /kg %0
Mean 0.11 1.09 2.19 2.19 8.23 8.49

Cu Zn Mn Fe ECe Ca:Mg
Units mg/kg mg/kg mg/kg mg/kg ds/m Ratio
Mean 0.06 0.20 2.53 32.45 0.87 0.43
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Both top and subsoil are highly acidic and have high levels of exchangeable aluminium. Both
top and subsoil are considered non-saline (ECe <2 ds/m) and are considered to be sodic
(ESP% >6%). The sodicity can cause dispersion under saturated conditions which leads to a
low wet bearing strength and severe erosion. The Ca:Mg ratios indicate that Ca and Mg levels

in the top soil are balanced, but are deficient in the subsoil.
4.1.3 Landunit 3

Landunit 3 is based on the Cairncross Soil Landscape and is situated on the foot slopes
towards drainage depressions and has an average RL of 4.41 metres AHD. Landunit 3 covers

an area of 39.52 hectares.

Soils on Landunit 3 comprise moderate to deep (200 - >300 cm), poorly drained Humic Gleys,
Soloths and yellow podsolic soils located on gently inclined, broad, open drainage depressions
and footslopes of low relief. For Landunit 3, the average estimated root zone (ERZ) depth is
0.57 metres and the average root readily available water (RAW) is 45.42 mm. The soil

physical characteristics of Landunit 3 are presented in Table 7

TABLE 7

SOIL PHYSICAL ATTRIBUTES OF LANDUNIT 3

RL ERZ RAW Topsoil Subsoil Interpreted  Erodibility
Units metres metres mm Texture Texture Permeability
Mean 4.41 0.57 45.42 Silty Clay Loam  Medium Clay Extre. Low Extre. High

The chemical characteristics from top and subsoil in Landunit 3 are presented in Table 8.
These results highlight that the top and subsoil of this landunit have a low fertility (CEC <12
cmol/kg). Levels of soil phosphorous are considered low in the top soil and deficient in the

subsoil. Levels of nitrate are generally considered low.

Both top and subsoil are highly acidic and have high levels of exchangeable aluminium
(higher than the other landunits). Both top and subsoil are considered non-saline (ECe <2
ds/m). However, sample location TP2 was found to have a high EC. (>4 ds/m) which
indicates high salinity levels at this location, which most likely extend along the creek area.
Top and subsoil are considered to be highly sodic (ESP% >6%). The sodicity may cause

dispersion under saturated conditions which leads to a low wet bearing strength and severe
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erosion. The Ca:Mg ratios indicate that Ca and Mg levels in the top soil are balanced, but are
deficient in the subsoil.

TABLE 8

AVERAGE SOIL CHEMICAL ATTRIBUTES OF LANDUNIT 3

Topsoil

pH pH EC Phosphorus  NO; Na
Units soil:water soil: CaCl, us/m mg/kg mg/kg cmol /kg
Mean 5.56 4.67 64.29 <5.0 743 0.69

K Ca Mg Al CEC ESP
Units cmol /kg cmol /kg cmol /kg cmol /kg cmol /kg %
Mean 0.10 3.16 2.07 2.07 6.86 10.91

Cu Zn Mn Fe ECe Ca:Mg
Units mg/kg mg/kg mg/kg mg/kg ds/m Ratio
Mean 0.18 0.49 3.50 310.00 1.22 10.91
Subsoil

pH pH EC Phosphorus  NO; Na
Units soil:water soil: CaCl, us/m mg/kg mg/kg cmol /kg
Mean 5.39 4.43 210.00 <0.5 0.47 1.28

K Ca Mg Al CEC ESP
Units cmol /kg cmol /kg cmol /kg cmol /kg cmol /kg %0
Mean 0.10 3.49 3.94 3.94 11.84 11.07

Cu Zn Mn Fe ECe Ca:Mg
Units mg/kg mg/kg mg/kg mg/kg ds/m Ratio
Mean 0.02 0.12 0.90 23.14 1.24 0.79

4.1.4 Landunit4

Landunit 4 is based on the Blackmans Point Soil Landscape, is situated along deep drainage
and creek lines and has an average RL of 0.96 metres AHD. Landunit 4 covers an area of
15.01 hectares.

Soils of Landunit 4 include deep (>300 cm) very poorly drained, saturated Solonchaks and
Calcareous sands located within tidal flats and creeks in coastal inlets and estuaries. No soil
test pits were undertaken on this landunit. However, the limitations include flooding hazard;
water logging; low wet bearing strength; organic soils; acid sulfate soils; very strongly sodic;
very strongly saline; high erodibility. Table 9 highlights the attributes of the soil of this

landunit.
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TABLE 9

ATTRIBUTES OF LANDUNIT 4

RL Interpreted  Erodibility Flood hazard  ASS Hazard Salinity Hazard
Units  metres Permeability
Mean 0.96 Exte. Low Extre. High High High High

4.1.5 Landunit5

Landunit 5 is based on the Long Flat Soil Landscape and is situated along the broad open flats
below the foot slopes with an average RL of 1.19 metres AHD. This landunit covers an area
of 11.53 hectares.

Soils of Landunit 5 include deep well drained alluvial soils ranging from uniform sands and
loams to gradational profiles. The limitations of this soil landscape include, flooding hazard;
stream bank erosion; low wet bearing strength soil. The physical attributes of Landunit 5

(both inferred and measured) are presented in Table 10.

TABLE 10

SOIL PHYSICAL ATTRIBUTES OF LANDUNIT 5

RL Topsoil Subsoil Interpreted  Erodibility Flood hazard ASS
Units metres Texture Texture Permeability
Mean 1.19 Silty Loam  Alluvial sand  High Moderate High High

Only sampling location TP10 was established within this landunit and the testpit log describes
the soil as residual soil, which is not consistent with alluvial profiles expected in this landunit.
This testpit is considered to be located on the boundary between the Long Flat and Kundabung
soil landscapes. Data from this location is considered representative of the top soil in

Landunit 5. As such, limited soil chemical data is available for this landunit (Table 11).
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TABLE 11

SOIL CHEMICAL ATTRIBUTES OF LANDUNIT 5

Topsoil

RL pH pH EC ECe
Units metres soil:water soil: CaCl, us/m ds/m
Mean 1.19 5.00 4.50 520.00 0.71

4.1.6 Landunit 6

Landunit 6 is based on the Austral Eden Soil Landscape which is situated along the steep
riverbank of the Hastings River. It has an area of 8.39 hectares and has an average RL of 2.84
metres AHD.

Soils within this landunit comprise deep (>300 cm), well drained uniform loams forming

alluvial soils and Chernozems with some gradational Yellow Earths.

The limitations of this soil landscape includes flooding hazard; wind erosion hazard
(localised); non cohesive soils; high plasticity; low wet bearing strength; high erodibility; high
permeability. The attributes of Landunit 6 are presented in Table 12. No chemical data was

available for Landunit 6.

TABLE 12

ATTRIBUTES OF LANDUNIT 6

RL Topsoil Subsoil Interpreted  Erodibility Flood hazard ASS
Units metres Texture Texture Permeability
Mean 2.84 Silty Loam  Alluvial sand  High High High High

4.2 Land suitability structure

In order to assess the suitability of the landunits for various agricultural enterprises, the
attributes of the landunits were compared to the requirements of these enterprises. The land

suitability rating structure described in Table 13 was used.
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TABLE 13

LAND SUITABILITY STRUCTURE

Rating ID  Suitability Description

N Not suitable Land having limitations so severe as to preclude any possibilities of
successful sustained use of the land in the given manner

MS Marginally suitable ~ Having limitations which in aggregate are moderately severe for sustained
application of a given use; the limitations will reduce productivity or
benefits and increase required inputs to the extent that the overall
advantage to be gained from the use. This land requires certain
management in order to be suitable for an intended purpose

S Suitable Land having no significant limitations to sustained application of a given
use, or only minor limitations that will not significantly reduce productivity
or benefits and will not raise inputs above an acceptable level.

I Ideal Land having no limitations to a given application - optimal conditions

4.3 Soil physical & chemical characteristics for agricultural enterprises

4.3.1 Viticultural requirements

In order for wine grapes to grow at an optimum quantity and quality, soil physical and
chemical attributes need to be within certain ranges. Currently in Australia it is the grape

quality not quantity which has become the primary aim for viticulturalist.

Most limiting to wine grapes is the soil structural quality, texture and strength, which
influences root development and soil moisture status. Wine grapes do not cope with water

logged conditions, and their development is severely impeded by such conditions.

Essentially wine grapes require a rootzone of approximately 0.6 metres deep (if being
irrigated) and 1.0 metres deep (without irrigation), and allow active root growth to the middle
of the inter-rows. Soil infiltration rates need to exceed the rate of irrigation and/or
precipitation and soils require a good water holding capacity i.e. approximately S0mm of root
readily available water (RAW) at -60kPa soil moisture tension within the root zone without
limiting a soil aeration of at least 15% at field capacity (saturation). Soils are required to be

able to resist wind and water erosion for stability.
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Chemically, topsoils are required to have a pH (1:5 CaCl,) less than 7.5 and subsoils are
required to have a pH (1:5 CaCl,) of between 5.0 and 8.5 in the root zone. Soils do not need
to be highly fertile.

Elevated levels of sodium (Na) and chloride (Cl) are limiting to wine grapes as well as the pH
dependent availability of boron (Bo), aluminium (Al) and manganese (Mn). Additionally

soils are required to have low concentrations of soluble salts, especially Na salts.

