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Kosciuszko Thredbo Pty Ltd

Proposed Demolition of Sonnblick Lodge - 10 Bobuck Lane,
Thredbo, NSW

Geotechnical Investigation & Landslide Risk Assessment

1 INTRODUCTION

1.1 PROJECT DESCRIPTION

At the client's request, Fortify Geotech Pty Ltd carried out a geotechnical investigation and a quantitative and semi-
quantitative landslide risk assessment for the proposed demolition of Sonnblick Lodge, located at 10 Bobuck Lane in
Thredbo, NSW.

It is understood the project involves partially demolishing the existing unoccupied lodge in preparation for selling the vacant
land for future redevelopment. Following demolition, the site could potentially be vacant for 12 to 24 months. The works
will include demolishing and removing all parts of the building to the ground surface; the existing retaining walls, driveway,
and footings will remain on site. This geotechnical report only addresses the demolition of the lodge and not any future
development.

The site is within “Zone G” of the Kosciusko National Parks Alpine Resorts, so under the NSW Department of Planning
Geotechnical policy, a geotechnical investigation and landslide risk assessment is required.

1.2 SCOPE OF INVESTIGATION

The aim of the investigation was to:

¢ Identify subsurface conditions including extent and nature of any fill materials, soil strata, bedrock type and depth,
and groundwater presence.

e Provide soil and bedrock geotechnical parameters.

e Landslide Risk Assessment to AGS (2007c)

e Advise on slope stabilisation.

e Advise on excavation conditions and suitability of excavated materials for use as fill.

e Advise on site drainage, and other relevant geotechnical issues.

e Advise on site management after the demolition.

The landslide risk assessment utilised a semi-quantitative risk assessment to property, and quantitative risk estimation for
loss of life (people) and in accordance with the guidelines of “Landslide Risk Management Concepts and Guidelines”,

Kosciuszko Thredbo Pty Ltd Proposed Demolition of Sonnblick Lodge 1
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Australian Geomechanics Journal, 2007. In this instance, the residents of the neighbouring housed, road users and
construction workers are considered as “people” and the existing structure, the neighbouring residences, as well as the
adjacent infrastructure were considered as “property”.

1.3 GEOTECHNICAL POLICY — KOSCIUSZKO ALPINE RESORTS

Section 4 of “Geotechnical Policy — Kosciuszko Alpine Resorts” by the NSW Department of Infrastructure, Planning and
National Resources details the requirements that must be included in a geotechnical report for developments within the
designated “G” areas of the Kosciuszko Alpine Resorts. Table 1-1 summarises the requirements and the sections within
this report that covers those requirements.

Kosciuszko Thredbo Pty Ltd Proposed Demolition of Sonnblick Lodge 2
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Table 1-1: Summary of “Geotechnical Policy — Kosciuszko Alpine Resorts” Requirements

Policy Requirement for Inclusion in Geotechnical Section in This Report Covering
Report the Requirement

Policy Section

4.1 (a) An assessment of the risk posed by all reasonably | See Section 5
identifiable geotechnical hazards which have the potential
to either individually or cumulatively impact upon people or
property upon the site or related land to the proposed
development in accordance with the guidelines set out in
‘Landslide Risk Management Concepts and Guidelines”
published in the Australian Geomechanics Journal, Volume
35 No. 1 of March 2000.

4.1 (b) Plans and sections of the site and related landform from | See Figures 1-4, Appendices B &
survey and field measurements with contours and key | F

features identified, including the locations of the proposed
development, buildings/structures on both the subject site
and adjoining site, stormwater drainage, sub-surface
drainage, water supply and sewerage pipelines, trees, and
other identifiable geotechnical hazards.

4.1 (c) Details of all site inspections and site investigations and any | See Sections 3 and 4
other information used in preparation of the geotechnical
report. A site inspection is required in all cases. Site
investigation may require sub-surface investigation;
appropriate investigation may involve boreholes and/or test
pit excavations or other methods to adequately assess the
geotechnical/geological model for the site.

4.1 (d) Photographs and/or drawings of the site and related land | See Table 4-4, Appendices B & F
adequately illustrating all geotechnical features referred to
in the geotechnical report, as well as the locations of the
proposed development.

4.1 (e) Presentation of the geological model of the site and related | See Section 4, Appendices A & B
land showing the proposed development, including an
analysis of sub-surface conditions, taking into account
thickness of the topsoil, colluvium and residual soil layers,
depth to underlying bedrock, and the location and depth of
groundwater.

4.1 (f) A conclusion as to whether the site is suitable for the | See Section 5.6
development proposed to be carried out either conditionally
or unconditionally. This must be in the form of a specific
statement that the site is suitable for the development to be
carried out, subject to the following conditions.

4.1 (9) A copy of Form 1 bearing the original signature of the | See Appendix E
geotechnical engineer as defined by this policy, who has
either prepared or technically verified the geotechnical
report.

Kosciuszko Thredbo Pty Ltd Proposed Demolition of Sonnblick Lodge 3
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The 340m? site is located on Lot 802 DP1119757, at 10 Bobuck Lane, in Thredbo, NSW. The lodge is partially cut into the
steeply sloping site on the lower side of Bobuck Lane. The Sonnblick Lodge is a three-storey structure located on the
southern two-thirds of the lot. The rear area on the northern third is grassed and mainly formed a batter slope. It is
understood that the existing lodge has been unoccupied for several years due to its structural defects.

The site is bounded by Bobuck Lane to the north, and residential three-storey buildings to the east (Lot 801 ‘Elevation
Apartments) and west (Lot 803 ‘The Peak at Thredbo’), and two-storey building of Talara Ski Club Lodge to the south (Lot
812).

Figure 1 shows the site locality, while Figure 2 is a recent aerial photograph showing the present site layout and the location
of the proposed development.

The Thredbo area is documented on the NSW Department of Mineral Resources Monaro 1: 500,000 Geological Map (Ref.
1), as underlain by the Mowanbah Granite Formation of Silurian age. This was formed as a large batholith that cooled deep
in the Earth’s crust. Processes in the earth caused this to be forced to the surface, and the overlying rock was subsequently
eroded. During this process, major faults and fractures developed in the granitic rock, which became areas of weakness
that were more easily eroded than the stronger, unaltered rock. The faulted zones have often become drainage pathways,
one of which is the Thredbo River course. The elevated topography in the area, combined with high water flows during the
snow melt, has caused the Thredbo River to cut its way down into the valley, with consequent steep slopes on either side
in the vicinity of Thredbo Village. The local geomorphology resulted from the relatively rapid erosion of the Thredbo River
valley along the NE-trending Crackenback Fault. The Crackenback Fault is a steeply dipping strike-slip fault. The site
geology is shown in Figure 3.

The bedrock is mainly a granodiorite but is locally called “granite” or “decomposed granite” if more weathered. As is typical
for this formation, numerous less-weathered corestones or “floaters” and surface boulders are surrounded by decomposed
granite. These boulders have often become more concentrated in watercourses where soil and finer gravel have been
washed away. The massive bedrock often contains water joints, resulting in localised deep weathering and springs on the
slopes.

The upper subsurface profile typically comprises loose black topsoil, ~0.1m to 1m thick, often containing granitic cobbles
and boulders, then loose to medium dense colluvial soil, and then medium dense to dense residual soils typically between
1m to 2m depth. Very Low Strength, extremely weathered (XW) massive granite underlies the soil and may contain
corestones of less-weathered rock to large boulder size. Wet zones can be present in the colluvium in particular, and there
are often aquifers or seepage zones associated with rock jointing or sheet flows over less-weathered bedrock, especially
after rain.

The Sonnblick Lodge is located on the north-facing footslope on the southern side of the Thredbo River valley. The total
elevation of the ridge ranges from the highest point around ~RL 1680 m Australian Height Datum (AHD) to RL 1360m AHD
at the level of the Thredbo River. The average natural slope is around 25°-30°. However, the slope above has been cut to

Kosciuszko Thredbo Pty Ltd 4
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allow construction of the Alpine Way, located at ~RL 1410m AHD (~75m south to the site), and Bobuck Lane, immediately
adjacent to the site.

The existing slope profile has a slightly convex shape from east to west, located between two shallow creek gullies ending
into the stormwater inlets along Alpine Way. The creek gullies strike NW and are aligned with two larger lineaments of
similar striking that can be traced to 500m/800m on aerial photographs (Figure 4). These lineaments may express
underlying geological structures such as second or third-order faults or fractures related to the Crackenback Fault.

The Lot 802 dips north at the angle of ~35° to 45° from ~1392m (the level of Bobuck Lane) to ~1380m it's at the southern
boundary with Talara Lodge. The existing batters on back of the site were formed at the angle of ~35° to 45°. The split
levels of Sonnblick Lodge are also supported by four retaining walls with heights from 1.5 to 2.8m, designated on drawings
as RW1 to RW4. There are several smaller timber retaining walls to the west and east from the lodge. One concrete block
retaining wall of 0.8m high is located along the southern boundary.

The Thredbo climate is a sub-alpine, montane grassland climate characterised by cold, snowy winters and cool summers.
Temperatures have ranged from -3°C (mean daily minimum) to 22°C (mean daily maximum). Annual precipitation is
~1700mm, ranging from ~87mm (in February) to 205mm (in September) monthly. The village receives an average of 34.9
snowy days annually (Reference 2). The rainfall exceeded the nominated alarm over the 10 years of precipitation
monitoring, from 2013 to 2023, provided by Transport for NSW (TfNSW). It triggered a level of 50mm (over 24 hours) and
100mm per 48 hours 12 times (Reference 11). However, no landslides during that period were recorded above the site
along Alpine Way. Figure 8 shows the rainfall data.

The desk study included a review of available geotechnical reports and publications, as part of the risk assessment. The
available information included:

(i) Previous geotechnical reports for the Sonnblick Lodge and surrounding areas. The reports’ summaries are
provided in Section 3.2. The site has been investigated separately and as part of the larger studies and monitoring
programs within Thredbo Village (References 2, 3, 7, and 8).

(i) Geological Maps (References 5 and 10).

(iii) Site Survey (SS0279, Appendix F).

(iv) Geotechnical monitoring data (Reference 11).

(v) The client provided geospatial information, including recent aerial photographs and Class 2 (10cm resolution)
Lidar data, which were used for base map contours and a cross-section elevation profile for the area’s upslope.

Recent survey data for Lot 802 were also used for drafting the interpretive cross-section.

(vi) Meteorological data (Reference 4 and 11).

Kosciuszko Thredbo Pty Ltd 5
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(vii) Simulation modelling of slope instability in Geo5 software. Results are provided in Section 4.4.

(viii) Other publications on history of the landslide in the area (Reference 6 and 13).

(ix) Other publication about Alpine Way stabilisation and monitoring works (References 9 and 15).

3.1.1 Historical Landslides

The Thredbo Alpine Resort is in an area where landslides and subsidence have occurred, or land instability has previously
occurred. The Thredbo Valley has a history of severe embankment stability, rock falls, debris slides, and debris flow

problems.

The available publications contain information on at least eight (8) landslides that occurred ~3km from the site. Table 3-1

summarizes the available information on historical landslides in the vicinity of Sonnblick Lodge.

Table 3-1: Summaries of the available landslide Information

Location

Date

reported/occurred

Size &
Landslide material

Upslope, Alpine Way, 11
Bobuck Lane Thredbo

Complex Deep

The total volume ~3800m?3, material included fill
from the embankment, colluvial soils, XW bedrock,

Thredbo Village

Debris Flow

Alpine (~70m from the Seatec! Translational 30 July 1997 and other anthropogenic materials
. Landslide
site)
Alpine Way about two Combination of Initial The total volume ~2000m?, ~20m wide, and
kilometres east of Slide and Subsequent | March 1989 extended from the Alpine Way Road shoulder ~200

metres downhill to the Thredbo River.

3 kilometres to the east
of Thredbo

Deep Seated
Translational
Landslide & Debris
flow

October 1978

50m long x 200m long, debris flow reached into
Thredbo River

Alpine Way

Details are not available

(~105m SW from the
Sonnbink Lodge)

Above Alpine W; 1974
ove Alpine Tray Embankment Failure
Details are not available
Alpine Way Embankment Failure 1973
slipping of the Alpine . Details are not available
Way towards the Village EgﬁSFeEmbankment May 1968
observed by the DMR
Winterhaus Slide Alpine Way 50 feet long x 2 feet vertical slumping
(~105m SW from the Embankment Failure 2 October 1964 Water-saturated, essentially uncompacted and
Sonnbink Lodge) and Mudflow differentially settling fill of XW granite
Alpine Way in Details are not available
Winterhaus Corner Cut batter collapse 1958-9

Most of the landslides that occurred during last century were related to either cut above Alpine Way or its fill embankment.
A catastrophic landslide occurred just ~70m away from the site in July 1997, which resulted in complete destruction of two
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lodges and 18 fatalities and one injured person. Originally, Alpine Way was constructed in the early 1950s, as a temporary
connecting road for a 25 year live. The Alpine Way was upgraded in 1958-1959; however, the deterioration occurred later,
and a number of landslides been reported between 1964 and 1997. Major remediation works have been completed along
the Alpine Way to reduce the risk of a major landslide subsequently to the 1997 landslide. The Alpine Way embankment
has been reconstructed, including compacted fill embankment, and cut supported by gabion walls with subsurface
horizontal drainage (Reference 15). The geotechnical monitoring instruments (including inclinometers and piezometers)
are now installed along the Alpine Way and are currently monitored by TfNSW Roads (Reference 11). Table 3-2
summarizes the data from the inclinometers monitoring instruments located along Alpine Way upslope to Lot 802. The
field rainfall and monitoring inclinometer data are shown on Figures 6-8.

Table 3-2: Summaries of the available inclinometer data

Number of Type of Date of Location Observation / Movements Detected

Instrument Instrument installation

LM762/ Ti | Inclinometer | 24/04/1999 Alpine Way 10m Insignificant movement since
12-montly downslope previous reading. Maximum
(embankment) displacement observed was
0.21mm on 25/10/2022 at 2m depth.
LM210/ Inclinometer |  6/08/1998 Alpine Way 28m Insignificant movement since
ULl 6-montly (Upslope/Cut) previous reading. Maximum

displacement observed on
28/9/2020 was 9.35mm at 1m

depth.

LM209/ Inclinometer | 14/07/1998 Alpine Way 40m Insignificant movement since

UHI 6-montly (Upslope/Natural previous reading. Maximum
Slope) displacement observed on

14/3/2001 was 0.99mm at 22.5m
depth.

URS02 Inclinometer | 19/12/2003 Bobuck Lane 23.67m | No Data Available. Geotechnical

12-montly Embankment information was used in this report.
Borehole log was included in
Appendix A.
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3.2 PREVIOUS GEOTECHNICAL INVESTIGATIONS

Previous geotechnical reports for the site are summarised in the Table 3-3. Geotechnical data of previous report has been
incorporated in the present report and all the previous boreholes logs are included in Appendix A.

Table 3-3: Summary of previous geotechnical investigations on Lot 802 and surrounding.

Location Scope of Work Findings & Conclusions

No signs of distress of the Sonnblick Lodge

Arup Geotechnical landslide risk management structure and any slumping or degradation on
. ] ) site. The hazards identified:
Geotechnics, assessment, Site Mapping. +Deep seated landslide with scarp located
(10664/04), upslope in the Lot 720. The rupture surface of
1998 (Reference ‘ that landslide was assumed running beneath
2) Sonnblick existing retaining walls and Bobuck Lane
Lodge and embankment.
Lot 802 *Failure of the unsupported cut at the rear of the
site.

Risk assessed as “Significant” to “Medium’

Coffey Partners Thredbo Gross Thredbo landslide risk assessment by According to three issued reports the ‘assessed
1997-1998 Village risk of instability’ was Medium.
(References 7
and 9)
Coffey Partners Sonnblick | Geotechnical investigation and landslide risk | The risk to the property is ‘Medium’. Hazards
1998-1999 Lodge & assessment. The fieldwork included: assessed included:
(Reference 8) Lot 802 e  One borehole (KTB29), drilled from 1. A large-scale failure affecting the
trailed-mounted rig, through the upslope,
driveway on the upslope side of 2. Afailure involving the unsupported cut
Sonnblick Lodge to 4.6m depth. SPT beneath the lodge,
testing. 3. A failure through the colluvial soils on
. Two boreholes, designated SOBH1 the downslope side of the lodge.

and SOBH2, drilled with hand auger
to 2.3m depth,

e  Two test pits, designated SOTP1 and
AOTP2, excavated next to the rear
wall of the Sonnblick Lodge, to
1.5m/1.7m depth.

Coffey Lot 803 Geotechnical investigation and landslide risk | The risk to the property is ‘Medium’. Hazards
Geosciences (Leitelinna | assessment in accordance with AGS (2000). | assessed included:
(C7763/1-AC), Lodge — The fieldwork included: three augered 4. Failure of retaining walls above and
2004 (Reference east of boreholes to 6.7m depths, information on two adjacent to the site (Medium Risk),
16) Sonnblick | augered and cored boreholes. 5. Failure of natural slope above the site
Lodge) (Low Risk)
Assetgeoenviro Lot 720 Geotechnical Assessment (LRM) of existing Hazard assessed included:
(5917-G1) 2020 (Upslope | Retaining Wall Bogong Lodge, above e  Slump in slope above retaining walls
(Reference 3) to) (upslope) Bobuck Lane, in accordance with (Low Risk),
AGS (2007c). e  Failure of existing masonry wall (Low
Risk)

. Deep seated failure below Bobuck
Lane (Low Risk)
Risk to the property assessed as ‘Low’ and Risk
Loss of Life as “Acceptable”
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3.3 CURRENT INVESTIGATION

3.3.1 Phase 1 - April 2023

The initial field investigation was carried out on 12 April 2023. It comprised one (1) borehole, designated BH1, using 50mm
push-tube equipment. The borehole location is shown in Figure 2, and the borehole log is presented in Appendix A.

The push tube borehole was excavated to 1.5m depth, terminating at refusal in granitic gravel/cobbles. The soil profiles
were visually logged in accordance with the Unified Soil Classification System (USCS). The term ‘landslide’ in this report
is used to cover a wide range of failure mechanisms in soil, rock and engineered structures. The terminology used in this
report adopted from AGS (2007c) guidelines is provided in Appendix C. Definitions of terms used on the logs and in this
report, including a copy of the USCS chart, are also provided in Appendix G.

3.3.2 Phase 2 - June 2024

The phase two included further desktop studies, fieldwork, and slope stability modelling. A second site walkover was carried
outon 13 June 2024 and included re-examination of previously identified features, DCP testing, geomorphological mapping
and hazard identification of the neighbouring properties upslope up to the Alpine Way and down slope the site. The site's
limited access, steep slope and weather conditions prevented auger or core drilling on-site.

The landslide risk assessment was carried out in line with the requirements of the NSW DIPNR and is based on the
guidelines on the AGS “Landslide Risk Management Concepts and Guidelines 2007”. (Reference 2).

