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1. INTRODUCTION

Coffey Geosciences Pty Ltd (Coffey) has carried out a Slope Stability Assessment (SSA) for a proposed
residential subdivision at 1 Survey Street, Lennox Head. The current assessment was commissioned by DM
& RD Dossor for the preparation of a Project Application and Environmental Assessment under Part 3A of the
Environmental Planning and Assessment Act 1979.

Based on the brief for the work, we understand that the aim of the SSA was to satisfy the requirements of the
Director General of the Department of Planning with respect to slope stability. Documentation provided to
Coffey indicates that the requirement for the SSAis as follows:

“A detailed geotechnical assessment is required to establish certainty regarding the site
stability and suitability for the proposal. This should consider the Australian Geomechanics
Society landslide Risk Management Guidelines 2000.”

This report collates the available information from the previous investigations and presents a SSA using an
updated assessment methodology developed and presented in the Australian Geomechanics Society Sub-
Committee (March 2000) Landslide Risk Management publication titled “Landslide Risk Management
Concepts and Guidelines” (AGS 2000). Coffey conducted the work in general accordance with proposal
NR1059/3-AA dated 2 June 2006.

2. PREVIOUS WORK

Coffey has previously conducted investigation and assessment work which included or was specific to the site
of the proposed subdivision in 1986, 1999 and 2002. In addition, Coffey provided expert witness and
geotechnical consultancy services in 2001 and 2002. The results of the previous work are discussed below.

2.1 1986 Coffey Report

The site was included in a geotechnical zoning survey carried out by Coffey in 1986 for Ballina Shire Council,
the results of which were presented in report S7761/1-AA dated March 1986. This survey was primarily based
on aerial photography interpretation, with some ground truthing.

Drawing S7761/1-3 in the report indicated that the site of the proposed subdivision is located within Zones 1A
and Il defined as Medium and Low to Very Low risk of instability respectively.

2.2 1999 Coffey Report

In September and October 1999, Coffey carried out a geotechnical and site stability assessment at the site,
the results of which were presented along with comments and recommendations in report NR1059/1-C dated
11 October 1999.

Field work for the geotechnical and site stability assessment consisted of the excavation of 18 test pits (TP1 to
TP18) to depths of betweenl.5m and 3m, and a site walkover and stability assessment by a Coffey Senior
Engineering Geologist. The engineering logs of the test pits are presented in Appendix A. Reference should
be made to the original report for explanation sheets defining the term and symbols used in the preparation of
these logs. Laboratory testing comprised California Bearing Ratio (CBR) and shrink/swell tests for pavement
thickness design and lot classification purposes respectively. The report presented the results of the
investigation and laboratory testing, summarised the site conditions, and provided comments and
recommendations on slope stability, lot classification, pavement thickness design, detention pond construction
and site preparation.

With respect to slope stability, it was assessed that the site could be divided into three zones. The zones can
be summarised as comprising a low risk zone (areas of flatter ground along the base of the valley and on the
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lower slopes of the ridges), a low to medium risk zone (areas of steeper slopes above the valley floor forming
the middle slopes of the ridgelines) and a medium risk zone (areas of steeper slopes on the upper areas of
the eastern ridge). General recommendations for development within the different risk zones were provided in
the report.

2.3 Expert Witness Work and 2002 Coffey Report

Following the issue of the above report, we understand that the development application was rejected by
Ballina Shire Council, and an appeal was heard before the Land and Environment Court (Dossor v Ballina
Shire Council [2001] NSWLEC 173). During the appeal, Coffey provided expert evidence for Dossor
regarding the geotechnical and slope stability issues for the development. For Ballina Shire Council, Robert
Carr & Associates Pty Ltd (RCA) were engaged to provide expert evidence.

RCA raised several issues upon review of the Coffey reports, and considered that further investigations were
required to investigate the interface between the basalt and underlying agglomerate geological units at the
site and the presence of any weak layers, and to refine the understanding of groundwater flows. Both RCA
and Coffey agreed that even if weak layers were present along with adverse groundwater conditions,
technical solutions could be designed to allow residential development to proceed.

On 1 August 2001 the NSW LEC dismissed the appeal against Ballina Shire Council's refusal of the
subdivision development application. With regard to geotechnical issues, the following conclusions were
stated:

172(7) the site stability issues should be fully addressed before consent is given for any
residential development of the subject land.

172(10) the subsurface drainage proposals which directly affect residential development
on individual lots of the subject land should be fully designed and evaluated
before consent is granted.

Discussions between Coffey and RCA continued following the judgement, and from these discussions it was
agreed that additional investigations consisting of the drilling of four boreholes and installation of standpipe
piezometers would resolve the geotechnical issues in relation to stability and drainage. On this basis, four
boreholes (BH1 to BH4) were drilled in February 2002 to depths of between 6.2m and 19.58m at locations
nominated by RCA during the discussions. One borehole was located within north western area of the site,
with the remaining three boreholes located within the south eastern area of the site. The results of the drilling
were presented in report CH1059/2-K dated 11 March 2002. The engineering logs of the boreholes are
presented in Appendix B. Reference should be made to the original report for explanation sheets defining the
term and symbols used in the preparation of these logs. Based on the drilling results, Coffey concluded that
no significant clay layers that could adversely impact on the stability of the site were evident in the boreholes.
Groundwater levels were measured in BH2 and BH4, and no groundwater was encountered in BH1. A
blockage in BH3 prevented measurement of water levels.

2.4 Current Work
The current geotechnical work comprised the following:

e Review of available geotechnical data from previous work carried out by Coffey, and provision of an
updated geotechnical report (including a plan of the currently proposed subdivision layout) which
addresses the requirements of the Director General of the Department of Planning with respect to
slope stability;

e A site walkover assessment carried out by a Coffey Senior Engineering Geologist on 10 August
2006. The purpose of the walkover was to observe the current site conditions with respect to slope
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stability, and to map areas where groundwater seepage was evident.

The locations of the previous investigations and observations from the current site walkover assessment are
shown on the current proposed subdivision layout on Figure 1. Figure 1 is based on a plan provided by Sarah
Kelly of SAKE Developments.

Coffey is currently in the process of carrying out an Environmental Site Assessment at the site, the results of
which will be presented in a separate report.

3.  SITE CONDITIONS
3.1 General

The surface and subsurface conditions information presented in this report is based on Coffey reports
NR1059/1-C and NR1059/2-K and the site walkover assessment carried out on 10 August 2006.

3.2 Surface Conditions

The information presented in this section is based on that presented in Coffey report NR1059/1-C dated 11
October 1999 and a site walkover carried out by a Coffey Senior Engineering Geologist on 10 August 2006.

The site of the proposed subdivision covers an area of around 9.9ha and lies on the eastern side of Survey
Street and Amber Drive, Lennox Head. The site is bordered by existing residential subdivisions on the western
and northern sides. The site is currently used as a pasture and is predominantly open paddock. A small area
of woodland is present on the southern end of the site.

Topographically, the site lies in a broad, north-south trending valley, open to the south and bounded on the
east, west and north sides by low ridges. Hills slopes on the ridges are generally moderate, varying from
around 18° to 20° on the upper slopes to 12° to 15° on the lower slopes. The base of the valley is occupied
by a broad, gently sloping area with slope angles of typically around 3° to 5°. A small creek runs along the
base of the valley, draining to the south.

Localised areas of rock outcrop were noted along the bed of the creek and scattered basalt cobbles were
noted on the upper slopes of the ridges.

During the previous work, the gently sloping area between the base of the lower slopes and the creek were
noted to be wet and boggy, with widespread surface water and groundwater seepage. These wet and boggy
soils were again evident during the recent site walkover. Groundwater seepage was inferred where surface
water, wet/boggy surface soils and variations in vegetation were observed on the mid-slopes of the hills near
proposed lots 27 to 32 on the eastern side of the creek. Areas of wet/boggy surface soils and inferred
groundwater seepage observed during the recent site walkover are shown on Figure 1.

Localised soil erosion/scour was evident near the outlet of a stormwater drain on the western side of the site
near proposed lots 1 and 2, and near a pump station/stormwater drain outlet near the northern end of the site.
The approximate locations of the erosion/scour are shown on Figure 1.

3.3 Subsurface Conditions

The information presented in this section is based on that presented in Coffey reports NR1059/1-C dated 11
October 1999 and NR1059/2-K dated 11 March 2002.

The 1:250,000 scale, “Murwillumbah”, geology map of the area indicates the site is underlain by weathered
volcanic rocks of the Tertiary Lismore Basalt, described as bedded basalt flows with layers of volcanic ash,
agglomerate and sedimentary rocks.

Site observations indicated that the underlying geology on the site consists of three different subsurface units
described as follows:
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On the crest and upper slopes of the ridge to the east of the site, the underlying rock appears to
comprise highly weathered, low to medium strength, highly fractured basalt, overlain by gravelly
clays with basalt cobbles and boulders;

On the middle and lower slopes, the thickness of residual soils is considerably greater than on the
upper slopes, and the underlying basalt appears to be more deeply weathered, possibly indicating a
different composition or structural geology;

On the bed of the creek in the southern and central area of the site, the rock exposed consists of
rounded to sub-angular basalt gravel, cobbles and small boulders in a fine-grained matrix. This rock
is considered to be volcanic agglomerate or possibly an alluvial deposit of basalt cobbles and
boulders in a matrix of volcanic ash. This material appears to be less weathered and more resistant
to erosion than the overlying basalt and was observed to be massive with very few joints or fractures.

The generalised subsurface conditions as indicated by the test pitting are shown in Table 1.

TABLE 1:

SUMMARY OF SUBSURFACE CONDITIONS OBSERVED IN TEST PITS

UNIT

OBSERVED THICKNESS (m)

DESCRIPTION

Topsoil

01t00.4

Generally comprising Gravelly Silt Clay, high plasticity,
red-brown and grey, typical unit thickness observed
was 0.2m.

Residual Soil

0.7t0>3

Gravelly CLAY, high plasticity, fine to coarse grained
gravel, orange-brown and grey, extent of gravel
depends on the topographic location on site, refer to
geological descriptions above.

Bedrock

BASALT, highly weathered, low to medium strength,
highly to slightly fractured, fine to cobble size particles
in matrix, red- brown and grey-brown, refer descriptions
above.

The subsurface conditions encountered in each of the four boreholes drilled on site are summarised in

Table 2.

TABLE 2: SUMMARY OF SUBSURFACE CONDITIONS OBSERVED IN BOREHOLES
BOREHOLE NO. 1 2 3 4
MATERIAL TYPE DEPTH (m)

Colluvial Soil 0.0-0.8 - -
Residual Clay Soil 0.8-6.2 0.0-2.8 0.0-4.1 0.0-3.2
XW Basalt 2.8-5.7 4.1-6.6 3.2-4.8
HW to MW Basalt - 6.6-7.8 4.8-54,85-12.2
MW to SW Basalt 5.7-6.65 7.8-13.5 5.4-8.5,12.2-13.4,
18.8-19.6
SW to Fr Basalt 13.4-18.8
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The subsurface conditions interpreted from the boreholes are further discussed below.
Western Hillside

BH1 was drilled on moderately sloping ground on the lower part of the western hillside near the creek. BH1
encountered a surface layer of 0.8m of very stiff silty clay (possible colluvium) with basalt gravel, cobbles and
boulders. This was underlain by hard, residual sandy and silty clay with occasional basalt cobbles continuing
to borehole termination depth at 6.2m.

Eastern Hillside

BH2 was drilled on the lower part of the eastern hillside at approximately RL21.1m. BH2 encountered a 0.3m
thick surface layer of soft, water affected clay underlain by stiff to very stiff residual clay to a depth of 2.8m.
This was underlain by hard, residual clay (extremely weathered basalt) to a depth of 5.7m. Diamond coring
commenced at 5.7m and encountered moderately and slightly weathered basalt to borehole termination depth
at 6.65m. Significant clay seams were not observed.

BH3 was drilled in the lower to middle slopes of the eastern hillside. BH3 encountered stiff to very stiff residual
clay soils to a depth of 1.7m underlain by hard residual clay to 4.15m. Diamond coring commenced at 4.15m
depth. Extremely and extremely to highly weathered, very low strength basalt was encountered to a depth of
6.5m, becoming stronger towards base of this layer. Highly weathered, medium strength basalt was
encountered to 7.9m and moderately weathered, medium to high strength basalt to a depth of 9.3m. From
9.3m to borehole termination depth at 13.5m, BH3 encountered inter-layered moderately weathered,
moderately to slightly weathered basalt, varying in strength from medium to high to very high strength. The
basalt in BH3 was observed to be locally vesicular/amygdaloidal with clay and zeolite-filled vesicles. A number
of clay and fragmented rock seams were noted at various depths. These zones were typically 20mm to 50mm
thick.

BH4 was drilled on the middle slopes of the hillside at approximately RL34.9m. BH4 encountered very stiff to
hard residual clay soils to a depth of 4.8m, grading to extremely weathered basalt below approximately 4m
depth. Diamond coring commenced at 4.8m depth. Highly weathered basalt (with a thin layer of extremely
weathered basalt) was encountered from 4.8m to 5.4m, underlain by inter-layered moderately weathered,
medium to high strength basalt and slightly weathered, high to very high strength basalt continuing to a depth
of 8.5m. This was underlain by highly to moderately weathered, medium to high strength basalt to 12.2m,
moderately to slight weathered, high strength basalt to 13.4m, slightly weathered to fresh, high to very high
strength basalt to 18.8m and moderately weathered, medium to high strength basalt to borehole termination
depth at 19.58m. No significant clay seams were observed in the drill core from BH4.

In general, the subsurface conditions encountered in boreholes BH2 and BH4 consist of a surface layer of
around 3m to 4m of residual clay soils underlain by 1.5m to 3m of extremely weathered and highly weathered
basalt grading to slightly weathered basalt continuing to depth. Significant clay seams (defined for the
purposes of this report are typically 100mm or greater in thickness of predominately clay with less than 50%
gravel or crushed rock) were not observed in any of the core sampled from the boreholes. Borehole BH3
encountered a small number of thinner clay seams, however these were not present in borehole BH2 or BH4.

3.4 Groundwater

Groundwater inflows were observed in all pits located in the lower sections of the site, namely TP6, TP7, TP8,
and TP17. These pits appear to correspond to groundwater flows in top of the interface of volcanic
agglomerate observed in the base of the creek. It is noted that the test pitting fieldwork carried out in
September 1999 followed a protracted period of wet weather.

The standing groundwater table was measured on 26 February 2002 at a depth of 0.98m in borehole BH2 and
10.4m in borehole BH4. A blockage in BH3 prevented measurement of water levels. Groundwater was not
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observed in borehole BH1.
4.  SLOPE STABILITY
4.1 General

With reference to AGS 2000, the assessment of risk should consider two factors, namely the likelihood of an
event occurring and the consequences should it occur. The risk can be assessed for any number of identified
hazards at the site (e.g. small slumps, large scale rotational failures or debris flows, global failure of retaining
walls).

Previously, Coffey carried out an assessment (report NR1059/1-C) which divided the site into three “risk”
zones based on the conditions evident at the site. The report indicated that it is not technically feasible to
assess stability in absolute terms such as “stable” or “unstable”, and therefore its intent was to consider the
“risk” of slope movement, where “risk” classes were defined in terms of the likelihood of slope instability (e.g.
low risk was defined as “slope stability is very unlikely”). On this basis, though the previous Coffey report
refers to “risk”, the assessment could be considered to be referring to the “likelihood” of slope instability with
reference to AGS 2000.

In terms of slope stability risk, the likelihood and consequences of instability would depend on the nature,
location and type of the development at the site. Without details of the proposed developments (e.g. specific
locations and types of residential developments and details of site earthworks such as the location and depth
of excavations, filling), the assessment of slope stability would be limited to consideration of hazards for the
site in its undeveloped state, and an assessment of the relative likelihood of occurrence of these hazards.
This was the intent of Coffey report NR1059/1-C, though with likelihood referred to as risk.