Table 14 summarises the general requirements for viticulture.

TABLE 14

GENERAL REQUIREMENTS FOR VITICULTURE

Topsoil Subsoil Soil Water
Attribute | Fertility ERZ RAW pH pH Erodibility | Infiltration
Units metres mm (CaCly) (CaCly)
Value NA >1.0 >50 <15 5.0-85 Low Moderately high
Calcium Magnesium
Attribute | cmolc/kg % CEC mg/kg cmolc/kg % CEC mg/kg
Value 6.0-7.5 60-80% 1200-1500 1.7 10-20% 200
Sodium Potassium Aluminum
Attribute | % CEC cmolc/kg % CEC mg/kg % CEC
Value <6% 0.5 3-8% 200 0-5%

4.3.2 Grazing and intense grazing land requirements

Depending on what animal enterprise is to be undertaken, and which pasture species are to be
selected, certain soil physical and chemical attributes are required to be within certain ranges.
The requirements for optimum grazing land are based on the lands ability to produce
sustainable yield of pasture, be that improved or unimproved. This section presents a broad
range of general requirements for grazing land, with an emphasis on the soil requirements for
pasture. A difference between grazing land and intense grazing land has been made due to the

increased requirements for intense grazing.

Generally, the more fertile the soil the better the pasture production. However, soil fertility
can be improved by nutrient amendments as required. More important considerations are the

soil physical properties which provide stability, access for water and gases. Most plants and
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particularly dryland crops and pastures are robust in their cation requirements having a wide
tolerance of cation ratios, with no optimum ratio being demonstrated in the field. There may,
however be instances where specific plant species have requirements that cannot be met by a
specific soil. All the information suggests that if the amount of each exchangeable cation is

sufficient, ratios are usually not important.

Table 15 outlines the desirable land attributes for grazing and intense grazing land.

TABLE 15

REQUIREMENTS FOR GRAZING

pH pH

(water) (CaCl2) | Calcium Magnesium
Attribute cmole/kg % mg/kg cmolc/kg % mg/kg
Grazing 5.8-6.3 5.0-5.5 4.5-6.0 60-80% 900-1200 1.25-1.7 10-20% 150-200
Intensive

grazing 6.3 5.5 6.0 60-80% 1200 1.7 10-20% 200
Sodium Potassium Aluminum | Phosphorous | Nitrate

Attribute % cmole/kg % mg/kg % mg/kg mg/kg

Grazing <6-15% 0.26 3-8% 100 0-5% 25-45 <20

Intensive

grazing <6% 0.4 3-8% 150 0-5% 24-45 <20

4.3.3 General horticulture requirements

The requirements for general horticulture are similar to those of viticulture and grazing. The
most limiting factor is the soil structure and water availability. Water availability can be
addressed by irrigation. However, soil structure is difficult and time consuming to improve.
Most horticultural species are adversely affected by water logged conditions and require a

certain amount of essential nutrients, these will vary depending on the species.

The general requirements for horticulture are presented in Table 16.
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TABLE 16

REQUIREMENTS FOR GENERAL HORTICULTURE

pH pH

(water) (CaCl2) | Calcium Magnesium
Attribute cmole/kg % mg/kg cmolc/kg %0 mg/kg
Horticulture | 6.5 6.5 6.5-7.0 60-80% 1200-1500 1.7 10-20% 200

Sodium Potassium Aluminum | Phosphorous | Nitrate
Attribute % cmolc/kg % mg/kg % mg/kg mg/kg
Horticulture <6-15% 0.5 3-8% 200 0-5% 30-35 <20

4.4 Land suitability rating maps

For each landunit, land suitability rating maps using the structure presented in Table 13, for
each of the nominated agricultural enterprises were generated. They are presented in the

following figures:

— Figure 10 -- land suitability for viticulture;

— Figure 11 -- land suitability for grazing land;

— Figure 12 -- land suitability for intense grazing land; and

— Figure 13 -- land suitability for general horticulture.

A discussion on the basis for the analysed land suitability ratings is presented in Section 5.0.
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5.0 DISCUSSION

5.1 Landunit 1

Landunit 1 was found to be marginally suitable for viticulture, intense grazing land and

general horticulture and suitable for general grazing land.

The soils found within this landunit had physical and chemical attributes which generally limit
plant production. Specifically, the pH of the soil within the root zone was found to be
significantly low (<5.0) and the percent exchangeable aluminium was considered high (> 5%)

and would result in aluminium toxicity to most plants grown within this landunit.

This landunit, as with most other landunits also generally exhibited low levels of
exchangeable cations, with the exception of magnesium and low levels of essential nutrients
(NPK). As this issue can be overcome by application of soil amendments, this factor was not
considered a significant limit to plant production. However, the low fertility limits the
suitability ratings of the landunits to less than ideal, as amendments are required to address the

fertility.

For wine grapes and general horticulture, the estimated root zone (ERZ) for this landunit was
low when compared to the requirements of horticulture plants that are not irrigated and the

root readily available water (RAW) was found to be deficient for optimal plant performance.
The low permeability of this subsoil highlights the potential for seasonal waterlogging within

the root zone, a factor that is adverse to most horticultural production.

Topographically, this land unit is considered suitable for all of the nominated agricultural

enterprises.

For both grazing and intense grazing applications, the carrying capacity of the landunit should
be determined by a qualified expert who can recommend an optimum stocking rate for the
chosen grazing animal. This stocking rate should be carefully monitored and should be

reduced if land degradation issues arise.
Continuous inputs and land management techniques would be required to promote the

sustainability of this landunit for the nominated agricultural enterprises. These include but are

not limited to the following:
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— The incorporation of agricultural lime into the subsoil to moderate the pH (1:5 soil:CaCl,)
of the soil to between 6 and 6.5. It is recommended that applications of no more than two
tonnes/hectare be applied at anyone time. Ideally, the lime amendments would be

required to be incorporated to a minimum depth of 0.3 metres;

— The ERZ for the grape vines can be improved by deep ripping to a depth of at least 0.6

metres. and

— Addition of essential nutrient fertiliser (ratios of NPK dependant on the horticultural or

pasture species used).

5.2 Landunit 2

Landunit 2 was found to be marginally suitable for viticulture, intense grazing and general
horticulture and was found to be suitable for general grazing land. The reasons are identical

to those explained in Section 5.1 for landunit 1.

Additionally, the excessively high exchangeable sodium percentage (ESP) highlights the
dispersive nature of the soils of this landunit. This impacts on the structural integrity of the
soil which in turn will have a negative effect on water infiltration and increases the potential
for land degradation if disturbed. Best soil management practices would be required to be
implemented for this landunit. Care should be taken to moderate stock trampling in this
landunit to minimise any structural degradation. Deep incorporation of gypsum could be used
to address the sodicity of this landunit but, the cost to benefit ratio for grazing may not permit

such an improvement.

The inputs and land management practices presented for landunit 1 also apply to this land

unit. Additionally,

— The sodicity of this landunit can be amended by the deep incorporation of gypsum at a
rate of between 2.4 and 4.0 tonnes/hectare; and

— Best management practices should be applied to limit the exposure of the sodic soils and

mitigate any soil erosion issues.
5.3 Landunit 3
Landunit 3 was found to be marginally suitable for viticulture, intense grazing and general
horticulture and was found to be suitable for general grazing land for the same reasons as for

landunits 1 and 2. The above mentioned amendments and management techniques for

landunits 1 and 2 also apply. Additionally, this land unit is significantly more sodic than
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landunit 2 and has a relatively steeper topography. For these reasons more stringent
management would be required, including:

— areduction in stocking rates if used for grazing;

— minimising soil disturbance and tillage if (applicable);

— maintaining stringent erosion controls and maintaining soil cover.

5.4 Landunit 4

Landunit 4 was found to unsuitable for all of the nominated agricultural enterprises. This was
mainly due to topographic limitations and the presence of Haydon’s Creek. The topography
in which Landunit 4 is situated causes water logged conditions within the soil. Soils within
this landunit have an extremely low inferred permeability, exacerbating the water logging
conditions, a significant flood hazard, acid sulfate soil hazard, have a low wet bearing

strength, and are expected to contain sodic and acid soils.

5.5 Landunit 5

Landunit 5 was found to be unsuitable for viticulture and general horticulture and marginally

suitable for general grazing and intense grazing land.

The close proximity of this landunit to the Hastings River and Haydon’s Creek, the significant
flood potential and ASS potential and water logged soil conditions of this landunit prohibit

the undertaking of viticulture and general horticulture within this landunit.

For general grazing and intense grazing these factors can be overcome by best management
practices. There is a high potential for structural degradation of this landunit if stocking rates

are not carefully monitored. Land management requirements for this landunit include:
— Careful monitoring of stocking rates to limit land degradation;
— Fencing off of areas susceptible to erosion i.e. steep river banks; and

— Careful application of fertilisers as not to cause eutrophication of the river.

5.6 Landunit 6

Landunit 6 was found to be unsuitable for viticulture, general horticulture and intensive

grazing and was found to be marginally suitable for general grazing.
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The close proximity to the Hastings River and the inherent flood potential prohibit the
undertaking viticulture and general horticulture on this landunit. The erosion prone alluvial
soils of this land unit prohibit the use for intense grazing, as it would not be sustainable given

the high stocking rates and the accompanying land degradation issues.

The same land management practices as landunit 5 apply to this landunit.

5.7 Practical considerations

The agricultural suitability of the Le Clos Verdun Estate was assessed as a single entity. No
consideration was given to the fact that the estate is comprised of over 171 separate lots,
owned by approximately 130 different landowners and used for both residential and rural
landuse.