Kosciuszko Thredbo Pty Ltd Proposed Demolition of Sonnblick Lodge 9

Geotechnical Investigation and Landslide Risk

10 Bobuck Lane, Thredbo, NSW
Assessment



(02) 6285 1547

2/157 Newcastle St, Fyshwick, ACT, 2609 Consulting Engineers FortifyGeotech.com.au
PO Box 9225, Deakin ACT 2600

4 INVESTIGATION RESULTS

41 GEOLOGICAL MODEL (SUBSURFACE CONDITIONS)

The site's underlying geology comprises three major units: topsoil and uncontrolled fill to 0.3/1.4m depths, over loose to
medium dense colluvial and residual soils up to 2.4m depth, underlain by weathered granodiorite bedrock. Weathered
granodiorite bedrock was encountered in boreholes KTB29 and BH02 (URS) at 1.8m/2.4m depth. The bedrock comprised
extremely (XW), extremely to highly (XW/HW), and highly (HW) weathered granodiorite with very low to medium strength.
The granodiorite bedrock has a variable weathering profile, and XW bedrock extends to 10.5m depth. An MW granodiorite
corestone (‘floater’) was encountered in borehole BH02 (URS) at 4.45m-5.6m depth but was underlain by more-weathered,
XW and XW/HW granodiorite. Borehole BH02 (URS) is located on Bobuck Lane outside of Lot 802, but similar corestones
may be encountered within the lot. Appendix B provides an interpretive cross-section of the site as found by the
investigation boreholes and test pits. The location of the cross-section is shown on the site plan.

The subsurface profile as found in the investigation boreholes, as well as in the excavations reported by others on Lot 802
and in immediately adjacent areas is summarised in Table 4-1. The engineering logs are included in Appendix A and can

be referred to for more detail.

Table 4-1: Subsurface Profile Summary

Subsurface / Geological Depth Interval Description

Profile

CONCRETE 0.0m to 0.125m CONCRETE SLAB. Encountered in KTB29 only.

Silty SAND; fine to medium grained, some coarse grained,
UNCONTROLLED FILL 0.0m to 0.95m brown to dark brown, some gravel to 150mm, plastic sheeting
noted at 0.45m, dry, loose, loose to medium dense.

Silty SAND; fine to coarse sand, low plasticity fines, some

TOPSOIL 0m/0.95m to angular granitic gravels to 30mm, dark brown, black, some tree
0.3m/1.4m and grass roots, dry to moist, moist, loose & loose/medium
dense.

Clayey SAND, Silty SAND, Clayey Silty SAND and Clayey
COLLUVIAL / RESIDUAL 0.3m/1.4m to GRAVEL: fine to coarse sand, low plasticity fines, angular

SOIL 1.5m/2.4m granite gravels and cobbles to 300mm size, pale grey, pale
brown, moist, moist to wet, loose to medium dense.

XW GRANODIORITE: extremely weathered (XW), low
strength to medium strength rock. Based on other investigation
BEDROCK 1m/1.95m to below boreholes excavations located near the site, we expect XW and
23m XW/HW bedrock to extend to ~6m depth, underlain by medium
strong, HW/MW and MW bedrock, possibly with corestones of
MW to fresh rock within the weaker rock matrix.
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To assess the soil condition on-site, three (3) Dynamic Cone Penetrometer (DCP) tests were conducted on 13 June 2024,
in accordance with AS1289.6.3.2 “determination of the penetration resistance of soil — 9kg dynamic cone penetrometer
test”. Table 4-2 shows the DCP results. DCP test locations are shown in Figure 2. Table 4-3 summarises the depths of
each borehole's various soil and rock layers.

Table 4-2: DCP Test Results

Depth Below Base of Footing

Excavation
Omm — 100mm 2 0 0
100mm — 200mm 0 0 0
200mm — 300mm 0 0 0
300mm — 400mm 0 0 0
400mm — 500mm 0 >20 (refusal on concrete) 1
500mm — 600mm 0 2
600mm — 700mm 0 2
700mm — 800mm 1 2
800mm — 900mm 2 1
900mm — 1000mm 6 1
1000mm — 1100mm 2 1
1100mm — 1200mm 2 2
1200mm — 1300mm 2 3
1300mm — 1400mm 2 2
1400mm — 1500mm 6 1
1500mm — 1600mm 6 2
1600mm — 1700mm >20 (refusal) 1
1700mm — 1800mm 1
1800mm — 1900mm 2
1900mm — 2000mm 2
2000mm — 2100mm 3
2100mm — 2200mm 4
2200mm — 2300mm 5
2300mm — 2400mm 5
2400mm — 2500mm 4
2500mm — 2600mm 4
2600mm — 2700mm 4
2700mm — 2800mm 4
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DCP tests indicate that the soils have a very loose relative density to 0.4m/0.8m depth, a loose to medium dense relative
density to 0.9m/2.0m, and a medium dense relative density below this depth. DCP 1 refusal is likely on cobbles/boulders,
while DCP2 refusal on concrete is a refusal on retaining wall (RW3) footings. DCP3 did not reach refusal at a maximum of
2.8m depth, suggesting deeper bedrock depths for this location.

Table 4-3: Boreholes & DCP test summaries

RL Total Depth of Depth to
Borehole o (AHD) Depth  Unsuitable Dz R[N @ HW or
Date & Investigation . : Colluvium/ XW
Number (m) Material - Fill - - Better
: Residual Soil Bedrock
& Topsoil Bedrock
BH1 12.04.2023 ACT 1388 1.5m 0.5m 0.5m->1.5m NE NE
Geotechnical
Engineers
DCP1 13.06.2024 Fortify 1382 1.7m N/A N/A N/A N/A
Geotech
DCP2 13.06.2024 Fortify 1382 0.5m N/A N/A N/A N/A
Geotech
DCP3 13.06.2024 Fortify 1388 2.8m N/A N/A >2.8m N/A
Geotech
KTB29 16.12.1998 1390 4.6m 0.0m - 0.45m 0.45m — 2.4m 2.4m - NE
>4.6m
Coffey
SOBH1 16.12.1998 1383 1.6m 0.0m-1.4m 1.4m->1.6m NE NE
Coffey
SOBH2 16.12.1998 1383 2.3m 0.0m -1.2m 1.2m->2.3m NE NE
Coffey
SOTP1 16.12.1998 1383 1.6m 0.0m-~0.8 ~0.8 - >1.6m NE NE
Coffey
SOTP2 16.12.1998 1383 1.6m 0.0m-~0.9 ~0.8 ->1.6m NE NE
Coffey
BHO02 19.12.2003 1392 23.67m | 0.0m-0.9m 0.9m-1.8m 1.8m 10.5
(URS) URS/NPWS/ Coffey
Geosciences
BH2 (Lot 09.2004 1379 6.7m 0.0m-0.3m 0.3m —0.6m 0.6m >6.7m
803) Coffey
BH3 (Lot 09.2004 1385 0.95m 0.0 - >0.95m NE NE NE
803)
Coffey

NE - not encountered
N/A — not applied
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During the drilling in March 1999, borehole KTB29 encountered groundwater at 4.5 m depth. The monitoring well was
measured on 13 June 2024 by Fortify Geotech, and found the groundwater level at 4.3m depth. Therefore, permanent
groundwater is expected around the level of 4.3m/4.5m at the front of the site (driveway). However, groundwater levels will
fluctuate due to climate conditions, and temporary subsurface seepages will occur at shallower depths following rainfall.

The rest of the boreholes and test pits within Lot 802 were excavated to the shallower levels and did not encounter
groundwater; however, the colluvial/residual soils were moist to wet, which can indicate temporal seepages and insufficient
surface drainage.

The general surface and subsurface drainage of the Thredbo Village hillside have been upgraded since the 1997 Thredbo
Landslide. Major drainage was installed along the Alpine, including the locations above the site. Noted drainage includes
a subsoil drain ~2m deep, with slotted agricultural pipe and gravel backfill.

Fortify Geotech Engineering Geologists undertook two site inspections - on 12 April 2023 and 13 June 2024. The aim of
the inspections was to assess the slope conditions across the site, understand the geotechnical ground conditions, observe
any existing or potential landslide features, and develop a conceptual ground model. The site walkover included
observation on Lot 802 and areas upslope (Bobuck Lane, slope up to Alpine Way), neighbouring properties to the east and
west (Lots 801 and 803), and Below (Lot 812). The initial site inspection in April 2023 revealed signs of possible distress
of retaining walls and soil movements underneath Bobuck Lane and the rear batter. During the second visit, the features
were reinspected, and no major changes were noted. Table 4-4 provides site photographs and observation comments
taken during two site inspections, allowing us to see changes between the inspections.

Lot 802 is 338.4m?in area and ~20m long from north to south. The pre-construction natural slope can be estimated from
the elevation drop of ~12m, which makes around 26°.

Sonnblick Lodge occupies at least two-thirds of the lot on a relatively steep slope. The site has been formed into level
platforms, with the upper portion of the slope supported by four concrete/masonry stone retaining walls, (designated RW1
to RW4) from 1m to 2.8m height, as follows:

e RW1 islocated at the rear of the property, supporting the ground level of Sonnblick Lodge. Previous investigation
(Reference 2) found that the footings of that wall were found on colluvial soils. RW1 has cracks through the
mortar, and is partially undermined due to soil erosion.

e RW?2 supports the upper level of the lodge and has not been inspected due to the limited access.

e RWa3 supports the driveway and southern wall of Sonnblick Lodge, around 2.8m in height; the easter part of RW3
was inspected. The walls have some cracks in the mortar. Weepholes at the toe were wet, indicating the draining
of the backfill material. However, no drains diverted the waters further into the stormwater system, and the soils
below the wall were wet with erosion. No tilting or bulging of the wall was noted. BH1 and DCP3 located at the
toe of that retaining wall indicated that its footings were found on loose fill/residual soil. Very loose and loose
soils extended to ~1.8m beneath that wall. The western portion of the wall beneath the driveway was not
inspected due to the limited access.
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e RWA4 supports Bobuck Lane on the downslope site. RW4 is up to 2m high and shows cracking through mortar
and loose boulders.

The rear of the lot is grass-covered unsupported batter formed at 25° to 45°, with an average angle of ~35°—the existing
ground surface exposed small-scale soil heaving and rupturing. The soil horizontal movements were estimated to be 0.05m
to 0.1m and assessed by exposed soil. Soil erosion in places exposed underground services. The concrete block retaining
wall was in good condition with no cracks and well drained (connected to the stormwater network).

Bobuck Lane is a two-line sealed local road with a shale swale drain on the inner line and no pedestrian path. It has
relatively heavy traffic, including vehicles and pedestrians, but it is slow (40km/h limit). Small tourist buses operate regularly
during the skiing season (June to August).

The cut above Bobuck Lane is up to ~10m high and partially supported by the masonry retaining walls. The retaining walls
are in good condition, with some cracking and loose blocks in the lower section. The retaining wall has three levels, with
some mature trees remaining. The trunks of the trees are inclined towards Bobuck Lane. A possible vertical back scarp
was noted on the unsupported portion of the batter to the east of the retaining walls. A ~0.5m/1m high scarp exposed dry
to moist colluvial soils.

The downslope lane of the road pavement has tension cracks several meters long and 10mm to 30mm wide. The tension
crack in front of the driveway is 2.5m long. No major changes were noted in the cracks during the site reinspection after
1.5 years. The road embankment is supported by retaining wall RW4 on Lot 802.

Lot 720 (Aneeki Ski Lodge) and Lot 707 (Schuss Alpine Club) are at the upslope of the Sonnblick Lodge and Bobuck Lane.
The lodges are located on a partially supported, relatively steep 25 to 35° slope with drystone retaining walls. Some
boulders of 0.2m/1m size were noted, and soil creep and cracking were present, and tiled backfill pavement and retaining
walls were damaged.

Alpine Way is the major road connecting Thredbo. It is located ~70m uphill from the site. The Alpine Way embankment
was reconstructed after the 1997 landslide. Generally, the existing embankment is in good condition, and caged gabion
walls with subsurface horizontal drainage support batters and cuts above Lot 802. No tension cracking was found on the
Alpine Way section above the site. Pipes and shallow surface drainage are located at the base of the Alpine Way
embankment. The drains divert stormwater to the creek gully located to the west. Caged gabion walls with drainage support
the cut above the Alpine Way in that location and show no signs of instability.

The lots to the west (Lot 801) and east (Lot 803) are occupied by relatively new residential/commercial developments
founded on a similar natural slope as Lot 802.

Kosciuszko Thredbo Pty Ltd 14



(02) 6285 1547

2/157 Newcastle St, Fyshwick, ACT, 2609 Consulting Engineers FortifyGeotech.com.au
PO Box 9225, Deakin ACT 2600

Table 4-4: Photographs of the Site and Neighbouring Areas

Observations

Aspect &

Location

Sonnblick Lodge Overview

Sonnblick Lodge

Looking north from Bobuck Lane cut

Looking south from Bobuck Lane cut
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Aspect &

Location

Bobuck Lane

2/157 Newcastle St, Fyshwick, ACT, 2609
PO Box 9225, Deakin ACT 2600

(02) 6285 1547

Consulting Engineers FortifyGeotech.com.au

Observations

Multiple
tension
cracks —
Pavement
of lower
Bobuck
Lane

The cracks are to 10mm wide and running to 6m long.
One tension crack in front of the driveway to 2.5m long.

Three tension cracks on the lower (outer) lane adjacent to the Sonnblick Lodge. The cracks are 10mm to 30mm wide
and 1-3m long. The tension crack in front of the driveway remained ~2.5m long.
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Aspect &
Location

Cracking in

Retaining
Walls —
RW 4
(Driveway
Retaining
Wall)
Beneath
Bobuck
Lane

2/157 Newcastle St, Fyshwick, ACT, 2609
PO Box 9225, Deakin ACT 2600

Generally, good condition cracks through mortar to
the 20mm, some detached stones: no bulging or tilting.

Consulting Engineers

Observations

(02) 6285 1547
FortifyGeotech.com.au

The cracks run through mortar to
20mm, some detached stones: no

bulging or tilting.

RW3
(Beneath/
supporting
driveway)

Most to
wet soils,
soil
erosion/

The weep holes existed at the base of the retaining
wall. However, the soils (fill) below RW3 were moist to

wet, in loose density.

surface drainage catching water from the roof.

The weep holes were wet soils below RW3 that were moist to wet. Some water was dripping from the roof. There is no
DCP 2 & 3 were done at the toe of the RW3 retaining

wall.

17

Kosciuszko Thredbo Pty Ltd
Geotechnical Investigation and Landslide Risk

Assessment

Proposed Demolition of Sonnblick Lodge

10 Bobuck Lane, Thredbo, NSW



Aspect &

Location

2/157 Newcastle St, Fyshwick, ACT, 2609
PO Box 9225, Deakin ACT 2600

(02) 6285 1547

Consulting Engineers FortifyGeotech.com.au

Observations

RW 1
supporting
the Rear
side of the
lodge

Undermined to 5-10mm. Some soil erosion. Cracking
through mortar.

Undermined to 5-10mm. Some soil erosion. No major changes noted
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Aspect &

Location

Batter on

the rear of

Sonnblick
Lodge

2/157 Newcastle St, Fyshwick, ACT, 2609
PO Box 9225, Deakin ACT 2600

Batter formed at the angles of 35° to 40°. The batter is
planar with some soil ruptures and minor irregular

ground. Underground services included gas and
electricity.

(02) 6285 1547

Consulting Engineers FortifyGeotech.com.au

Observations

Batter formed at the angles of 35° to 40°. Some service cables became exposed over the year due to ongoing soil
erosion. Minor bulging of the batters at the lower faces above the concrete retaining wall.

Looking east

| sail
Ruptures

Looking west /

Erosion of fill material and
exposed services.

The concrete retaining wall on the lot boundary with
Talara Lodge is free-flowing and in good condition.
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Aspect &

Location

Batters on
the
western
side of the
block
(boundary
with Lot
801)

2/157 Newcastle St, Fyshwick, ACT, 2609
PO Box 9225, Deakin ACT 2600

No photographs are available.

(02) 6285 1547

Consulting Engineers FortifyGeotech.com.au

Observations

The access stairs to level 1 are located on the western side of the block. Loose, moist, and wet soils (fill) were
observed on the batters beneath the stairs. The subsurface drain inlet adjacent to the lodge was partially blocked with
leaves and debris. Timber retaining walls on the block boundary were in good condition with only minor tilting.

View on timber retaining walls from above

RW3
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Aspect &
Location

2/157 Newcastle St, Fyshwick, ACT, 2609
PO Box 9225, Deakin ACT 2600

(02) 6285 1547
Consulting Engineers FortifyGeotech.com.au

Observations

Batters on
the eastern
side of the
block
(boundary
with Lot
803)

No photographs are available.

The access stairs to the Sonnblick are located on the eastern side of the block. The batters are partially buttressed
with boulders. Shallow swale drains and underground drainage dispose of stormwater from a neighbouring lodge.

Some loose, moist, and wet soils (fill) were observed on the batters beneath the stairs and adjacent to the Sonnblick
Lodge. The timber retaining wall was in good condition with only minor tilting.
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Aspect &

Location
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Observations

Adjacent Areas — June 2024

Lot 720
Retaining
Walls and

Scar above

Bobuck

Lane

The cut above Bobuck Lane is up to ~10m high and
partially supported by the masonry retaining walls.
The retaining walls are in good condition, with some
cracking and loose blocks in the lower section.

To the east of the retaining walls, a 0.5m/1m high
scarp exposed dry to moist colluvial soils. Some
mature trees were recently cut, and the remaining
trees, Snow Gums, tilted towards and opposite the
cut face.

Possible scarp
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Observations

The lodges above Bobuck Lane are located on a relatively steep slope of 25 to 35°. Some boulders
0.2m/1m were noted, soil creep and cracking were present, and tile backfill pavement and retaining
walls were damaged.
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Observations

The Alpine Way has been reconstructed, including gabion retaining walls with subsurface horizontal drainage above and below the road.

Reconstructed Alpine Way embankment at location of 1997 Landslide

Reconstructed Alpine Way cut (~70m upslope Lot 802)

Kosciuszko Thredbo Pty Ltd
Geotechnical Investigation and Landslide Risk
Assessment

Proposed Demolition of Sonnblick Lodge

10 Bobuck Lane, Thredbo, NSW

24




(02) 6285 1547

2/157 Newcastle St, Fyshwick, ACT, 2609 Consulting Engineers FortifyGeotech.com.au

PO Box 9225, Deakin ACT 2600

4.4 SLOPE STABILITY SIMULATION

4.4.1 Simulation Geotechnical Parameters

The computer slope stability simulation was done for the existing slope in its current conditions with existing retaining walls.
It was done using Geo5 software, using the Bishop method and an acceptable Factor of Safety (FOS) of 1.5. Table 4-5
show the estimated geotechnical parameters of the soil/rock units encountered on the site (visual assessment, DCP testing,
and review data only) used for the slope instability modelling.