It is considered that the division of the site into zones of differing slope stability characteristics is appropriate
for the site based on the site conditions. The delineated boundaries between the zones are shown on Figure
2, which also shows the current proposed subdivision layout. The zones are referred to as Zone 1, Zone 2
and Zone 3 as shown, and are discussed in section 4.2. Recommendations for development both in general
and specifically related to each of these zones are presented in section 5 of this report.

In terms of the SSA for each of the site zones, it is considered that slope stability risk can be assessed with
reference to AGS 2000 based on consideration of the likely type of development at the site and the likelihood
and consequences of the identified hazards. The assessment of risk assumes that developments are
designed and constructed in accordance with the recommendations for development in this report. The risk
assessment is presented below.

4.2 Site Zones

The consideration of likelihood of slope instability is based on a number of factors including slope angle,
subsurface conditions, groundwater levels and the existence of indicators of past instability. Based on the
assessment, the site is divided into three zones. The three zones are shown on Figure 2 and are described
below.

e Zone 1: Areas of flatter ground along the base of the valley and on the lower slopes of the ridges.
Slope angles in this area are generally less than about 10° to 12°. Subsurface conditions in this
zone generally comprise stiff to very stiff residual Gravelly Clay soils, with water inflows observed in
several test pits at various depths. It is noted that previous reports indicated wet boggy surface soils
in some portions of this zone at times of field work. No evidence of slope instability was observed in
this zone during previous investigations.

e Zone 2: Areas of steeper slopes above the valley floor forming the middle slopes of the ridge lines
on the eastern and western sides of the valley. Slope angles in this zone are typically in the range of
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15010 189, Subsurface conditions in this zone generally comprise very stiff to hard residual Gravelly
Clay soils overlying weathered basalt at depth. In general, the water inflows were not observed in
the test pits excavated in this zone except for TP17, in which groundwater inflows were observed at
a depth of between 1m and 1.5m. Groundwater seepages were evident in parts of this zone as
shown on Figure 1 (near proposed lots 27 to 32). The ground surface in this zone shows some signs
of soil creep. No evidence of significant past instability was observed in this zone.

Zone 3. Areas of steep slopes on the upper areas of the eastern ridge. Slope angles in this zone
are typically in the range of 180 to 22°. Subsurface conditions in this zone generally comprise very
stiff to hard residual Gravelly Clay soils overlying weathered basalt at varying depths. In general, no
water inflows observed in the test pits at the time of field work. The ground surface in this area
shows some more widespread signs of soil creep. No evidence of significant past instability was
observed in these areas.

4.3 Identification of Hazards

The hazards considered in the risk assessment for the site are shown below:

Hazard 1. Shallow seated instability of the natural and altered slopes in the vicinity of the proposed
developments. This failure might take the form of relatively minor slips and/or slumping of site soils;

Hazard 2: Deep seated instability of the natural and altered slopes in the vicinity of the proposed
developments. This failure might take the form of a significant slip/slump, with a relatively large
amount of soil and/or rock material displaced,;

Hazard 3: Instability of appropriately battered and treated slopes or failure of engineer designed
retaining walls.

4.4 Assessed Risk

For the purposes of this assessment, the terms and descriptions provided in Appendix G of AGS 2000 have
been used. The terms and descriptions are summarised in Appendix C.

For the hazards indicated above, the assessed likelihood and consequences of each hazard and the
associated risk is presented in Table 6.

TABLE 6: ASSESSED RISK FOR SLOPE INSTABILITY HAZARDS
ZONE HAZARD ASSESSED ASSESSED ASSESSED RISK
LIKELIHOOD CONSEQUENCES

Hazard 1 Rare Minor Very Low

Zone 1 Hazard 2 Not credible Major Very Low
Hazard 3 Rare Medium to major Low
Hazard 1 Unlikely Minor Very Low to Low

Zone 2 Hazard 2 Not credible to rare Major Low
Hazard 3 Rare Medium to major Low
Hazard 1 Possible Minor Low to Moderate

Zone 3 Hazard 2 Rare Major Low to Moderate
Hazard 3 Rare Medium to major Low
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A discussion of the assessed likelihood and consequences used to assess the risk of slope instability is
presented in Appendix C.

Based on the above, the highest assessed risk for each of the zones is shown below:

e Zonel Very low to low risk of slope instability.
o Zone?2 Low risk of slope instability.
e Zone3 Low to moderate risk of instability.

The above assessed risks are based on the developments being designed and constructed in accordance
with the recommendations outlined in section 5 of this report.

AGS 2000 provides example implications for very low, low and moderate risk levels as follows:
e Very Low Risk: Acceptable. Manage by normal slope maintenance procedures.

e Low Risk: Usually accepted. Treatment requirements and responsibility to be defined to maintain or
reduce risk.

e Moderate Risk: Tolerable provided treatment plan is implemented to maintain or reduce risks. May
be accepted. May require investigation and planning of treatment options.

Recommended treatment options, slope maintenance procedures and limitations on development are
provided in section 5 to achieve the assessed risks.

5. RECOMMENDATIONS FOR DEVELOPMENT
5.1 Limitations and Intent

This report provides an assessment of the risk associated with slope instability at the site. It must be
accepted that the potential risks associated with hillside construction are greater than construction on level
ground in the same geological environment, and inappropriate construction techniques can increase the
potential for ground movement. Recommendations for development are provided below.

All developments should be designed and constructed in accordance with the recommendations presented in
sections 5.2 and 5.3. In addition, developments should be designed and constructed in accordance with the
recommendations in sections 5.4, 5.5 or 5.6 as appropriate for their location on the site with respect to the site
stability zones.

This report should not be regarded as a site investigation report for the specific design of developments,
though general comments regarding geotechnical issues have been made so far as these affect slope
stability. Coffey has carried out an assessment of site contamination resulting from past uses of the land
which has been issued under separate cover.

Site conditions exposed during site earthworks should be observed by a suitably experienced engineer to
confirm conditions which have been inferred in this assessment.

5.2 General Guidelines for Construction
The following guidelines are recommended for all developments at the site (regardless of their location):
Design and Construction

e The design and construction of all developments should be carried out in accordance with good
hillside practice as shown on Figure 3 and Figure 4, and the relevant recommendations for
development presented in this report.
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All developments should be designed by an engineer with appropriate experience and knowledge of
the site conditions, using sound engineering principles and in accordance with the relevant Australian
Standard or appropriate industry standard.

Foundations for residential structures should be designed and constructed in accordance with the
recommendations and advice of AS2870-1996, ‘Residential Slabs and Footings’. Footings should be
founded outside or below the zone of influence of any existing or excavations (e.g. batter slopes,
services trenches or retaining walls etc) where the structure loads have not been incorporated into the
design of the excavation.

Earthworks

Earthworks should be carried out in accordance with the guidelines presented in AS3798-1996
“Guidelines on Earthworks for Commercial and Residential Developments”.

The removal of vegetation has the potential to increase the risk of instability. It is recommended that
existing vegetation be maintained where practicable and that stripped areas be revegetated as soon as
possible. Where a hole is created from the removal of tree root balls, the hole should be backfilled in a
controlled manner using fill materials which are similar in nature to the surrounding natural soils. The
areas should then be revegetated as soon as possible. At the subdivision development stage, existing
vegetation within the crown land road reserve near the eastern site boundary will be removed.
Provided that the above recommendations are adopted, it is considered that the removal of this
vegetation would not affect the slope stability risk assessment outcomes presented above.

Prior to the placement of any fill, the proposed areas should be stripped to remove all existing
uncontrolled fill, vegetation, topsoil, root affected or other potentially deleterious material. Following
stripping, the exposed materials should be proof rolled to identify any wet or excessively deflecting
material. Any such areas should be over excavated and backfilled with an approved select material.
Fill should be compacted in layers to appropriate engineering specifications.

Where fill is placed on slopes in excess of 1V:8H (7°), horizontal benches should be cut into the natural
slope prior to placement of the fill.

Where fill is placed across an existing watercourse, a culvert of adequate size to accommodate design
flows should be installed. A subsoil drain along low point of the filled area will also be required.

Excavations and batter slopes should be designed for surcharge loading from slopes, retaining walls,
structures and other improvements in the vicinity of the excavation.

Temporary slopes in soil strength materials up to 3m in height should be formed at no steeper than
1H:1V. Further geotechnical advice should be sought where cuts greater than 3m in height are
proposed. Adequate drainage should be provided for all batter slopes. During rainfall periods,
temporary slopes should have surface water on the high and low side diverted away from the batter
face. The face may also need to be protected by the placement of plastic sheeting.

Unsupported permanent batter slopes in soil strength materials should be battered at no greater than
2H:1V. All batter slopes should be protected against erosion by appropriate plantings or fabric.

Retaining Walls

Retaining walls should be designed by a suitably qualified engineer who is familiar with the site
conditions.

Design of the walls must take into account any surcharge from sloping ground or other loadings
behind the wall. The design should incorporate an allowance for water pressures.



NR1059/3-AD 10
31 August 2006

e Adequate drainage should be provided for all retaining walls. Flushing points should be incorporated
into the design of the perimeter drain to allow for maintenance.

Stormwater and Sewerage

o All collected stormwater run-off or stormwater discharging on to the site should be piped into the street
drainage system or the existing watercourse in a controlled manner. Septic wastes should be
connected to a reticulated disposal system.

5.3 Surface and Subsurface Drainage and Areas of Groundwater Seepage

5.3.1 General

The failure to provide adequate drainage is often a predominant cause of slope instability. Adequate surface
and subsurface drainage should be provided for all site developments regardless of their location on the site.
Surface and subsurface drainage should be considered at the subdivision development stage (e.g. prior to the
sale and development of individual allotments) and during the individual allotment development stage.

During both stages of development, careful attention should be paid to the treatment of water emanating from
springs and the like, as these have the potential to significantly increase the likelihood of instability if they are
not appropriately treated. The need for treatment of springs and the appropriate treatment method should be
assessed on a case hy case basis as encountered during any site earthworks. Assessment and design of
treatment systems should be carried out by an experienced consultant. In general, methods for treatment of
water emanating from springs may take the form of trench drains or drainage blankets, with flows piped to the
street stormwater system.

Specific comments and recommendations for subsurface drainage are provided below.

5.3.2 Subdivision Development Stage

It is recommended that subsurface drainage as recommended below be installed as soon as practicable
during site earthworks. Having subsurface drainage in-place will reduce the likelihood of slope instability, and
potentially reduce the likelihood of construction problems associated with groundwater such as heaving of
subgrade soils and trafficability.

With respect to roads, it is recommended that subsurface drainage be provided along the high side of all
roads (or road sections) aligned across site slopes, and along both sides of all roads (or road sections)
aligned down site slopes. Subsurface drains should extend to at least 0.3m below the top of the natural
undisturbed site soils, though this depth may need to be increased depending on site conditions exposed
during site earthworks. Particular attention should be paid to subsurface drainage design in the area where
groundwater seepage was evident (i.e. near lots 27 to 32) and near the southern end of the site.

Significant groundwater seepage was evident where surface water, wet/boggy surface soils and variations in
vegetation were observed on the mid-slopes of the hills near proposed lots 27 to 32 on the eastern side of the
creek. Previously, groundwater seepages were observed near proposed lots 24 to 32, and groundwater
inflows were evident in TP17 which was located near the boundary between lots 24 and 25. These seepages
could have an effect on residential developments on these allotments and on the road and other associated
developments downslope of these allotments.

Based on the site conditions evident at the time of the current and previous field work, it is recommended that
trench drains be constructed as follows:

e Trench drains should be constructed along the full length of the common boundaries of adjacent
allotments inclusive of lots 24 to 33 (i.e. the southern boundaries of allotments 24 to 32).
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e The trench drains should be of the order of 1.5m deep below the existing ground surface level and
0.5m wide.

e Perforated drainage pipe (min. 0.1m to 0.15m diameter, though a larger diameter may be required
depending on flows encountered during construction) should be placed in the base of the trench
and connected to the street stormwater drainage system.

e The trenches should be backfilled with an appropriate free draining granular material. The upper
0.7m of the trench should be backfilled with a clayey material to act as a capping layer for the
trench and to allow the installation of fence post footings along the boundary. The clay material
should be compacted to a target density ratio of 95% Standard compaction.

It is recommended that an experienced consultant be engaged to assess groundwater conditions during the
construction of drainage trenches and to provide additional advice on subsurface drainage. It is noted that the
recommendations provided above are based on the conditions evident at the time of field work. Additional
subsurface drainage may be required depending on the conditions encountered during construction.

5.4 Specific Guidelines for Construction in Zone 1

It is considered that no geotechnical restrictions on dwelling type or design other than good engineering and
construction practice are applicable in this zone. The recommendations provided in sections 5.2 and 5.3
should be adopted for design and construction in Zone 1.

5.5 Specific Guidelines for Construction in Zone 2

It is considered that the recommendations provided in sections 5.2, 5.3 and as shown below be adopted for
design and construction in Zone 2.

e More flexible structures of timber or steel framed clad, brick veneer or similar construction should be
adopted.

e Footings for developments should be founded within the natural undisturbed residual soils beneath all
topsoil, uncontrolled fill or other deleterious materials.

e Cut and fill should be limited to 2.5m in depth/height unless subject to a site/development specific
geotechnical assessment. Appropriate batters and/or retaining walls designed by an engineer who is
familiar with the site conditions should be provided. The expertise of the contractor, the nature of the fill
material and the degree of monitoring and testing of the filling will control the footing design required for
any structures placed on the fill.

5.6 Specific Guidelines for Construction in Zone 3

It is considered that the recommendations provided in sections 5.2, 5.3 and as shown below should be
adopted for design and construction in Zone 3.

e Flexible structures of timber or steel framed clad, brick veneer or similar construction should be
adopted. Split level and suspended design should be considered to limit slope modification.

e Foundations should be designed and constructed in accordance with AS2870-1996, with footings for
developments founded at least 0.6m into the natural undisturbed residual soils or weathered rock
beneath all topsoil, uncontrolled fill or other materials.

e Cut and fill should be limited to 1.5m in depth/height unless subject to a site/development specific
geotechnical assessment. Appropriate batters and/or retaining walls designed by an engineer who is
familiar with the site conditions should be provided. The expertise of the contractor, the nature of the fill
material and the degree of monitoring and testing of the filling will control the footing design required for
any structures placed on the fill.
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6. CONCLUSIONS

This report presents the results of a slope stability assessment carried out for a proposed residential
subdivision development at 1 Survey Street, Lennox Head. The assessment comprised collation of
information obtained during previous studies at the site, and presentation of a slope stability risk assessment
based on the assessment methodology presented in AGS 2000.

Based on the work carried out, we consider that the site is appropriate for residential subdivision
development, subject to the adoption of recommendations contained in this report. The decision as to the
level of risk to be accepted or tolerated needs to be considered by both the owner and consent authorities
involved. The onus is on the owner, potential owner or interested party to decide whether the assessed level
of risk is acceptable taking into account likely economic consequences of the risk and the recommended
geotechnical constraints.

Development should be carried out in accordance with good hillside practice and the specific geotechnical
recommendations defined in this report.

7. CONSTRUCTION RISK

The extent of testing associated with the current and previous assessments is limited and variations in ground
conditions may occur between the test locations. If conditions other than those described in this report are
encountered during construction further advice should be sought without delay. It is expected that
geotechnical consultations will be required throughout the development of the site.

We draw your attention to the attached sheet entitled “Important Information About Your Coffey Report” which
should be read in conjunction with this report.