Considering the average parcel size of rural land is approximately 1.2 hectares, especially

grazing and viticulture, the undertaking of an agricultural enterprise by a sole land owner is

not considered to be environmentally or financially viable.
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6.0 CONCLUSION

An agricultural suitability assessment was carried out for the Le Clos Verdun Estate, Sancrox,
New South Wales. The suitability of agricultural enterprises, such as viticulture, general

horticulture, intensive and general grazing land was assessed.

The assessment was carried by:

— reviewing historical information;

— conducting a desktop geological, hydrogeological, soil and topography study;
— assessing site soils for selected physical and chemical attributes;

— compiling all data into a local geographic information system (GIS);

— deriving landunits of varying characteristics; and

— assessing the suitability of these landunits by comparing the requirements of grape vines

and other agricultural enterprises to the attributes of the landunits.

The assessment differentiated six landunits of varying physical and chemical attributes. The
attributes of these landunits were compared to the requirements of the nominated agricultural
enterprises. For each of the agricultural enterprises within each landunit the following

classifications were made:
— Not suitable;

— Marginally suitable
— Suitable; and

— Ideal.

The majority of these landunits were found to be marginally suitable for the variety of
agricultural enterprises chosen. This assessment was largely based on the highly acidic and

sodic nature of the soils present onsite which is a limiting factor to optimum plant growth.

Implementing management plans for the identified limitations of the landunits is not likely to
be practical due to the cost of such improvements. The improvements themselves may
increase the potential for environmental impacts such as nutrient run-off, erosion and
eutrophication of the nearby water courses. Additionally it is not known who will be

responsible for the monitoring of the implementation.

The fact that the site is divided in to a number of separately owned parcels of an average are

of 1.2 hectares limits the financial viability of most agricultural enterprises. Increasing the
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viability of these parcels would require significant inputs and intense farming practices. This
would result in significant environmental degradation of the land itself and the sensitive

ecosystems surrounding the site (Hastings River).

As no landunit was found to be ideally suited to the chosen agricultural enterprises
(viticulture, grazing land, and general horticulture) and that significant improvements or best
management practices would be required to address the identified limitations, it is concluded

that the Verdun Estate is not “prime agricultural land” as per the following definitions:

“ land which occurs where the agronomic factors (e.g. soils and management) and
environmental factors (e.g. climate, water quality and availability) combine so that the value
to society from agriculture is greater than the value from alternative uses of the land.”

(Department of Agriculture Western Australia 2001)

“the land best suited to food, feed, forage, fiber, and oilseed crops. Prime farmland produces
the highest yields with minimal inputs of energy and economic resources, and farming it
results in the least damage to the environment” (The United States Department of

Agriculture)

This conclusion was reflected by the poor grape yields recorded for the Le Clos Verdun Estate

between the years 1994 and 1999 and the financial losses incurred over this period.
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7.0 LIMITATIONS

The work presented in this report is Environmental & Earth Sciences Pty Ltd’s response to the
specific scope of work set out in PO104024 requested by, planned with and approved by
Adrian Smith on behalf of Le Clos Redevelopment Committee. Professional advice and
opinion provided in this report No.104029 is for Le Clos Redevelopment Committee
requesting the work only, in accordance with the agreed scope of work and is not to be relied
on by any other third party for any and all purposes except with the prior written consent of
Environmental & Earth Sciences Pty Ltd (which consent may or may not be given at its

discretion).

A report is provided inclusive of all documentation sections, tables, figures and appendices
and should not be provided or copied in part without all supporting documentation for any

reason, because misinterpretation may occur.

Interpretation of the collated data was undertaken based on the referred material and opinions
between Environmental & Earth Sciences Pty Ltd may vary from that of other parties.
Interpretation was based on the information received for the individual sampling locations and
as Environmental & Earth Sciences were not contracted to undertake a site visit, information

presented in this report may vary from actual reality.

The interpretation and derivation of the landunits was based on maps of varying scales and the
actually accuracy of boundaries, relative levels or coordinates presented in figures may vary
considerably to reality. As such these figures should only be used to provide approximate real

world locations.

Site assessments identify actual sub-surface conditions only at those points where samples are
taken, when they are taken. Data obtained from the sampling and subsequent laboratory
analyses are interpreted by scientists and opinions are presented regarding the overall soil
conditions. Actual conditions between sampling locations may differ from those inferred
because no professional, no matter how qualified, and no sub-surface exploration program, no
matter how comprehensive, can reveal what is hidden below the ground surface. The actual
interface between materials may be far more gradual or abrupt than an assessment indicates.
Actual conditions in areas not sampled may differ from that predicted. Nothing can be done
to prevent the unanticipated. However, steps can be taken to help minimise the impact.
Sub-surface conditions can change by natural processes and site activities. This report

presents the conditions assessed at the time the investigation/ study was undertaken.
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Disclaimer

The preparation of this report has been undertaken for the purpose of providing the results of
an agricultural assessment at the Le Clos Verdun Estate NSW and it is not intended that this
report should be used for any other purpose. This report is provided on the condition that
Environmental & Earth Sciences Pty Ltd disclaims all liability to any person or entity other
than Le Clos Redevelopment Committee in respect of anything done or omitted to be done
and of the consequence of anything done or omitted to be done by any such person in reliance,
whether in whole or in part, of the contents of this report. Furthermore, Environmental &
Earth Sciences disclaims all liability to Le Clos Redevelopment Committee in respect of
anything done or omitted to be done and of the consequence of anything done or omitted to be
done by any such person in reliance, whether in whole or any part of the contents of this report
of all matters not stated in the brief outlined in Environmental & Earth Sciences Pty Ltd’s
proposal number po104042 dated 22 September 2003 and according to Environmental &

Earth Sciences general terms and conditions and specials terms and conditions.
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8.0 GLOSSARY OF TERMS

The following descriptions are of terms used in this reports. A list of the references used in

providing this glossary are presented in Section 9 of this report.

Abrupt boundary - boundary is less than 2 cm wide.

Acid Sulfate Soil (ASS) - soil containing iron sulfides deposited during either the
Pleistocene or Holocene geological periods (Quaternary aged) as sea levels rose and fell.

Aeolian - the deposition of unconsolidated wind blown soil material.

Alluvial — describes material deposited by, or in transit in, flowing water.

Apedal - describes a soil in which none of the soil material occurs in the form of peds or soil
aggregates in the moist state.

Borehole — an uncased well drill hole.

Cation Exchange Capacity (CEC) — maximum positive charge required to balance the
negative charge on colloids (clays and other charged particles) is called the cation exchange
capacity. The units are milliequivalents per 100 grams of material or centimoles of charge per
kilogram of exchanger.

Cobble — rock fragment, rounded or abraded between 64 and 256 mm in diameter. Cobbles
are larger than gravel and smaller than boulders.

Colluvial - soil and rock material moved downslope by gravity.

Composite sample - the bulking and thorough mixing of soil samples collected from more
than one sampling location to form a single soil sample for chemical analysis.

Conductivity (EC) — conductivity of water is an expression of its ability to conduct an
electric current. This property is related to the ionic content of the sample, which is in turn a
function of the total dissolved (ionisable) solids (TDS) concentration. An estimate of TDS in
fresh water can be obtained by multiplying EC by 0.65.

Confining layer — an aquitard or impermeable layer that confines the limits of an aquifer.
Discrete sample — samples collected from different locations and depths that will not be
composited but analysed individually.

Dispersion — process by which species in solution mix with a second solution, thus reducing
in concentration. In particular, relates to the reduction in concentration resulting from the
movement of flowing groundwater.

Duplex - these soils show a strong texture differentiation within the A horizon, and generally
comprise loose coarse sands to massive or weak platy loams and clay loams but coarser
textures are common.

Earthy - the soil has few, if any, peds and most of the sand grains are covered by finer
material.

Electrolytic conductivity (EC) - a measure of the extent to which water conducts an
electrical current and is related to the total concentration and relative proportions of the
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dissolved ionised substances within the water, and the temperature at which the determination
is made.

Estuarine - pertaining to the area where a water body or river widens as it nears the sea.
Fluvial - material deposited by or in transit in streams or watercourses.

Gley - grey or greenish colouration found in soil that is often produced under poor drainage
conditions.

Gradational - the lower boundary between soil layers (horizons) has a gradual transition to
the next layer. The solum (soil horizon) becomes gradually more clayey with depth.

Horizon - individual soil layer, based on texture and colour, which differs from those above
and below.

Humic/Humus - referring to organic matter within soil.

Hydraulic conductivity - the rate of water movement through soil.

Lithosol - shallow soils showing minimal profile development and dominated by the
presence of weathered rock and rock fragments.

Massive - refers to the condition of the soil layer in which the layer appears to be as a
coherent or solid mass which is largely devoid of peds.

Mottled - masses, blobs or blotches of sub-dominant colours with varying value/chroma
(colour grades) in the soil matrix.

Nodule - a small, concretionary (hard) deposit, usually of iron and/or manganese.

Peat - organic matter partly decomposed by water, heat and microbes, and partly carbonised
and mineralised.

Ped - an individual natural soil aggregate. In an undisturbed state peds will group together to
form larger aggregates.

Pedal - refers to the proportion of peds in the soil.

Pedogenesis - formation of natural soil aggregates over time.