Table 4-5: Estimated Geotechnical Parameters

Typical Bulk c’ @ Young'’s
Interval ~ Density y» =~ CU (kPa) (kPa) (degrees) Modulus
Depth (KN/m3) (MPa)
Existing
Uncontrolled | 0.4 -1.0 19 0 0 25 10 0.41 0.58 2.46
Fill
Om to
Topsoil ~05m 18 0 0 20 10 0.49 0.66 2.04
Colluvial &
Residual 04-1.0 20 5 2 28 25 0.436 0.53 2.77
Soil
XW
04-1.0 22 50 25 30 100 0.33 0.50 3.0

Granodiorite

HW/MW & >6.7m
Mw 24 100 50 35 200 0.27 0.43 3.7

Granodiorite | /10-5m
SW or better
o >19m 25 200 100 45 500 0.27 0.43 3.7
Granodiorite
Where,
b = in-situ, dry unit weight, in kN/m3
Cu = undrained cohesion, in kPa
c = effective drained cohesion, in kPa
g = effective internal friction angle, in degrees
Ka = active pressure coefficient
Ko = at rest coefficient
Kp = passive pressure coefficient
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4.4.2 Existing Slope Conditions

Plates 1 to 3 show the simulation results for the existing conditions. The factor of safety (FOS) of the existing slope is 1.55
for the circular rupture surface beneath Bobuck Lane and 0.59 (unacceptable) for the smaller failure through the fill batter
at the rear of the site. The slope instability was identified in the unsupported upper batter of Bobuck Lane embankment.
The location of the failure on the slope analysis results correlates with the existing tension cracks on the outer line Bobuck
Lane. The FOS for this shallow failure is 0.34 <1.50, and is unacceptable.

Plate 1: Results of Geo5 modelling for large deep-seated circular rupture surface.
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Plate 2: Results of Geob modelling for the smaller failure of the batter at the rear of the site.
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Plate 3: Results of Geo5 modelling for the smaller failure of the batter at the rear of the site.

4.4.3 Proposed Slope Conditions

Plate 4 shows the results of analysis that include additional permanent surcharge of 75kN/m? for the proposed buttressing
of the retaining walls (Section 6.3). The gabion wall buttress was assumed for the surcharge calculation. The slope stability
analysis results indicate a FOS of 1.54, which is acceptable.
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Plate 4: Results of Geob modelling for large deep-seated circular rupture surface including traffic and buttress loading.
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5 LANDSLIDE RISK ASSESSMENT

5.1 METHOD OF RISK ASSESSMENT

The landslide risk assessment required the development of a semi-quantitative risk assessment of property and
quantitative risk estimation for loss of life (people) by the guidelines of “Landslide Risk Management Concepts and
Guidelines”, Australian Geomechanics Journal, 2007. In this instance, the residents of the neighbouring houses, road users
and construction workers are considered “people”, and the existing structure, the neighbouring residences, as well as the
adjacent infrastructure are considered “property”.

The semi-quantitative risk assessment approach was carried out for the property, while the results were summarised in
qualitative terminology. Risk assessment involves the following components:

(i) Risk Analysis involves hazard analysis, frequency (or likelihood) analysis, consequence analysis and risk
estimation.
(i) Risk Assessment includes estimating a risk via a semi-quantitative and quantitative approach and

evaluating the risk against a tolerability threshold. Consistent with the AGS guidelines, this report uses NPWS
quantitative thresholds to assess whether a risk is acceptable, tolerable or unacceptable (Reference 12).

(iii) Risk Management involves selecting one or more risk mitigation options, including accepting the risk and
monitoring the hazard on an ongoing basis, avoiding the risk, reducing the likelihood of the risk, reducing the
consequences of the risk, and transferring the risk.

5.1.1 Qualitative Risk Assessment — Loss to Property

The qualitative risk assessment has been completed to assess the risk to existing and proposed property and infrastructure
only. It is qualitative, based on the guidelines provided in the Australian Geomechanics Journal, Vol 42, March 2007, and
has been adopted by the NSW Department of Infrastructure, Planning, and Natural Resources. This uses a matrix
approach to determine the risk level of each hazard based on the likelihood and consequences of each hazard occurring.
Appendix C presents AGS Guidelines for qualitative terminology.

5.1.2 Quantitative Risk Assessment — Loss of Life

The quantitative risk assessment for loss of life (individual risk) was calculated using the below equation.

R(LoL) = P(H) * P(S:H) * P(T:S) *V(D:T)

Where,

R(LoL) is the risk (annual probability of loss of life(death) of an individual),

P(H) is the annual probability of a hazardous event (Landslide),

P(S: H) is the probability of the spatial impact of the landslide impacting a building (location), taking into

account the travel distance and travel direction given the event,

P(T:S) is the temporal-spatial probability

V(D:T) is the vulnerability of the individual (probability of loss of life of the individual given the impact)
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Following the risk assessment, options for treating the risk are provided as a guide to the owner, administrator, and
regulatory authorities, who will need to decide whether to avoid or accept the risk or treat the site to reduce the likelihood
and/or consequences of the hazards.

A flowchart, included in the Australian Geomechanics Journal, Vol 42, March 2007, paper on “Landslide Risk Management
Concept & Guidelines” 2007 (Reference 3), which shows the processes of risk assessment/risk management is copied
here in Appendix C. Appendix D provides guidelines for hillside construction.

The slope above the Sonnblick Lodge can be divided into at least four sections with different characteristics — (1) the
natural slope above Alpine Way, (2) the cut and embankment of Alpine Way, (3) the slope between Alpine Way and Bobuck
Lane, and (4) Bobuck Lane cut and embankment. The natural slope above the Alpine Way ranges from 20° to 25°. In
addition, the geological setting of granodiorite bedrock with shallow weathering depths and dense vegetation above the
Alpine Way and the recent retaining structures would decrease the likelihood of the landslide from upslope to barely
credible and therefore, this hazard was not considered. Other hazards, like rockfall from the upslope and failure of the
batters on the development’s upslope, were considered; however, they were not included in the final analysis due to very
low spatial factors.

The identified potential landslide hazards (in the present condition, during demolition, and post-demolition) to Sonnblick
Lodge were considered as follows:

1. Alpine Way Cut or Embankment Failure

2. Debris Flow from Upslope

3. Deep-seated Failure below Bobuck Lane

4. Bobuck Lane Fill Embankment Shallow Failure

5. Failure of Retaining Walls (On-site)

6. Failure of the Batter at the rear of Sonnblick Lodge

7. Shallow Soil Translational Slide (post-demolition)

The larger-scale landslides that have previously occurred in the Thredbo area have generally been triggered by changes
in the slope (cut or fill) or changes in the drainage, combined with heavy rainfall. Previous landslides indicate that the cut
and embankment of Alpine Way would be the most prone structure above the site. The failure occurred as a deep-seated
translational landslide triggered by excessive rainfall or water leakage. The landslides were mostly fast-moving and
displaced material, including fill, colluvial and residual soils and XW granite bedrock. In addition, the translational landslide
generated mud or debris flow that extended lower down the slope and was considered a separate hazard (Section 5.2.2)/
The width of the Alpine Way embankment failures ranged from several meters to sections 50m long. The known volume
of that failure ranges between 2000m?3 and 3800m3.
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Figure 4 shows the landslides that we were able to locate. The figure illustrates that the most destructive and repeated
failures (1964/ Winterhaus and 1997/Carynia) occurred in the intersection of the Alpine Way with two distinctive in the relief
creek gullies. The gullies serve as intermittent watercourses or drainage lines. The position of the Sonnblick Lodge is
between these two gullies, which would decrease the likelihood of that failure.

The Alpine Way upslope to Sonnblick Lodge is currently under geotechnical monitoring by TINSW (Reference 11). Two
inclinometers (LM762/Ti and LM210/UME) and two piezometers (URS 216/A&B) were installed directly upslope Sonnblick
Lodge along Alpine Way and monitored on 6 month and 12-month basis. The last readings didn’t show significant ground
movements (Figures 6-8). No geological data were available from these boreholes.

Sonnblick Lodge is located ~70 m below the Alpine Way. The previous 1997 landslide transported distance was estimated
to be around 50m below the back scarp. The high number of historically reported landslides and a relatively short distance
to the recent failure suggested that the initial likelihood estimation should be 102 or 103. However, the latest major
remediation and reconstruction of Alpine Way significantly improved the stability of the fill and embankment and, therefore,
reduced the likelihood of the failure to ‘Rare’ (10%).

The records of historic landslides show that at least two larger landslides in Thredbo and its vicinity caused debris flow that
reached Snowy River or the toe of the slope. In the case of a landslide upslope, the moisture-saturated soil may trigger
debris flows. Some previous landslides along Alpine Way evolved into debris flows that reach the Thredbo River flood
valley. The velocity of such debris flow may range from moderate to rapid, depending on the volume. The travel distance
can be estimated to be 200-300m. The closest Landslide occurred in 1997 and generated a mudflow of ~90m travel
distance from the Alpine Way. Therefore, the Sonnblick Lodge can be affected by debris flow from the upslope.

However, the convex profile along the site slope may reduce the channelling of the potential debris flow. The likelihood of
that event is “Rare” (10°°) due to the Alpine Way reconstruction and the existing drainage/stormwater system in a well-
working condition. If the debris flow reaches the existing lodge, it may cause major damage to the structure.

The Sonnblick Lodge is located on the northern side (down lope) of Bobuck Lane. The road cut above is 10m high, relatively
steep (around 50-60° degrees), and partially supported by updated masonry retaining walls. The upper (unsupported)
faces of the cut have some mature native trees that are slightly tilted towards the cut. The existing retaining walls are in
good condition with weep holes; only the lower wall shows some cracking.

The Arup Geotechnics report states the presence of a scarp located above Bobuck Lane. The report map shows a ~2m
high and ~30m long concave scarp approximately 25m south of the Sonnblick Lodge. During the site walkover, a portion
of the potential scarp was mapped due to the recent retaining wall updates. The mapped scarp is located to the east of the
retained wall. The scarp can indicate a translational landslide with unknown state of activity. The possible slip surface is
beneath the existing road fill dam, the driveway and a retaining wall of Sonnblick Lodge. The assumed landslide can be
reactivated in rare events such as severe rainfall or earthworks along Bobuck Lane.

Tension cracks and some fracturing of retaining walls below Bobuck Lane may indicate movement along that landslide.
No further progress of the existing cracking was noted over the 1.5 years. Considering the recently reconstructed retaining
wall supporting cut improved its stability and affected subsurface drainage, the likelihood of that failure was reduced to
Unlikely (104).
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Two inclinometers (with a 12-month monitoring period) were installed on Bobuck Lane, including URS02 (~15m SW) and
KTB25 (~32m SW), which were monitored by TINSW. The authors did not have access to the monitoring data on the
inclinometers.

If the scarp continues as a surface of rupture under Bobuck Lane, the groundwater level (4.3m) in KTB29 can be assumed
to be a possible level of a rupture surface. Then, at least the part of Sonnblick Lodge is located within the possible slip.
The landslide materials above include the embankment fill and colluvial /residual soils. The lodge could be partially
damaged or destroyed if that failure occurred, considering the construction age and footing foundation on colluvial soils.
The landslide velocity can vary from slow to very rapid.

Since the rupture surface can be located upslope on Lot 720 and below Bobuck Lane, demolishing the Sonnblick Lodge
structure (considering retaining walls remaining) would not affect the hazard likelihood provided the slope stabilisation
measures are carried out. Removing the lodge and proposed control and stabilisation measures would minimise possible
consequences for the lodges' downslope.

The tension cracks on the outer lane of Bobuck Lane and slope stability analysis point out the possible shallow failure of
the unsupported road embankment. The road embankment is ~2m high and upper ~0.5m/0.8m are grass-covered and
were formed at moderate angles. The lower faces (~1.2m/1.5m) are supported by masonry retaining wall (RW4). A low
steel road barrier is installed at the edge of the batter (See Table 4-4).

Considering the existing tension cracks and results of the analysis, the likelihood of that event is “Likely” (102). The rates
for this movement have been assessed as very slow, however, rates can be increase in the adverse conditions to ‘Rapid’.
If the failure occurs, the failed material can travel to the lodge and cause minor damage to the structure. Bobuck Lane
carriageway will also be impacted and will require remediation works.

Five retaining walls support the existing slope. One retaining wall on the site's rear was not considered because it was in
good condition and well-drained. The other four walls are old masonry retaining walls that have not been properly
engineered, including the following factors:

e The footings are founded on fill or colluvial sails,

e RW4 (supporting Bobuck Lane) does not have weep holes, so the drainage degree is unclear, and

e  Existing cracks through masonry and loose rock blocks.
In addition, RW2 was not inspected due to the limited access. The failure can potentially occur via overturning, sliding or
foundation failure mechanisms. Currently, no evidence of a particular mechanism is noted. The current signs of the walls
deterioration and distress can be estimated as minor, evident but not sufficiently advanced to imply any failure. The walls
are vertical, no lateral deformations, tilting of bulging were noted. As no failures were observed on similar retaining walls
on the adjacent blocks, the likelihood of the retaining walls failure is judged to be “Unlikely” (10#) in the current state. If a
retaining wall fails, damage may result in the lodge and Bobuck Lane damage.

The slope at the rear and along the sides of Sonnblick Lodge are mostly formed batters with angles from 25 to 45 degrees.
The signs of instability include soil creep, erosion and moisture-affected soil. The landslide hazard would be a shallow
translational soil slide with a relatively slow movement rate. In the present conditions, the likelihood of this failure of the
formed batter in its current conditions is judged to be “Possible” (10-3). If this occurs, the failure of the cut can result in the
collapse of the rear of Sonnblick Lodge or adjacent retaining walls. Some materials can travel to the lodge located
downslope.
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5.2.7 Shallow Soil Translational Slide (proposed slope)

After the Sonnblick Lodge demolition, a new slope will be formed at ~2H:1V, with the remaining retaining walls being rock-
fill buttressed. The newly placed compacted fill material may fail because shallow, slow-moving, active translational soil is
sliding through the fill. Some signs of soil creep and frost heaving on site facilitate surface erosion by exposing soils and
moving ‘rupturing’ grass-covered areas. The surface erosion was probably enhanced after the site was partially cleared of
the mature trees in the past. In addition, the upper soils are quite silty, and surface water flow paths are allowed to develop,
which can facilitate this type of failure. The initial likelihood was assessed as “Possible” (10-3). However, if all control and
stabilisation measures are implemented, this likelihood will be reduced.

5.3 RISK ASSESSMENT

5.3.1 Risk to Property

A semi-qualitative assessment has been undertaken for the proposed new slope that will be constructed after the lodge
demolition. The neighbouring residences were also considered in the assessment. A semi-quantitative approach was
chosen because the vulnerability of the properties was uncertain for the existing neighbouring residences. The assessment
included some quantitative parameters where it was possible, and based on this, the qualitative terms “Likelihood” and
“Consequence” were adopted, using descriptions provided in the Australian Geomechanics Society (AGS) Guidelines for
Landslide Risk Management (2007) (Appendix D). The resulting risk level was derived using the AGS risk analysis matrix
presented in Appendix C.

A summary of estimated risk to property and life for each of the potential hazards identified in the previous sections is
provided in Table 5-1. This risk assessment in Table 5-1 is based on the present conditions prior to any mitigation measures
being implemented.
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Table 5-1: Risk Estimation for Property Summary

Potential
Hazard

1 - Alpine
Way
Embankment
or Cut Failure

Element at Risk

Existing
Sonnblick Lodge

Proposed Slope

Likelihood

Rare (10-5) Occurred in a rare combination
of events such as extreme rainfalls,
earthquakes, etc. The high number of
reported landslides suggested that the initial
likelihood estimation would be 10-2.
However, the latest remediation works and
reconstruction of Alpine Way significantly
improved the stability of the fill and
embankment, reducing the likelihood of
failure. In addition, Sonnblick Lodge's
distant location decreases the likelihood
since previous landslides along Alpine Way
did not reach similar topographic levels.

Consulting Engineers

Initial Risk Level

Consequences

Catastrophic: The Sonnblick Lodge has
footings and retaining walls founded on
colluvial soils and existing structural
cracks. Therefore, if the soil moves, the
property would be dislocated and severely
damaged. The remediation works would
require more funds than normal
demolition procedures.

Major: No property will remain after the
demolition. However, some services,
retaining walls, and batters may require
stabilisation.

Existing
Sonnblick Lodge

Rare (10%) It has occurred in the past;
however, the likelihood was decreased due

Major to Medium: The footings will likely
be founded on colluvial soils. Signs of
distress are abundant in the existing
structure. The damage to the structure
would depend on the velocity and volume
of the transported material.

Medium: No property will remain after the
demolition. The new slope would have
shallower angles. Some services,

Bobuck Lane

supporting the cut are in good condition.
Slope stability modelling for existing slope
indicated FOS>1.5.

2 - Debris to the updated drainage system upslope taini h d batt ;
Flow from and gabion retaining walls along Alpine r? i'_rll,mgt,wa S, and batters may require
Upslope Way and upslope buildings that would retain | S‘@°Hsation-
some debris material and potentially
Proposed Slope dissipate the energy of a flow.
Unlikely (10#). The existing scarp and the Catastrophic: The Sonnblick Lodge is
tension cracks on the pavement can adjacent to the potential landslide;
3- ?e:rf,-'l Existin indicate landslide and soil movements however, whether the rupture surface is
22703\: allure Sonnblick Lgo dge below Bobuck Lane. The retaining walls located beneath the Bobuck Lane and

potentially beneath RW3 &4 is unclear.
The landslide will likely damage or destroy
the existing structure.
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Risk Rating

Moderate

Control Measures

Monitoring along Alpine Way by TINSW:

Two inclinometers (LM762/Ti and LM210/UME) and two piezometers
(URS 216/A&B) were installed directly upslope Sonnblick Lodge along
Alpine Way and monitored on 6 month and 12-month basis. The last
reading didn’t show significant movements.

Continue geotechnical monitoring with the existing inclinometers
installed directly upslope Lot 768 along Alpine Way (TfNSW).

Regular maintenance of the existing drainage system of the
embankment. Ensure the permanent open drains are not blocked.

Complete construction during drying summer months (November —
March)

Do not undertake construction work during or immediately after a
heavy rainfall event.

(02) 6285 1547
FortifyGeotech.com.au

Residual Risk Level

Consequen
ces

Likelihood Risk Rating

Rare (10%)
c

Major

Continue monitoring the existing water wells and piezometers. The
current alarm system for the upslope applied a trigger level of 100mm
in 48 hours.

Ensure surface water diversion from the site, avoiding erosion and
ponding.

If a failure occurs during construction, halt works and seek
geotechnical advice before recommencing.

We are minimising the extent of vegetation cleared during construction
and reinstatement of vegetation post-construction, where possible.

Construction will be completed over the summer period (November —
March).

Do not undertake construction work during or immediately after a
heavy rainfall event.

Rare (10°) Major to

Medium

Catastrophi
Medium

Demolition should be carried out in several phases, and further
investigation of this hazard should be included during the construction.
The geotechnical engineer should inspect the site and retaining walls
after removing the second and first levels. RW2

Rare (10%) | Minor:
(considering
no structure
remains
after a

demolition)

Very Low
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Potential

Hazard

Element at Risk

Property
downslope of
the site (Lot
812)

Properties to
the west and
east

(Lot 801 & 803)

Infrastructure -
Bobuck Lane
Embankment &
Services

Proposed Slope

Likelihood

Consulting Engineers

Initial Risk Level

Consequences

Major: The building is older and located
~20m away from Bobuck Lane, so it
would likely be partially damaged.