For and on behalf of
COFFEY GEOSCIENCES PTY LTD

DAVID BARKER

Senior Geotechnical Engineer
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As a client of Coffey you should know that site subsurface conditions cause more construction
problems than any other factor. These notes have been prepared by Coffey to help you
interpret and understand the limitations of your report.
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Important information about your Coffey Report

Your report is based on project specific criteria

Your report has been developed on the basis of your
unique project specific requirements as understood
by Coffey and applies only to the site investigated.
Project criteria typically include the general nature of
the project; its size and configuration; the location of
any structures on the site; other site improvements;
the presence of underground utilities; and the
additional risk imposed by scope-of-service
limitations imposed by the client. Your report should
not be used if there are any changes to the project
without first asking Coffey to assess how factors that
changed subsequent to the date of the report affect
the report’s recommendations. Coffey cannot accept
responsibility for problems that may occur due to
changed factors if they are not consulted.

Subsurface conditions can change

Subsurface conditions are created by natural
processes and the activity of man. For example,
water levels can vary with time, fill may be placed on
a site and pollutants may migrate with time.
Because a report is based on conditions which
existed at the time of the subsurface exploration,
decisions should not be based on a report whose
adequacy may have been affected by time. Consult
Coffey to be advised how time may have impacted
on the project.

Interpretation of factual data

Site assessment identifies actual subsurface
conditions only at those points where samples are
taken and when they are taken. Data derived from
literature and external data source review, sampling
and subsequent laboratory testing are interpreted by
geologists, engineers or scientists to provide an
opinion about overall site conditions, their likely
impact on the proposed development and
recommended actions. Actual conditions may differ
from those inferred to exist, because no professional,
no matter how qualified, can reveal what is hidden by

earth, rock and time. The actual interface between
materials may be far more gradual or abrupt than
assumed based on the facts obtained. Nothing can
be done to change the actual site conditions which
exist, but steps can be taken to reduce the impact of
unexpected conditions. For this reason, owners
should retain the services of Coffey through the
development stage, to identify variances, conduct
additional tests if required, and recommend solutions
to problems encountered on site.

Your report will only give
preliminary recommendations

Your report is based on the assumption that the
site conditions as revealed through selective
point sampling are indicative of actual
conditions throughout an area. This assumption
cannot be substantiated until project
implementation has commenced and therefore
your report recommendations can only be
regarded as preliminary. Only Coffey, who
prepared the report, is fully familiar with the
background information needed to assess
whether or not the report's recommendations
are valid and whether or not changes should be
considered as the project develops. If another
party undertakes the implementation of the
recommendations of this report there is a risk
that the report will be misinterpreted and Coffey
cannot be held responsible for such
misinterpretation.

Your report is prepared for
specific purposes and persons

To avoid misuse of the information contained in your
report it is recommended that you confer with
Coffey before passing your report on to another
party who may not be familiar with the background
and the purpose of the report. Your report should not
be applied to any project other than that originally
specified at the time the report was issued.

Coffey Geosciences Pty Ltd 3/ 057056335516
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Important information about your Coffey Report

Interpretation by other design professionals

Rely on Coffey for additional assistance

Costly problems can occur when other design
professionals develop their plans based on
misinterpretations of a report. To help avoid
misinterpretations, retain Coffey to work with other
project design professionals who are affected by the
report. Have Coffey explain the report implications to
design professionals affected by them and then
review plans and specifications produced to see
how they have incorporated the report findings.

Data should not be separated from the report*

The report as a whole presents the findings of the site
assessment and the report should not be copied in
part or altered in any way.

Logs, figures, drawings etc. are customarily included
in our reports and are developed by scientists,
engineers or geologists based on their interpretation
of field logs (assembled by field personnel) and
laboratory evaluation of field samples. These logs etc.
should not under any circumstances be redrawn for
inclusion in other documents or separated from the
report in any way.

Geoenvironmental concerns are not at issue

Your report is not likely to relate any findings,
conclusions, or recommendations about the potential
for hazardous materials existing at the site unless
specifically required to do so by the client. Specialist
equipment, techniques, and personnel are used to
perform a  geoenvironmental  assessment.
Contamination can create major health, safety and
environmental risks. If you have no information about
the potential for your site to be contaminated or
create an environmental hazard, you are advised to
contact Coffey for information relating to
geoenvironmental issues.

Coffey is familiar with a variety of techniques and
approaches that can be used to help reduce risks for
all parties to a project, from design to construction. It
is common that not all approaches will be
necessarily dealt with in your site assessment report
due to concepts proposed at that time. As the project
progresses through design toward construction,
speak with Coffey to develop alternative approaches
to problems that may be of genuine benefit both in
time and cost.

Responsibility

Reporting relies on interpretation of factual
information based on judgement and opinion and
has a level of uncertainty attached to it, which is far
less exact than the design disciplines. This has often
resulted in claims being lodged against consultants,
which are unfounded. To help prevent this problem,
a number of clauses have been developed for use in
contracts, reports and other documents.
Responsibility clauses do not transfer appropriate
liabilities from Coffey to other parties but are
included to identify where Coffey’s responsibilities
begin and end. Their use is intended to help all
parties involved to recognise their individual
responsibilities. Read all documents from Coffey
closely and do not hesitate to ask any questions you
may have.

* For further information on this aspect reference
should be made to “Guidelines for the Provision of
Geotechnical Information in Construction Contracts”
published by the Institution of Engineers Australia,
National Headquarters, Canberra, 1987.
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SOME GUIDELINES FOR HILLSIDE CONSTRUCTION

GOO0D ENGINEERING PRACTICE POOR ENGINEERING FRACTICE
ADVICE :
GEOTECHNICAL Obtain advice from a qualificd, cxpericaced geotechnical consultant at carly Preparc detailed plan and siart zite works befoce
ASSESSMENT stige of planning and befors sitc wocks. _geolochiieal sdvice.
PLANNING
SITE PLANNING Having obteinod geotechnical sdvics, plan the developmeat with the risk Plan development withoul regacd for the Ridk.
arising from the ideatificd harards end conscquences in tmind.
DESIGN ANDY CONSTRUCTION
HOUSE DESIGN Use flexible etructures which incocparate properly designed brickwork, timber | Floor plans which require exicnsive cutting and
or sleel frumed, timber o panel cladding. ing.
Coasider use of split levels Movement intolersnl structures,
Use decks for reareational arcas where spprogxiate.
SITE CLEARING Reigin natural vegetation wherever practicable. Indiscriminately clear the site.
ACCESS & ©° Satisfy requircments bolow for cuts, §lls, retaining walis and drainage. Excavatc and fil{ for gite access before
DRIVEWAYS Council specifications for grades may need (o be modificd. geotechnical advics.
' Driveways and parking areas may need to be fully supporied on picrs )
EBEARTHWORKS Retain patural contours wherever possible. Indiscriminant hulk earthworkes,
Cuts | Minimise depeh. Large scafe cuts and benching.
Support with engineered rotaining walls oc butter (o appropriate slope. Unsupported cuts.
Providc drainepe measures and erosion cootrol. Ignore drainage requirements
Fris | Minimise height. Loose of poorly compacted fill, which if it fafls,
Strip vegetation and topsoil and key into natural slopes prior to filling. may flow & coasiderable distance including
Use clean fill materials and compact (o cagineering sandards. aato property below.
Batter to appropriate slopc or support with engineered retaining wall. Block natura] drainage fioes.
Provide surface drainage and appropriate subsurface drainage. Fill over existing vegetation und topseil.
: . . Include stumps, trees; vegelation, topsoil,
boulders, buflding rubble etc in fill,
ROCK OUTCROPS | Remove o stabilise boulders which may have unnccq:uble risk. Distarb or undercut detached blocks or
& BOULDERS | Support rock faces where neccssary. boulders.
RETAINING Engineer design to resist applicd sol and water fm Coastruct a structenally inadequate well nuch as
WALLS Found on rock sdicre practicable. nndstoac flagging, brick or morcinforced
Provide subsurface drainsge within wall backfill and surface drainsge oo slope | blockwork.
above. Lack of subsurface drains and wocplhioles.
Coagtruct wall as soon a5 possible after cut/fil! ope.mion
POOTINGS Fotmd within rock where practicabie, ' Found on topscil, loose fill, detached boulders
Use rows of picrs or srip foolings ecicnted up and down slope. o undercut cliffs.
Design for lateral creep pressures if necessary. )
Backfifl footing exervations fo exclude ingress of surface water,
SWIMMING POOLS | Engineer dm@cd
Support ot pices to rock where practicabic,
Provide with undcr-drainage and gravity drain outlet where practicable.
Design for high soil preemres which may develop on uphill side whilst there
may be Little of po lateral suppoct ot downhill side.
DRAINAGE !
SURFACE | Provide at tope of cut and £ill slopes. Discharpe at top of fills and culs.
Discharge to sareet draipage of patural waler cournes. Allow water to pond on bench arcas.
Pravide general muwgmduwhgobyﬂmmudmponmqum
Linc to minimise infiltration and make fiexible where possible.
Spocial structures to dissipate eaorgy st changes of dope andfor direction.
SUBSURFACE | Provide filter around subsurface dmir. Discharge roof ranofY into sheorption trenches.
Provide draln behind retaining walls.
Use flexible pipolines with access for maintenance.
Proveot inffow of sutface water,
SETICE Usually Foquines punp-out or mains sewer Systems; absorption treacbes may | Discharge sullage directly onto and into fopes.
SULLAGE | be possible in some arces if risk ix accoptable. Use absocption trenches withoud consideration
Storage tanks should be water-tight and sdeguately founded, of landslide risk.
EROSION Control crostoa as tis may lead to instabifity. Feilure to observe earthworks and druinsge
CONTROL & Revegotate cleared arca 1 recommendations when landscaping.
LANDSCAFING
DRAWINGS AND SITE VISITS DURING CONSTRUCTION
DRAWINGS Building Application drawings should be vicwed by gootechnical consultant
SITE VISITS Site Visils by cousultant may be aporopriste during consgtruction/ -
INSPECTION AND MAINTENANCE BY OWNER
OWNER'S Clundnmgetyd.ems mpnzbrukmmumdmmsmdlem it supply
RESPONSIBILITY pipes.
Whers structursl distress is cvident sce advice.
If secpage obaerved, detenmine causes or seck advice on consequencss.

FIGURE 3: SOME GUIDELINES FOR HILLSIDE CONSTRUCTION

This figure is an extract from LANDSLIDE RISK MANAGEMENT CONCEPTS AND GUIDELINES as presented in
Australian Geomechanics, Vol 35, No. 1, 2000 which discusses the matter more fully.




EXAMPLES OF GOOD HILLSIDE PRACTICE
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FIGURE 4: ILLUSTRATIONS OF GOOD AND POOR HILLSIDE PRACTICE

This figure is an extract form LANDSLIDE RISK MANAGEMENT CONCEPTS AND GUIDELINES as presented
in Australion Geomechanics, Vol 35, No 1, 2000 which discusses the matter more fully.
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APPENDIX A

ENGINEERING LOGS (TP1 TO TP18)
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s = =1 g CH TOPSOIL: GRAVELLY CLAY: high plasticity, K 5t TOPSDIL
= - brown-red-brown, fine to coarse size gravel, with
& i basalt cobbles. Isq op in ide wall 100-200%Pa
]
& ’ OH | CLAY. high plasticity, mrarge, browe, RESTOUAL
= 5 / & P 600KP
= D H
5 ] %
_% % pp 600kPa
i _%
5 é
= _% % PP 500kPa
= i %
= 2 -%
o /
3 %
] Pit 1P3  Terminated at 3.00 m
§ 4
=| HETHOD ] PENETRATION SAMPLES, TESTS, ETC CLASSIFICATION CONSISTENCY/DENSITY INDEX
=N natural exposure SYMBOLS AND SOIL v§ very soft
-1 x existing excavation | 1 2 3 4 ith] - U undisturhed sample [an) DESCRIPTION 5 saft
Z} B backhoe bucket ‘ réngi:qrﬁls aCE | gisturded sample based on uni fied F firn
al B bulldozer blade ‘ very slow progress | Bs  bulk sample classification system 5t stift
gl R bulldozer ripper IE £ envirenmental sample Y5t very stifé
g E gxcavator WATER Y5 vane shear MOISTURE H harg
gl o nand 2uger 0 fione pbserved OP  dynamic penetrometer 1 ary Fo frighle
S| #1  hend teols ¥ not measured FO  Field density y a0ist v very loose
5[ SUPPORT Y weter level HS  water sample W wet L lecse
£| SH shoring SC shetcrete] = i plastic limit L] medium dense
S| il oo support U 1 Tiguid Jinit 0 derse
=) RB rockbolts B> ater inflow V0 very dense
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T86-239

Coffey Beosciences Pty. Lid.
ACN 036 335 516

engineering log -

excavation

BORARY

BRANANAN
V744

pit no

P4

sheet 1 of {

cffice job no:  NA10GAAA
client: GeolINK GROUP PTY LTD pit commenced: {7-0-92
orincipal: pit completed: 17-9-495
aroject: DOSSER SUBBTYISION, LENNODX HEAD logged by; CHc
pit lacation: REFER FIGURE checked by: .
equipment type and model;  JCB-BACKHOE A.L.Surface: NOT MEASURED
excavation dimensions. 2.0 n long 0.6 n wide orientation: -90. datum: EXIST SURFACE
= B e
= = . o =]
S o | = naterial os | BS |EEE steucture and
8 |z = | &5 . . , . 25 | 2z |T iti i
E s |&8lE samples, . s58|2 | =8 s0il bype:plasticity or particle characteristics =5 | B3 g additional observations
|8 =3 S| 2 | testsete | B E] El a& colour, secondary and minor components g5 (=15 kFa
= |1234 S| £858
2| & L =i 5C TOPSOILL: {LAYEY GRAVEL: fine grained, red-orown, N LI TCPSOIL
& h B high plasticity, tearse, with basalt cobbles. 0
o
= }/" GC CLAYEY GRAVEL: {ine grained, red-brown, high RESIOUAL *
- _,d:;// plasticity, some basalt cobbles.
= _fc/0
),V
1o
1 AN BASALT: HW, fine cobble size, highly fractured, low KEATHERED ROCK
-1 NN to medium strength, red-brgwn and grey in colour.
4.4 basalt highly fractured
% i /\ \/
s 4
NN
rd
A N
% P
= N Pit TP4  Terminated at
g -
= 2 |
=
2 -
1]
=2 4 |
E. METHOD PENETRATION SAMPLES, TESTS, ETC CLASSIFICATION CONSISTENCY/DENSITY INDEX
=N patural exposure SYMBOLS AND SOIL ¥5 very soft
:1 % existing excavation | 1 2 3 4 ité1e resiskance U undisturbed sample [om) DESCRIPTION g soft
&| B backhoe bucket i ranging 0 disturbed saople based on unified F fie
w| 8 bulldozer blade very s?nw progress | 85 bulk sample classification system St stiff
g A bulldozer ripper KATER E  environmental sample V5t very stiff
T E excavator VS vane shear MOISTURE H hard
g| m  hand auger 0 nane observed DP  dynamic penetrometer D iy Fb friahle
=| BT hand tools ¥ not measured F field density R moist w very loose
2| SuppoAT W vater level NS water sample y wet L laase
= SI:I shoring  SC shotcrete| — water outflox ¥o plastic linit HO rediue dense
&| 11 no supsort ~ 0 W liguid linit ] dense
| RB rockbolts B>~ water inflow VO very dense
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188-239

Coffey Geosciences Pty. Ltd.