Pedomorphological - characteristic features of an individual natural soil aggregate.
Permeability - Property of porous medium relating to its ability to transmit or conduct liquid

(usually water) under the influence of a driving force, ie. the rate of water movement through

soil (or rock). Also refereed to as hydraulic conductivity.

pH - negative log of hydrogen ion activity, measurement of the acidity or alkalinity of the
soil or water. A logarithmic index for the concentration of hydrogen ions in an aqueous

solution, which is used as a measure of acidity.

Plastic - soil material which is in a condition that allows it to undergo permanent
deformation without appreciable volume change or elastic rebound, and without rupture.

Podzolic - mottled texture and strongly differentiated profile contrast between A and B
horizons. Horizon boundaries are usually clear to gradual.
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Potential Acid Sulfate Soil (PASS) - soil that contains sulfidic material that has not been
Profile - the solum. This includes the soil A and B horizons and is basically the depth of soil
to weathered rock.

Siliceous - having a proportion of quartz (mostly sands).

Sodic - the term given to soil with a level of exchangeable sodium cations greater than 10-
15% of the soils cation exchange capacity (CEC), or soluble sodium cations greater than 10-
15 times the square root of soluble calcium and magnesium cations. These terms are known
as exchangeable sodium percentage (ESP) and sodium adsorption ratio (SAR) respectively.

Solod/Solodic - soil with strong gradational texture contrast between mildly leached, slightly
alkaline loamy pale topsoil and alkaline clay subsoil with coarse blocky or columnar structure.
Have bleached A; horizons and alkaline B and C horizons.

Solonchak - soils dominated by salt accumulation, which have a powdery structure and
polygonal cracking and slaking of the surface.

Solonetz - soils with prominent texture differentiation, loamy topsoils and strongly alkaline
clay subsoils. The subsoils have a coarse blocky or columnar structure.

Soloth - acid soil with strong texture contrast between pale topsoil and clay subsoil with
coarse blocky or columnar structure.

Texture - is the size of particles in the soil. Texture is divided into six groups, depending on
the amount of coarse sand, fine sand, silt and clay in the soil.

N:\Rep2004\104029.doc 47



Job No 104029 Environmental

10.

11.

12.

13.

14.

&
Earth Sciences

9.0 REFERENCES

Agricultural Bureau of South Australia --

http://www.bettersoils.com.au/module2/2 10.htm

Atkinson, G. (1999) — Soil landscapes of the Kempsey-Korongo Point 1:100 000 Sheet
Report, Department of land and Water Conservation, Sydney.

Atkinson, G. (1999) — Soil landscapes of the Kempsey-Korongo Point 1:100 000 Sheet
Map, Department of land and Water Conservation, Sydney.

Chandler Geotechnical Pty Ltd (2003) — Proposed Rezoning & Subdivision Proposed Le

Clos Redevelopment Sancrox Road, Wauchope.

Commonwealth Bureau of Meteorology Website —

http://www.bom.gov.au/climate/map/climate_avgs/clim_avgl.shtml

Department of Land & Water Conservation (DLWC) Website --
http://spade.dlwc.nsw.gov.au/

Department of Land and Water Conservation (1997) — Wauchope/Port Macquarie: Acid
sulfate risk map- edition two 1:25 000.

Department Of Natural Resources Queensland —

http://www.nrme.qld.gov.au/factsheets/pdf/water/w41.pdf

Department of Primary Industry — Queesnland --

www.dpi.gld.gov.au/fieldcrops/10908.html

FAO and Agriculture Organization of the United Nations (1976) — A Framework for

Land Evaluation

Geological Survey of NSW (1966) — Hastings 1:250 000 Geological Series Sheet SH
53-14, N.S.W. Department of Mines.

Hazelton, P.A. Murphy, B.W. ed (1992) — What do all the number mean? — A Guide for
the Interpretation of Soil Test Results. Department of Conservation and Land

Management (incorporating the Soil Conservation Service of Sydney), Sydney.

Land Information Centre (2000) — Port Macquarie Topographic & Orthophoto Map
1:25 000 9435-28 3rd Edition. New South Wales Department of Information Technology
and Management Land Information Centre.

Peverill, K.I., Sparrow, L.A., Reuter, D.J. ed (1999) — Soil Analysis an Interpretation
Manual. CSIRO Publishers, Australia.

N:\Rep2004\104029.doc 48



APPENDIX A
GEOTECHNICAL BORE/TEST PIT LOGS



Chandler Geotechnical Pty Ltd

ABM &Y 068 0% 126

PO fex ST Part Masqunris KEW 2884 Phoog (07165300141 Fax (DTIG3510129

TEST PIT REPORT

GLIENT:  Lé Chos Redevalopment Comillee PROJECT Mo: 23082 TEST PIT Mo, 28
PROJECT: Proposed Subdivisson DATE: 11.11.03  meTHoD OF
LoGATIM: La Clos Verdun Log Nay 2 Apvamce.  Baskhos

DErTH SAMILES DESCHIFTION OF STRATA

METRES TESTS { BOAL TYRE, STAENGTH. MOIETURE. COLOUS, ORIGIN |
L TOPS0IL. Silty SAND, grey, sends five to medlun grained, luw to non plastis
L o fines.
-

oas ALLUNINL Siity sandy CLAY, pale groy brown, medium 10 kgh plasticiy,

L - wands fine 1o medien grained, me = wp.
L
: AESINUAL. samdy CLAY, grey with some arangs maitling, medium io high
| Ba0 - wm.mmumwmms“.
| ors
. tod
T
L it
I Tént Fit terminated 1.5 metros.

N 1.8

100

RiG: Hackhoe LoGGED: B0
GROUND WATER: Mong encountered
AEMARKS!
SAMPLES & TESTS

L e et

L

oTios

Ry LI F LR L o]

Py AT T

Tid



Chandler Geotechnical Pty Ltd

ABN BX 084 029119
P B 8720 Part Masquaris NSW 2644 Phano [02J85010142 Far (0208090128

TEST BORE REPORT

cuENT:  Li Clos Redaveloparint Comdos PROJECT No: 23082 BOREHOLE Ko 1

ProJECT: Proposed Subdivision DATE! §.1.04 METHEO OF
LoCaTION: L Clos Verdun Lot Mo 108110 AOVANCE: Epiral Fligh‘t
Auger
DEFTH SAMPLES DESCRIFTION OF STRATA
METRES TESTE [ B0 TYPE STRENGTH, MCAETURE COLOUR, CRIGH |
. TOFFUILALLUVIUM, Clayey sifty 3AND, grey brown, nands fine te medium
3 o fprained, low 1o non plastie fines, dry,
| nas RESIDUAL. Silty sandy TLAY, yallow gy, medium be high plasticily,
E bt sands fine in medlion grained, me > wp.
. o
o
T
! RESIOUAL Sliry sandy CLAY, yailowigeosn grey, madism o nigh plasieiry,
- - #ANds 1IN0 L0 CoBrye Qralned, mc = wp,
I 125
: B iy wal iy IHredl silstone,
150
a Barghale lrmingted 1.5 nobes.
L am
- b
It Jacro LOGGED: sC
TROUND WATER: Hoang encountensd
REMARKE:
SAMPLES & TESTS
5 Doy e U L adeited bt g
(R =T PR

073

Tia



Chandler Geotechnical Pty Ltd

ABM B 0B 020 328
PO Box 85730 Port Macguaris MEW 2644 Prons (0205010142 Fas (0T165810128

TEST BORE REPORT

CLENT  Le Clos Redevedapment Comiflie PROJECT Np: 23082 BOREHOLE Ho 2

FROVECT: Proposed Subdivision DATE: 5.1.04 METHOD OF
LocaTIoN: Le Clos Vesdun Lat Ma: 112113 apvance:  Spiral Flignt
Auger
DEFTH SAMPLES DESCRIFTION OF ETRATA
METHES TESITS [ ECHL, TYPE. STRENGTH, MOIGTURE, COLOUR. CRIGIN |
TOPFCILALLUVIUN. Claywy slity SAND, prey hramvn, samod fine 1o medium
B i prainnd, low 1o mon plestk fne, ary.
| am RESIOUAL. Silty sandy CLAY, yefiow groy groun, modiim te high plasticlty,
L - =aruis fine in medium grained, me » wp,
T
K Gravelly sandy CLAY, orango hrown, maeliom to high plasticity,
= "o nanas fine 10 cosree grained, tece of line gravel, me > wp
B2 oTE
1 1.09 .
I RESIOLIAL. Sy sanoy CLAY, pale groy, high plasticity, 1
: s nards fioe bo mediem gramed, me = wia,
_.__ .28
188
4 Barghiobe teiminated 1.5 molres,
T
[ 200
RiG: Jacro LOGGED 8G
GROUGND WaTER: Mone énaounime
REMARME,

SAMPLES B 1ES1S
O Ndtoted samms 1 Lt Lis sanpls
L T §O (R perm———

ories



Chandler Geotechnical Pty Ltd

ADM I3 DG OZ9 109
PO Box 5720 Prat Manguarns KEW 2448 Phone (02j88R10143 Fax (078010128