Risk Rating

Medium: The buildings are relatively new
and were constructed after the 1997
landslide. The footing is likely found in
bedrock. However, the building might be
partially undermined.

Major: The landslide would destroy road
pavement, fill embankments, and
underground services.

Medium to Minor: No property will
remain after the demolition. However,
some services, retaining walls, and
batters may require stabilisation.

Existing
Sonnblick Lodge

Minor: Some failed material can reach
the Sonnblick Lodge building and

west and east
(Lot 801 & 803)

4 - Bobuck driveway downslope.

Lane Fill Likely (10-2): Consideration included

Embankment Infrastructure - existing tension cracks on the outer lane Medium: The outer lane may demand

Shallow Bobuck Lane and slope stability analysis results. some reconstruction and pavement

Failure E resealing. The impact and subsequent

mbankment & )
. works would require at least one lane
Services closure.
Existing Major: The retaining wall failure would
Sonnblick Lodge result in damage to the structure.

Property Minor: Some failed material can reach
downslope of the building downslope if the rear
the site (Lot Unlikely (10) The inspected retaining retaining walls fail.

812) walls are in acceptable condition, vertical,

5 - Retaining no deformation or other signs of failure.

Walls Failure Some signs of deterioration such as Insignificant: The failed retaining walls
cracking via mortar and loose blocks were can expose the neighbouring services or
considered. structures, and some material may be

Properties to the transported to the neighbouring

properties.

Very Low

Control Measures

Control measures compensating for the change in loading and increase
in surface water should include buttressing the retaining walls, placing
engineered fill, forming batter at a stable angle, and installing sufficient
drainage.

Retaining walls and foundations are to be preserved on the slope.

Adequate subsurface drainage should be installed and maintained on
the upper section of the site. Horizontal drainage pipes should be
installed to RW4 that supports Bobuck Lane, and drains should be free-
flowing. The waters should be diverted to the Thredbo stormwater
system. Further instructions on on-site drainage are provided in Section
6.5.

The existing retaining walls will be buttressed. Follow the proposed
buttressing design provided in Section 6.3.

During construction, ensure all stockpiles are kept within the
designated area, shape stockpiles, and control runoff. Surface
water must be controlled during construction and not pond on the
slope or upslope.

Ensure surface water diversion from the site, avoiding erosion and
ponding.

If a failure occurs, seek geotechnical advice.

(02) 6285 1547
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Residual Risk Level

Likelihood

Consequen
ces

Medium

Major

Medium to
Minor

Stabilise the unsupported upper faces of the road embankment with:
e  Shotcrete

¢ New gabion wall installed in front of the existing retaining
wall to the level of the Bobuck Lane.

Rare (10°)

Minor

Medium

Adequate subsurface drainage should be installed and maintained on
the upper section of the site.

The horizontal drainage pipes should be installed to RW4, which
supports Bobuck Lane, and the drains should be free-flowing. The
waters should be diverted to the Thredbo stormwater system. Section
6.5 provides further instructions on on-site drainage.

The existing retaining walls will be buttressed (See Figure 5 for the
conceptual sketch). Follow the proposed recommendations provided in
Section 6.3.

A new slope should be monitored for stability and movement regularly
(before and after the snow season). If any signs of movement or
instability are observed, a geotechnical engineer should be consulted
immediately.

Rare (10%)

Major

Minor

Risk Rating

Very Low

Very Low

Insignifican
t

Very Low
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Initial Risk Level Control Measures Residual Risk Level

Potential

Hazard Element at Risk

Consequences Risk Rating Consequen Risk Rating

ces

Likelihood Likelihood

Major to Medium: May expose or The newly engineered slope will be supported by existing retaining Rare (10%) Medium
Existing undermine footings of the rear side of the wall and the unsupported slope will be battered back at an angle of
Sonnblick Lodge Sonnblick Lodge. The low rates of velocity ~26° (2H:1V). If required, the slope should be formed in accordance
would allow the remediation. with the controlled fill placement procedure (Section 6.2). The original
slope can be estimated from ~20m length and ~12m elevation drop,
Property Medium: The failed fill material can around 26° (or 2H:1V). This allows for the formation of stable slope Medium
downslope of damage the walls and windows of the rear angles on the site after the lodge demolition.
the site (Lot side of the Talara Ski Lodge.
812) Install sufficient drainage connected to the stormwater system (See
Section 6.5).
Properties to Insignificant:'The fai!ed battgr can Very Low Insignifican | Very Low
the west and expose the neighbouring services or During demolition and new slope construction: t
east structures, and some material may be Limit excavation depths to 1.5m at a single run in soils and XW
Lot 801 & 803 transported to the neighbouring bedrock and 2m in XW/HW bedrock.
(Lo ) properties.

. . . . Any temporary excavations greater than 1.0m vertical height must be .
gﬁé‘;:‘v‘cﬁ;&”gg c%erﬁepg(‘?)sosgg :rlectrlc supported with a temporary ground retention system or appropriate Medium
ripped/damaged. benching, as per the requirements of the Worksafe Compliance Code

of Excavation (2019). Excavation batter angles must be at or shallower
than recommended (Section 6.3) for both temporary and permanent
- Eai batters.
:SheFallure of Possible (10-%): Consideration included
very loose moist to wet material (possibly - L
ggtstzfzgg:zd uncontrolled fill and colluvial soils) to Position excavated material in a stable manner.
rear of 0.7m/1.8m depth, presence of the backfilled )
Sonnblick service trenches, existing soil erosion, and A spoon drain or bupd should be construc_ted along the top edges of Fhe
Lod existing insufficient drainage of the site. batter to prevent rainfall run-off from flowing over the face and causing
odge erosion.
Leaking pipes, tanks, or storage are to be repaired immediately.
Servn;?ﬁ at .tthe Control drainage to prevent rainfall from ponding in excavated areas.
rear of the site - Suppose water ponds or seeps into the excavation; a conventional
Bobuck Lane sump and pump dewatering system may be required.
A geotechnical engineer would be required to inspect the batters
regularly. As a guide, these inspections must be conducted every week.
At the same time, a competent person representing the contractor
should check the batters daily, preferably in the mornings, for any signs
of movement.
Trucks, heavy construction plant/equipment (especially with the motor
idling), and large soil stockpiles must not be located close to the top
edge of the batters (they must be at least 4m back from the top edge).
No work must be conducted close to the toe of the cut during rain and
24 hours after. A geotechnical engineer must re-inspect the site cut
following rainfall (about 10mm of rain or enough rain that the faces
become wet).
Medium: No property will remain after the The new slope should be monitored for stability and movementregularly | Rare (10%) Medium
demolition. The new slope would have (before and after the snow season). Follow the Trigger Action Response
7 - Shallow Proposed Slope Possible (10): Consideration included f:taal_lr?){nver a;ge:hgzggeszrxges,e o Plan (TARP) (Section 5.4.1), which outlines the monitoring of the site
Soil existing silty sand material on site, the site I'I'I g walls, rs may requl (visual and instrumentation), trigger levels, and actions to ensure the
;:-_a:jnslatlo:\al angle, the presence of the backfilled service stabilisation. risk levels at the site remain at tolerable levels throughout the period
S elmeo silt,i(:)sn)- trenches, and existing soil erosion. o i i i prior to redevelopment of the site. If any signs of movement or instability i
Property Medium: The failed fill material can are observed, a geotechnical engineer should be consulted Medium
downslope of damage the walls and windows of the rear immediately
the Sitﬁo(sl‘c?l}szko Thredbo Pty Lid side of the Talara Ski Lodge. 37 ’
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Initial Risk Level Control Measures Residual Risk Level

Potential

Hazard Element at Risk

Consequences Risk Rating Consequen Risk Rating

ces

Likelihood Likelihood

New slope/ soil batter should be formed with controlled fill, following
the procedure in Section 6.2.

Properties to the Minor: The buildings are relatively new
west and east and were constructed after the 1997 Adequate subsurface drainage should be installed and maintained on
landslide. The footings are likely found in the site.
(Lot 801 & 803) bedrock.

Ensure a permanent drainage system is installed to divert surface water
from the slope face and prevent water from ponding at the slope's toe.
The horizontal drainage pipes should be installed to RW4 that supports
Bobuck Lane, and drains should be free-flowing. The waters should be
diverted to the Thredbo stormwater system. Further instructions on on-
site drainage are provided in Section 6.5.

Medium: Buried gas pipes and electric Medium
cables would become exposed or

ripped/damaged.

Services at the
rear of the site -
Bobuck Lane

Erosion protection measures prevent or halt erosion. These measures
include minimising the extent of vegetation cleared during construction
and reinstating vegetation post-construction, where possible.

The existing retaining walls will be buttressed by caged gabion walls/
mass concrete or rock /recycled concrete buttress. The stabilisation
advice for retaining walls and batters are provided in Section 6.3
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Risk to life has been assessed for each hazard for the person most at risk, as per the equation in Section 5.1.2.

The proposed slope will not be occupied during the assessment period. For the construction period, the number of workers
was considered nominally 10 people. People were assumed to spend 8 hours on the block during the day.

For Lot 812 (Talara Ski Club), located downslope, we assumed 24 people, 20 people for Lot 803 (‘Elevation Apartments’,
east of the site), 25 people for Lot 720 (‘Aneeki Ski Lodge’, south from the site), and 38 people for Lot 801 (‘The Peak’),
west from the site. The number of people for each lodge was taken from their websites as advertised capacities. The
assumption was that people spent 10 hours per day in the lodges.

The following parameters were used in the calculations:

e P(H) - Likelihood or Annual Probability for the event was the same as for the risk to property estimation, and the
argumentation for each hazard in the existing state can be found in Sections 5.2.1 to 5.2.8 and Table 5-1. The
risk at the existing slope condition was calculated using the existing likelihood values. The residual risk loss of life
has been calculated using the value of likelihood after all the control measures are implemented, which was
estimated to be Rare (10-®) for all hazards. The control measures are summarized in Table 5-1, and Sections 5.4

and 6 provide further recommendations.

e P(S:H) - The Spatial Impact probability was considered depending on the element's distance at risk from the

possible individual location, velocity, and obstacles or channelization factors.

e P(T:S) - Temporal Probability. People were assumed to spend 10 hours on the property during the day. For the
Bobuck Lane users, we assumed one vehicle with two passengers driving past Lot 768 every 10 minutes during
the day (12 hours), assuming passing the road section for 10 seconds. Regular Thredbo shuttle buses operating
during ski season (June-September), we assumed to carry 10 people (including the driver) every 30 minutes,
passing the section for 10 seconds. The assumption for pedestrians was two pedestrians every 20 minutes,

assuming passing the road section for 40 seconds. The 8-hour working day for construction workers was used.

e V(D: T) - The individual's vulnerability was assessed based on the examples and recommended values provided
in Appendix E of AGS 2007c. The value depended on people’s location and possibility of being buried. The
possible locations included buildings, vehicle or open space. For example, construction workers and pedestrians
were considered as located in open space. The possibility of being trapped or buried in the landslide would
significantly decrease the chances of surviving. It should be noted that in the past large-scale landslides, 18 of 19
people died, being trapped within building and landslide material indicating a high vulnerability of ~0.9 in case of
the large-scale landslide event (Hazard 1&2). Considering only a construction phase was calculated for people
working during the daytime (past landslide occurred during the night with some delays in the rescue operation),
and during good weather condition, the vulnerability was decreased to 0.8, which still lies withing the
recommended data range. There is no known death in Thredbo related to the smaller scale events, such as
Hazards 3-6. In addition, modern construction would allow the people inside the building to decrease their

vulnerability, which would be applicable to neighboring properties on Lots 801 & 803.
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Table 5-2 & 5-3 provide further details on the risk assessment for the site and neighboring areas regarding risk to life.
Table 5-2 provides details on calculation for the existing slope conditions with current likelihood values (Table 5-1). The
risk calculation in Table 5-3 is based on the assumed future conditions, assuming that all recommended mitigation
measures are implemented, and residual likelihood values (Table 5-1) were used. For this risk assessment to be valid, a
suitably qualified geotechnical engineer must sign Form 2 and Form 3 to check that these mitigation measures have been
incorporated into the design and constructed correctly.
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Table 5-2: Risk to Loss of Life — Calculation Summary — Existing Slope Conditions.

Possible Hazard Affected Location/ Likelihood @ Probabili Temporal Vulnerabi Risk for Annual Number Risk
Structure [ Annual ty of the Probabili lity of the Person Most probabilit of Outcome*
Probability = Spatial ty P(T:S) Individua at Risk yof Nor Fatalities
P(H) Impact | R(LoL) more (N)
P(S: H) V(D:T) Risk fatalities
Evaluation (F) (F)
[ Annual
Probability
1 - Alpine Way Acceptable
Embankment or Cut Lot 802 Construction
Failure Phase 10 10° 0.8 0.33 0.8 2.1*10°% 8 * 10 8
2 - Debris Flow from | Lot 802 Construction Acceptable
Upslope Phase 10 10 0.6 0.33 0.8 1.6 *10° 6*10° 8
3 - Deep-seated Lot 802 Construction 10 104 1 0.33 0.8 2.6*10° 8 Tolerable
failure below Bobuck | Phase 1*10%4
Lane Lot 812 - Talara Ski 24 104 0.8 0.42 0.8 2.7*10° 19.2 Tolerable
Club 8 * 10.5
Lot 803 - Elevation 20 10+ 0.3 0.42 0.5 6.3*10° 16 Acceptable
Apartments 3+ 105
Lot 801 - The Peak 38 10+ 0.3 0.42 0.5 6.3*10° 30.4 Acceptable
3*10°%
Lot 720 - Aneeki Ski 25 104 0.05 0.42 0.7 1.5*10°% 20 Acceptable
Lodge 5*10%
Bobuck Lane 2 104 1 0.0083 0.6 5*107 1.2 Acceptable
(Vehicles) 1*10%4
Bobuck Lane 2 10+ 1 0.017 0.8 1.4*10°% 1.6 Acceptable
(Pedestrians) 1*104
Bobuck Lane (Buses) 10 104 1 0.0028 0.6 1.7 *107 6 Acceptable
1*10*
4 - Bobuck Lane Fill Lot 802 Construction 10 1072 1 0.33 0.1 3.3*10* 0.01 Unacceptabl
Embankment Phase 3*103 e
Shallow Failure Bobuck Lane 2 1072 1 0.0083 0.1 8.3*10% 0.002 | Acceptable
(Vehicles) 5*103
Bobuck Lane 2 1072 1 0.017 0.1 1.7 *10° 0.002 Acceptable
(Pedestrians) 5* 103
Bobuck Lane (Buses) 10 102 1 0.0028 0.1 2.8*10° 0.01 Acceptable
5*103
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Possible Hazard Affected Location/ Numbe Likelihood Probabili Temporal Vulnerabi Risk for Annual Number Risk
Structure r of [ Annual ty of the Probabili lity of the Person Most probabilit = of Outcome*
People  Probability Spatial ty P(T:S) Individua at Risk yof Nor Fatalities
at Risk  P(H) Impact | R(LoL) more (N)
at One P(S: H) V (D:T) Risk fatalities
Time Evaluation (F) (F)
/ Annual
Probability
Lot 802 Construction 10 Acceptable
5 - Retaining Walls | Phase 10 1 0.33 0.01 3.3*107 5*10* 1
Failure Lot 812 - Talara Ski 10% Acceptable
Club 24 0.8 0.42 0.01 3.4 *107 8*10°% 0.24
Lot 803 - Elevation 10 Acceptable
Apartments 20 0.1 0.42 0.01 4.2*10® 1*10° 0.2
104 1*10° Acceptable
Lot 801 - The Peak 38 0.1 0.42 0.01 4.2*10°8 0.38
Bobuck Lane 10+ 5*10° Acceptable
(Vehicles) 2 0.5 0.0083 0.01 4.2*10° 0.02
Bobuck Lane 10* 5*10° Acceptable
(Pedestrians) 2 0.5 0.017 0.01 8.5 *10° 0.01
5*10° Acceptable
Bobuck Lane (Buses) 10 10* 0.5 0.0028 0.01 1.4 *10° 0.02
Lot 802 Construction 107 1%10°3 Tolerable
6- Failure of the Phase 10 1 0.33 0.1 3.3*10° 1
Unsupported Batter 103 1*10°2 Acceptable
at the rear of Lot 812 - Talara Ski
Sonnblick Lodge Club 24 1 0.42 0.05 2.1*10° 1.2

Table 5-3: Individual Risk to Loss of Life for the Person most at Risk — Existing Slope.

Locations Lot 802 - Lot 812 - Lot 803 - Lot 801 - Lot 720 — Bobuck Lane Road Users

Construction Talara Ski Elevation The Peak Aneeki Ski

Phase (o[7] ) Apartments Lodge Pedestrians Vehicles Buses
Annual Individual Risk for the person most at risk for 6.7 *10° 4.82*10° 1*10° 1*10° 1.7 * 10 5.4*107 1.4*10° 1.8*10°®
the separate location across the site and neighboring
properties — Existing Slope

Tolerable Tolerable Acceptable Acceptable Acceptable Acceptable Tolerable Acceptable
Risk Outcome
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Table 5-4: Risk to Loss of Life — Calculation Summary after control measures are implemented — New Slope.