ACN 055 335 516 EFFEW pit no
' TRR
engineering log - )
{3 Vreze/4 sheet 1 af 1
excava lon office job no:  NAL0GG/1
tlient; GeoLINK GACUP PTY LT0 pit commenced: 17-9-89
priacipal: pit completed: 17-9-88
project: DOSSER SUBDIVISICN, LENNDX HEAD logged by: Mz
pit location: REFER FIGURE 1 checked by: ‘
equipment type and model:  JCB-BACKHOE RA.Surface:  NOT MEASURED
excavation dimensions: 2.0 n long 0.6 nwide orieptation: -80. datum: EXIST SURFACE
= . g R "‘;:é o e S
2 g | & material es | = |gEs structere and
o | = s . 52 __._,m: = aypr .
2| E 5] g |semles. . S8 |g | S8 sil type: plasticity or particle characteristics | &3 |7EZ 8 additioral observations
< 2 s 2|2 |testsete = B ] % %c’n— colour, secondary and minor companents 25 §§ kHa
Tl _l1e3d = |- 2888
= = CH TORSOIL: GRAVELLY CLAY: high plasticity, broun, tine | M Y5t TOPSOIL, HH-MH
@ 0 1 to coarse size gravel, with basalt cobbles.
- £ CH GRAVELLY CLAY: high plasticity, brown, fine to RESIUAL
- M 1 coarse size gravel, with basalt cobbles.
= . et | | oo 210-250kpa
8 62 _ _
50 1% CH | CLAY: high plasticity, orange-brom. H L o B0ena
1 _% & Pp 500-600KFa
= -% some hasalt cobbles
a /
= _% slight colour change to brown
= /] .
15 CH GRAVELLY CLAY: medium to high plasticity, fiee to Increase in FHC
i coarse size gravel, with grey lenses, tracg of fine ERC SHp <L ¢ -
o ] to medium grained sand, grading to extremely L
b / weathered basalt.
= 2 __f
- %
..% Some wet pockets
D y K
N7
J Pit TP Terminated at 3.00 n
a 4 ]
9—’. HETHOD PENETRATION SAMPLES, TESTS, ETC CLASSIFICATION CONSISTENCY/DENSITY INDEX
=1 I natural exposure SYMBOLS AND SOIL V5 - yery soft
=] % existingexcavation | { 2 3 4 . U undisturbed sample (nn) DESCRIPTION 5 soft
Z| B tackhoe bucket ittle resistance | gisturbed sampl F fira
& ackiioe bucke T [ renging ¢ 1sturbed sample hased on unifiad r
wl 8 tulidozer blade ErY 5%1}\1 progress | Bs  bulk sample classification systen St stift
2| R bulidezer ripper WATER E eavironmental sample Y5t very stiff
gl E excavator vS  vane shear HOISTURE H hard
Z| M hand auger b nane abserved OP  dynamic penztrometer 0 dry Fb friahle
S| W hand tools ¥ ot mgssured FO  #ield density W a0ist L very loose
S| SUPPORT A4 water level W5 water sample " wet L 1cose
| SH shoring SC shotcrete| —= i lims HD nediun dense
S| N water outflow o plastic 1imit
&| Wil no support o~ 0 ¥ liguid Timit D dense
=| R rockbolts B water inflow 0 very dense
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Coffey Geosciences Pty. Ltd.

ACH 056 335 516 E@ LF W pit ne
TP6
engineering log - 2222
excavaton sheet i of 1
1 ofiice job mo:  NR1099/1
client: GeoLINK GROUP pit commenced: 17-8-93
principal: pit completed: 17-8-95
project: DDSSER SUBDIVISICN, LENNDX HEAD 1ogged by CHe
pit location; REFER FIGUAE § checked by, )
equipment type and model:  JCB-BACKHCE R.L.Surface: NOT KEASURED
excavation dimensions: 2.0 m long 0.6 mvide orientation: ~90. datum; EXIST SURFACE
= 2 | = mzierial vs | E2 165 E structure and
- ™ [+ — d— s2 Do = =3 aL .
2| £ lglg|omes | sall, | &3 s0il tyoe: plasticity or particle characteristics | oo | B2 | B aoditional observatians
2 S |22 (testsete = BE | & a& coloor, Secondary and minor components g8 EE kPa
o El|l® " o }54=1
{234 = < ER8S
= = = ?’ CH | GRAYELLY CLAY: high plasticity, grey-hrown. 5t 4 SURFACE COBBLES-BASALT
& | 0 / H V5t
= 7 b SILTY CLAY: high plasticity, brown, with RESIDUAL
- -,4/ crange-beowe. mottie.
& i /% N pp 150-200kPa
5 £ “
“1 1 [ #4 CH | GIAVELLY CLAY: high plasticity, crange-brown, with | o nyngrous water inflow through
-/ grey mottle, fine to coarse size gravel (HY). highly fissured clay
. é # . pp 200-30%%Pa most clay
1 _§ b pp 230kPa most- clay
z )é
e B - %
0 | /
g B ) ] ;/%‘
s 7%
] Pit TP6  Terminated at 2.10 m
3
§ 4
= METHOD PENETRATION SAMPLES, TESTS, ETC CLASSIFICATION CONSISTENCY/DENSITY INDEX
= N natural exposure SYMBOLS AND SOIL Vs very soft
= x existing excavation | { 2 3 4 ) ist U undisturbed sample [nm) CESCRIPTION S soft
Z| B backhoe bucket 'Ejéngiﬁﬁﬁ“ B2 1 g disturbed sample nased o7 uni ied F fien
ot A bulldozer blade _ very slow progress | Bs bulk sample classitication system st stiff
g| bulldozer ripper t envirennental sample V8t very stiff
G| E axcavator HATER VS vane shear " MOISTURE H hard
S|t hand auger 0 nare ghserved DP  dynamic penetrometer 0 dry fb friable
oF HT hand tools ¥ not measured FO  field density H noist WL very loose
,‘gn SUPPORT 7 water level WS water sample W et L losse
£ SH shoring SC shotcrete| == water outFlox ¥ plastic linit HD mec¢ium dense
S| %l no support = 0 W liquid Linit D dense
=| M rockbolts B> water inflon VD very dense
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Coffey Geoscieaces Pty. Ltd.

ACN 055 335 515 [ﬂﬁ VZ pit no
TP7
engineering log - )
exCavation S B
1 office job no:  NR105S/1
client: Geol INK GROUP pit commenced: 17-9-99
principal: pit compieted: 17-8-99
project: DOSSER SUBDIVISION, LENNOX HEAD 1ogged by: CHc
pit location: REFER FIGUAE 1 checked by: .
equipment type and model:  JCB-BACKHOE R.L.Surface: NOT MEASURED
excavation dimensions: 2.0 m long 0.6 mwide orientation:  ~80. datum; EXIST SURFACE
< 5 , Elets
=N g | B naterial e | 25 [ESE structure and -
E=] o = —_ O S ey b3 H
E| & |glg|®wes | s8|lo | S8 soil type: plasticity or particle characteristics | Zg 17ZZ | B additiona] abservations
< 2 g S| % | tests.etc |= 8 ] = A& colour, secondary and minor cemponents Bs §§ kPa
L 12 il =zss
z| = L = j{% [H SILTY CLAY: high plasticity, dark grey. H FAT pp G0-120kPa RESIOUAL
&2 9 %" BC CLAYEY GRAVEL: fing to coarse grained, dark brown, 5t
= -/ with orange and grey mottle, some medium to high m
_/ plasticity clay lenses. /
5 £ D
[ 9’ e
= B> —;{y
U50 CH GAAYELLY CLAY: high plasticity, brown, With grey and [ M 5t _
- orange-orown mottle, fine to coarse size gravel, K pr 100-150kPa
{ _/ trgcg af fine to medium grained sand, with basalt cobdles ape sub-reunded
cohbles.
0 -% with exfoliated weathering
% J é patterns, HH-HH
ES _%
] A % ” pn 110-140kPa
= i -%
= 2 _/ becoming grey with prange msttle
= " %
7,
4 Pit TP7  Teeminated at 2.50 n
3 ]
2 4
—{ HETHOD PEMETRATION SAMPLES, TESTS, ETC CLASSIFECATION CONSISTENCY/DENSITY INDEX
2| N natural expasure SYMBOLS AND SDIL V5 very soft
=X existing excavation | 1 2 3 4 ithl ist U undisturbed sample {nal DESCRIPTION S soft
Z| B backhoe bucket @éwﬁ{fgls AMCE | n disturbed sample based on unified £ fira
wl B bulldozer blade ery slow progress | B bulk sample classification systen 5t stiff
gt R bulldazer ripper E environmental sample VSt very stiff
G| E excavator HATER VS vane Shear KOISTURE H hard
g| #h nand auger 0 aone observed D dynamic peretroneter 0 iy Fb friable
S| W hend tools ¥ oot reasured FO field density " noist W very loose
% SUPPCRT o vater level K water sample W wet L laose
£ S[{ shoring  SC shatcrete| — water outflo #p plastic limit WD medium dense
& Kil ne support ~ C W) liquid 1init 0 dense
| M rockbolts B~ water inflow vl very dense
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Coffey Geosciences Pty. Ltd.
ACN 056 335 515

engineering log -

exCavation

Gllf

Y?

pit no

ANMANRRNY
VL7474

P8

sheet 1 of |

office job no:  NA$053/1
client: GeoLINK GROUP pit commenced: 7-9-98
grincipal: pit completed: 17-9-83
aroject: DOSSER SUBDIVISION, LENNOX HEAD logged by: CH
pit location: REFER FIGURE | checked by o
equipment type anc modei:  JCB-BACKHOE ' A.L.Surface:  NOT MEASURED
excevation dimensians: 2.0 n long 0.6 n wide orientation: -90. datum EXTIST SURFACE
s 8 . 2 |ess
2 [ |2 material s | ES |ESE _ structure and
E| £ [5]| g |semles . £8 |2 | =8 soi] type: plasticity or pacticle cheracteristics | B2 | &5 | 2 additional bservations
JB| & |32 |testsete £ SE |G| 87 colour, secondary and minor components g5 | E5 kFa
=< = = = o
= 1234 &% sgas
=| = = ¥ CH TOPSOIL: GRAVELLY CLAY. Righ plasticity, grey-brown, N St T0RSOIL
@ 5 1 fine to coarse size gravel. 1
& - CH | GRAVELLY CLAY: high plasticity, grey-brown, fine to X FESTOTAC, pe 100-130&Pa i
I 7 coarse size gravel. ) i
S h e GC CLAYEY GRAVEL: fine to coarse grained, brown with M
o b crange mottle, high plasticity, trace of fine to ) 1
=] _/ coarse gralned sand, trace of silt fines, with pp in clay matrix 120-580kpa |
% basalt cobbles. ”
17 1
i ;y 4
i Z}' % mp 180-220kPa .
g % -
@ j/
o |1 %
- ) ’°/ CH | GRAVELLY CLAY: high plasticity, colour changing to
L] —/ red-orange, brown, fine tc coarse size gravel, trace W 7
= _)/ﬂ‘/‘{ of silt tines, with basalt cobbles. . pp in clay matrix 300-400kPa i
I
= 2 _/ o
g
] Pit TP Terminated st 2.50 n d
3 —
b 4 ] ]
93_ HETHOD PENETRATION SAMPLES, TESTS, ETC CLASSIFICATION CONSISTENCY/DENSITY INDEX
=0 natural exposure SYMBOLS AND SOIL Y8 very soft
- o« existing excavation | 1 2 3 { Stile resist I undisturbed sample (mm) DESCRIPTION H soit
Z| B backhoe hucket E}lgﬂﬂiﬁqrigw e | ) gisturbed samle vased on uniFied F fira
ol 8 bulldozer b?ada very slow progress [ Bs hu]l_( sample classification system 5t stiff )
= tulldazer ripper WATER E environmental sample VS5t very stiff
Gl E excavator E VS vane shear MOISTURE H hard
Zi H hand auger 0 aone ebserved 0P dynamic penetroneter 0 iy Fb frizale
S BT hand teals ¥ not neasured FO field density " wist W very lease
5| SUPPORT Y vater level ¥S  water sample 0 wet L loose
| SH shoring  SC shotcrete| = ¥ it linit L3 medjun dense
& Nl no support - vater outflon H? [lji:z:;{:hr:l'ﬂ 0 dense
= M rockbolts B~ vater inflow Vo very gense
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Coffey Geosciences Pry. Ltd.

AN 056 335 516 'Em pit no
TPY
engineering log - )
t_ V77474 sheet 1 af |
excavation office job no:  NR1053/4
client: ' GeoLINK GROUP pit commenced: {7-9-04
principak: pit completed: {7-9-99
project: DOSSER SUBDIYISION, LENNOX HEAD logged by: CKe
pit location: REFER FIGUAE 1 checked by: %
equipment type and model:  JOB-BACKHOE R.L.Surface:  NOT MEASURED
excavation dimensions; 2.0 m leng 0.6 n wide orientation: -80. gatum, EXIST SURFACE
s g 2 |ees
2 e | 2 material ws | 25 |EEE structure and
o =2 —_ C— S5 Ao | = 113 3
2| £ |glg|sawles. |, s8|e | =B s0il type: plasticity or particle characteristics | 25 1724 [ & acditiona] observations
S|El 8 [F] % |testsee = 88 |5 | &5 colour, secondary and minor corpanents g5 %@ kFa
Tl 234 el B s855
E| &= =| o gK CH TOPSDIL: SILTY CLAY: high plasticity, red-brown. H TOPSCIL
= i
[==4
wd
= 7 CH | SILTY CLAY: high plasticity, red-brosn. 5t / T RESIDUAL; pp 160-220kPa
S 0 4% ' V5t
8 —,47’ K pp 190-250kPa
177
5 -4/ trace of fine to coarse size gravel, m
-;///r some brown mokile S pp 500kPa
iy
%%
i .._4 ]
g8 7’%
-4‘/
. 1%%
- —
2 %
= D 47/ 4 pp ¥500kPa
= -j%
_,42
8 . W
=]
= ¥ CH GRAVELLY CLAY: high plasticity, brown, with grey
o™ b mottle, Fine to coarse size gravel, trace of fine to
_% medium grained sand.
3 é
. Pit TP Termingted at 3.00 n
= 4 :
93_ METHOD PENETRATION SAMPLES, TESTS, EIC CLASSIFICATION CONSISTENCY/DENSITY INDEX
=] N natural exposure SYMBOLS AND S0IL ' very soft
: by existing excavation | | 2 3 4 itile resistance U undistucbed saaple [nn) DESCRIPTION 5 soit
S| BN backhoe bucket E:"‘mginﬂ to L disturbed sample based on unified F firn
w| B bulldozer blade very slow progress | Bs  bulk sample glassification systen 5t stift
R bul ldazer ripper E envirannental sample Y5t very stiff
S| E excavator WATER VS vane shear MOTSTURE H hard
Z| w  hang auger D none abserved 0P dynamic penetrameter 0 ary Fb friable
2| W hans tonls ¥ Mot measured FO field density N a3t W, very loose
S| SUPPCAT W vater lovel WS water sample " vet L loose
| SH shoring  SC shotcrste| — o plastic linit HD redium dense
S| Kl no support -  vater auiflow ol Viguid Tinit ] dense
| B rockoolts B>~ water inflon L] very dense




188-238

Coffey Geosciences Pty. Ltd,

ACN 056 335 516 E@ E pit no
THO
engineering log - R
fi fd sheet 1 of §
excava 10n office job no:  NRYGRY/L
client: Geal INK GROUP pit commenced: 17-8-93
principal; it coampleted: 17-9-99
project: DOSSER SUBDIVISION, LENNOX HEAD logged by GKe
pit locatiom: REFER FIGURE 1 checked by: -ﬁd~
equipment type and model:  JGB-BACKHOE R.L.5urface:  NOT MEASURED
excavation dimensions: 2.0 n long 0.6 n wide orientation: -90. tatum: EXIST SURFACE
S \§ ab s
g z | £ material os | EE[EER structure ang
o - | 8z . - . . 25 | S g iti i
E S |g| g |smles ; SEB|= | =B s0i} type: plasticity or particle characteristics B2 | B3 g additions] abservations
B =] S| = | tests.ete = 2g s 85 colour, Secondary and minoe components 25 =t] kfa
=1 li2:d 5= 2853
=| = =i U |) |)| CH TOPSGIL: SILTY CLAY: nigh plasticity, brown. N TOPSOIL
g _/% CH SILTY CLAY: high plasticity, brown, 5t RESIDUAL
| //4 ¥ pp 200kFa
& | 1 _// colour changing to red-brown, trace 4 ap 200kPa
= 0 4/ H
=] —///% of fine to medium grained sang. 4 op >500kP2
7 ]
_4’2 grave] EX-HH
Yy ] .
_;¢ ¥ pp 520kPa
77 .
M
50 'fj
= 1/
= _%g & pp S50kPa
77
] - 4 )
5 7 % & PP 500-560kPa
2 297
w
7Y
g 7%
= - %
a _2¢ 35 sbove, tolour change to dark brown
D .
5 4/
4/ %
A7
2%
¥/
_//
_/;
7%
%%
1 YA/
] Pit TP40 Terminated at 3.00 m
2 4
=1 METHOD PENETRATION SAMPLES, TESTS, ETC CLASSIFICATION CONSISTENCY/DENSITY INDEX
s N natural exposure SYMBOLS AND SCIL V5 very seft
= % existing excavation | {1 2 3 4 i) - U undisturbed sample [mml DESCRIPTICN g soft
2 F e |l e ot n i L
@ ! |-yery 10w progress ) classification system .
gl A bulidozer ripper WATER E environmental sample MOISTUE Y5t very stiff
Gl E excavator ¥S  vane shear U H hard
21 WA heno auger 0 fone observed DP  dynamic penetrometer a dry Fb friable
=1 B nand tools ¥ rot measured FO field density " ist WL very loose
| SUPRORT o weter level WS water sample W et L laose
=| SH shoring  SC shotcrete| — W piastic linit MO nedium dense
S| M a0 support —  weter utfloy W liquid Jinit D dense
=| BB rockbolts B~ water inflow 0 very dense
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188-239

Coffey Geoscisnces Pty. Ltd.