TEST BORE REPORT

cuEst:  Le Clos Redovalopment Comitlee PROJECT Nar 23082 BOREHOLE Ko J

PROJECT: Proposed Subdivision DATE: 5104 METHOD OF
LocATOoN: L Clos Verdun Lok Ha: TEMIG ADVANGE: Spiral Filght
Auger
DEPTH SAMPLES DESCRIPTION OF STRATA
METRES TE&TE [ BOAL TYPE. STRENGTH. MOISTURE. COLOUSR, CRMGN |
N TOPSQIL/ALLUVIUM, Sifly SAMD, dark brown, Sands T 1o medium graieed,
i knw tn nan plesiie fines, dry.
L
| Bas
i RESIDUAL. Eandy CLAY, gruy broam, mudium 1o kigh plasiicily.
| [.K..] o sandi fing 1o madicm prained, me = wh
]
N RESIOUAL Sansy CLAY, yeilmedrey, medium to high plastiziy,
L o sandi [ine 1o medium graived, me » wp,
-_ 180
MV
1.50
| Barehohe termitatud 1.5 snetres,
)
| 200
RIG Jacro LOQGED: &sC
GRAUND WATER: HNone encountered
HESMARKS:

SAMPLES & TESTS
Ly e ]

L R ] (i ] ol W

o7



Chandler Geotechnical Pty Ltd

ARN ) 06A G20 309
PO Bux 5T Poil Macuuarie HIW T444 Fhoie (BIIESE10141 Fas (DZMEE10128

TEST BORE REPORT

cuEnT:  La Clos Redevelopmant Comities PROJECT No; 23082 BOREHOLE Ko 4
PROJECT: Proposed Subdivisson OATE: 6104 METHOD OF
Locanion: Le Clos Verdun Lot i, 118/11%9  apvasce. Spiral Flight
Auges
DEPTH EAMPLEE DERCAIPTION OF BTAATA
WETRES TESTS (SOIL TYPE. STRINGTH, MOISTURE. COLOUH. CHIGIN |
B TOPSCILIALLUVILM. Ciayey siity SAND, brown, sands fins to maum graned,
N o fivws @f bow 12 irvirdum plasticily, dry.
._ (1§11 ELOPEWABH. Ellry sandy CLAY, arange & groy brown, medium plastiziny,
L 0" widn firve b medium gratned, me > wi
H REBITUAL. Sandy CLAY, ivutibed swsd gray, mdlam de high plastisily,
= LS b o nEns fime to madium geained, me = wp
: RES|DUAL. Sandy CLAT, pata groy willi 50me fed motming, medium 1o high
| b plasticity, sands fine lo medium gralmed. e = wg.
| TS
T
1
b =
i Enrshaln terminsted 1.8 meires.
L
L
s
i i
RS Jucro LOGGED: BC
GROUND WaTER: Maone encountarsd
REMARFS:
SAMPLES & TESTS
A Nl adraw I sl sl S slrties

LRt

0T

1% el e p—

128



Chandler Geotechnical Pty Ltd

AL 13 086 028 379
B0 Box ETI0 Port Macquarie MBW 3644 Phone (02088018143 Fax (0288812128
cuenNT;  Le Cloa Redeveiopment Comitiee PROJECT Mo 230482 BOREHOLE Nu 5
PROUECT, Proposed Subdwision DATE: 5104 METHOO OF
Locanon: Le Clos Vierdun Lo N 1202 AbvancE: Bpiral Fligh
Auger
DEFTH SAMPLES DESCHIFTION OF STRATA
METREE TEATS [ BOW TYPE STRENGTH, MOISTURE. COLOUR, DRMEIN
TOPSOILSALLUVIIM. Sy SAMD, fars bdown, sands lne o madiom Arantad,
L o Tpwr §0 han phamdic Plivea. ny,
. on
| = RESIDUAL, Sardy CLAY, mottied yaliosdyry, mockm b high plasticiry, =
B 0" it firse £ imdiiim graines, mec = wi,
T
B RESIDUAL. Sitty sandy CLAY. pillom groy, medeum to high plestcey,
12 o wamis fine o mwdism grained, mc = wa.
0T
BT
T
L3S
L Borshale wrminaied 1.5 meinm.
I
L w2k
L Jecrn LOGBED: 5C
GROUND WATER Hone gncoumered
BEMAHRS
SAMPLES & TERTE
YRR N L USSR LI LT
B Bab Erew 12 pmaal ey
orioa

T8



Chandler Geotechnical Pty Ltd

ABM B] OFE 029 325
PO Boa 5TI0 Forl Macquarie NSW Jaid Prone (0285810142 Fax (02 EER10128

TEST PIT REPORT

cuENT  Le Clos Redevelopmant Comittee PROJECT Mo 23082 TEST 97 Ma: 1

PROJECT: Proposed Subdnison DATE: 11.11.03  METHODOF
LocaTion: Le Clos Verdun Lt 0 ADVANCE:  Backhos
DEFTH EAMPLER DESCTRIFTION OF STRATA
METRES TESTS | S, TYPE, STRERGTH, MOISTLIRE COLOUR. QRGN §
B = TOPRONL. Siiey BAMD, dark grey, sands fine to mediam grainnd,
i} - Ferwy Lo G PISELEC Finga, M < Wi,
[ 028 - - =
L WESIDUAL Sisty asngy CLAY, grey Isown with some orange matling.
e muedium lo high plesticity, sands fine 1o maediem grasined, me s 5
“_ .50 —
L HESIDUAL. Silty CLAY, pale groy with snma arange tainkng,
B " i b high plesticily, sard fing 1o mediem grssned, mi = wn
-_ aTE
. Loe
[
| Tast P imrmbnaged 1.4 matros.
T ]
o
i &.00
ARG Backhoo LoncEn:  SC
GROUND WATER Nona @ncounbenad
REMARKE

FAMPLES & TESTS
O Blmsis) pegm 17 b s Lt Aatai

0 Ha® Lvs T P e ——

omea



Chandler Geotechnical Pty Ltd

ABM 3 DBE 07U 0¥
0 Baw ST20 Pan Meogusrin HEW 344 Phone (0383810141 Fax [(0IHSR10128

TEST PIT REPORT

cuENT: Le Clos Redevelopmeant Comities PROJECT Ma: 23082 TEST AIT Ny 2

rAntecT: Proposed Subdiviskon DATE: 11.11.03  mETHOD OF
LocaTioa: Le Clos Verdun Lot Ma: 103 ADvAMCE:  Backhoe
DEFTH SAMPLES OESCRIPTION OF STRATA
METRCS TEETE { BOIL TYPE STREMGTH. WOISTURE. COLOUR, CRIGM |
B TOPEDIL Jily wb.w.lmrmthmdlmwmd.‘_
U i Low 1o nan plantic fines, me = wp
| o ALLUVILMUSLOPEWASH, Sifty nandy CLAY, ark gray brown,
g mmtiiairm b dikgh plasticliy, sars T be medim gralned, e = wi,
K 7| HESRILRL Siity GLAY, yaliaw grey, mnsium tn high plastisity,
T - wands T 18 medium grained, mc » wp,
[ o
T
T
B i
E Tokf Pt lermanaind 1.5 matms.
o
[ aoe
R Backihpe LoooEn: S0
GACND WATER: HNene encountered
BEMARHI,
SAMPLES & TEETE
B et R L LEPRISTES LY L
[ T o mliEl S

rfles

T28



Chandler Geotechnical Pty Ltd

Pl Box AT2 Port Masguarie HEW 2444 Phone (D2IES0T4T Faa (DT16551012%

AISN B3 004 000 339

TEST PIT REPORT

cuENT:  Le Clos Redevelopment Comittas PROJECT Na: 230682 TEET M Mo 2
PROVECT: Proposed Subdivision DATE: TL1103 METHOO OF
Locanion: Le Clos Verdun Lot May 101 ADVANCE, Backhos
DEFTH SAMPLES OEECRIPTION OF STRATA
METRES TESTS | STHL TYPE, STRENGTH, MOISTURE, COLDUR, QRIGIN §
L TOPSOIL. Silty SAND, pate Grey, Bands kg 1o modium grained,
ot | o mar plantip fimen, dry.
| o RESIOUAL. Silty sandy CLAY, (rey Drown. medhum ta high plasticity,
-0~ sands fina tn medim grained, me << wp.
" omo
BAMDSTONE. Grepiwhitn & nrange, fractured.

L L
= [ Tost Bt terminated 3.7 mokes, Gackhon relual on bediock,
_ im
T
| 1se

175
L

.00
G Hackhoe LOGOED. 50
GROUND WATER: Mang encountered
HEMARKS:
SAMPLES & TEETE

Bl ird aate
B s s

o7l

b Lrlellal il LoD @ BB

e e

Tid



Chandler Geotechnical Pty Ltd

AN B 066 O30 230
PO Box 8720 Poi Macquarie HEW 464 Phone [D2IE5H1014T Fax (01652710129

CuENT:  Le Clos Redevelopmant Comitiea PROJECT Ko: 23082 TEET PIT Mo 4
pROJECT: Proposed Subdivision DATE: 111102 METHOO OF
Locaton: Le Clos Verdun Lot Mo 85 ADVANCE, Backhos
DEPTH SAMPLES DESCRISTION OF ETRATA
METRES TESTS | BOIL TYPE, STRENGTH, MOESTURE. SOLOUR, DRIGIN §
L ;’E-FED{L Nlt'f SAND, pale gray, sands fire & mediuam granad,
| o non plastio fines, dry.
I ™ o e
| RESIDUAL. Silty sandy OLAY, grey bvown with soma orangs mottiing,
-on* maium 1o high plasticity. sands fine 10 modin grained, me = wis.
h_ ]
| ors g ‘s
e
. 1xs
i Test Pt termsinated 1.4 mwtios.
| L=
B
-
[ 200
RIG. Backhoo LocgEn:  SC
GROUND WATER: Nahe encounterad
REMAHKS;

SAMPLES & TEGBTE
O Msketed WS U USSITS N 1T
B e i Pt fara

o7 T28



Chandler Geotechnical Pty Ltd

ABN B 090 02% 229
PO Bgx 5720 Por Macrisarin REW 2444 Prons (02568810142 Fax (02168810128

TEST PIT REPORT

cuEnT:  Le Clos Redevelopment Comillee PROJECT Ne: 23083 TEST PIT Nen 5

PROJECT: Proposed Subdivision DATE! 11.11.03  mETHOD OF
rocaTion: Le Clos Vardun Lat Ha: G apvaNcE:  Backhos
BEPTH EAMPLES DESCRIFTION OF STRATA
WETRES TERTS | BOIL TYPE, ETREKGTH, MCHETURE COLOUR, ORIGIN )
| ALLUVIUM. Slayey uilty BAND, grey. samds Toe b mandam grained,
- 0" Tirvird OF I b3 madium plastising, me 4w
I I - R
L RESIDUAL. Siiry sandy CLAY, amngs grey brewn, mesium o high plastioly,
L - wards fiive 10 mddivm grained, mc = wp.
-_ [ 8. —
i AEMDUAL. Sangy CLAY, ormnps irawn, madiem i high pk n
B o waruds fine bo madium graned, ms > wp.
i 0TS
b 1.0
;_ 1,25
Tust Pit turminald 1.4 meted,
| 150
L
B
[ 20e
Rig: Backhos: Locaem  SC
GROUND WATER: MNone ancountered
REMARNS.