Affected Location/
Structure

Likelihoo Risk

Outcome*

Annual Number
Probability of
of N or Fatalities

Possible Hazard Number of Probabi Tempor
lity of al

Probabi

Vulnerability = Risk for Person
of the Most at Risk
Individual

People at d/
Annual the

Risk at One

Time

Probabilit
y P(H)

(after
control
measure
s
impleme
ntation)

Spatial
Impact
P(S: H)

lity
V(T:S)

V (D: T)

R (LoL)

more
Fatalities

(F)

(N)

3 - Deep-seated . 2.7*10° Tolerable
failure below Bobuck | Lot 812 - Talara Ski Club 8106
Lane Lot 803 - Elevation 20 10° 03 0.42 05 6.37 107 16 Acceptable
Apartments 3*10°
5 * -7
Lot 801 - The Peak 38 10 0.3 0.42 0.5 6.3 10 5+ 109 30 Acceptable
Lot 720 - Aneeki Ski 25 10 0.05 0.42 0.7 1.5*107 20 Acceptable
Lodge 5*107
5 * -8
Bobuck Lane (Vehicles) 2 10 1 0.0083 0.6 5*10 105 1.2 Acceptable
Bobuck Lane 2 10 1 0.017 0.8 1.4*107 1.6 Acceptable
(Pedestrians) 1*10°
-5 * -8
Bobuck Lane (Buses) 10 10 1 0.0028 0.6 1.7 *10 108 6 Acceptable
4 - Bobuck Lane Fill . 2 105 0.5 0.0083 0.001 4.2*10M 0.002 Acceptable
Embankme.nt Bobuck Lane (Vehicles) 5% 10
Shallow Failure Bobuck Lane 2 108 0.5 0.017 0.001 8.5 *10-11 0.002 Acceptable
(Pedestrians) 5*10°
5 %101
Bobuck Lane (Buses) 10 10 0.5 0.0028 0.001 1.4 *10 5+ 10 0.01 Acceptable
) 24 105 0.8 0.42 0.01 3.4 *108 0.24 Acceptable
5- Retaining Walls Lot 812 - Talara Ski Club 8% 10%
Failure Lot 803 - Elevation 20 10° 0.1 0.42 0.01 4.2*10° 0.2 Acceptable
Apartments 1%10%
-5 * -9
Lot 801 - The Peak 38 10 0.1 0.42 0.01 4.2*10 106 0.38 Acceptable
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Possible Hazard Affected Location/ Number of Likelihoo Probabi Tempor Vulnerability Risk for Person  Annual Number Risk
Structure People at lity of al of the Most at Risk Probability of Outcome*
Risk at One the Probabi Individual R (LoL) of N or Fatalities
Time Probabilit Spatial lity V(D:T) more (N)
y P(H) Impact | V(T:S) Fatalities

(after P(S: H) (F)
control
measure
S
impleme
ntation)

-5 *40-10
Bobuck Lane (Vehicles) 2 10 0.5 0.0083 0.01 4.2*10 5« 106 0.02 Acceptable
Bobuck Lane 2 10° 0.5 0.017 0.01 8.5 *10710 0.02 Acceptable
(Pedestrians) 5* 106
-5 *410-10
Bobuck Lane (Buses) 10 10 0.5 0.0028 0.01 1.4*10 5 106 0.1 Acceptable
24 105 1 0.42 0.05 2.1*107 1.2 Acceptable
6 - Failure of the
Unsupported Batter | ot 812 - Talara Ski Club
at the rear of
Sonnblick Lodge 1*10°%
24 105 0.8 0.42 0.05 1.7 *107 0.12 Acceptable
Lot 812 - Talara Ski Club
7 - Shallow Soil 8*10°
Translational Slide Lot 803 - Elevation 20 10 0.1 0.42 0.01 4.2*10° 0.02 Acceptable
(post-demoilition) Apartments 1%10%
Lot 801 - The Peak 38 10 0.1 0.42 0.01 4.2*10° 0.38 Acceptable
1*10°%

* AGS (2007c) suggested tolerable loss of life individual risks are 10 / annum for existing slope or development and 10-° for newly constructed slope, development
or existing landslide; the acceptable risk is usually one order less than tolerable (Table 5-8)

Table 5-5: Individual Risk to Loss of Life for the Person most at Risk — New Slope.

Locations Lot 812 - Talara Lot 803 - Lot 801 - Lot 720 — Bobuck Lane Road Users

Ski Club Elevation The Peak Aneeki Ski
Apartments Lodge Pedestrians Vehicles Buses
Annual Individual Risk for the person most at risk for the 3.1*10° 1*10° 1*10% 1.7 *107 1.4*107 5*10% 1.7*10°®
separate location across the site and neighboring properties —
New Proposed Slope

Tolerable Acceptable Acceptable | Acceptable Acceptable Acceptable Acceptable

Risk Outcome
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Mitigation measures should be implemented to maintain and reduce the risk level of slope stability during the demolition

and construction of the new slope and associated structures. The recommendations and design parameters for each

element of the proposed slope (batters, drainage, etc) are provided in Section 6. The following is a summary of the

measures that must be implemented:

Construction is to be completed over the dryer summer period, from November to March, preferably.

Install and maintain site monitoring, as described in Section 5.4.1 of the Trigger Action Response Plan (TARP).

Do not undertake construction work (particularly earthworks) during or immediately after a heavy rainfall event.
TINSW's nominated alarm level is 50mm over 24 hours; however, the failure can be triggered by lower
precipitation if other favourable conditions, such as channelisation, erosion, etc., exist on site.

Install and maintain adequate site drainage and ensure drains are free-flowing. Details on the drainage are
provided in Section 6.5.

All retaining walls should be properly supported and positively drained. Section 6.3 provides details on the
proposed retaining wall updates.

The proposed new slope will cover most of the site after the demolition of Sonnblick Lodge. Following completion
of the development, any exposed ground must be protected against erosion by newly established vegetation or
provide suitable erosion protection (e.g., erosion control mats, etc.).

Periodic inspection of the slope uphill for signs of erosion development and remediation as necessary.

During the demolition, all temporary site cuts must be battered back to a stable angle (See Section 6.5). If space
restrictions prevent battering back to a stable angle, then temporary excavation support systems (shoring such
as soldier pile walls) must be implemented.

Any water seepages or leaks around the development or associated infrastructure (upslope and downslope)
should be investigated and repaired as soon as possible.

If a failure occurs, seek geotechnical advice before re-opening the construction site. Bobuck Lane closure might
be necessary for the failure event.

Complete a full inspection of the site post-construction by an experienced geotechnical engineer or engineering
geologist prior to opening to identify any additional hazards (preferably completed before full completion of works
to allow rectification to be completed).

Some useful guidelines on hillside construction, prepared by the Australian Geomechanics Society (Reference 1), are
presented in Appendix D. A summary of estimated risk to property and life for each of the potential hazards identified in
the previous sections is provided in Table 5-2. This risk assessment in Table 5-2 is based on the proposed future conditions,
assuming that all recommended mitigation measures are implemented. For this risk assessment to be valid, a suitably

Kosciuszko Thredbo Pty Ltd
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qualified geotechnical engineer must sign Form 2 and Form 3 to check that these mitigation measures have been

incorporated into the design and constructed correctly. The resulting risk level was derived using Appendix C's AGS risk
analysis matrix.

The Trigger Action Response Plan (TARP) outlines the monitoring of the site (visual and instrumentation), trigger levels,
and actions to ensure the site's risk levels remain tolerable throughout the period prior to redevelopment.

The landslide risk assessment is an iterative process, and this report summarises the initial stage. Further geotechnical

investigation will need to allow the geotechnical data acquisition to refine the risk assessment and monitoring of the site. It
can include the following elements:

After the demolition of the upper levels of the lodge, allowing drill rig access to the site, two investigation boreholes
should be drilled to depth, allowing a 3m core of the bedrock.

Preferably, one borehole should be located near the Bobuck Lane frontage, and the other should be located
centrally within the block.

Inclinometer casing should be installed in at least one borehole (preferably adjacent to Bobuck Lane), and the
depth of the casting should allow the intersection of the potential shear zone.

One standpipe piezometer with water level data loggers should be installed in one of the boreholes. It can be
installed in the middle of the site for groundwater monitoring.

The site should be monitored at least bi-annually, every six months, before the snow season, in March/April, and
after the snow season, in September/October. Instrumentation monitoring will need to be carried out in conjunction
with visual slope inspections. If trigger levels are exceeded beyond 1, an inspection should be carried out by a
competent geotechnical practitioner who should also carry out the monitoring site inspections.

It is also recommended that monitoring of the two existing inclinometers on Bobuck Lane recommence. This may
require coordination with Transport for NSW to obtain the necessary permission. Even in the absence of historical
data, monitoring the inclinometers, which are likely still operational, would provide valuable information. A baseline
reading should be taken prior to the commencement of demolition works.

Survey monitoring of the retaining walls should be conducted for the duration that the site remains undeveloped.
This monitoring should be performed by a registered surveyor at a minimum interval of every six months.
Movement triggers were included in the TARP.

The indicative site inspection checklist is provided below:

1)

Inspect the existing scarp and retaining wall above Bobuck Lane. Check for cracks, loose blocks, water seepages,
and drainage outflow. Photograph this site aspect.

Inspect the Bobuck Lane pavement to see if there has been progress on the existing tension cracks, new cracks,
subsidence, or any other signs of instability. Take photographs of this site aspect.

Kosciuszko Thredbo Pty Ltd
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3) Inspect existing retaining walls and buttress any movements or cracks. Photograph this site aspect.

4) Inspect the soil slope faces on any rupture surfaces, erosion, cracks or other signs of slope instability. Take
photographs of this site aspect.

5) Measurements from inclinometers and groundwater well/standpipe piezometers should be taken. Then, compare
them with tolerance criteria (provided in Tables 5-6 and 5-7.

This TARP was developed to identify any slope movement and needs to be used to manage the new proposed slope on
Lot 812. It is understood that the management and monitoring of the new site slope and implementing TARP is the
landowner's responsibility, while TINSW currently monitors the areas upslope (Bobuck Lane). This is the initial TARP,
which considers the failure mechanisms, triggers, and threshold based on the existing geotechnical data. Once in place,
TARPs can be optimised as the understanding of each failure improves and more information becomes available after the
Sonnblick Lodge demolition and subsequent geotechnical investigation and installation of geotechnical monitoring
instruments on-site.

The used triggers include displacement or lateral movement. Lateral movement or “displacement” is the change of position
of the inclinometer casing. Displacement of the inclinometer by taking away the original reading by the most resent reading
taken from the inclinometer. Once a number of readings have been attained then the movement of the structure can be
shown incrementally. Cumulative displacement is the addition of all the incremental data. The displacement can be seen
of a inclinometer in relation to a fixed reference point at the top of the casing, that will have to be surveyed before.

Kosciuszko Thredbo Pty Ltd
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Table 5-6: Response and Slope Behaviour for different trigger Action Response Plan Levels

Trigger
Action
Response
Plan

Slope failure progression

Gradual slope deformation,
2 no acceleration.

Typical Response

Confirm monitoring results (QA check).

Additional site inspection.

Investigate the movements on site if detected,

A suitably trained and experienced person check drainage/water
leaking and soil conditions

Seek geotechnical advice on slope stabilisation/remediation.
Remediation may include reprofiling, revegetation, and a review of
the slope design.

Increase the frequency of monitoring and drainage maintenance.

Accelerated slope
3 movement  (progressive
phase)

Remove personnel.

Notify the neighbouring lodges and authorities,

Urgently seek geotechnical advice (within 1 week or sooner),
Investigate the movements on site, check drainage/water leaking
and soil conditions, and seek geotechnical advice on slope
stabilisation.

Review the slope and/or drainage design and confirm whether
changes to the design specifications are required.

Implement the stabilisation measures urgently.

Kosciuszko Thredbo Pty Ltd
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Table 5-7: Suitable Triggers and Thresholds for Different Trigger Action Response Plan Level

Suitable TARP
Trigger Typical Threshold Comments Level
Omm-10mm Displacement or lateral movement is
Ipcremental measured by the proposed inclinometer.
displacement The inclinometer should be installed in 23
(mm) the borehole intersection potential shear
10mm-100mm
measured by zone (rupture surface for the proposed
inclinometer landslide below Bobuck Lane). Both
testing cumulative and incremental 3ord
>100mm displacements should be reported.
< 2.5mm Deformation and movement monitoring 0-1
Lateral .
should measure and track any alterations
Movement ; . . S
2. 5mm-10mm in the shape or dimensions of a retaining 2-3
(mm) by wall every six months. Set out of the
survey : X .
o7 survey markers shall be carried out in 3ord
monitoring of - . o -
the retainin consultation with a qualified geotechnical
walls 9 >10mm / structural engineer after the demolition of
movements the lodge.
The rainfall information can be used from 0-1
Alert levels of >50mm of rain in 24 hours the two nearby weather stations
monitored by the Bureau of Meteorology
] (BoM) for Thredbo Village (station number 0-1 or 2
Rainfall >100mm in a 48-hour 71041) and Thredbo AWS (station
X number 71032) (Reference 5). The rainfall
(mm) - 2.3
does not necessarily cause the slope
Recorded rainfall >300mm over 7-day | movements, so the response and suitable
period TARP level are indicative and will be
pending additional site inspection.
Wet or swampy areas identified The proposed drainage measures are 0-2
Water designed to divert the stormwater into the
seepages/ Thredbo stormwater system. Any seeping 2.4
springs/ Ponding/seeping water on the slope | OF ponding water will indicate inefficient
ponding drainage measures and require a design
Water on-site | faces review.
No gully or tunnel erosion. No active | This trigger cannot cause the landslide but 0-1
rilling > 300mm deep. should be monitored in conjunction with
other triggers. Any signs of erosion need
Minor sheet, gu”y or tunnel erosion to be remediated; TARP levels define 2
. . urgency.
present and active rilling between
Slope 300mm-600mm deep
Erosion
I . 3
Significant gully or tunnel erosion
present and active rilling > 600 mm
deep.
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Suitable TARP
Trigger Typical Threshold Comments Level

Cracks width between Omm and 20mm 0-1
Tension 20r3
cracking was Cracks width between 20mm and 40mm Qracks can be |der1t|f|ed _\/lsually in the
detected on field during regular inspection and will be
Bobuck Lane combined with other data to define the
and New suitable TARP level.

Slope Faces. | Cracks >40mm in width, sinkholes and 3or4

ruptures in the new slope faces

5.5 SIGNIFICANCE OF RISKS (RISK EVALUATION)

In the present conditions, the overall risk to property is assessed to be “Very Low” to “High” (See Table 5-1). Provided
design and construction of the new slope is undertaken in accordance with accepted procedures for hillside construction,
and treatments and mitigation measures are carried out to reduce the potential hazards (as recommended in Section 5.6
and Section 6), the risk is assessed to be “Very Low” to “Low” (See Table 5-2).

For the proposed development on Lot 802, this assessment of risk-to-life for six hazards analysed indicates an annual
probability of loss of life for the individual most at risk for the development is equal to or below the AGS 2007 (Table 5-4)
recommended tolerable limit of 1 x 10-5 per annum. For the neighbouring properties, the risk estimates were below and
within the acceptability limit for the existing structures. This was calculated for an individual, considered the most critical
person-at-risk, which was a person occupying a unit (customer) or staff.

The risks for the construction workers were calculated to be within the acceptability limit; however, with the highest values,
considering the relatively higher vulnerability of the workers on site and higher chances of being trapped in a landslide,
compared to people in the building. This should be addressed by WHS measures designed for the site specification, regular
stability inspection and development of prompt evacuation practices. The risk for Bobuck Lane road users, including
pedestrians and vehicle passengers, was calculated to be below the acceptability criteria.

Table 5-8: Recommendations for Acceptable and Tolerable risk in AGS (2007c) and AGS (2007d)

Acceptable Risk Tolerable Risk

Risk to Property Risk to Life Risk to Property Risk to Life

New  Slopes, new | LOW to VERY LOW <1*106 per annum MODERATE, LOW | <1*105 per annum
development or existing or VERY LOW
landslide
Existing slopes or | LOW to VERY LOW <1*10-% per annum MODERATE, <1*10* per annum
existing development LOW, or VERY

LOW
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The societal risk assessment process requires the development of F-N plots for the identified hazards at a site, where N
represents the number of expected fatalities from a hazard (from multiplying vulnerability and number of people at risk),
and F is the annual probability of N or more fatalities (from multiplying hazard likelihood P(H) and spatial probability P(S:H)).

Societal risk was calculated for the existing conditions, showing the assessment for a site and neighboring properties in
the current condition (Plate 5). Most N-F pairs for hazards listed in Table 5-3 fall within the ‘Tolerable’ or the As Low As
Reasonably Practical (ALARP) Zone. However, the societal risk for Hazards 3 (Deep-seated failure below Bobuck Lane)
for Talara Ski Lodgeis on the edge of the ‘Unacceptable’ Zone. Hazards 6 (Failure of the Unsupported Batter at the rear of
Sonnblick Lodge) also lies on the boundary with unacceptable for the Talara Ski Lodge and during construction.

As shown on Plate 6, the proposed new slope (in case if properly engineered) will decrease the societal risks to ‘Tolerable’
(ALARP) and ‘Broadly Acceptable’ areas.

Risk evaluation is the process by which owners, administrators and relevant regulatory authorities can decide whether the
potential risks (See Table 5-1 and Table 5-2) are acceptable and whether these can be feasibly eliminated or reduced by
remedial treatment.

Plate 5: Societal Risk Assessment Plot (N-F) for Lot 802 and the vicinity — Existing Slope
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Plate 6: Societal Risk Assessment Plot (N-F) for Lot 802 and the vicinity — New Slope
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5.6 SUITABILITY OF THE PROPOSED DEVELOPMENT (DEMOLITION OF EXISTING LODGE)

Provided that the design and works are undertaken in accordance with accepted procedures for hillside construction, and
treatments and mitigation measures are carried out to reduce the potential hazards (as recommended in Section 5.5 and
Section 6), the risk is assessed to be “Very Low” to “Low” (See Table 5-1) and the risk to life within a tolerable range for
the proposed demolition of the existing lodge (Table 5-2). Therefore, it is assessed that the site is suitable conditionally for
the proposed demolition and subject to the following conditions summarised in Table 5-9 (provided all the

recommendations in our report are followed).

Table 5-9: Summary of the conditions

Policy Requirements

Requirements / Conditions of Site Suitability

Conditions to be provided to establish the design parameters.

Footing levels and supporting rock quality, bearing capacities
for use in the design of all structural works, including footings,
retaining walls, and drainage.

Not applied - Footings and retaining walls to remain on site.

Recommendations for excavation (temporary and permanent)
batters.

Only minor excavation may be required. Follow Section 6.1.

Recommendations for excavation support (stability of the
batters, temporary and permanent).

See Section 6.3.

(i) Conditions applying to the detailed design to be
undertaken for the construction certificate.

Any structural design relating to the geotechnical aspects
of the proposal is to be checked and certified by a suitably
qualified and experienced geotechnical engineer; any other
design conditions the geotechnical engineer preparing the
geotechnical report believes are required in the design
phase to ensure the design will achieve the “acceptable
risk management” level as defined in the policy for
potential loss of both property and life, signing of Form 2
as the mechanism to check that these parameters have
been used and interpreted correctly.

(iif)

Conditions applying to the construction phase.

Recommendations for control fill platform constructions.

See Section 6.2.

The report must highlight and detail the inspection regime to
provide the builder with adequate notification of all necessary
inspections and any other construction conditions, including
works methodology and temporary works that the geotechnical
engineer preparing the geotechnical report believes are
required in the construction phase to ensure the design will
achieve “acceptable risk management” level as defined by the
policy for potential loss of both property and life and signing of
Form 3 as the mechanism to check that these parameters have
been used and interpreted correctly.

See section 6.6.

(iv) Conditions regarding the ongoing management of the
site/structure, including but not limited to any conditions that
may be required for the ongoing mitigation and maintenance of
the site and the proposal from a geotechnical viewpoint.

Subsequent geotechnical investigation and geotechnical
monitoring are required after the demolition and slope
stabilisation; see Sections 5.4.1 & 6.
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6 DISCUSSION & RECOMMENDATIONS

The following sections provide geotechnical recommendations for designing and building the proposed slope. After the
civil design is complete, a suitably qualified geotechnical engineer must review the design and sign Form 2 to check that
these design recommendations and slope stability mitigation measures have been correctly incorporated into the design.

6.1 EXCAVATION CONDITIONS & USE OF EXCAVATED MATERIAL

At this stage, the footings and retaining walls will remain on site. Before buttress placement, minor excavation to 0.5m/1.4m
is required in front of the retaining walls. The excavation would be through topsoil and uncontrolled fill. The soils and any
weak rock (XW/HW) are readily diggable by a backhoe and medium-sized excavator. However, it should be noted that
core stones of moderately (MW) or less-weathered granitic rock can be encountered.

The low and medium plasticity colluvial/residual soils can be used in controlled fill construction of building platforms. The
weathered granite bedrock is also suitable for fill material, although rock particles should be broken down to <75mm in
size. The silty topsoil and slopewash material and any high plasticity clay should not be used in controlled fill construction
but could be used in non-structural applications such as landscaping.