ACN 056 335 516 E@l} W pit no
TP11
engineering log - Ny
ex t 4747 sheet 4 of f
Ccavation office job no:__ NRLOS9/t
tlient: GEQLINK GROUP pit commenced: 20-8-99
principal: pit completed: 20-8-09
project: DOSSER SUBDIVISION, LENNCX HEAD logged by: CHe
pit locatior: REFER FIGURE § tecked by A -
equipment type and model:  JCB-BACKHOE R.L.5urface: NOT MEASURED
excavation dimensions: 2.0 n long 0.6 m wide orientation; -90. datum: EXIST SURFACE
-
s g . = |ebs
= g | = material v5 | 5 |EEE structure and
o= @ [ —_ e Sa J_Be | T = it 3
E| & |glg (s |, sg|y | SB soil type:plasticity or particle characteristics | &2 |23 2 adcitional observations
<lg| & 2 |testsete ¢ EE|E | &5 colour, secondary and minor components g3 | 5= kPa
= (1234 i 2888
F] = =l CH TOPSOIL: GRAVELLY CLAY: high plasticity, red-brown, ) St TOPSOIL
= . R fine to coarse gravel. :
w = . CH | GRAVELLY CLAY: high plasticity, red-brown, fine te RESTOUAL
W coarse size gravel. K pp 400-480kPa
= ] % e
i ] %
2 —
150 _}g w P >600kPa
1 _% slight colour change, red-brosn with pp 500kPa
-%’ grey and pale brown mottle.
@ 0 _%
S /
_? & pp 500-550kPa
8 | {/"
: 1
= 2 /é
o ] Pit TP11 Terminated at 2.00
3
3 4 ]
E"j METHOO PENETRATION SAMPLES, TESTS, ETC CLASSIFICATION CCNSISTENCY/DENSITY INDEX
s W natural exposure SYMBOLS AND SOTt Vs very saft
)| ¥ existing excavation | 1 2 3 4 Ittle resist U undisturbed sarple (om) DESCRIPTION 8 soft
Z| B backhoe bucket vanging o | D disturted szople based an unified F firn
n| B bulldezer blade very S?Dh‘ progress | Bs  bulk sample stirati St stiff
= . > classitication system .
2| R bulldezer ripper E environmental sample St very stiff
ol E excavator KATER VS vane shear MOTSTYRE H hard
S| M nond suger g none ooserved DP  dynamic penetrometer Ny iy Fb friable
—| HT  hand tonls ¥ not neasured FO  field density # noist VL. very loose
&{ SUPPORT veter level ¥ water sample N vet L loose
£| S4 shoring  SC shotcrste] — W plastic limit HD mediun dense
&| Wil no sepport ~¢|  water outflow i Liguid 1init 0 dense
=| BB rockbolts B~  water inflow Vo very dense
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1

Coffey Geosciences Pty. Ltd.

ACN 056 335 516 E E pit na
TR12
engineering log - PoDD
e t : Oﬂ sheet 4 of |
X C aV a 1 office job ne:  NA0S3/1
client: GeaLINK GROUP pit commences:  20-9-99
principal: pit completes:  20-9-99
praject: DOSSER SUBDIVISION LENNOX HEAD logged by: (e
pit Jocation REFER FIGURE 1 checked by; ,%.
equipment type and model:  JCH-BACKHOE A.L.Surface: NOT MEASURED
excavation dimensions: 0.2 n long 0.6 m wide orientatipn; -90. datum; EXIST SURFACE
s E n \-g = : g
g g | = material os | 25 [EEE structure and
B | E [E|lL [sonples 2w |7 | 22 . . - et 35 | 8= [T 8% additiona] observations
E|l £ &= plgs, |, £58 |2 | =8 5011 Lype: plasticity or particls characteristics ws | &R 3.
s|lE| 5 |3 % |testsete |2 EE |5 | 8F toleur, Serundary and mingr camponents 25 gg ¥Pa
=_|i23d il 2588
=| = L -;" ] cH TOPSOIL: GRAYELLY CLAY: high plasticity, brown, fine L] St TORSOIL
= k to coarse size gravel.
& b | , pp 230-300kPa
Y5t
= e CH GRAVELLY CLAY: high plasticity, brown and
§ M -f orange-beown. " RESTOUAL
=] - & bo G00-B00KPa
D -% occasianal cobbles
{ _? % pp 500-550kPa
. %
=] /& CH SILTY CLAY. high plasticity, red-brown, trace of
-// fine to coarse size gravel, grading to extremely
D _'4 -] weathered basals.
= _;2 & 0p >60kea
A 77
s -4%
147,
%y
o v/
8 %Y
=2 2 _4%
=Y 4/ &
2%
4/ 7
1 %
7
i Pit TP42 Terminated at 2.50 m
3
§ 4
| HETHOO PENETRATION SAMPLES, TESTS, £1C CLASSIFECATION CONSISTENCY/GENSETY INDEX
=| N patural exposure SYMBOLS AND SOIL ¥S very sofi
- x existing excavation | | 2 3 4 itt) ist U undisturbed sample {mm) DESCRIPTION 5 soft
=| BH  backhos bucket ré"giﬁgrﬁgls ance i} disturbed sample vased on unifiec F fir_‘m
ol B bulldazer blade ery slow progress { B bulk sample Fipats 5t stiff
» . ) classification system
2| R bulldozer ripper HATER E enviraneental sample Y5t very stiff
5| € excavator VS vane shear MOISTHRE H hard
S| W hand auger 0 cone observed 0P dynamic peretraneter 0 dry Fo friable
| HT  hand tools % rat neasured FO  field density q a0ist W very loose
% SUEPORT W vater level WS water sample ’ vt L lanse
=| SM shoring  SC shotcrete| —= in 1imi 0 medium dense
S| Nil no support —¢|  vater cutflow :? g}:z&;c]m;t 0 dense
=| P8 rockbolts P> vater inflox i very dense
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Ceffey Geosciences Pty. Ltd,

ACH 036 335 516 E@] \\? pit no
TRi3
engineering log - S
exCavation Ty L
1 office job no:  NR1DGS/1
client: GeoLINK GROUP pit comnenced: 20-9-99
rincipal: pit completed:  20-9-99
project: DOSSER SUBDIVISION, LENNOX HEAD logged by: CHe
pit location: REFER FIGURE 1 checked by: %ﬂf .
equipment type and madel:  JCB-BACKHOE R.l.Surface:  NOT WEASURED
excavakion dimensions: 2.0 m long 0.6 m wide orientation; -90, datua: EXIST SURFACE
E
s 5 . 2 losds
2 g | 2 material os | B2 {858 structure and
= ® [ = | ez . - : - 25 | Sx < iti i
E| £ |g|g{umes. |, s3|y | =8 soil type: plasticity or pacticle characteristics | B2 |25 |- & additional observations
2| 5 |2[2|wstsetc i BE|§ | 8F colour, Secondary and minor components 85 | E5 kFa
2| |1z i “" |asas
Z| & =R CH TOPSOIL: GRAVELLY CLAY: high plasticity, brown, fine | M St TOPSOIL
7 b to coarse size gravel, with basalt cobbles.
B ] k - L pp 200-250kPa
Vit
- ]_ y CH | GRAVELLY CLAY: hi?n glastjcity. lbrgwn' fine o
S coarse 5ize gravel, becoming pale brown, wi
i T orange-brown mottle with deptn. RESIOUAL
=] . Inel o 300-400kPa
0 _ﬁ b= == occassional boulders
5 jg/i
i _é . pp in tube >600kPa
= _{%/{y occassional boulders
= ] Pit P43 Terminated at 150 n
= § Backhoe bucket refusal on boulders
g -
Py z
=
3
éﬁ‘ 4
=| KETHOD PENETRATION SAMPLES, TESTS, ETC CLASSIFICATION CONSISTENCY/DENSITY INDEX
=1L natural exposure SYMBOLS ANG SOTL ¥s very soft
- existing excavation | § 2 3 4 .. U undisturbed samgle (ne) DESCRIPTION 5 soft
Z| B backhoe bucket r‘éngiﬁ PESISLANCE | D disturded sample hased on Laified F firm
al| B bulldozer blade very .rjnu progress [ Bs  bulk sample classification system 8t stiff
gl R bulldozer ripper E environmental sanple Vst very stiff
yr{ I excavator HATER VS vane shear HOISTURE H hard
2| m  hend auger D none observed DP  dynamic panetrometer 0 iy Fb frianle
1 W hand tools ¥ not measyred FO  field density " ncist LR very loose
| SUPPORT o vaier level WS water sample W wet L lonse
5 SH shoring SC shotcrete| — p plastic linit MD med jum gense
&S| il no support ~¢  ater outfloy W Viquid 1imit D dense
=| M rockbolts [ water inflov vl very dense
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Coffey Geosciences Pty. Ltd.

ACN 056 335 516 E@ q pit no
M4
engineering log - 222
exCavation e,
office job no:  NR40S9/1
client: GeoLINK GROUR pit commenced:  20-9-9%
principal: pit completed:  20-9-92
praject: DOSSER SUBDIVISION, LENNOX HEAD logged by: CHc
pit locaticm REFER FIGURE 1 checked by: A
equipment type and medel:  JCB-BACKHOE R.L.Surface: NOT KEASURED
excavation dimensions: 2.0 m long 0.6 mwide orientation; -90. datun; EXIST SURFACE
= s , B less
= g | 8 maierial es | 25 |ESE __structure and
2| 5 |5)lg | |, s8 |y | S8 soil type: plasticity or particle characteristics | B2 | B2 | & additional observaticns
J2 = 2| 2 | tests,ete |2 82 | % Lty colour, secondary and minor companents g5 §§ kP
= 1234 S i< 8888
=S| & =1 6 £y TOPSOIL: GHAVELLY CLAY: high plasticity, red-beown, H St TORSOIL
2 b fine to coarse size gravel, with basali cobbles. e
= ] D [ CH GRAVELLY CLAY: high plasticity, red, brown, fine to AESIDUAL
- 1 /é coarse size gravel, basalt cobbles. X op 200kPa
]
i U50 ’/7 CH SILTY CLAY: high plasticity, red-brawn, trace of H 8 pp 230kPa
= —// fine to coarse size gravel, with fragments of ic| bp 400-450kPa
L _/ extrenely weathered basalt. L 400kPa
” |
7%
7
_f/// L pp 500-60CkPa
{ _///%
_/¢
@ ..%% trace of orange-grey mottle.
= -f’//’ & pp 500-600KPa
]
1%
b — /%
7 0 -f% & Do 500-ECOKPa
= % (] .
7
o A
g o)
= 2 ] 'é
o 4;
] //
4 % 7
4 ///
]
i Pit TP14  Terminated at 2.5 -m
3
=2 4 1
= METHOD PENCETRATION SAMPLES, TESTS, ETC CLASSIFICATION CCNSISTENCY/DENSITY INDEX
=1 N natural exposure SYMBOLS AND SOIL ¥S very soft
:',_ X existing excavation | 1 2 3 4 1t41e resistane U undisturbed sample {mm) DESCRIPTION 5 soft
&| B backhoe bucket ranging tn 0 disturbed sample based on unified Fr fira
wi B bulldozer blade ery Slon pragress | 85 bwlk sample classification system 5t stiff
2] R bulldozer ripper WATER E environmental szmple VSt very stiff
ol E excavator A ¥ vane shear MOTSTURE H hard
Z| W hend auger 0 fcne observed DP  cynamic penetrometer 0 dry Fa friable
| HT  hand tools * not. neasured FO  field density " anist W very loose
S| SUPPORT [ vater Jevel WS water Sample W wet L loose
; SH shoring SC shotcretef ——= W lastic limit L] nedium dense
&1 Mil no support ~] vater autflow H? ?-ai;c]-;‘-: D gense
5| BB rockbolts B ater inflow lquid Tl VO very dense
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Coffey Geosciences PLy. Lid.

ACN 055 335 516 E —F W pit no
TP15
engineering log - 2222
X V t : n sheet 1 of 1o
e C a a 10 office job no:  NR1059/1
client: GeoL INK GROUP oit commenced:  20-9-9%
principal: pit completed: 20-9-98
praject: DOSSER SUBDIVISION, LENNOX HEAD logged by: [f
pit location: REFER FIGURE 3 checked by ¢fﬁ3' ¢
equiprent type and model:  JCB-BACKHOE A.L.Surface:  MOT MEASURED
excavation dimensions: 2.0 = long 0.6 n wide orientation:  -80. gatum EXIST SURFACE
. < “Bloss
5 2 | 2 material es | E5{ESE structurs and
= m e —_ L3— =a = @2 p: .
El E glgismes | sgly | £ soil type:plasticity or particle characteristics | &g |[TEg I & additions] gbservations
g8 g 22 [testsete |£ 8 |5 | 87 colour, secondary and minor components g5 53 kfa
2 e G ‘ © lesss
| = =K CH {0PSOIL: GRAVELLY CLAY: high plasticity, brown, fine | M St T0PSDIL
b7} b | to coarse size gravel. Vit
& 4 " pp 200-250kPa
S D V CH CLAY: high plasticity, red-brown, trace fine to RESINUAL
& —/ medium size oravel, trace of silt fines.
= a % " pp 300-350kPa
150 i é L o pp 480kPa
w7
0 ,/ slight calour change red-brown,
=] _% orange and grey mottle.
[==] /
] _% L P 500-600kPa
2 . /
=3 / -
/ % Pp 500-GD0kPa
. ] / T
iy 2 _/
=
7
4 Pit TP Terminated at 2.50 m
3
g 4
= | METHOD PENETRATION SAMPLES, TESTS, ETC CLASSIFICATION CONSISTENCY/DENSITY INDEX
=[N natura} expostre SYMBOLS AND SCIL V8 very soft
= & existing excavation | 1 2 3 4 ittle resist U undisturbed sample (mn) DESCRIPTION 5 soft
Z| BR  backnoe bucket | r;ngiﬁ FESISIANCE | b gisturbed sample nased on dnified F fira
al B bulldozer blade very s?uw progress | Bs  bulk sample Fapat St stiff
8 ! ¢ classification system .
2| A bulldozer ripper E environmental sample Vst very stiff
Gk excavator RATER ¥S  vane shear MOTSTURE H hard
S|t hand auger a nang observed 0P dynamic peneirometer 0 dry fo frignle
<1 W hand teels ¥ not peasured F0  field density 0 noist WL very loose
S| SUPPOAT y  vater lesel ¥S  water sample - W wel L logse
5| SH shoring 5C shotcrete] — in Timi MO medium dense
a| water outflow kp plastic Jimit
S| Wil no support - . - liquid® Limit D dense
| RB rockholts B> water inflo V0 very dense
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Cof fey Geosciences Pty. Ltd.