SaMPLES & TESTS
g T E T ]
LR ] 1 rin ] e it

orial

T20



Chandler Geotechnical Pty Ltd

ABN B3 085 028 229
PO Ao 5720 Port Maoquarie HEW 344 Phone (02108810142 Fax (026810128

TEST PIT REPORT

cuENT:  Le Clos Redevelopment Comities PROJECT Ney 23082 TERT PT New B

PROJECT: Proposed Subdivision DATE: 11.11.03  meTHOD OF
Locanon: Le Clos Verdun Lt N BR ADVENCE: Backhos
DEPTH HAMPLES DESCRIPTION OF STRATA
METRES TEATE | S0IL TYPE ETRENGTH, MOISTURE COLOLR. QRGN |
B ALLUVIUM, Clayuy silly SAND, grey. sands (ine to medium grained,
o fines of law to mediam plasticiy, mo < s
| eas
: ﬂiﬁnmﬂmnuhmmﬁmmmn 10 FIGN Ty,
L o sands fine 1o modivm grained, mc = wi.
[ os0
. o
'_ 1.00
L m
Teat Pirizseninaced 1.4 metros.
i 1.50
[ m
I pob
Al Backhos LoGeED:  BC
GROUND WATER: Mone ancountéred
REMARFE.
SAMPLES & TEITS
O T peeyee L GrelmanTemd LS vy
A T G

073



Chandler Geotechnical Pty Ltd

ABM B3 66 025 T8
0 Box £720 Part Macguaris HEW 2444 Phooo (028810142 Fax (02106810128

TEST PIT REPORT

CUENT: L& Clos Redevalopment Comithes PROJECT Koo 22082 TEET BIT Nao: 7

PROJECT: Proposed Subdivision DATE: TL11.03  METHOD OF
Location: La Ches Verdun Lt B 7880 ADvaxcE: Dackhoa
DEFTH BAMPLES OESCRIPTION OF STRATS
METHES TESTS [ S0, TYPE, STRENGTH MOISTURE, COLOUH, DMIGIN )
i TOPSOIL. Sty SAND, dark Brown, sands fins 1o madiem gealsed,
L o ferw Lo e gilamtic Mk,
[ o ——— :
1 RESIDUAL. Sandy CLAY, arenge grey brown, mediusm fo hagh plasticity,
| " 3 nanos fine 1o medium grained, mc = wp.
053

RESIDUAL fiity CLAY, pals gery with soma aranga staining,
B o el 1o high plasticaty, sand line bo medium gislied,
traen ol fine gravel, me > wp,

0rs
i 100
e 136
I Tust Pit letinated 1.4 nsetre.
e
__ 175
200
RG: Backhos Loggen: B0
GREUND WATER: None encountmied
HEMARFS:

EAMPLES L TEETE

TS o T e
W e [ e

oTma



Chandler Geotechnical Pty Ltd

0 Aox §7.20 Port Macguesrie KEW el Phone (02)ESR10142 Fax (025010120

TEST PIT REPORT

cuEnNT;  Le Clos Redevelopminl Comitlee PROJECT No: 23082 TESTPIT No. B

PROJECT: Proposed Subdivislon DATE: 11.11.03  METHOD OF

Locanoy: Le Clos Verdun Lt Mo 74 ADVANCE. Beckhos
DEPTH SAMPLES DESCRIFTION OF STRATA

METRES TESTE | B0l TYPE, ETARNGTH, MOMETURE COLOUR, DRIGIN |

! TOPEDLL Bilty BAND, giwy, saris fine o median grained,

! b iow 16 nen plastic fines.

| oasf )

il ALLLAILNA. Sy SAND, gry mummmwmlm

B o i 10 oo plastic fines, dry.

T

. REGIGUAL, Sty samdy LAY, grey, madium o high plasticiny, samnds lns

| "o B arepdiun emingd, me = Wik,

o

[ im

[ s

M i

L Tew? Fil termvinatod 1.5 métron.

__ T

E 100

G Backhos LocaEn:  S5C

GROUKD WATER: Nope encounioned

AEMARKS:

EAMPLES & TESTE

0 Urpnapey nreges ) Lembmm ot Lo ney
L hE SR bt

ormod

Ti8



Chandler Geotechnical Pty Ltd

ABN B3 066 038 329
PO Bax 8720 Port Macquaris MEW 2444 Phone (0285810142 Fax (0348810128
cuUeNtT:  La Clos Redevelopment Comittas PROUECT Mo 23082 TERT PIT Mo B
PROJECT: Proposed Subdivesion DATE: 11,1103 meTHOD OF
Location La Ches Verdun Lot Ho: 73 ADVANCE:  Backhos
DEPTH BAMPLES OERCRAPTION OF STRATA
WETRER TESTS | SOm TYFE. STRENGTH. MOISTURE. COLOUR. ORIGIN §
TOPSOIL Silty SAND, ey, sands fing 16 medium grained,
K - Iow 10 rien plastic lines.
= 0as
: nunmsm'ﬁi"fﬁ vlh‘lmn.rnuﬂ]lr‘.
- Mummmmmw.mnummmmrw.

T
[ b8
e _———
& RESIDUAL, m CLAY, mg.ml il Boma Shange modting,
- i medium plasticity, sands. line fo cosmae grained, mo = wp,
__ 1,25
[ i
el Taud Pif lerménated ¥ 5 matros.
;_ 1,75

200
AEG Hacknos LOGGED 5C
GROUND WATER, Mone encounbersed
REMARKS:
EAMPLER & TESTE
B ey waeges ] Uil L peye
AL e EX e Y W

oFm3



Chandler Geotechnical Pty Ltd

PO Do $720 Port Masquasis NSW 24 Phons (0XESR10142 Fax [GF5581 0020

TEST PIT REPORT

cuent:  Le Clos Redeveiopmem Comities PROJECT Ne: 23082 TEST P e 10
PROVECT: Propossd Subdivision DATE! 11.11.03  mETHOD OF
Locatian: Le Clos Verdun Lewt Nex EF/GE ADVANCE:  Hockhoo
DEFTH JAMFLES DESCRIPTION DF STRATA
METRES TESTE | BOIL TVPE. ETAFNOTH, MOIETURR COLOUR QRIGIM |
I TOFSOI. Silly TAND, dark grey, sands lne ko mediien grained,
"o leww 1 mon plasiic fines.
- %L1 i nﬁslnuiﬁ_kmcmiﬁm mﬁmmt_npmommq.
L e mandium to high plasticity, sands Boe 10 medivm graimal, me = .
T
B RESIOUAL. Blity CLAY, pale grey with some srange staiming,
| - gl B high plasticity, sand fine 1o medium grained, me » wp,
| am
| tee
[ s
= Tt Pil terminabed 1.4 matres.
- 163
" 178
i -]
G Hackhos LogaED: | SC
GROUND WATER: MNong encounlbered
AEMARKE:

EAMPLES £ TEETS

b Crmrpes iwrp

LR o

OTE

U Uttt bl seep-

B e R

T28



Chandler Geotechnical Pty Ltd

0 Ao 5720 Par Macquars NAW J4dd Pricne (0265810942 Fax (0250100700

TEST PIT REPORT

cLieyT:  Le Clos Redevelopment Comitlee FROJECT Mo 23082 TESTPIT Mew 11
PROJECT: Proposed Subdivisian DATE; 111103 METHOD OF
Locanon: Le Clos Verdun Lot e B4 ADvaNCE, Backhoe
DEFTH SAMPLES DESCRIFTION OF STRATA
METRLS TERTS 1 B0IL TYPE, ETREMOTH. MOISTURE, COLCLIRL ORIGIN |
L TOREOIL. Rty BAND, dark gray, sards ffine o medlon grained,
N o o 10 oA plantic fines.
. oo
| SLOPEWASH. Blity wandy CLAY, (prey heenwr, madim 1a kigh plasticiey,
| - sans fed o CONbE Qraimd, i > Wi
T
RESIDUAL. Sy CLAY, pade grey heawn with samn sengas sinining,

B g mmedium o high plasticily, sand fine 1o medin grasned, me = wip.
| s
-_ 1.0
L
B o