If imported fill is required, a suitable select fill material would include a low—or medium-plasticity soil such as clayey sand
or gravelly clayey sand, containing between 25% and 50% fines less than 0.075mm size (silt and clay) and no particles
greater than 75mm size.

6.2 CONTROLLED FILL CONSTRUCTION

For the construction of any new fill foundation platforms and road subgrades, it is recommended that:

e Areas be fully stripped of all silty topsoil and any uncontrolled fill. A stripping depth of up to ~0.5m/1.4m may be
required. Stripped foundations should be proof-rolled by a vibratory pad-foot roller of not less than 9-tonne static
mass to check for any weak or wet areas requiring replacement. No fill should be placed until a geotechnical
engineer has confirmed the suitability of the foundation.

e  Controlled fill comprising suitable site excavated or imported materials of not greater than 75mm maximum particle
size be compacted in layers not greater than 150mm to not less than 95%ModMDD at about OMC.

e Fill placement and control testing should be reviewed and certified by a geotechnical engineer with Level 1 or 2
involvement in AS3798 — 1996 “Guidelines on Earthworks for Commercial & Residential Developments”
(Reference 3).

6.3 STABLE CUT/FILL BATTER SLOPES
6.3.1 Temporary Batters (During Construction)
Temporary site excavations deeper than 1.5m must be battered back at the following angles:
- Overburden soils - 1(H):1(V)

- XW, XW/HW, & HW Granite bedrock - 0.5(H):1(V)
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- HW/MW & MW Granite bedrock - 0.25(H):1(V)

Where space restriction precludes battering back to a stable angle, batter stabilisation or temporary excavation support
systems will be required.

A geotechnical engineer should inspect all cut batters during construction to confirm stability. Exposed temporary batters
should be protected from the weather by black plastic pinned to the face with link-wire mesh or similar.

During construction, the following recommendations must be followed to maintain the stability of all temporary unsupported
excavations:

- All equipment/machinery/stockpiles/site sheds and containers are located 1(H):1(V) from the toe of the batters.
Trucks, heavy construction plants/equipment, and large soil stockpiles must not be located close to the top edge
of the batters, especially with motor idling. Trucks and heavy construction plants/equipment must be located
outside the zone of influence (1(H):1(V)) of the excavation batter.

- Abund or dish drain must be constructed along the top edge of all cuts to intercept and divert surface water away
from the batters.

- To protect the downslope lodge from any accidental falling of the material, install a catch fence along the northern
boundary of the lot. This should be extended for the full length of the new slope, and the catch fence should be
1/5m high.

- A geotechnical engineer would be required to inspect the batters regularly. As a guide, this inspection must be
conducted weekly, while a competent person representing the contractor should do daily checks.

- No work must be conducted close to the toe of the batters during rain and 24 hours after. The batters must be re-
inspected by a geotechnical engineer following rainfall (about 20mm of rain, or enough rain that the batter faces
become wet).

- If deterioration or significant weathering of the batter face occurs, stabilisation/remediation of the batter must be
applied. A geotechnical engineer will confirm this recommendation.

New permanent unsupported cut and fill soil batters should be formed at no steeper than 2(H): 1(V). All soil cut and fill
surfaces should be protected against erosion by placing topsoiling, grassing, or other suitable means. Structural retaining
walls should support steeper permanent cuts. Permanent batters should be inspected during excavation by an experienced
geotechnical engineer to confirm stability. It is possible that the demolition work could damage the existing retaining walls,
compromising their functionality. A structural engineer should assess the condition of the walls after demolition and
recommend any necessary stabilisation treatments.

To reduce the risk of future slope instability, all surface slopes around the development must be protected to prevent
erosion using new vegetation or erosion control mats, and regular maintenance and inspections will be required to ensure
ongoing stability.

The new slope will comprise the existing retaining walls, requiring further stabilisation. The existing retaining walls should

be updated; it is recommended that:
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RW1 to RW3 (currently support Sonnblick Lodge)

e During the current investigation, only a part of RW3 was inspected, while RW2 was not inspected due to the
limited access. After the lodge demolition, a geotechnical engineer should also inspect the retaining walls and
backfill material to estimate the sufficiency of the existing drainage. This can be done by drilling push-tube
boreholes or DCP testing on the ground behind the retaining walls. A sub-surface horizontal drainage at the base
of the existing retaining walls may need to be installed during this inspection.

e Areas in front of the existing retaining walls must be fully stripped of all silty topsoil and any uncontrolled fill. A
stripping depth of up to ~0.5m/1.4m may be required. Stripped foundations should be proof-rolled by a vibratory
pad-foot roller of not less than 9-tonne static mass to check for any weak or wet areas requiring replacement. No
fill should be placed until a geotechnical engineer has confirmed the suitability of the foundation. A structural
engineer should assess the condition of the walls after demolition and recommend any necessary stabilisation
treatments.

e Caged gabion walls or Rock buttress should be placed before the existing walls and battered back not less than
1V:1H. Buttress fills are normally constructed of blasted quarry rock, boulders, and cobbles, as well as recycled
concrete, which are relatively free draining. The rock fill should comprise 100mm to 500mm particle size. The
rockfill should be placed to allow a drainage pipe to divert the water from behind retaining walls. A swale/ jute mat
drain should be installed at the toe of the retaining wall to direct the stormwater away from the new slope into the
Thredbo stormwater system.

e All cut and fill surfaces should be stabilised using a fabric such as Terramat or another suitable fabric approved
by the geotechnical engineer. Vegetation can then be established on the slope to protect against scour and
erosion.

RW4 (Supports Bobuck Lane)

e Install sub-surface horizontal drainage at the base of RW4 (which supports Bobuck Lane). The drainpipe should
be ~100mm in diameter and extend to 5m long (under the Bobuck Lane embankment). During the drainage
installation, the existing services along Bobuck Lane should be located and avoided. The swale drain should be
installed at the toe of the retaining wall to direct the stormwater away from the new slope into the Thredbo
stormwater system.

e There are two options for the stabilisation of the upper faces. Option 1 includes shortcrete the upper faces, while
Option 2 may include caged gabion walls installed in front of the existing RW4 up to the level of Bobuck Lane.

Any permanent unsupported cut and fill soil batters should be formed at no steeper than 2(H): 1(V). Structural retaining
walls should support steeper permanent cuts. An experienced geotechnical engineer should inspect permanent batters
during excavation to confirm stability. To reduce the risk of future slope instability, all surface slopes around the
development must be protected to prevent erosion using new vegetation or erosion control mats, and regular maintenance
and inspections will be required to ensure ongoing stability.
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6.4 EARTHQUAKE SITE FACTOR

Table 2.3 of AS1170.4 “Minimum Design Loads on Structures - Part 4: Earthquake Loads” (Reference 14) lists the
earthquake acceleration coefficients for major centres to be considered in structural design. The Thredbo area has an

acceleration coefficient of 0.08.

Section 4 of AS1170.4 summarises the Site Soil Class, which depends on the subsurface conditions at the site in question.
A Site Soil Class of Ce is applicable for this development.

6.5 DRAINAGE

Permanent groundwater is not expected within the proposed 10m deep excavation; however, temporary, perched
groundwater seepages will be encountered within the proposed excavation depths following rainfall. Therefore, suitable

subsoil horizontal drains must be installed, including behind all retaining walls (if they do not already exist). Surface

drainage should also ensure rainfall run-off or other surface water cannot be ponded against buildings or pavements.

Following rainfall, overland flow from uphill could also be an issue, so a swale/bund drain should be installed in front of the
retaining walls and included in the civil drawings.

6.6 HOLD POINTS FOR GEOTECHNICAL INSPECTIONS

During lodge demolition, a suitably qualified geotechnical engineer must inspect retaining walls remaining on site and sign
Form 3 to check that these design recommendations and slope stability mitigation measures have been correctly
constructed. The following is a list of hold points that require geotechnical inspection and sign-off:

1)

Review all structural and civil design drawings before the start of demolition and slope updates construction to
check that our geotechnical design recommendations and slope stability mitigation measures have been
interpreted correctly and incorporated into the design. A suitably qualified geotechnical engineer must sign Form
2.

Inspect all the foundation material to ensure it is suitable for the rock buttressing placement. A suitably qualified
geotechnical engineer must sign Form 3.

Inspect all temporary and permanent cut and fill batters to check stability and advise on remediation/treatment
measures.

Inspection and certification of all controlled fill construction (where it is specified to be controlled fill in accordance
with AS3798).

Inspect all surface and subsurface drainage measures to ensure that they are adequate and advise on additional
measures if necessary.

Fortify Geotech Pty Ltd
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Proposed Demolition Site

FIGURE 1: SITE LOCALITY
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FIGURE 2: AERIAL PHOTOGRAPH & BOREHOLES LOCATIONS 0OB/C14191
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Proposed Development

Lot 802

FIGURE 3: SITE GEOLOGY
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FIGURE 4: COUNTOUR MAP WITH SITE LOCATION
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FIGURE 5: SKETCH OF THE PROPOSED STABILISATION MEASURES AFTER DEMOLITION
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FIGURE 6: RESULTS OF GEOTECHNICAL MONITORING ALONG ALPINE WAY — LM209 AND LM210
(REFERENCE 7)
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FIGURE 7: RESULTS OF GEOTECHNCAL MONITORING ALONG ALPINE WAY — LM762
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FIGURE 8: RAINFALL DATA FROM TWO BOM STATIONS 0OB/12365
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BOREHOLE/EXCAVATION LOG THREDBO.GPJ ACT GEO.GDT 17/4/23

Borehole No. BH 1
Borehole Log
Sheet
10of 1
. Job No.
CLIENT: Kosciuszko Thredbo Pty Ltd C14191
PROJECT PROPOSED DEMOLITION AND REDEVELOPMENT - SONNBL ICK4FOBGE -10 BOBUCI
10 BOBUCK LANE, THREDBO, NSW oo Lowel « Nt Knou
. Angle From Vertical : 0°
Equipment Type : Pushtube S
Hole Diameter : 50mm Bearing : N.A.
>
: ‘g [9)
8 2l £ |2, 9@ Material Description, Structure s ¢z Field .
=% £ =4 52| O ) ) B ) » BsR2 Test Geological
£ k4 [} cS| o» Soil Type: Plasticity or Particle Characteristics, ‘% © < s €es| Profile
8 O o 15 5 Colour, Secondary and Minor Components, S xao Results
Metres Moisture, Structure 8
CL Sandy Silty CLAY; fine to coarse sand, low plasticity, some fine angular gravel, SOFT FILL
pale brown, some brick/ceramic pipes fragments, moist.
0.2
SM Silty SAND with clay; fine to coarse sand, low platicity, dark grey, black, moist. LOOSE TOPSOIL
-4 1SC-SM| silty Clayey SAND; fine to coarse sand, low plasticity, brown. grey, some fine to LOOSE COLLUVIAL SOIL
4 moderate angular granite gravel, moist. TO
MEDIUM
DENSITY ]
1.0 ]
1.5
BOREHOLE TERMINATED AT 1.5m
2.0
Logged By : OB Date : 6/4/22 Checked By : JM Date : 30/4/22
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YERSION

COFBORE

§:28 49

6/ 2/88

{¢) Copyrignt Caliey Partners International Pty. Ltd. 1989

UCH 003 632 019 E@ FE borenale no
S0BH2
engineering 109 - S
g lh i g VOLLT4 g 1 ol
DOPE O e office job no; 51080344
client: LANE & LANE hole commenced:  16/12/98
pringipal. KOSCIUSKG THREDBO #1Y LID nole conpleted:  16/12/98
groject: THREDSD ALPIME VILLAGE - SONWBLICK LUDGE togged by: GAH /
porenale location: REFER 10 FIGURE checked by A
dr11) node} ang mounting:  HAND AUGER slope: -99 DEG R.L.Surface: 1393.0n
nele dageier: 100mn bearing. gatum KK0
=2 \.é‘; LI
o =] . Prus &
g o |2 naterial es | B2 |EE% structure ang
o - hrns 5 o H b H
Bl S l&s seples. | . S0 ia | =B sorl typeplastinity o particle characlersties | BF | 23 g additional observations
=4 g gl 2 | estsele = 8a & G coloyr, secondary and minor coaponents Eg §§ kPa
1234 1363 i £g83
= = SH FILL Silty SARD: fine to mediun grained, some o/ FILL
coarse gralned, brown {0 dark-Drown, SORe gravel, iy
fine grained, some cobbles to {50ma.
R
32 & TORSOIL Clavey ST1TY WD R AT et v SR B R R -
L: Clayey S:ity SAND: fine to medua graned, TOPSOIL
. .. some coarse grajned, dark-brown, SoRe gravel fie J | Tl ]emeem e e e
K |'gramed, trace roct fibres. L ___. ’
STLTY SAND: Tine Lo coarse grained. brown, trace te COLLUYIUK
sone clay of low plasticity. some cobbles to approx.
800,
L1331
1 Barehole SOBH2  Terminated at  2.30 @
b due to limit of reach of auger.
1390 3
1383 & ]
1388 5
11387 6 ]
L 1386 7
8RR
HETHOD SUPPORT SAMPLES, TESTS, EIC CLASSIFICATION CONGISTENCY /OENSITY THDEX
A5 auger scresangx | Hilono support M eud ¢ undisturbed sanple (am) SYMBOLS AND SOIL iS5 very soft
40 auger grillingt | C - casing 0 thstucbed sanple DESCRIPTION 5 soflL
a1 rolier/tricone PiiHE%ﬂhfIGN 85 bulk seaple based on umiied 3 fira
L rashoore \Ltje resistance | £ Envconnental saeple classification systes St staff
Cr canle toot ranging Lo % stangard penetration tesi Y5t very stiff
KA nang auger ery slow progress | ux  SPT + saeple recovered HOISTURE H nard
ot dratude HATER Ne  SPT with solig cone 0 ey Fiy triable
gt shown by suffi ¥ oot measured O none observed | yg  yane shear " eoist L very loose
8 blank bit o veter level # pressurereter » oy L Joose
v Yot = 0P dynanic penetroneter H tie tio H regiun dense
i 1T ot ] waler outiloy W5 watee sample b ?zzléc}i;?? 0 dense
gg M1 - water wflox P piezoseter 0 very dense




187-2%

Coliey Partners [aternationa) Pty. Lid.

*ACH 001 632 019 E@ FE borensle no:
S0BH1
engineering log - N
DDPehO]e sheel 1 ol |
office job no:  S10803/4
client: LARE § LANE hole commenced.  §6/42/98
principal KOSCIUSKO THREDOO PIY L1D hole corpieted:  16/12/98
praject: THREDBG ALPINE VILLAGE - SOMNBLICK LOOGE logged by: GA
porehate Jocaton REFER 10 FIGURE 1 checked by
drit) moded ang mounting: HARD AUGER slape: -90 OE6 R.L.Surface: ij3’9‘?.5a
nale ¢iaceter 100mn bearing: datun: M0
s sEless
_| 2 e | 2 naterial ps | B2 |E2E structure and
= -t - Ulamme = bt d & ! 3
El S |g|g|#™es | sgle | =8 so1) Lype:plasticaty or particle characteristics | B2 | ZZ f 8 additions] observations
R S| B |testsetc = SE|E | 25 calour, secondary and myngr CORponents €5 §§ kFa
= 1234 & | © S85%
=| = =1 g SH FILL Sitty SAND: fine to nedium grained, brown-dark 7 FILL
& 1 brown, Seme gravel, fine grained, some cobbies to b -
= 80mn and some [ine rools throughout, plastic i
11392 sheeting noted 8 0.45m depth. it
% 85 - 3 -
=3 - SH TOPSGIL; Silty SAND: fine to coarse grained, 4ar TOPSOIL .
brown, some gravel, fine grained, trace of fine
y 7 £pots. |
IR ¢ N | N | R S I e ittt e U B R B N A B N eI T e dh s
1381 /o) S0 ] CLAYEY SILTY SAD: Fine to coarse geained. brown, COLLUYIUH
clay is of low plasticity, some grave), fine
4 graines, & @ trace of coblles to i00mn. i
2 Borehole SOBHY  Terminated at 1,60 n ]
. due to refusal on cobbles. |
| 1390 y 7
S 3 —
Y R 4
o
1389 I J
8 | A
o 4 _| -
11388 - i
5 -
1387 h -
§ -
11386 h R
@ 7 -
K
= L85 T )
> A -
=
E 5 |
E| METHOD SUPPORT SAMPLES, TYESTS, ETC CLASSIFICATION CONSISTENCY/DENSITY INDEX
s| 88 auger screwings | Nil no support ¥ mud U undisturbed sanple [nm} SYMBOLS AND SOIL Vs very soft
=1 a0 suger drillgt | € casing 0 disturbed sanple OESCRIPTION 5 spit
el & roller/tricone PﬁNETERATxl(}NA Bs  bulk sampie pased on unified F firn
= washibre ! ittle resistance | £ envirgonental sample tlassification systen 5t st .
Ed B table tool ranging o N standarg penetration test: vSt very staf
g nand auger ery slow orogress | jx ST + sample recovered MOISTURE H nard
S| 01 diatute HATER No  SPT with solid cone 0 dry o friaule
<1 ot shown by suflix ¥ oot ceasures O aone 0BSEFVEd |y yane shear M a0ist ! very loose
5 8 plank 01t o vater level P4 pressureseter i et L louse
glov ¥out = 0P cynamic penelrometer ™ plastic himt D nediun dense
& 1 1 o g  wter outflox ¥ ater sample " liquid hmst 0 dense
Sl oeg it B~  ater inflox PI  pieoseler v0 very dense
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VERSION