ACN 0BG 335 15 @E \J pit no
TP16
engineering log - 2222
exca atUﬂ sheet 1 of |
v 1 office job no:  NR1058/1
client: SeoLINK GROLP pit commenced:  20-9-99
principal: pit completed;  20-9-99
project: DCSSER SUBDIYISION, LENNOX HEAG logged dy: CMe
pit locationm: REFEA FIBURE ! checked by: -
equipment type and model;  JCB-BACKHOE R.L.Surface:  NOT MEASURED
excavakion dimensions. 2.0 m long 0.6 mwide arientatiom  -90. datum: EXIST SURFACE
= o] .
= =] . q;‘:g - o b
g g E saterial s | 251858 structure and
= Bl = | B . . . s 22 | 8z 17§ it i
E| E |glg|omes ). Sgiw | G5B soil type:plasticity or particle characteristics | &5 | Bz 2 additions] observations
g| &8 [F]8|testsete | EE 18 | &% colour, secondary and minor components B85 | g8 kPa
1234 il gsEs
=l = =1 o [} TOPSDIL: GRAVELLY CLAY: high plasticity, dark brown, [ St T0RS0IL
b 0 . fine to coarse size gravel.
= = CH GRAYELLY CLAY: high plasticity, dark brown, fine to st RESTOUAL
- b coarse size gravel. X pp 250-300kPa
E - pceassional basalt boulders
= _ %
_?/é 1| pp 00kPa
18 _g becoming red-brown with orange be-e
i / lenses
0 | Z//{
= ? S} pp 450-500kPa
E: ;/{/V & po 4B0-550KPa
= -% ‘
g 7
s 2 —%
=
o - %
77
4 Pit TPi6 Terminated at 3.00 m
2 4 ] .
9’*_ HETHOD PENETRATION SAMPLES, TESTS, ETC CLASSIFICATION CONSISTENCY/DENSITY INOEX
=| A natural exposure SYMBOLS AND S0IL ¥5 very soff
= gxisiing excavation | 1 2 3 4 ittle resist U undisturbed sample (nm) DESCRIPTION 5 soft
Z| ®  backioe bucket E;ngiﬁ{fgm ACE | D disturbed saople based an uaifiad F firn
a B bulidozer h?ane ery slow progress | BS hull‘( sample classification systen St stiff
s R bulidozer ripper WATER E environmantal sample V5t very stiff
gl e excavator VS vane shear MOISTURE H hard
S| e hand auger 0 Acae obser ved OF  dynamic penetroneter 0 dry Fb friable
=1 H1 nand toals % not. measured FI field density W noist N very loose
S| SUPPORT W vater level WS water sample W wet L lopse
5| SH shoring SC shotcrete| = e limd M0 medium dense
&1 Kil no support —¢  water outflow :[1! ?i:ﬁtéclmit D dense
| ® rockbolts B>~ water infiow \0 very dense
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Coffey Geosciences Pty. Ltd.

ACN 036 335 516 :Em i EW pit np
TP17
engineering log - 2222
EXCBVBtOﬂ sheet 1 of 1
1 office job no:  NA1DS9/1
tlient; BeoLINK GROUP pit commenced: 20-3-99
principal; pit completed: 20-9-98
project: DOSSER SUBDIVISION, LENNOX HEAD 1ogged by: CHc
pit location: REFER FIGURE 1 checked ay:
equipment type 2nd model:  JCB-BACKHOE R.L.Surface: NOT HEASURED
excavation dimensions: 2.0 m long 0.6 n wide orientation; -80, datum EXIST SURFACE
Frd
5 g . = |=bts
= g | B material s | BF1ESE structure and
- © [ —_ Ce— = k] = L H
2] 5 |glg |wies. {. sg|o | SB soil type:plasticity or particle characteristics | &% {2m - & additional observations
2| g |3) ¢ |testsee | EE (5 | &5 colour, secondary and minor ComponEnts g5 | g5 kP
= [ = a=
1234 i 2853
- = [} TOPSOIL: GRAVELLY CLAY. red-brewn, high plasticity, L] F TOPSOIL, BAND OF SILTY CLAY,
b fine to coarse size gravel. GREY-100am THICK
| 1 : - : W VSt
-y CH CLAY: high plasticity, red-brown, with crange, grey, RESIOUAL
0 _% mottle, trace fine to coarse size gravel. pp 300-350KkPa
_/ op I00-350kPa
D £ CH GRAYELLY CLAY; high plasticity, red-brown and H EW BASALT
B— 1 orange, with grey mottle, !ine to coarse size
| / gravel. ¥
B. _))6// pockets ot wet material
1/ numergus water inflows
. % & pp 200-220kFa
2 _%
A
J Pit TP17 Terninated at 2.50 m
3 N3 Surface conditions wet/boggy
4
METHOD PENETRATION SAMPLES, TESTS, ETC CLASSIFICATION CCNSISTENCY/OENSITY INDEX
N natural exposure SYMBOLS AND SCIL V5 very soft
X existing excavation | 1 2 3 4 it ]e resistance U undisturbed sample (mn) DESCRIFTION 5 soft
BH  backhoe hucket @angiw £0 G cisturped sanple based on unitied F firn
B bulldozer blade very slow progress | B85 bulk sasple classification systen 5t stift
R bulldozer ripper HAT E environmental sample ¥st very stiff
E excavator tR VS vane shear MOISTURE H kard
HA hand avger 0 nong chserved 0P  dynamic penetrometer 0 ey Fo friable
HT  hand tools ¥ not measured FO  field density ¥ noist W very loose
SUPRORT W rater level S water sample " Wt L loose
SH shoring  SC shotcrete] —= o plastic limit M) medium dense
Nil no support —¢|  vater outfloy " Tiquid- 1init D dense
A8 rockbolts B> vater inflow ) very dense

{C) Copyright Geosciences Pty. Lid. 1998
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Coffey Geosciences Pty. Ltd.
ACN 056 335 516

-engineering
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log -
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V747474

pit na

P18

sheet {1 of |

office job no:  NR10B9/1
tlient: GeoLINK GROUP pit commenced:  20-9-98
prircipal: pit completed:  20-9-99
preject: OCSSER SUBDIVISION, LENNOX HEAD 10gged by: CMc
pit location: REFER FIGUAE { checked oy -
equipment type and model:  JCB-BACKHOE A.L.Surface: NOT MEASURED
excavation dimensions; 2.0 a long 0.5 m wide orientation: -G0. datum: EXIST SUAFACE
5 g . 3 |=es
Z g | B nater ial es | 85 |ESE structure and
o m | - Ot S B 2 N H
Bl E [g|g|smes |, sg)c |ZE soil type:piasticity or particle characteristics | B2 | 25 | & edditional observations
2| 5 |38 |testsete |5 EBE|E | 85 colour, secondary and minor campoaents g5 | Es kFa
TlLii234 = 1< 5858
=| & = :.: CH FILL: GRAVELLY CLJ]\Y: high plasticity, brown, fine to | M F F}LL. some S0mm bands of 531ty
= XX coarse size gravel, with iron strapping and traces clay
& b olele! of tharcoal and ash. ]
o%ed: 5t .
i b pp 150-180kPa 4
= 2ol
[= LR J
5 | y pp 140-160kPa .
HEG 4
: 038,
1l B_ 7 CH CLAY. high plasticity, orange, hrown, trace of fine ] 5t/ RESIOUAL, numerous water
§ -/ to coarse size gravel. | inflows . -
0 ] / H 6t pp 180-230kPa _
= _% pockets of wet material _
2 J / 4
=] - / -
g é ]
= ?22 :
N 4
/ |
] / 1
'
% .
- ]
/ '
_/ -1
i / J
1
17 !
7 '
E 4
3 A !
| Pit TP{B Terminated at 3.00 n 4
1
~ -
i J
4 ]
— Top !.1m suggested to be _:
4 Fill in nature, possible -
ke gully filled with farm debri -
A L '
==| METHGD PENETRATION SAMPLES, TESTS, £TC CLASSIFICATION CONSISTENCY/DENSITY INBEX
= u natural exposure SYMBOLS AND SOTL Vs very soft ,
= ox existing excavation 12 3 4 ittle resistance U undisturbed sample [ma) DESCRIPTION ] soft
=| B backnee bucket i rangin% tn 0 disturbed seaple pased on unitied F firn
w| B bulldozer blade very siow progress | 85 bulk sample tlassification system 5t stiff
I bulldozer ripper WATER £ environmental sample ¥5t very stiff
G| E excavator YS  vane shear MOISTURE H hard ‘
E| t hand auger 0 nonz observed DP  dynamic penetrameter 0 ary Fb friable :
S| H hané toals % rot measured F0 field density ¥ a0ist L very loos
S| SUPPOAT W weter level WS water sample " Wt L loose
=l SH shoring  5C shotcrete] — in 1im L] medium danse
g Nil no support —q water gutflnw :g Iﬁ;ztéc]:,mt 1] dense
=| BB rockoolis P~ water intlow V) very tense
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BOREHOLE BORELOGS.GPJ COFFEY.GDT 11.03]

Coffey Geosclences Pty Ltd acnoss335516

Form GEO 5,3 Issue 3 Rev,2

Borehole No. BH1
. . Sheet 1 of 1
Engineering Log - Borehole Office Job No: __NR1059/2
Client: GEOLINK GROUP Date started: 13.2.2002
Principal: DM & RD DOSSOR Date completed:  73.2.2002
Project: DOSSOR SUBDIVISION Logged by: rw/ KU
Borehole Location: Checked by: Ps
drill medel and mounting: JACRQ 350 100 Easting: slope: -80° R.L. Surface; 282
hole diameter: mim Northing bearing: datum:
drilling information material substance
c
[=] o 6
= t H N 20 | BE
E s: . T:s g 2 material = E'E 2 2] structure and
= B |e mples, s | & g5 |85 | 88E additiohat obsetvations
] 8 = P tests, etc 2|58 ) o » g% .%m kP
3 o & % depth| & 2E soil type: plasticity or panticls characteristics, BE| 55 a
E 123]® g RL lmetred @ | ©& colour, secondary and minor components, E8| 88 888 §
[~ [+ 21 CH SILTY CLAY: high plasticity, red-brown, with some M Vst
=y |28 — /% basall, gravel, cobbles and boulders, trace of sand,
| % % friable. hd pp 250kPa
- é% POSSIBLE COLLUVIUM
7%
1 br2777 CH | SANDY CLAY: high plasticity, yellow-brown, fine H RESIDUAL SOIL
— / grained sand, bands of ¢layey sand. —]
| 20 i ;///’/
50 / ¥
. / pp >500kPa
2] // _
o 77 .
] / SC | SILTY CLAYEY SAND: fine to coarse grained, brown, ]
i i fine gralned clay of low to medium plastisity,
] e
@ : 1A —]
- ) Ny
N 2 s A ..250mm diameter large cobble, T op >500kPa
% il REFUSAL ON BASALT COBELE
- // (DIAMOND DRILLED)
5 4_- // ...cobble 120mm diameter. ]
| 26 .0 /
7 / CH | CLAY: high plasticity, rad-brown, some fine grained VSt-H
- / sand.
.s_% 7
| 24 - % .grey.
6 %
u ] ]
% 23 % _ » pp 175kPa
Botehole BH1 terminated at 6.2m
) —
| 22 -
8
mathod support notes, samples, tasts classification symbols and consistency/density Indax
AS auger scrawing® M mud N nil Usy undisturbed sample 50mm diameteq]  #oil descripiion Vs veiy soft
AD auger drilling* C casing U undisturbed sample 63mem diametey based on unified classification s soft
RR roltertiicone anetration D disturbed sample system F firm
w washbore 234 o resistance N standard penetration test (SPT) St stift
cT cable tool -1 ing Nt SPT - sample recovered moisture V&t very stiff
HA hand auger %‘u refusa) Ne SPT with solid cone D dy H hard
o7 diatube water v vane shear (kPa) M moist Fb friable
B blank bit ..L 10/1/98 water level P pressuremeter W wet VL very loose
v V bit == on date shown Bs butk sampte Wp plastic timit L loose
T TC bit . E environmental sample W, liguid limit MD medium dense
*bit shown by suffix P— water inflow R refusal D dense
e.g. ADT - water outflow VB very dense




BOR;‘.HOLE BORELOGS.GPJ COFFEY.GDT 11.W

Form GEQ 5.3 Issue 3 Rev.2

’

Coffey Geosclences Pty Ltd acnoss3sssis

Borehole No. BH2
. . Sheet 1of 2 >
Engineering Log - Borehole Offce Job No: __ NR1059/2
Client; GEOLINK GROUP Date started: 15.2.2002 &
Principal: DM & RD DOSSOR Date completed:  75.2.2002
Project; DOSSOR SUBDIVISION Logged by: rw/kY
Borehole Location: Checked by; PS.
drill model and mounting: JACRO 350 100 Easling: slope: =000 R.L, Surface: 211
hole diameter: mm Northing bearing: datum:
drilling information material substance
=
S 5 55| w8
BE. s:r:::s g1s material - EE $ g%’ _ structure and
1 8 15| | tects eto 223 £s F2{R8E additional observations
% & §-’ 2 depth E‘ ,aé E s0il type: plasticity or particle characteristics, % g g g kPa
Elys2]|® g RL |mets &6 |o& colour, sscandary and minor componants. Eo| ov |2288
[~ N[ ¢ | 21 a7, ClL | SILTY CLAY: medium plasticity, dark grey, some fine w ] RESIDUAL SOIL; SURFACE WATER
Q & g —//% grained sand. y X, daik grey —
& ) YA CH | SILTY CLAY: high plasticity, grey, yellow motiled, some M | F-st o
& é? fine grained gravgel. ", grev ye metied, sam -
2
& 1] ]
?s i éé = i
2 — -
- %%
o Uso Y / i
= 7 i
5 5 éé " | | pe 250kPa
o 1® .7 % —
S _¢¢ il
D _% §
:
. Y 1
77
i 3 é?’ CH [ SANDY SILTY CLAY: high plasticity, grey to brown H EXTREMELY WEATHERED ROCK,
S 18 —/f mottted, fine grained sand, with fine to medium grained FRIABLE —
RSBy Ugg B _/ / gravel lenses. L i
\ 2% gé////f) Tpp >500kPa
- Y .
i N .
\{ Z% Us0 REFUSAL ON GRAVEL BAND
N ]
7%
_ % ?4/ -
R ,
7 , i
5 /,é% Tpp >500kPa
| 18 ] %% U50 REFUSAL ON GRAVEL BAND |
4 é % 4
i / %} i
> Y ]
B Borehole BHZ continued as cored hole —
B
| 15 T ]
7] _]
14
8_ -
mothod support notes, samples, tests clasaification symbols and consistancy/density index
AS auger screwing” M mud N nil Usy undisturbed sample 50mm diameted  soli description Vs vary soft
AD auger dritling* C casing Ugs undisturbad sample 63mm diarmeted  based on unified classification s soft
| RR rollerftricone enetration o] disturbed sample system F firm
w washbore 234 N standard penetration test (SPT) st stiff
cT cable tool %‘? ",,"ngf:tl;"“ N SPT - sample recovered moleture VSt very stitf
HA hand auger refusal Ne SPT with solid cone D dry H hard
o7 diatube water v vane shear (kPa) M moist Fb friable
B blank bit _'_ 10M/98 water level [ pressuremeter W owet VL very loose
v V hit == oh date shown Bs bulk sample Wp  plastic limit L loose
T TC bit E environmental sample W liquid limit MD rmedium dense
*bit shown by suffix P— water inflow R refusal D dense
e.g. ADT —uf water outflow VD very dense
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CORED BOREHOLE BORELOGS.GPJ COFFEY.GDKI\Q’:./’M.D2