150
1 Teat Pit lenminated 1.5 matron,
L
L. 1am
T
RiD. Backhoe LocoEn:  SC
GROUNE WATER: Nane encountered
HEMARKS:
RAMPLES L TEETS

O ki) pirse VSRR LIS Ly

L

oTo3

P ekt St e

Tio



Chandler Geotechnical Pty Ltd

AEN B OG5 029 20
P Bne 730 Port Macquarie HEW J44 Phone (0Z183810742 Fax (DIGE510129

TEST PIT REPORT

cLENT:  Le Clos Redovelopmant Comities PROJECT Ma: 23062 TEST PITNe: 12

PROJECT: Proposed Subdivision DATE: 111103 METHOD OF
Locanion: Le Clos Véndun L Mo 59 ADVANCE: Backhos

DEFTH SAMPLES OESCRIPTION OF STRATA

METRES TEATS | 508 TYPE, STRERGTH, MOISTURE, COLOUR. ORIGIN |
2 TOPS0L. Clapey slity SAND, derk grey, sands fine 1o mediam grained,

o fines of law b mesdium plasticity, me = wi,
. AOSIDUAL . Sanmy CLAY, yallow grey, modium io high plasticiy,
B "o mandi fi 19 medien graingd, me = wp
0.5

T.50 =i aands fing to medim grained, ms = wi

oTE

RESIDUAL, Sandy CLAY, grey with Bright ra motising, mediiim t high plstleity, |

Tust Pit lerminated 1.4 motres.

S E

| 175

L 109

G Backhoe LocGen  SC
GROUND WATER: MNone encauntarad

FEMARAS:

SAMPLES & TEETS

L destsyes gy U ke pimed ke i

& s hRrod PR g ———

oTm3

T28



Chandler Geotechnical Pty Ltd

ARN B3 068 02F 329
PQ Box 5720 Pon Maecquaris HEW Jddd Phone [DTpREE10143 Pax (02368816128

TEST PIT REPORT

cLent:  Le Clos Redevelopment Comitiee PROJEGCT No: 23082 TEAT PIT Mo: 13

PROJECT: Proposed Subdivison DATE! 101103 mETHOD OF

Locanion: Le Clos Verdun Lot Mo 54155 ADVANCE: Backhos
DEPTH EAMPLES DESCRIFTION OF STRATA

METRES TESTS | BNL TYPE, ETRENGTH, MOITURE COLOUR. CRIGIY |

TOPSOIL. Clayey silky SAND. dark groy, sands Bine 10 medium graingd,

- - w2 Ao plaadic finew, dey

I

[ s

L ALLUILIM. Clayey silty EAND, groy, sands fine Lo rmediun @rained,
L " P G bowe 10 nspium plasticity, ary.

- 2o

| RESTUAL. Slity nandy CLAY, grey with seme orange metifing,
o miadiiam bo high phasticity, sanits fins to madium grained, me > p.

Il 0.8

1“ - - —_ -
B RESIOUAL. Bandy CLAY, arange & grny, mediam plasticity, sands fie 1o coamns
i =-o* sl g = wp.
__ .13

" by theved saris

B 1.59
= Tant Pt terminsiad 1.5 meres,
| .75

106
RN Backhos LOGGED: B
GAOLND WATER: Kone gncountord
REMARIE:

SAMPLESR A TEETS

IF e bd A W LT ol narry

B Bes wasgan

oTa3

Em narer bt

T28



Chandler Geotechnical Pty Ltd

ABN B3 086 029 21F
PO Box BTE0 Port Masquaris NEW 2444 Phone (G2JEEE10142 Fan (0266810120

TEST PIT REPORT

cuent:  Le Clos Redevaiopment Comithes PROJECT Ma: 23083 TEST PIT N 74

PROVECT: Froposed Subdivision DATE: 11.11.03  METHOD OF
tocation: Le Clos YVerdun Lt Mo a8 ADVANCE  Hackhos
DEPTH SAMPLES DESCHETION OF STRATA
METRES TESTS [ BO0L TYRE, ETRENGTH, MOISTURE. COLOUR. CRIGHN |
TOPSOIL. Claywy uilty SAND, dark grey, sands fing 10 medsam grained,
n by = i I b NGN phaktie finas, oy,
| o
- RESIDUAL. Sandy Clay, moflled orangs & Grey, madism plRsticisy,
Mgy aanein fimn i medium grained. mc < wp

T
r AEEIDUAL. Silty sandy CLAY, gray with somn arange matlling,
K o medlum to high plasticity, sands fins 1o madism grained, me » o

0.75
K.
| 133

1.89
R Text Pit imminated 1.5 motres,
__ 1,78

200
R Backhoe Loceen: S0
GROUND WATER: Mane ancountaned
REMARKS:
SAMPLES & TESTS
O Crpnawend w=pee ) Aekab Tt bl
N s e B PR PET—

orina

T28



Chandler Geotechnical Pty Ltd

ABMN B 094 029 229
P0 Box STI0 Pt Macrpuans KAW 2444 Prone ([D2j08810142 Fax [GIREETET28

TEST PIT REPORT

cLiENT:  La Clos Redevelopment Comitiee PROJECT Ner 23082 TEET PIT Mo 15

FROJECT: Proposed Subdiviean DATE: 111103 WETHOD OF
LOCATION: La Clos Verdun Los Ma: ai ADVANCE:  Backhos
DEPTH SAMPLES DESCRIPTION OF BTRATA
METRES TEGTS | B0IL TYPE STRENGTH. MOISTURE, COLDUSL DHIGIN |
1 TOPEOIL. Clayey uilty SAND. dark oy, sandw line 1o madiam prainad,
- " I 1 AR platie finas, dry,
-_ 0.25 e —- —
[ REEICUAL. Bandy Clay, mallled orangs & grey, medium plasticity,
L s+ wandi Bl to madium grained, me < wp.
[ om|
B RESIOUAL. Bilky sarsdy CLAY, yublow gruy. medium b high plasticiey,
- B annd Hod 10 msdiim gralned, me > wp.
- oTs
,-_ 100
|
|
- Tagt Pit tadeninatad 1.5 motres,
s
200
ARG Backhos LoGGen.  SC
GRSUND WATER: Mang ncountered
HEMARRE:
SAMPLES & TESTE

FRATF_ TR Rt Ll
B i ey 7 e -

T3

T28



Chandler Geotechnical Pty Ltd

AEN B 045 029 oY

P e £750 Pont Macquarie NEW 24644 Phooe [01RSE10143 Faa (01W0581012%

TEST PIT REPORT

cuent: Lo Clos Redovalopmant Comitlas PROJBET Nos 23082 TEST FIT Huy 18

pPrROJECT: Proposed Subdivision DATE: 111103 METHOD OF
Locanon: L Clos Verdun Lot Ha: 41542 ADVANCE:  DBackhoe
DEFTH SAMPLES DESCATION OF STRATA
METRES TESTE | SO TYPE, STRERGTH. MOISTURE. COLOUS. DRSGIN )
K TOPSLIL. Silty SAND, gray, sands fins 1o medium grained,
| b o | 1 Aian plastic fnms.
L
L. oo
. IN.DPEW.I.ﬁH. Ciravally sansdy CLAY, groy brown, mesdium io l|u1|-p|-“ﬂ:l}ﬂf||"f.
I o sands firm O mediam grained, trace of fine graval, me = wp
[ ]
- - RESIDUAL, Gravelly sandy GLAY, gray, medium t Ngh plasticity, .
s nanss fine 1o ooarse graimed, gravel line to mediun e . wo,
o 078
[ o p—— pain gray, highly fraciured, with some
LE-[] ama of highly weathahed risl with nall liks prepectien
Tet P4 tnrminaied 1.0 mutie, Backbow refusal on bdrock.
T
[ s
= 1.75
50
RIG: Backhoe LoGGED:  SC
QRDUND WATER: Mone encauntanad
REMARKS:
SAMPLES & TESTS

O Dbl sy U Dbniitated Ll sarysm

L e B

oroa

EF EeEE peTTEmE

T8



Chandler Geotechnical Pty Ltd

ABN 81 066 026 129
PO Box 5700 Port Macquaris NSW 2444 Phone [02M55690142 Fax (02185810129
CcLENT:  Le Cios Redevelopmant Comiftes PROJECT No: 23062 TEET PIT Noe 17
PROJECT: Proposed Subdivisean DATE 11.11.03  wETHOD OF
Locanios, Le Clos Verdun Lat No: i ADVAMCE:  Backhos
DERTH EAMPLER DERCRIPTION OF STRATE
METRES TESTS [ AL TYPE. STRENGTH, MOISTURE, COLDUR, DRIDIN |
TOPSOIL Siiey SAND, grey, sands fine 1o mediem gramed,
L 0" lorey tn man plasiis fines.
© bas “ALLUVILM. Siity sandy CLAY, dark gray, medium to high plasticity,
L - samus fing 1o medium gralmed, ing = wp,
T
| o
| top
RESIDUAL. Sandy CLAY, arangs, 15 high p Y,

L by - o wainds lina W0 madmin w FTieS = ik
I 1.35
i 1.50
i Tunt Pit berminated 1.5 maties.
[

200
HIG: Backhos LOGSED: 8
GROUND WATER: Neone encouniared
REMARIS,
SAMPLES & TEETS

AR LAae

R b e

o7in3

BT AT A
R



Chandler Geotechnical Pty Ltd

AEIN &3 D48 039 329
PO Box ST20 Port Macquaris N5SW 2444 Phone (D2I65810142 Fax (0265810128

clent;,  Le Clos Redevelopmeant Comittes PROJECT Mo 23082 TEST PfT Ha- 18
PROJECT: Proposed Subdivrsion DA TE TIN03  meTHOD OF
Locanon. Le Clos Vardun Lot Moz 3334 ADVANCE:  Backhoe

DERPTH SAMPLER DEGCRIFTION OF STRATA

METREE TESTS [ SO8L TYPE, STRENGTH. MOISTURE. COLOUR, DRIGIN |
3 TORSOIL. Filty SAND, groy, sands fire to medium grained,
= o low 10 mon plastie fines.
‘_ RIS ALLUWVILIM, Eliyoy 8iily SAND, grey, sands fine 16 medium grained,
1 b < fimes of low planticity, mo = wp.