COFBORE

Cotley Partaers Internalional Pty. Lid.
ACH 003 892 012

ol

AN
VL7474

F ‘f/ borehole ao

K182

engineering log -
Dogehole 40

sheet  { of i

i81-230

9 M

6/ 2/98

{¢} Copyrignt Cofiey Partners International Piy. Ltd. 1988

office job no:  S10803/4
chent: LANE £ LANE nole commenced:  16/12/98
principal KOSCI1USKO THREDBD PTY LD nole completed:  16/12/%
project: THAEORO APINE YILLAGE ~ SONKBLICK LODGE jogged by GAH
porehole location: REFEA 10 FIGURE ¢ checked by:
dr11} node} ang mounting: GEKCO - TRATLER HOUNTED slope: -90 0EG R.L.Surface: 1398.7a
hoie dianeter 10000 bearing: datun AHD
= \.é L
g o | 2 naterial vs | 25253 stpucture and
b= =2 e — Gl 3= Py 3t 3
Bl £ Blg o™ |, £8|g |28 so1] type plasticity or particle caaracterisies | BE | 22 g additional observations
2] g 1 ftestaete 2 88|85 | 85 colour, Secondary and minpr components 88 | =8 kP
1234 & | T 8389
= =1 v v TONCAFIE- Concrere slab 2%mmthack o ool ofeo.d
1 SH FILL: Silty SAND: fine to coarse grained, brown, ¥ L FILL E
3 trace af gravel, [ine grained, ]
- " CLRVEY STUTY S0 Tane Lo coarse graned, brown, B AT :
= ciay is of low plasticity, some gravel. fing to
nediye grained, J
.2 ¢ 4
B4 3g ]
STV MG Tine 10 coarse grawned, urown, soRe | . TRSMAS T T
geavel, fine grained, H .
1 177770 GRARODIGATTE e to coarse graned, brown, & LGt | [ TECBRNOGESTE T T T T T ]
1395 Ty + orown, extrenely weathered, extrenely low streagth. -
+
44 R
3.4, T
2 .4 3 g 7
= g 4t +
4+ s
1398 1F 4
4t &
4 ,_J‘ +
by
T+
+
-l ;, +
[ 1384 .
R Borehole KIB2Y  Yerminated 3t  4.60 =
5 Standpipe installed to 4.4a depth
nottes 3n slotied, sealed over
i 0.2-4. 40,
1393 h
B
1382
7
11381
R
METHOD SUPPORT SAMPLES, TESIS, ETC CLASSIFICATION CONSISTENCY/DENSITY INDEX
A4S auger screwingx | Mil no supperl M mud U ungisturbed sample (nm} SYMBOLS AND SDIL v5 very soft
A0 avger drilhagh | € casing D disturged saaple DESCRIPTION 5 s0it
i raller/tracone P%NEERA%IDN{} Bs  bulk sample pased on um f1ed £ firn
i washbore WLle resystance | £ envirannental sample classificalion systen St stylf
i cable too} ranging Lo % standard penetration test: Y5t very stiff
HA hang auger ery Slow orogress | jx SPT + sample recevered HOISTURE H nard
il diatube WATER =~ B SPT with soiud cone 9 dry Fo friehle
Xbit snows by suftix ¥ oot neasured O none OBSETVEd | ys  vane shear " aoist v very logse
8 plank 01t o eter deved P4 pressurenster W el L laose
v Yot ey 0P dynamic peneiromeler W slastic lieit 2] nedium gense
i 1 bt g e outiloy U5 waler sample " hauid hait 0 dense
e g A0 B>~ weter nfloy 7 piezoseter V0 very dense
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BOREHOLE C7763X1.GPJ COFFEY.GDT

Form GEQ 5.3 [ssua 3 Rev.2

- Borehole No. BH1
' o " Sheet 1 of 1
Engineering Log - Borehole Office Job No.:  CT763/1
Client: ALPINE DEVELOPMENTS PTY LTD Date started: 4.8.2004
Principal: Date completed: 4.8.2004
Project: REDEVELOPMENT OF LEITELINNA LODGE Logged by: SF
Borehole Location; THREDBO VILLAGE, NSW Checked by: §
drill model and mounting: SCOUT FRAME Easting: slope: -90° R.L. Surface: ESL
hole diameter: 90 mm Northing bearing: datum:
drilling information material substance
g c % g
i s ::l t?:s g |= material c a3 23858 structure and
31 2 lgl | e | 85 2512588t additional observations
5 o , £ 1E9 2B | o8
Z| & § 2 depth & & € soll type: plasticity or paricie characteristics, %’g g g| kPa
Elqga]|0| = RL imetres] © | © @ colour, secondary and minor components. Ec | oo |8888
= C FILL: CLAYEY SAND: fine to coarse grained, M FILL
- grey-brown and mottled orange-brown, low plasticity -
. clay, some fine grained gravel N
CLAYEY SAND: fine (o coarse grained, grey-brown, | DIM | L [COLLOVIUM — — — — T T 7]
low plasticity clay, some fine grained gravel —
SPT 7
1,23 . N
i:s A R S n
BN CLAYEY SAND: fine to coarse grained, grey, low MD
- s plasticity clay, some fine grained grave! —
-1 | SM [SILTY SAND: ine to coarce grained, brown and D | EXTREMELY WEATHERED
+ motlied grey, low liquid lim silt, some fine grained GRANODIORITE
T+ gravel .
? -+ + -
[ +
2 SPT -1 4 -
8 34,6 3 +
=10 - —
g 1+ * -
= A+ .
+
4, .
4t -
-+
.4_-.- + —
st + —
SPT +
79,11 a . F -]
N*=20 d7 -
+
J + -
5 +
24 . —
i + ey
+
-t + o
- + -
-+
SPT -+ -
7,7,10 6 +
N*=17 -+ -
7] Borehole BH1 terminated at 6.15m T
7] -
8
method support notes, samples, tests classification symbeols and consistencyldensity Index
AS auger screwing® M mud N nil Ue undisturbed sample 50mm diameter soll description Vs very soft
AD auger drlling* C casing Ug undisturbed sample 63mm diameter based on unified classification S soft
RR rollesfiricone penelration D disturbed sample systemn F firm
w washbore N standard penetration test (SPT) St stiff
cT cable tool N* SPT - sample recavered moisture VSt very stiff
HA hand auger Ne SPTwith salid cone D dry H hard
oT diatube Vv vane shear (kPa) M moist Fb friable
B biank bit l 10/1/98 water level P pressuremeter W wet VL very foose
v V bit == on date shown 8s butk sample Wp  plaslic fimit L ioose
T TC bit E environmental sample W, liquid fimit MD rmedium dense
*bit shown by suffix B— waterinfiow R refusal D dense
e.g. ADT ~g wvaler outflow \%) very dense
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Form GEOQ 5.3 Issus 3 Rev.2

Coffey Geosciences Piy Ltd acno0ss 335516

Borehole No. BH2
] ° Sheet 1 of 1
Engineering Log - Borehole Offce Job No:  CT763/1
Client: ALPINE DEVELOPMENTS PTY LTD Date started: 5.8.2004
Principal: Date completed:  5.8.2004
Project: REDEVELOPMENT OF LEITELINNA LODGE Logged by: SF
Borehole Location: THREDBO VILLAGE, NSW Checkedby: ~ Z#
dnill model and mounting: SCOUT FRAME Easting: slope: -90° R.L. Surface: ESL
hole diameter: 90 mm Northing bearing: datum:
drilling information material substance
c ]
o c ~xl.0
= notes <] . I I T
% samples, gis material e §§ %‘8 g 2 . §tru;:iure and
B § |E| g tessex 2123 32| gz | 24E|  addiionalcbeervations
5[ = § 2 depth] & i € soil type: plasticity or particle characteristics, 28 g g | kpa
Eli23|0| 3 RL Imetres] © | T colour, secondary and minor components. E8| 8% {gggs
= C FILL: SILTY SAND: fine to coarse grained, D FILL
~ grey-t:mwn. low liquid limit sit, trace of fine grained -
Vel o e e CoOLUViuM T T T T T
1 CLAYEY SANE: fine to cof_%rse grained, dark brown, oM COLLUVIUM
. low plasficity clay, trace of fine grained gravel __ _ _ 1 —— | [ | | leossm rme e o o e o o e o]
+ SM Fsitty SAC!\%: ﬁr¥é‘ to coarse grained, brown and D EXTREMELY WEATHERED
1o+ pale yellow-brown, low liquid imit sit, some fine GRANODIORITE -
kI gralned gravel —]
+
- .
o + .
SPT +
48,11 T Ot -1
=19 4+ -
+
- 20, |
+
£, -
-4+ o
+
-4 B
= | SPT 4+ i
@ 10.R 3 + SPT refusal after 4 blows per
S R_N=R i+ 40mm -
2 a4 .
C +
2 1.7 §
+
=z = -
-4+ .
4 +
. ]
a4+ —
+
4 _
~t + B
+
~4 —f
5 +
24, —
£+ —
+
4. 3
4+ -
-+
. .
6F + -
+
-+ o+ -~
+
47, _
4 + n
- Borehole BH2 terminated at 6.7m _
7 —
8
method support notes, samples, tests classification symbols and consistency/density index
AS auger screwing® M mud N nil U undisturbed sample 50mm diameter soll description Vs very soft
AD auger drilling* C casing Ug undislurbed sample 63mm diameter based on unified classification S soft
RR roller/tricone penetration D disturbed sample system F firm
w washbore N standard penetration test (SPT) St stiff
CcT cable too! N* SPT - sample recovered moisture VSt very sliff
HA hand auger N¢ SPT with solid cone D dry H hard
DT diatube water v vane shear (kPa) M moist Fo friable
8 blank bit v 1071/98 water level P pressuremeter W et VL very loose
v V bit == on date shown Bs bulk sample Wp  plastic limit L loose
T TC bit E environmental sample W, liquid fimit MD medium dense
“bit shown by suffix B waterinfiow R refusal s) dense
e.g. ADT —<@ water outilow VD very dense
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Borehole No. BH23
Engineering Log - Borehole Ofeadob o CT763/1
Client: ALPINE DEVELOPMENTS PTY LTD Date started:  5.8.2004
Principal: V Date completed:  5.8.2004
Project: REDEVELOPMENT OF LEITELINNA LODGE Logged by: SF
Borehole Location: THREDBO VILLAGE, NSW Checked by: 2

BOREHOLE C7763X1.GPJ COFFEY.GDT 17.09.04

Form GEO 5.3 Issue 3 Rev.2

drill modef and mounting: HAND AUGER Easting: slope: -90° R.L. Surface: ESL
hole diameter: 90 mm Northing bearing: datum:
drilling information material substance
= 2
S = 3 -
= notes . 5] £
£ samples g "é material o gg £ 2% structure and
2 ' o | L= 251 27{383 additional observations
k- o Y depti § SE soil type: plasticity or particle characteristics, S| E5 kPa
Eli23|| 3 RL jmees © | T @ colour, secondary and minor components. E8| 35 |gggs
% N g FILL: SILTY SAND: fine to coarse grained, dark M FitL
2 - brown-grey, low liquid imit sitt, some fine to medium -
o | grained gravel |
o
§ o some granodiorite cobbles -
. FILL: CLAYEY SAND: fine 10 coarse grained, grey, N
f low plasticity clay, some fine grained grave
Auger refusal on granodiorite cobble/boulder. Three
- holes attempted within 2m diameter with simiair ~
_ conditions encountered. _
Borehole BH3 terminated at 0.9m
2 —
KR -
— -t
4. ]
5 | —
g —
YA —
8
method support notes, samples, tests classification symbols and consistencyldensity index
AS auger screwing® M mud N nif Usg, undisturbed sample 50mm di soil de ption V8§ very soft
AD auger drifing® C casing Uy undisturbed sample 63mm diameter based on unified classification s soft
RR roller/ - D disturbed sample system F firm
w washbore N standard penetration tes! (SPT) St stiff
CcT cable too! N* SPT - sample recovered moisture VSt very stifi
HA hand auger Ne SPT with solid cone D dry H hard
DT diatube water v vane shear (kPa) M moist Fb friable
B blank bit i 10/1/98 water jevel P pressurerneter W owet VL very loose
v Vbit == on dals shown Bs bulk sample Wp  plastic limit L loose
T TC bit E environmental sample W, liquid fimit MD medium dense
*bit shown by suffix B water inflow R refusal o dense
e.g. ADT —<§ water outflow VD very dense




. ) Sheet1 of 1
Non-cored Hole BOREHOLE BH02
URSAustraﬂa Pyl - Phone 02 8925 5500 Projec{ Hilislope Feature
Level.3 116 Miller St Nth Sydnsy NSW 2080 Fax 02 8925 5555 | Reference: Geotechnical Client: NPWS
| Investigations ) .
Drilling Contracter  Mukli illi . , -|Location:  Thredbo Village
nllu-fg 0l or ulligan Drf!ltng Project No.: 33871-023 ‘
Logged By: AH Bore Size! mm Pelatwetevel mRL . Drill Type:  Solid stem auger
Checked By:. RJ Total Depth: .4.40 m Coordinates: 595938200 N BeliModa GEMCOVZ'IOD
: : . el:
Date Starfed:  24.11-03 i Casing Slze: mm 617138.00 mE " .
kDatevFinlshed: " .25419-03 A S [ Pemit No: Drilj Fluid: )
d : 5
7|5 = | 21
w & : Q . 5obaz
1 4C ; 10 = 19
e STl SAMPLING | GROUND =2 IR WZ z 82
Iml = 15 85 AND OTHER| ' WATER | ¢ | % DESCRIPTION OF STRATA %8 152 oo
18| £ |82 | 52| TESTING |DATAAND) F | & FSl | ol 2.
=S|z |gB | 28] COMMENTS| W | & | 52| Q| 22192
2135 [mE &3 o B Q| @ | Qmjfu |
B E |Zw|am ) ] 20| 3 | 04|00
B : O EEem Asohar 50 MK
¥ r -1.-"4 Silty Sand with some gravel; fine to coarse grained, brownto. |- D L
3 L orange/brown, with rounded river pebbles, granite gravelfo
n 30 mm, trace wood fragments .
- w
- -] Siity Sand: fine to coarse grained, brown to orange/ﬁrovm.
— with-trace granite gravel, some mica fiakes - DM MD
- N &J -
L. :) A'
- 12
F . 1 @
. . i,
mw il N=16 |SPT@ 1.5 m @
- . (5.,8,8) o
' '-.f', - ’ o o + Gramtosd extremelybwstrengm extemelyweaﬂ'sered ’ ~§/M- A EEEYGIR
A f Y . - | 1| brown, dark yellow/brown, white, fine to coarse grained, . 1 .1 :
- o L2 & : abundant mxca,ﬂakes pooriy developed to massive fabric
_ S |
A I
I N .
-  mad + ] - ) .
! | -t .
- + 1 1%
- L R =N
L —++ E
. . L ] B
. N R - m  F O
N=51 ISPT-@ 3.0 m’ — 3 + =z,
{(19,30.21) - X R
. B -+ . é
- + 1. R I
i SR e B T -
: i |+ 4 .As above 1 becoming quite hard M : VD '
-k | ~ 'f-
] . ;‘ | + 4
F ) =4 [ F
sl 1t 1
g b+
of - +
NS " R '
of -1 | rT . .
. S iR ) End of Augered Borehole @ 4.4 m
St L
—-f .
R . L
ol
[«] S L
Jal A
Y -
N1
= E
X -
St
¢ :
ol
Yol
of -
brry N
=
. J




Sheet 1 of 4 )

Cored Borehole BOREHOLE BH02
TURS Australla Pty Lid Phone 028925 5500 | Project  Hillslope Feature
Lavel 3 116 Miller St Nih Sydney NSW 2050 Fax 028925 5555 Reference Geotechnical Client: NPWS
’ Investigations . -
1. ) . - ' Location:  Thredbo Village -
N Drilling Contraclor:  Multigan Drifling | Project No. 33871-023 g
-} Logged By: AH Bore Size: © ram Rlalaﬂve Level: mRL Drilt Type:  NMLC
" YChecked By:  RJ Totai Depth: 23.67 m Coordinates: 595938200 mN ! :
. Casing Size; mm . R Drill Model: GEMCO 210D
Date Started:  24-11-03 Boréhole Inclination and 617138.00 mE -
Dafte Finished:  25-11-03 Bearing: Permit No: | il Fluid: - Water b
A
. ) o 0 :;&_: o . . . =1
' o | & < [B2 | £ : . = o, . st
o z | B - & |Wo| £ | DEFECTDESCRIPTION | o DESCRIPTION OF STRATA 1851
e} = FT-: . - Lun.g n} I ’ Pt
E = a 5 ) g QunE] A % '30
. oo . ) [77]
3| + T lLeads | il
= @ s sew BLEEEE - oQ
ca T 'Co;'\tmues from non-cored borehote (see sepaxate
Al . B log
“faas]
L + 4. Gvanitord hlgh to very hqgh strengih mederately
-JIN'85° Ir R.. L weathered; orangefbrown, white, ‘grey, fine to coarse
NJUN 65-70° Ir R 4 _grained, 'poor{y developed fabric, gbundant mica
JN:70-75° I R & ' . . . R
\jg 2[5)’230 :; ; : 4] Becoming slightly weathered, grey, blue/grey
~JN 40° Pl-Ir SriR’ Lo+ ‘ : )
~JN 40°PI-Ct Sr-R |
NN 40° PI-Cu Sr-R ++
~JN 50:80° Pl-Cu Sr° -
. “+ 4
S ol I
b + o -
—IN 70-80° PI-Ir Sr-R I Becoming very low to extremety fow strength rock
. : + orange/brown, abundant mica ~ -
o No Core.230 mm
: R Gramtozd e;dremeylow sﬁength extreme!y
S ~weathe:ed orange!brown .
a1 . S
) No Core 2.28m, g .
. 3] n:
. . 8-
a8
O .
g E
2 1-G
. é .
|5
. 8F
& |
. 97:' . . '»
-G I 17 Granitoid: extremely low strength, extremely
2 Lo weathered, becoming medium strength,-highly -
3. i weathered, brown, yellowlbrown, white, fine to,
o 8854 +_‘ b coarseg:amed abundant mica flakes . '
o R J . . e
é
§4
£
. % B
Q
OI .
=t
zZ
Ny
&

£




Sheet 2 of 4 Y

_ SYDNEY_GORE. TVROCKGPJ URS1.GDT 19-12.03

Cored Borehole BOREHOLE BH02
URS Ausiralla Pty Ltd Phone 02 8925 5500 |  Project Project . : X PPN
| Level 3 116 Miller StNih Sydney NSW 2080 | - Fax 028925 5555 No.  958(1-023 | Reference: Hillslope Feature Geotectinical Invest:gatxonsj
4 K -
I .
{ o = . T Q
, 121 8| 2152 Bl oomerocormmion | 23|
o | 2 |2 ¥ | € |88 § | DEFECTDESCRIPTION | O DESCRIPTION OF STRATA S
o . E |z = g |WEE| o z » _ s
HE R P : o2
o 3 F {223 | B e ; 192
RS 2 |dlulcl5|ape BIS0EE 9 © 1081
No Core 1:03 m
B éranito:d extremely jow sirengih becomaﬁg medxun;
Jros L ‘to high strength, extremely-to highly-weathered, 1
- - — Orange/brown, dark yellow/bmwn, white, black. ﬁne
{6 coarse grained /—
No Core280mm E ’
—IN 60° Pl-ir Sr + - iGramtoxd very low strength rock becommg hlgh
. Lo strength, highly weathered, dark yel Gw/brawn, .
‘~._J‘N 50‘90 I Sr-R 4| whitelGreyiblack mottled, medium to coarse grained - -
: B L+ )
‘-—JN_ 15-20° Pl -'lr Sr J
) —JN 75-80° P Sr - : :
11.08 - 1 . -+
~JN 55° Pl-Cu Sr-§ ]
I R
No Core.700 mm
245 dN 4045° I RS CTF ’Gramto;d mgh o very Figh sirength, moderately e
aa— k-JN-40° Pl-Ir Sr ) . - '+ weathered, oxange/brown blue/grey, white, black B
NN 85—90“ PI Ir Sr . e ‘coarse gramed massuve : ‘o
B - ! 1 . . o
LN 045° I Sr-$ -k 2.
27 iJN‘: aoPes + 4 -Becoming medium to high strength 5 -
R SN B0 Ir R ) : : 5
‘ t;JN 3 IR . - : £
\JN 20° Pl-ir Sr T4+ 1 &
. NN 80-90° Ir Sr L+ =
S-dN 45T PSP L TR :
{—IN 50° Ph-lr-Sr-R L+
. ’ +
LN 50° Pi-ir =R . - '
1y ok St-R + 1. Becommg high to veryhlgh strength rock .
- —JN 307 Ir Sr-R S | | moderately fo slightly weathered, fo!iatedat4o°
* j13sy . E o .
T -+ Granitoid: very low to low strength,-moderatiey.to
L N -+ highly weathered, brown; orange/brown whrie
N aps fohated -at 40 to 50°
FINB80° Ir R + 4 .
"~JN 35-40° PI-Ir Sr L
—JN 45°IF Sr-R + B B
RoJN 20° Pi-Ir S 1. Granitoid: high st ‘ moderate
g Lo gh strength, highly to.moderately
NN 70° Pt Sr-8 | weathered, oranga/brown, grey, black, medrumtc
. + 1 coarse grained, foliated at 70° L
—JN 15° -PI»lr Sr 4
1 No Core 240 mm
e LN 45" PI S ' I __
T + | Graniteid: high strength, highly weathered,. brown,
L-JN 40° PI-1r Sr L - orange/brown, white, dark yellow/orown fine to
LN 40-60° If sr - + coarse gramed fohated at45
e S