Form GEC 5.5 Issue 3 Rev.2

Coffey Geosclences Ply Ltd Acnoss3assis

Borehole No. BH2
E . . L C Sheet 2 of 2 >
ngineering Log - Cored horehole Office Job No..__NR1059/2
Client: GEOLINK GROUP Date started: 15.2.2002 0
Principal: DM & RD DOSSOR Date completed:  75.2.2002
Project: DOSSOR SUBDIVISION Logged by: RW / K Y
Borehole Location: Checked by: . P.S'
drill medel & mounting: JACRO 350 100 Easting: slope! -80° R.L. Suriace! 2141
hele diameter; mm Drilling fluid: Northing: bearing: datum:
drilling information| material substance rock mass defects
= materlal defect description
o g o estimated 18,50 defect
o
O | o 43 rock type; grain characteristics, colour, '% 5 strenglh M, @ = SP:.‘T.ILHQ type, inclination, planarity, roughness,
215 5 55 structure, minor components £ B D'd'aT' a coating, thickness
E g -g AL dezth = gg A_:xh-i; E = -1-1-] .
2 metres) & © Continued from non-cored borehale s sc5h =R SR | particular generat
I
3 ] ( < 4 BASALT: dark grey, fine grained. Sw L—JT, 70°, PL, RO ]
= 6 |77/ JT, 70° IR, RO ]
= 15 49 JT, 23%, PL, RO
'L " =} JT, 33°, PL, RO -
/\' ( J BASALT: grey to grey-brown, fine grained, MW j;;; | JT, 35°% PL-CU, RO
1/ Z Awithclaydilled vesicles, B 6.10m-6.16m: Crushed seam B
{7 £ <] BASALT: dark grey, fine grained, B 1 6.25m - 6.35m: Fraciured zone .
BHZ terminated at 6.65m YT, 10°, IR, CU, RO
- JT, 32°, IR, RO ]
7] -
| 14 .
8 | -
[ 13
9| ]
12
10 | —
11
11| —]
| 10
12 ] _
| 9
13 |
1 8 ]
method _ core-fIft water weatharingfalteration defect type roughness
o7 diatube . Y 107198 water lovel FR  fresh T joint VR very rough
AS auger screwing m casing used I on date shown SW  slightly weathered PT  parting RC rough
AD auger drilling DW  distinctly weathered SM  seam S0 smacth
RR rollerfiricene H barve! withdrawn — water inflow )S“AV elagtrggnelylrtwe(ajthered SZ  sheared zone SL slickensided
cB claw or blade bit hic [og! —<J partial drill fluid toss DA 3|§tmgtl; ael{:red gg 5?5;":3 :::ﬁfe
NMLC NMLEC core graphle logicora racovery —f complete drill fluid loss | XA extremely altered
NG, HQ, PQ  wireline core core fecovered strangth Ellfnar;gnar g;laﬂn?
H clean
- graphic symbols N yery fow CU  curved SN stained
indicate material water pressure test result | g medium UN  undulating VN veneer
no core recovered 8] (ugeons) for depth H high ST stepped CO coating
interval shown VH  very high IR imogular
EH __exremely high
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Borehole Na, BH3
E . . L B h I Sheet 10of 3 h
ngineering Log - borehole Office JobNo.:  NR1059/2
Client: GEOLINK GROUP Date started: 7.2,2002 0
Principal: DM & RD DOSSOR Date completed:  7.2.2002
Project: DOSSOR SUBDIVISION Logged by: rRw /Ky
Borehole Location: Checked by: P S
drill mode] and mounting; JACRO 350 100 Easting: slope; -30° R.L. Surface; 27,95
hole diameter. men Narthing bearing: datum:
drilling information material substance
5 )
= otes 5 %8 |gE,
E sarmples B|g malerial <| B2 (%88 structure and
g @ |« PIEs., o | 8 &5 8% g additional abservations
gl & |g tests, efc = 1]=g 3 B2 | aakE
[ ' = =8 2E | 22
& & § 2 depth| & 8 E soil type: plasticity or particle characteristics, 22 | & % kPa
E 123 |® g RL |thetre & | © @ colour, secondary and minor compenents. E2| 83 gggg
[~ iR N b2 CL o | SILTY CLAY: medium plasticity, brown, some fine M St RESIDUAL SOIL
feiey \ \
Q Q — %/ grained sand, some red mottling.
g Z
1 vameansa e
2 _ CL | SANDY SILTY CLAY: madium plasticity, brown, fine Vst
% |27 1 % é grained sand, some ironstone nadules to 10mm. INCREASE IN MOISTURE
& 7 CONTENT
2 ///' /
5 - / /
\ 77
_\ 7
B Uy i 7 7 B
-ff b . _?% CL [ SHI.TY CLAY: medium plasticity, groy. H ’:pp >500kPa
EEn - 2] / / DECREASE IN MOISTURE
B é % CONTENT
B -1 / /
e mZ /
% % _éé CH | SILTY CLAY: high plasticity, dark red, some fine SMALL IRONSTONE NODULES
i // grained sand.
. /
. Py
B =2
S _ / / Top >500kPa
L |8 77
52 '5:,: % = -/ /
BaE —
o % L2 | 4 / %
| |o W 2%
% ~ Borehole BH3 continued as cared hole
.23 5_
-2 8]
{21 7_
| 20 8
mathod support notes, samples, tests classification symbols and consistency/density Index
AS auger screwing® M mud N nil Uy undisturbed sample 50mm diameted  soll desctiption vs very soft
AD auger drilfing* C casing (18 undisturbed sample §3mm diameteq based on unified ¢lassification ) soft
RR roflerfiricone E.mm,ﬁon [a] disturbed sample system F firm
w washbore 1234 slsta N standard penetration tast (SPT) St stift
cT cable tool Tangingto N* SPT - sample recovered molsture Vst very stiff
HA hand auger e refusal Ne SPT with solid cone D dy H hard
oT diatube water v vane shear (kPa) M moist Fb friable
2] blank bit l 10/1/98 water lavel P pressuremater W wet VL very loose
v V bit == on date shown Bs bulk sample Wp  plastic imit L loose
T TC bit i E environmental sample WL liquid fimit MD medium dense
*bitshown by suffix P— water infiow R refusal D dense
e.g. ADT | water outflow VD very dense
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Engineering Log - Cored borehole

Borehole No,

Sheet

Office Job No.:

BH3

20f 3
NR1059/2

Client:

Principal:

Project:

GEOLINK GROUP

Borehole Location:

DM & RD DOSSOR
DOSSOR SUBDIVISION

Date started:
Date completed:;
Logged by:
Checked by:

7.2.2002
7.2.2002
RW fy
Ps

drill model & mounting: JACRO 350 100

hole diameter:

mm

Dritling fluid;

Easting:

Northing:

slopa: -a0°

bearing:

R.L. Surface: 27.95

datumn:

drilling information

material subsfance

rock mass defects

method

core-lift

depth
matras

graphic log

water

RL

core recovery

material

rock type; grain characteristics, colour,
structure, minor components

Continued from non-cored borehale

weathering
alteration

estimated
strength

SoxcEh

defect
spacing
mm

)
Mba
D- diam-

etral
A- axial

RQD %

-] .3_§ ,§_§ particular

defect description

type, inclination, planarity, roughness,
coating, thickness

general

NMLC

VAN NN
VAV AV VAVAYL
WAVAVAVLAW.LY,

BASALT: brown to yellew-brawn and dark
grﬂr. fine grained, locally grading to hard clay
CH).

z

0

41
™
||

NO CORE:

PNAN
N

| 21

BASALT: brown to yellow-brown and dark
grey, fine grained, locally grading to hard clay
CH]).

NQ CORE:

ASALT: brown to red-brown, fine grained,
with clay filled vesicles, occasienal thin clay
seams alang joint planes, occasional zeolite
amygdales.

i 19

grained, with clay fitled vesicles,

HW

A AL AN A WAL WAL WA L WA A L WL VLA WA VLW VL. VA

BASALT: dark grey, fine grained,

.17 11|

1
INANAN NN N NN NN NN AN PN
INANANANAANANAANANAN NN AN AN AN AN AN AN AN NN AN

WA AN AW AN AL

|18 12

SW

BASALT: dark grey to brown-grey grading to
red-grey, fine grained, locally vesicular.

MW

MWISW

MW

T e

o

TR
L

T

R

e
%

e

Ay O O
R A e

Q

41

Q
=N

%
—

58

-

30

22

P P D D)

B )

al!

& T4 6O, Cole Mgty TTasre =

—=JT, 15°, PL, RO
[=—Core break
=—Core break
] [——JT, 45°, PL, RO, CN .

JT, 8, PL, RO,

2 % care breaks

==—JT, 20° PL, RO, clay smear -
JT,40° PL, RO, CN

JT, 5%, PL, RO, CN

JT, 5%, PL, RO, CN -
Care fracture, IR

JT, 10° PL, RO

JT, 30° PL - CU, RO, Fe, SN
Core hreak .
JT, 28% IR, RO, CN ]
JT, 20% PL - IR, RO, CN
JT, 20° PL, RO, GN

JT, 5%, PL - IR, RO, 5mm clay seam ~
PT, 10°, IR, RO, CN
Core break

——2xJT, 30° PL, RO, CN
——Large vesitles to 30mm _
—.JT, 60°% IR, RO, CN

t=—JT, 20°, FL, RO, Fe, SN -
, 30°, PL, RO, Fe, SN .
JT, 40°, PL - IR, RO, Fe, SN
JT, 90°% PL, RO, Fe, SN -]
JT, 157, PL, RO, Fe, SN

JT, 35°% PL- IR, RO, Fe, SN
JT, 43°, PL, RO, Fe, SN . 1
JT, 35°, PL,, RO, Fe, SN
JT, 30°, PL, RO, Fe, SN
20mm clay and fragmented rock seam, -
dipping 10°
JT, CU, 60" - 90°, RO N

—JT,

<
bl
%)
o

JT, 70°, PL- CU, RO, Fe, SN
JT, 20°, PL, 20°, Fe, SN ]
JT, 38°, PL, RO, Fe, SN

JT, 70° - 75°, PL - CU, RO, Fe, SN
JT, 40°, PL, RO, Fe, SN 1
JT, 15°, PL, RO, Fe, SN

10.60m - 10.80m: Fractured zone with
clay in top 50mm

JT, 55°, PL- IR, RC, Fe, SN

JT, IR, RO, Fe, SN

JT, 75°, PL, SO, 5L

23 JT,5°- 10° PL, RO, Fe, SN

3% JT, 40°, 60°, 85°, PL, RO, Fe, SN
JT, 20°, PL, RO, Fe, SN

30mn fragmented Zone

o
=
A
o

method
DT

AS

AD

RR

cB
NMLC

diatube

auger serewing
auger drifling
rollerftricone
claw or blade bit
NMLC core

NQ, HQ, PQ  wireline core

core-lift

m casing used

H  barel witharawn

watar

Y

graphic logicore recovary

cofe recovered
- graphic symbels
indicate material

8

no core recoverad

10/1/58 water lavel
ah date shown

— water inflow
—~<] partiat drifl fluid loss
-—a] complete drill fuid loss

water pressure test result
(lugeons) far depth
Intervat shown

weathering tion
fresh

slightly weatheted
distinctly weathered
extremely weathered
slightly altered
distinetly altersd
extremely altered
strangth

VL  verylow

L low

M medium

H high

VH  vaery high

EH___ extremaly high

roughness

R very rough
RO rough

50 smooth

8L slickensided

defect type

JT  jeint

PT parting

8M seamn

SZ sheared zone
S8 sheared surface
CS crushed seam

planarity
PL planar

CU  cuved

UM undulating
ST stepped
IR iregular

coating
CN clean
SN stained
VN veneer
CO coating
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Borehole No. BH?3
E u x L C d b h I Sheet 3of 3 h
ngineering Log - Lored borenole Office Job No.. _ NR1059/2
Client; GEOLINK GROUP Date started: 7.2.2002 0
Principal; DM & RD DOSSOR Date completed:  7.2.2002
Project: DOSSOR SUBDIVISION Logged by: rw/ky
Borehole Location: Checked by: Ps
drill model & mounting: JACRO 350 100 Easting: slope; -90° R.L. Surface: 27.95
hole diameter; mm Drilling fluid: Naorthing: bearing: datum;
drilling information] material substance rock mass defects
- material . defect description
o0 o estimated |SB2 defect
k-] c i
O | o § roeck type; grain characteristics, colour, S 5 strength M‘ = SF’:‘%“Q type, inclination, planarity, roughness,
g el B depth £ ‘é structure, minor components % " D- g'tam"{" o coating, thickness
= |9 & & c
218 §| AL |metres| & 8 2% g.sc g |E 3§§‘§_§ particular general
5] ( /\ ] BASALT: dark grey to brown-grey grading to MW o VT, 70°, PL, RO, Fe, SN
=[] -1/ / A red-grey, fine grained, locally vesicular, ] JT, 5% PL, RO, Fe, SN -
= \ A\ N (eontinuad) MWW JT, 87°, PL, RO, Fe, SN |
4 <| BASALT: dark gray, fine grained, slightly | © _\50mm clay and fragmented rock zone
4> 2 ) vesicutar. =2 3xJT, 40°, 45°, 75°, PL, RO, Fe, SN .
AN [~ Core break
5 1/ 7 A JT, 45°, IR, RO, Fe, SN -
— 13133 — _\J'I', 20°, PL, RO, Fe, SN _]
NN JT, 20°, IR, RO, Fe, 8N
-7 7 < s _\JT, 80°, PL - IR, RO, Fe, SN ]
- > .> / I _\ 2% J7, 20°, 30°, PL, RO, Fe, 8N _
4 _ 2 v 10° 40° Pl Sl RO Es SN
. BH3 terminated at 13.5m \JT, 55°, PL, RO, S8, Fe, SW, zeolite infil -
- JT, CU, Fe, SN |
| 14 14 a
|13 1 5- 1
12 | 46| _
L1t | 17 —
|10 18 N ]
1.9 19 | =
| 8 20
method core-[ift water weatherl on defect typs roughneas
DT diatube i |y 10/1/9B water level FR  fresh JT  jaint VR very rough
AS auger screwing m casing used = on date shown SW  slightly weathered PT  parting RO rough
AD auger drilling DW  distinctly weathered SM  seam SO smooth
RR rolterftricone H barrel withdrawn P— waterinflow XW  exremely weathered SZ  sheared zone 8L slickensided
) ) SA  sfightly altered S5  sheared surface
CB claw or blade bit hic log/ —<] partial drill fluid loss DA distinctly altered CS crushed seam
NMLC NMLC core graphtc lagicore focavary —al| complete drill flvid loss | XA extremely altered
NQ, HQ, PQ  wireline core core recovared strength g]fnari}y gﬁting
- graphic symbols. UL ey low oU aunved SN e
indicate matesial water pressure test result | g medium UN  undulating VN veneer
no core recoverad ¥l (lugeons) for depth ﬁH high en %T friﬁﬂf:r CO coating
very hig
Interval shown EH __eviremely high
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Coffey Geosclences Pty Ltd acnossasssis :
Borehele No. BH4