REGIDUAL, Sandy CLAY, (proy, morium i high plasticity,
0.50 "o wands Hing 10 medium gramad, mic > wi

0.7H

Teat Pt lermenated 1.5 matied.

EEE
T

R, Backhoe LocoEn: SC
GROUND WATER: MNaone encountered

HEMARKS:

SAMPLES & TEGTE

O hiisted bd e 1 L rsa bl bl =@

B By ekl e

o703

Tig



Chandler Geotechnical Pty Ltd

ABN ) 06% 019 329
PO Buoa B720 Porl Macsuarin REW 3484 Phano (02585890143 Pux (02185810139

TEST PIT REPORT

CLIENT;  Le Clos Redevelopmant Comittes PROJECT Mo 23082 TEST PIT Na: 190

PROJECT: Proposod Subdiviion DATE: 11.11.03  mETHOD OF
wocaTion: Le Clos Verdun Lt No: 28 ADVAMCE: Bockhoe
DEPTH BAMPLES DERCRIPTION OF STRATA
METHES TESTS | SO TYWE. STRENOTH, MOISTURE. COLOUR, GRS |

TOPSOIL Sty SAND, dark groy brown, sands B 1o medivm graloesd,

i o Ty 1 el plasdic Nines,
| 02 SLOPEWASH Gravelly silfy SAR0, crange grey, sands fing 1o medien grained. |
- Bow b0 non plastic Rires, gravel Tine 1o madium. me < wa,

HEIID!.IM..E&M silly sand, orange. sands Kne lo medum graimm,
[N Ll fires ol law 15 modien plastieity, me < wp,

o.rs

Macorataly waatharnd sandsione, pake orangs, highty ractuted, with some

il " Ieibe bgeldod auaena of ighly weslbwred inaleral wilh scdl like poperies
N of clayey sand of low plastigiy, me < wp.
.= 100
_ Tewl Bl loeminabed 1.0 matie, vifusl backhoe rafisal
R &
BT
T |
T
G Backhoa LoooED:  SC
GROUND WATER: Mone ancaunbersd
HEMARKS,
SAMPLES & TESTS
0 Devhaknd g U Liufbboiagnd fuib iy
(I e FerE R

0703 T2H



Chandler Geotechnical Pty Ltd

ABNW B DB 034 224
P Baa ST20 Pom Macquescis MW ML PRone (D2GSI1014T Fax (OZIEST101IF

TEST PIT REPORT

cuEnT  Le Clos Redeveloprient Comitime
PROJECT: Proposed Subdivision
LoCATIGN: L Clos Yerdun

PROJECT Mo 23082 TEST FIT Ma: 20
DATE: 111108 mET™HOD OF
Lot Mo 24 ADVANCE: Backhoe

DEFTH HAMPLES CESCRIPTION OF STRATA
METRES TEATE | fEnL TYPE, STRENGTH, MONSTURE . COuLOUSE, DHEEIN |
L TOREOIL. Silyy BAND. dark grey srossm, samdis finn i medlom goainsd,
- r Ly B0 P pImAERE e,
i RESIDUAL. Siity sandy CLAY, arange drey, ow 1o macium ptagticity, T
L 018 "o sands finn bo coame grained, trace of fine {0 modiem sangstane gravel,
- E € Wi,
b n.5a

Modarately wealhered sandsions. el gruy, highly Iractienel, with neme
B o Imterhedidnd saams pf highly wenthensd matansl with sail ilke properios
of clayey sand of bow plasticity, m< < wi

g
L i
" Tt Pl anrminated 10 mooe, viruol nackhos miuasl
-_ 125
L
- 50
L
L um
o0
RiG: Batkhoa Loccen:  SC
GRUIND WATER: Mone ncountared
HEMARKE:
SAMPLES R TESTS
g T T T ]
L Fort o ) R DT st

[FF K

T28



Chandler Geotechnical Pty Ltd

ARN 81 G66 020 120
PO Bgx 5TI0 Port Macquarke NSW 2488 Phone [OTIE5810142 Fax M2HE5010120

TEST PIT REPORT

cuENT:  La Clos Redevelopmant Comitles PROJECT No: 23082 TEST PIT No: 21
PROJECT: Froposed Subdivision OATE: 111103  METHOD OF
Locamion: Le Clos Yerdyun Lot Mo 18 ADVANCE. Backhoa
CERTH EAMPLEE DESCAIFTION OF STRATA
METRES TESTSE | L TYPE, STREMNGTH, MOISTURE. GOLOUR, DHICAN |
[ TOREGIL. Bliry EAND, grey. sands fine (5 mediem gralned,
£ o 1o b Mon pHantic ficvos.
L
L o
L ALLUNTUM. Silly sandy CLAY, gray brown, mediam iz kigh plasticiy,
o nahias fine 1o madivm gralned, me < wp

be
EE FE ]
: RESIDUAL mnﬂ?,wm;:u"mmomm.mmm B Rafjfy
R o~ plastichy, sands fiw Lo medium gralned, me = wi

LR
L b
. as

Tast Fli teernieateadt 1.4 mrizes.

. 1m0
.
L 2
RIS Backhoe LoGGEDN:  BOG
GROUND WATER: None ancountened
REMARKS,

BAMPLER & TEATA
O b e U LSS L A
W Rk o e ot

oras

T28



Chandler Geotechnical Pty Ltd

ABMN B3 066 03D 129

PO Box STI0 Porl Matoguarie N3W I444 Phons (02168810142 Fax (0243010100

TEST PIT REPORT

CUENT: L& Clos Redevelopmant Comitiae FROJECT Ho: 23082 TERT PIT Hoy 22
PROJECT; Proposed Subdwision DATE! 111103  METHOD OF
Locanon: La Clos Vardun Lot M 17 ADVANCE: Dackhoa
GERTH BAMPLES DESCAIPTION OF STRATA

METRES TESTS [ SOIL TYRE, STREMGTH, MOMTURE, COLOUR, QRIGIN |

N TOPSOHL. Sty BAND, grey brawn | sanas firs 1o madiism gramad,

N "o T 4 oo plAREIC Bines.

[ om

: .ﬂ.l..l:l:!hli.-._'l_lﬁrinwﬂi.i.'l.'.lnrl.npll ;rq'ilm WInnﬂ:m_plllthy.
5 sandy (ine 1o madam Qreined, Me € wp

[ am - =

B RESIDUAL. sandy CLAY, geey wilh 5o otatgs mottling, imedium to nigh
L plastizity, sandls line io cuane gralmed, mc = wp

i "o

i [,

T

| s

Tas: M terminaied 1 4 meives,
L. 1
'_ 1,75
200

ARG Backhos LossED;,  BC
GROUND WATER: HWone encauniansd
REMARKS!
SAMPLES & TESTS

B Danspe) peepa ) Usche et i speg

B B aar=wse 2 L e e
073

T28



Chandler Geotechnical Pty Ltd

ABM 3 096 OT9 9%
PO Box £720 Port Macquasin NEW 2444 Phons (02]68810H432 Fax [02}65810129

TEST PIT REPORT

cLENT:  Le Clos Redevelopment Comitiee

PROJECT: Proposed Subdivision DATE! 111103 mETHOD OF

PROJECT Mo F3082 TEST PIT Mo: 23

LocaTion: La Clos Vendun Lot W 13 abvasce:  Hockhoe
DEPTH SAMPLLY DESCRIFTION OF STHATA
METREE TESTS | BOIL TYFE, BTRENGTH, MOIETURE. COLOUR, SRIGIN |

L TOPSOIL. Saty SAND, grey brown , sands five Lo medium gl
L “or inw in non plastio fines.

[iF:} REGIDUAL Gravelly nandy CLAY, gray, bow o modiim plasticity,
u o sanils fine to coarse grained, with somo fime 1o medium gravel, mo = wp.
s o
: "“_‘-‘.__ d w, palw gewy, highly factianed, with some

0" ntmrhata seamy of haghly weatharod material weh soll llke paOpEMEs

. orE of clayuy sand of low plasticlly, mo < wa,
[ 1o
. 124 Teut Fit terminated 1.2 motres, winual baczkhos refusal,
[ i
-_ 1.7

100
G, Backhoa LOGGED: BC
GROUND WATER: Nong ancounbensd
HEMARKS:
SAMPLES & TEGTS
O il Lrvbel o UF il Wi G e

B el ey

ora3

11 e

T8



Chandler Geotechnical Pty Ltd

PO Dax 6720 Por Meeguarie MEW a4 Phane ((12/65010142 Fax (0205010120
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TEST PIT REPORT
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APPENDIX C
GEOLOGICAL BORELOGS



APPENDIX D
LABORATORY TRANSCRIPTS



APPENDIX E
ROOT RAW CALCULATIONS
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