E ] » L B h I Sheet 10f 3
ngm eerlﬂg 09 = borenole Office Job No.: NR1059/2
Client: GEOLINK GROUP Date started: 11.2.2002
Principal: DM & RD DOSSOR Date completed:  7171.2.2002
Project; DOSSOR SUBDIVISION Logged by: rRw [ £y
Borehole Location: Checked by: P S
drill nodel and mounting: JACRO 350 100 Easting: slope: -80° R.L. Surface: 349
hole diameter: mm Morthing bearing: datum:
drilling information material substance
[=4 1
a - N o
= notes 5 X
5 samples, g § material os 22 -‘é o % _ structure and
b 2 E. tosts. alo e | &8s 58 ..3,_’. =8 RS additional observations
. ! = 2E | @
%.5, 2 g 2 depth §' ﬁ E soll fype: plasticity or particle characteristics, % g 2 % kPa
=3 @ 5 RL me!resl oD |ew calour, secondary and minor components. EQ| 88 _E_ § § §
E N CH | SILTY CLAY: high plasticity, brown, trace of fine grained M H ¥ RESIDUAL SOIL
=y / sand, pp >500%Pa .
% ...red-brown N
7 1
% _ ]
| 34 1 é VSt
. :
CH | SILTY CLAY: high plasticity, with some fine grained
E %% sand, -
Y i
Usy % / 4
| 33 2| %% pp 300kPa ]
%é ...decrease in sand content
32 1 / % -
= a7 ]
Uso é;ﬁ H ._
CH | SILTY CLAY: high plasticity, grey, with bands of sand!
a . //% clay. oh plastclty. orey Y ¥ op >500kPa i
m / / BANDS OF EXTREMELY
& ] %% WEATHERED BASALT 1
| a .
g [ 4 %% INCREASE [N MOISTURE
o = %% CONTENT —
% ] %/é ...increase in frequency of banding grading to extremely N
- / / waathered basalt. .
Uso — é% U50 REFUSAL ]
A
|30 5 Borehole BH4 continued as cored hole )
7| 8] -
7| _
27 . 4
8
method support notes, samples, tosts classification symbols and consistency/density Index
AS auger screwing® M mud N nil Ugp undisturbed sample S0mm diametel sofl description vsS very soft
AD auger drilling* C casing Ua undisturbed sample 63mm diamate based on unified class#lcation s soft
RR rolleritricane enatration [s] disturbed sample system F firm
? YS
w washbore 123 4 - N standard penatration test (SPT) St stiff
cT cable toof S n,:,.,;'i:g o N* &PT - sample recovered moisture Vst very stiff
HA hand auger z e retusal Ne SPT with solid cone D dry H hard
DT diatubs water v vane shear (kPa) - M moist Fb friable
B blank bit -!- 10/1/08 water level P pressuremeter W wet VL very Joose
v V bit === on date shown Bs bulk sample Wp plastic limit L loose
T TC bit ) E environmental sample W, liquid limit MD meditm dense
*bit shown by suffix P water inflow R refusal D dense
eg. ADT —af water outflow vD very dense
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Borehole No. BH4

Sheet 2 of 3

Engineering Log - Cored borehole Office Job No.__ NR1059/2
Client: GEOLINK GROUP Date started: 71.2.2002

Principal: DM & RD DOSSOR Date completed:  77.2.2002 E

Project: DOSSOR SUBDIVISION Loggedby:  RW Jlyy

Borehole Location: Checked by: Fs
drill mode] & mounting: JACRO 350 100 Easting: slope -90° R.L. Surface: 34.9

hole diameter. mm Drilling fluid: Nortking: bearing: datum:
drilling information | material substance rock mass defects

material defect description
estimated IS5 defect

strength MPa spacing o )
clination, planarity, reughness,
D- diam- mm typs, in P ty, 2

coating, thickness
etral
A- axal

rack type: grain characteristics, colour,
strueture, minor components

depth

RL [mefres

o

=88 ,§_ & | particular general

method
graphic log
core recovery
weathering
alteration

core-lift
water
RQD %

Caontinued from non-cored berehole

[ S0 BASALT: brown fo grey-brown, madium

grained.

lU'l
z

NMLC
]
NN NN NN AN AN AN NN NN AN NN NN AN AN AN N AN AN AN AN NN AN A AN AN AN AN AN AN A NN

[™5.00m - 5.40m: Fractured zone with
extremely weathered basalt ]

— ['L ——JT, 10° PL, RO, Fe, SN -

] *JT. 10°, PL, RO, Fe, SN

JT, 40° IR, RO, Fe, SN

2 x core fractures -
——JT, 80°, PL, RO, Fe, SN

(all —\JT, 45°, IR, CU, RO, Fe. SN

3xJT, 10°-25° PL, RO, Fe, 8N -

23

J-] =T, 10°, PL, RO, Fe, 5N —]

NN
z

BASALT: brown-gray io grey, medium MW
grained.

BASALT: grey to dark grey speckled, medium | SW
grained.

50

— r —=JT, 20°, PL, [R, RO, Fe, SN
——JT, 70°, PL, RO, Fe, 8N ]
[JT, 20°, PL - IR, RO, Fe, SN

- [~JT, 30°, PL, RO, Fe, SN
|=—JT, 35°, PL, RO, Fe, SN -
|| ?JT, 85° PL, RQ, Fe, SN
L —\JT. §5°, PL, RO, Fe, SN

R

AWANALWANLTANL N

56

| 28 7

BASALT: grey-brown, fine to medium [0
grained.

BASALT: grey to dark grey speckled, medium | SW
grained,

5% JT, 60° and irregular fractures —
JT, 60°, PL, RO, Fe, SN
Qz % JT, 10° and 25°, PL, RO, Fe, SN
] JT, 10°, PL, RO, Fe, SN _
L JT, 30%, PL, RO, Fe, SN
5% T, 20°, 30°, PL, RO, Fa, SN
be— JT, 10°, PL, RO, Fe, SN

[——28,40m - 8.65m: Practured zone along -
J0° and 45° joints

—5.75m - 8.82m: Fractured zohe i

AANVANVAN AN
53

BASALT: grey to brown-grey, fine grained, T
vesicular.

AN

o}

BASALT: grey-brown to red-brown, with clay  HW/MW
filled vesicles.
|26

——JT, 15°, PL, RO, Fe, SN
t—Imregular fracture, 20° - 45° 3
—1JT, 60°, PL, RO, Fe, SN -
—~Irregular fracturs, 60°
] —JT, 30° IR, RO, Fe, SN -

39

.

| 25 —JT, 85°, IR, RO, Fe, SN
——.JT, 88°, PL, RO, Fe, SN —
—— T, 45° PL, RO, Fe, SN -
JT, 50°% IR, RO, Fe, SN

—2 X JT, 20%, 55°, PL, RO, Fe, 8N
10.50m - 10.50m: core fractura along -
joints at 10°, 20°, 55°

14

24
—JT, 20°, PL, RO, Fe, SN =
[ JT, 60°, PL, RO, Fe, SN
—~JT, 55° PL, RO, Fe, SN
T, 60°, L IR, RO, Fe, SN .

11.40m - 11.85m: 6 x irregular core
fractures

37

— ——2 x core breaks
2 [™2 x core breaks
]. t=—Core fracture, 30° - 40° n

WAV ALV A A AY L WA AW AW AW LA L WA LW AV A

BASALT: dark grey to red-grey, fine grained, MW/SW
with zeclite and clay filled vesicles.

w0
[i=]

CORED BOREHOLE BORELOGS.GPJ OOFFEY.GD‘I‘aa.JOS.m

l——12.50m - 12.60m: 4 X core fractures at 5°,
20°, 55¢ .
mathod core-lift water waatharingfalteration defact typa roughness
ot dlatube . Y 106198 wate level FR  fresh JT joint VR very rough
AS auger screwing m casing used =X~ on date shown SW  slightly weathered PT parting RO rough
AD auger drilling . OW  distinctly weathered SM seam S0 smooth

H barrel withdrawn P— water inflow XW  extremely weathered SZ sheared zone SL  slickensided

N NN AN AN AN AN AN AN AN AN AN AN AN AN AN NN NN AN NN AN A AN AN AN AN NN

ALY

RR rolleriricone SA  slightly altered 8S  sheared surface
cB claw or blade bit gl —<] partiat drill fluid loss DA disiingtly altered €S crushed seam

NMLG NMLC core graphic log/cors recavery — complete drill fluid loss | XA  extremely alterad
NQ, HQ, PG wiretine core core recovered strength planarity coating

N PL  planar CN clean
- graphic symbols EL- yery low CU  cunved SN stained

indicate material water pressure testresult | pg medium UN  undulating VN veneer
no core recoverad &1 (lugeons) for depth H high %'r lsteppled CO coating
interval shown VH  very high rregtlar
EH  extremely high

Form GEQ 5.5 Issue 3 Rev.2
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Borehote No.

BH4

3of 3
NR1059/2

Sheet
QOffice Job No.:

Engineering Log - Cored borehole

Client: GEOLINK GROUP
DM & RD DOSSOR
DOSSOR SUBDIVISION

Date started: 1 1.2.2002

11.2.2002
rw [y
Ps

Principal: Date completed:

Project: Logged by:

Borehole Location; Checked by:

drill medel & meunting: JACRO 350 100 Easting: slope: -90° R.L. Surface: 348

hale diametar: mm Drilling fluid: Northing: bearing; datum:

drilling information| material substance rock mass defects

material defect description

estimated
strength

[S;s0)

MPa N
. type, inclination, planarity, roughness,
b gEaT' coating, thickness

rock type; grain characteristics, colour,

structure, minor compenents
depth
metres

core-lift
graphic log
core recovery
weathering
alteration
RQD %

water

RL A« axial

particular general

ey

BASALT: dark gray to red-gray, fine grained,
with zeclite and clay filled vesicles. (continued)

NMLC] method

—IT, 15°, Fe, SN, RO

68

—— Subharizontal core break

A ALY

i—Core break ._
L i ~?JT, 10% PL, RO

BASALT: dark grey to grey speckled, fine to
medium grained.

SwWiFr

| 21
L JT, 20°, PL, RO

[L | BT 30% PL RO

_\ ' v .

Cors break

a0

t——Core fracture, 18° -
JT, 20° FL, RO

[™~Core fracture, 35°
T, 38°, PL- IR, RO i

—— T, 45°, PL, RO, 5L -
=T, 10°, PL, RO -

T, 35°, PL, RO, Fe, SN 4

= ST, 30°, PL, RO

L JT, 60°, PL - IR, RO

[T, 35°, PL, RO -

1 —JT, 15° PL - IR, RO

—JT, 45°, PL, RO .

— Core fracture - 7

L~ JT, 30°, PL, RO .

L JT, 50°, PL - IR, RO, SL

[ [NaT, 507 PL- IR, RO, SL
T, 70°, PL, RO, SL .

——~Core fractures -1
- ==~ JT, 25° PL, RO

—— JT, 60° - 70°, IR, RO
~ F~JT, 52, PL, RO, SL -
JT, 5°- 7%, PL, RO
[™~JT, 20° PL, RO
=—JT, 60° - 70*, CU, RO -
[TNIT, 33 JT, 5%, 45%, 75°, PL, RO, calcits
[ [~18.44m - 18,64m: Fractured zone
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APPENDIX C

RISK ASSESSMENT TERMS, DESCRIPTIONS AND DISCUSSION
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For the purposes of the risk assessment presented in this report, the terms and descriptions provided in
Appendix G of AGS 2000 have been used and are summarised below.

TABLE 3: QUALITATIVE MEASURES OF LIKELIHOOD
Level | Descriptor Description Indicative Annual
Probability

A Almost Certain | The event is expected to occur >~101

B Likely The event will probably occur under adverse conditions ~102

C Possible The event could occur under adverse conditions ~10

D Unlikely The event might occur under very adverse circumstances ~10+

E Rare The event is conceivable but only under exceptional | ~10°

circumstances

F Not credible The event is inconceivable or fanciful <~10¢

TABLE 4: QUALITATIVE MEASURES OF CONSEQUENCES TO PROPERTY

Level | Descriptor Description

1 Catastrophic Structure completely destroyed or large scale damage requiring major
engineering works for stabilisation

2 Major Extensive damage to most of the structure, or extending beyond site
boundaries requiring significant stabilisation works

3 Medium Moderate damage to some of the structure, or significant part of the site
requiring large stabilisation works

4 Minor Limited damage to part of the structure, or part of the site requiring some
reinstatement/stabilisation works

5 Insignificant Little damage
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TABLE 5: QUALITATIVE RISK ANALYSIS MATRIX - LEVEL OF RISK TO PROPERTY
Likelihood Consequences to Property
1 2 3 4 )

A VH VH H H M
B VH H H M L-M
C H M L-M VL-L
D M-H M L-M VL-L VL
E M-L L-M VL-L VL VL
F VL VL VL VL VL

Notes: Risk levels - VH = Very High, H = High, M = Moderate, L = Low, VL = Very Low.

A discussion of the assessed likelihood and consequences used to assess the risk of slope instability at the

site is shown below:

o Hazard 1: Shallow seated instability of the natural and altered slopes in the vicinity of the proposed
developments.

>

>

The consequences of shallow seated instability were assessed to be minor for all zones.
Shallow seated instability would likely cause limited damage to part of residential
dwellings and other residential structures, or part of the site may require some
reinstatement/stabilisation works.

The likelihood of shallow seated instability will increase with increasing slope angle.
Signs of soil creep were evident in Zones 2 and 3, indicating that very slow down slope
movement of soils has taken place on the upper site slopes. Development of the site in
accordance with the above recommendations for development may actually decrease the
likelihood of shallow seated failures.

e Hazard 2. Deep seated instability of the natural and altered slopes in the vicinity of the proposed
developments.

>

The consequences of deep seated instability were assessed to be major for all zones.
Deep seated instability would likely cause extensive damage to residential dwellings and
other residential structures. In addition, the instability may extend beyond allotment
and/or the site boundaries, and will likely require significant stabilisation works

The likelihood of deep seated instability will in part be driven by slope angle, though site
earthworks such as cut and fill, groundwater and the subsurface conditions play a much
more significant role than for shallow seated instability. No signs of existing deep seated
instability were observed at the site. General geotechnical conditions at the site comprise
stiff to hard residual soils overlying weathered rock. No weak layers or zones which could
trigger instability were observed in boreholes cored through the rock. As part of the
recommendations for development, cut and fill has been limited in Zones 2 and 3, and
recommendations for filling are provided in this report and on the attached hillside
construction information documents. Groundwater seepages were observed in zone 2,
however recommendations for the treatment of groundwater in this area and where
encountered elsewhere on the site have been provided. On this basis, the likelihood of
deep seated instability has been assessed as between Not Credible and Rare for the
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three zones.

e Hazard 3: Instability of appropriately battered and treated slopes or failure of engineer designed
retaining walls.

> The consequences of instability of engineered slopes and retaining walls were assessed
to be medium to major for all zones. This could require reconstruction of some or all of
the retaining wall and large to significant site stabilisation works. As retaining walls are
often located near allotment boundaries, instability may extend beyond allotment
boundaries.

» The likelihood of instability of engineered slopes and retaining walls is assessed to be
rare, in that the engineering design should have an adequate factor of safety in all but
exceptional circumstances.
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