Sheet3 of 4

Cored Borehcle BOREHOLE BH02
URS Australia Pty Ltd Phone 02 8925 5500 |. Project Project o L.
Level 3 116 Millsr St Nih Sydnsy NSW 2050 Fax 0289255556 | No: ~ oob71-023 Reference; Tillslope Feature Geotechnical Invesfigations )
A‘.f v.ﬁ
: = — o
gl g | £ o =) SR 155
a % E % B3 —_ % DEFECT DESCRIPTION o DESCRIPTION OF STRATA .(_C;E
o | E x| E |'g El & | T . oL
1F - a = %] . g < 'n o, 6;0
B3 F Q228 s g 2%
= X = il l:E | see Bdetsh 9. |0a
kR s 7 ININSCYBESr-5 + -
N © dN 60-85° Ir R | 4| Becoming medium to high strength
f—dN 70-80° Ir R iron sfained + 4. :
- + ‘
1
- ) No Core 160-mm
188 . . g .
N | [IN 85-70° Pl Sr F | As above * folated &t 557
e N 40° P S, -t '
\JN 45°.F1 Sr-8 + 4.
-+
LN 20-25° PI-ir St +
N 20°Pl-Ir Sr. I+
o L A+
—dJN.30° Pi-Cu Sr I +
—SH 35° Ir-Cu R RC (5mm) |+ 1
~SH 0¥ PI-Ir R'RC -~ -+
fSH 85° Ir R RC (30-60 mm) + +
IN25° PI Sr-S - - -
| o <+ 1+ Graniloid: mghioveryhlghstrength moderate!yto
] dN 20° PI Sr-8 thin ¢ veneer L |- slightly weathered, blue/grey, trace orange/brown
R —JN .20 Pi $ - | along defect boundaries, coarse grained, poorly
. + 1 deveioped fabric, becoming sﬁghﬂywea’thered
=+
s | 17.35.17.63 m 5 x IN"40-50° Pt | T ]
e ) -
. 4 o
L i}
++ ‘ B
: 18
i - e
. = . + e T ]
" L-IN 0-5° IF R (iron stamed) Lo | @
) —JdN 20° Pllr & - Ll § .
‘ : . —_.' + . ,’Z.“% )
“+- o
-
+
S _ -+
s N 700 Bi-ir Sr-R 4 '
~—JN 30° Pl-ir Sr-R -+ A Gramto!d vefy h(gh strength, shghtfyweaihe{ed
. . L. ‘blue/grey, grey, with trace orange/brown, fine to
. coarse grained, poorly developed fabric, shghtly
A+ ;fracmred ‘race firie grained xenoliths
1. B
A NI
—JN 80° ir Cu Sr- R ;
| R
“[-JN 25°.PI Sr-§ Iron stained - +~.' 1
B} ~19. 73-1983m3X.JN 80-65° PI-  +
Tl e sr R
§ L+
B -+
& s T L
e . + Quartz vein (10mm thick)
8f |- + 9
Bl |4 Lo
. E3 . I e As above + high 1o very high strength, with some
2B =—JN 75° P} Sr-S (122 mmlong) | quartz’ vesnsio 30 mm
S ) JN 85790" Ir Sr-R - +
O- . .
g o+
a + i
; g -+
-8
1%
CZ)
a¢. .
P S




s

Sheet4 of 4 )

CaredABorehQEe

'BOREHOLE BH02

URS-Australia Pty Ltd Phone 028925 5500 | Project : Projett gy . . .
 Level 3 116 Miller St Nih Sydney NSW 2060 Fax 02 8925 5555 | No.: 33871-023 Reference: -Hillsiope Featuré Geofechnical lnvestigationsj
- ‘ ™
. - .
= = 1o
olgl g | _le | E|. N scRPTIONOF STRATA |22
a g z i & @aA E DEFECT DESCRIPTION | o DESCRIPTION OF STRATA gg{
10, | = |- o |UEE| & . E ' ‘ | 0%
o == = w G |BO=| A 59
B3 F |8le=s “‘,wmgé g ol
1= = = lallc|8| sge Bigses 19a
: i B PR I JN 75°P§~lr'Sr . +
—SH 5° Ir R RC(10-15mm) [ +
A4 +.
- o+
[=21.43-21.55m 3x N 80-85° ¥ R | 4.
RC .iron staining : Lo . Lo
- Vertical quartz vein, vesicular in part, 300mm long
L4 . - .. : .
"IN 6065° Ir R + :
. N 45° Pl-Ir O T v v g
" + Granitoid: high o very high strength, slightly 15
) . : Lo weathered fo fresh, biue/grey, white, black, poorly =5
*2xJN 50-556° Pl-Ir Sr N developed:fabric (possible 90° foliation) 18
. o . ) . . . . N = .
: S | &
+- 9 -
-+ Z
| oy 51
- IN 20.25° P} S-S -t =]
—JN 70° Pl St +
~22.9-23.11m JN'B0° Pl-Ir St L+
N 35° PI-Gu §r-S {+ { Finegrained ;enp!lth ‘(9‘B'x.75 mm).
g S - o .
—JN .45° P| Sr-S +
J=JIN s0° Pt Sr-8 -+
=2 N

End of Cored Sorehole<@ 2367 m

SYDNEY_CORE TVROCK.GPJ URSA.GET 16-12-03

-




Appendix B

Site Plan & Cross-Section



617100 617150 617200 617250
i LEGEND

Investigation and Monitoring Instruments

1 . Investigation DCP tests (June 2024)
BH1® Investigation Boreholes(April 2023)

BH1 ® Other Boreholes (Before 2023)

:8//\%7"1' Landslidel
‘\“‘,“"‘l‘.,““ ae v

Site Memorial RV, % Geomorphological Mapping Symbols

\

\ & s
/%:\/m\’ 271 Slope Direction and Angle (Degrees)
— a p . J '

Q_Q Scarp

~ Irregular or Hummocky Ground

Boulders on Surface

AneekilSkillodge “\

)\ (V5))

: Shear Surface

Ddynam Lofige Landslide 1997

\
} Landslide 1997 (Debris Flow)

-

'
S

Other Symbols

Subsurface Drainage

Open drain, Lined

Lots Boundaries and Numbers

Proposed for Demolition Structure
Pure Chalet Thfedbo

Sonnblick Lodge

617100 617150 617200 617250



STRATIGRAPHY - A3 SIZE C14191.GPJ EXC.GDT 31/7/24

80 -70 -60 -50 -40 -?30 -20 -10 0 10 20 30
L South Interpretive Cross-Section A-A’ North| 1"
ou . .
% Ground surface (drafted based on survey and Lidar elevation data)
\ 4 ® . >
1,430) oy 1,430
= Lot 707
< < >
Lot 720
1,420 — = 1,420
- L n
. < Lot 80.2 >
o) Sonnblick Lodge
410 = to-be-demolished 1410
o -1
g % o
d ~
5 3 g o
© o] y— -
ks e} s o
W 400 o O) |
(o)) ()
2 ’ o
2 o
~ /\\ (@)
[ o
Level 2 ©
1,390 2.4 \@l1 390
4 A
Possible Backscarp anc . BH3 Coffey
rupture surface |
| ISOTP2 Coffey
1,380 Y | y P P
SCALE S <
[ ] £
Om 10m 20m swW
1,370 1,370
-80 -70 60 -50 -40 -30 -20 -10 _0- 10 20 30
Distance Along Baseline (metres)
LEGEND
LITHOLOGY GRAPHICS i
Groundwater I:I Unknown Weathering Degree

~———— Drainage pipes

“So___- Proposed Slope

Topsoil & Residual/Colluvial Soil

2225 Fill Embankment

E Gabion Retaining Wall

] nw

Granodiorite
Bedrock

[ xwexwhw

2 #wmweamw

Hazards locations
& Number (See report)

10 B

Sonnblick Lodge
obuck Lane, Thredbo

Project Number: C14191




Appendix C

AGS2007 Terminology and Risk Assessment Matrix
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Appendix D

Guidelines for Hillside Construction



PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007

APPENDIX G - SOME GUIDELINES FOR HILLSIDE CONSTRUCTION

GOOD ENGINEERING PRACTICE

POOR ENGINEERING PRACTICE

ADVICE

GEOTECHNICAL Obtain advice from a qualified, experienced geotechnical practitioner at early | Prepare detailed plan and start site works before
ASSESSMENT stage of planning and before site works. geotechnical advice.

PLANNING

SITE PLANNING Having obtained geotechnical advice, plan the development with the risk | Plan development without regard for the Risk.

arising from the identified hazards and consequences in mind.

DESIGN AND CONSTRUCTION

Use flexible structures which incorporate properly designed brickwork, timber
or steel frames, timber or panel cladding.

Floor plans which require extensive cutting and
filling.

HOUSE DESIGN Consider use of split levels. Movement intolerant structures.
Use decks for recreational areas where appropriate.
SITE CLEARING Retain natural vegetation wherever practicable. Indiscriminately clear the site.
ACCESS & Satisfy requirements below for cuts, fills, retaining walls and drainage. Excavate and fill for site access before
DRIVEWAYS Council specifications for grades may need to be modified. geotechnical advice.
Driveways and parking areas may need to be fully supported on piers.
EARTHWORKS Retain natural contours wherever possible. Indiscriminatory bulk earthworks.
Minimise depth. Large scale cuts and benching.
CuTs Support with engineered retaining walls or batter to appropriate slope. Unsupported cuts.
Provide drainage measures and erosion control. Ignore drainage requirements
Minimise height. Loose or poorly compacted fill, which if it fails,
Strip vegetation and topsoil and key into natural slopes prior to filling. may flow a considerable distance including
Use clean fill materials and compact to engineering standards. onto property below.
FILLS Batter to appropriate slope or support with engineered retaining wall. Block natural drainage lines.
Provide surface drainage and appropriate subsurface drainage. Fill over existing vegetation and topsoil.
Include stumps, trees, vegetation, topsoil,
boulders, building rubble etc in fill.
ROCK OUTCROPS Remove or stabilise boulders which may have unacceptable risk. Disturb or undercut detached blocks or
& BOULDERS Support rock faces where necessary. boulders.
Engineer design to resist applied soil and water forces. Construct a structurally inadequate wall such as
RETAINING Found on rock where practicable. sandstone flagging, brick or unreinforced
WALLS Provide subsurface drainage within wall backfill and surface drainage on slope | blockwork. )
above. Lack of subsurface drains and weepholes.
Construct wall as soon as possible after cut/fill operation.
Found within rock where practicable. Found on topsoil, loose fill, detached boulders
FOOTINGS Use_rows of piers or strip footings_oriemed up and down slope. or undercut cliffs.
Design for lateral creep pressures if necessary.
Backfill footing excavations to exclude ingress of surface water.
Engineer designed.
Support on piers to rock where practicable.
SWIMMING POOLS | Provide with under-drainage and gravity drain outlet where practicable.
Design for high soil pressures which may develop on uphill side whilst there
may be little or no lateral support on downhill side.
DRAINAGE
Provide at tops of cut and fill slopes. Discharge at top of fills and cuts.
Discharge to street drainage or natural water courses. Allow water to pond on bench areas.
SURFACE Provide general falls to prevent blockage by siltation and incorporate silt traps.
Line to minimise infiltration and make flexible where possible.
Special structures to dissipate energy at changes of slope and/or direction.
Provide filter around subsurface drain. Discharge roof runoff into absorption trenches.
SUBSURFACE Provide Qrain pehind ret?ining walls. )
Use flexible pipelines with access for maintenance.
Prevent inflow of surface water.
Usually requires pump-out or mains sewer systems; absorption trenches may | Discharge sullage directly onto and into slopes.
SEPTIC & . . o1 . . . .
SULLAGE be possible in some areas if rlsk_ is acceptable. Use abst_)rptl(_)n trenches without consideration
Storage tanks should be water-tight and adequately founded. of landslide risk.
EROSION Control erosion as this may lead to instability. Failure to observe earthworks and drainage
CONTROL & Revegetate cleared area. recommendations when landscaping.
LANDSCAPING
DRAWINGS AND SITE VISITS DURING CONSTRUCTION
DRAWINGS Building Application drawings should be viewed by geotechnical consultant
SITE VISITS Site Visits by consultant may be appropriate during construction/
INSPECTION AND MAINTENANCE BY OWNER
OWNER’S Clean drainage systems; repair broken joints in drains and leaks in supply
RESPONSIBILITY pipes.

Where structural distress is evident see advice.
If seepage observed, determine causes or seek advice on consequences.
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PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007

EXAMPLES OF GOOD HILLSIDE PRACTICE

Vegetation retained

Surface water interception drainage

Watertight, adequately sited and founded
rool waler storage lanks {with due regard for
impact of pot | leakage)

Flexible structure

Roof water piped off site or stored

COn-site detention tanks, watertight and
adequalely founded. Polenlial leakage
managed by sub-soil drains

MANTLE OF SOIL AND ROCK
FRAGMENTS (COLLUMIUM)

Vegelation relained
—Pier footings into rock

Subsoll drainage may be
required in slope

OFF STREET
PARKING

‘— Cutting and filling minimised in development

Sewage effluent pumped out or connected to sewer.
Tanks adequately founded and walertight. Polenlial
leakage managed by sub-soil drains

BEDROCK —— Engineered retaining walls with both surface and

S} subsurface drainage (constructed before dwelling) ¢) AGS (2006)

EXAMPLES OF POOR HILLSIDE PRACTICE

Unstabilised rock lopples
and travels downslope

Vegetation removed —

Discharges of roofwater scak Steep unsupported
away rather than conducted off cut fails
site or to secure starage for re-use

Structure unable to tolerate B

seltlernent and cracks I
Paorly compacted fill settles ’\( 3 '

unevenly and cracks pool

inadequate walling unable ; - S
to support fill —— 1 N -

Loose, saturated fill sides
and possibly flows downslope

Inadequately supported cut fails Roofwater introduced into slope

Saturated 1 ) e MANTLE OF SOIL &

slope fails | ROCK FRAGMENTS
i, (COLLUVIUM)——
Vegetation Dwelling not founded in bedrock
removed
BEOROCK
Mud flow

oCcurs

Absence of subsoil drainage within fill

e Ponded water enters slope and aclivates landslide
2 i €1 AGS (2006)

Possible travel downslope which impacts other development downhill See also AGS (2000) Appendix J

Australian Geomechanics Vol 42 No 1 March 2007
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a4
“!!‘—-’-; Planning & i i

E g : Geotechnical Policy
GOVERNMENT nvironmen Kosciuszko Alpine Resorts

Form 1 — Declaration and certification made by geotechnical engineer or
engineering geologist in a geotechnical report.

DA Number:

To be submitted with a development application

You can use Form 1 to verify that the author of a geotechnical report is a geotechnical engineer or
engineering geologist as defined by the Department of Planning & Environment (DP&E) Geotechnical
Policy. Alternatively, where a geotechnical report has been prepared by a professional person not
recognised by DP&E Geotechnical Policy, then Form 1 may be used as technical verification of the
geotechnical report if signed by a geotechnical engineer or engineering geologist as defined by the DP&E
Geotechnical Policy.

Please contact the Alpine Resorts Team in Jindabyne for further information - phone 02 6456 1733.
To complete this form, please place a cross in the appropriate boxes [_] and complete all sections.

1. Declaration made by geotechnical engineer or engineering geologist as part of a
geotechnical report

[,
Mr [3/ Ms[] Mrs[] Dr[] Other

First Name Family Name

TEREMY MUR LAY
OF

'Company/organisation

FolTIFY GEOTELH

on this the 2l sk day of Avgest 202¢

certify that | am a geotechnical engineer or engineering geologist as defined by the “Policy” and | (tick
appropriate box)

IE-I/prepared the geotechnical report referenced below in accordance with the AGS 2000 and DP&E
Geotechnical Policy — Kosciuszko Alpine Resorts.

lS!/am willing to technically verify that the Geotechnical Report referenced below has been prepared
in accordance the AGS 2000 and DP&E Geotechnical Policy — Kosciuszko Alpine Resorts.
2. Geotechnical Report Details
Report Title
Fm,ou/ D (14 '.( Sonnblicle L*djl - [0 Bobuey Len<, Thadls, mS1o - GWWN“( P'\"vf\yrf\m

'\ﬂ h“'\ﬂ Y\ l'l f ¢

i3\
Author Dated /ﬁm‘; "~

Porkly Geotd = Teremq Murcey ’ 7—‘/?/1024,* ]
DA Site Address
lo Bo‘uok Lﬂ\(, Theedbs

DA Applicant

Geotechnical Form 1 = Kosciuszko Alpine Resorts Page 1 of 2
Department of Planning & Environment Version: December 2015




| am aware that the Geotechnical Report | have either prepared or am technically verifying,
(referenced above) is to be submitted in support of a development application for the proposed
development site (referenced above), and it’s findings will be relied upon by the Consent Authority in
determining the development application.

3. Checklist of essential requirements to be contained in a geotechnical risk
assessment report to be submitted with a development application

The following checklist covers the minimum requirements to be addressed in a Geotechnical Risk
Management Report. This checklist is to accompany the report.

Please tick appropriate box

[ Risk assessment of all identifiable geotechnical hazards in accordance with AGS 2000, as per 6.1
(a) of the policy.

& Site plans with key hazards identified and other information as per 6.1 (b)
@ Details of site investigation and inspections as per 6.1 (c)
IE/Photographs and/or drawings of the site as per 6.1 (d)

[U~ Presentation of geotechnical model as per 6.1 (e)

A specific conclusion as to whether the site is suitable for the development proposed on the
above site, if applicable, subject to the following conditions;

@ Conditions to be provided to establish design parameters,

¥~ Conditions to be incorporated into the detailed design to be submitted for the construction
certificate,

¥ Conditions applying to the construction phase,

&~ Conditions relating to ongoing management of the site/structure.

4. Signatures

Signature Chartered professional status

. CP'E\:) -ﬂllmlf-‘} ’

5. Contact details

Department of Planning & Environment

Alpine Resorts Team

Shop 5A, 19 Snowy River Avenue

PO Box 36, JINDABYNE 2627

Telephone: 02 6456 1733

Facsimile: 02 6456 1736

Email: alpineresorts@planning.nsw.gov.au

Geotechnical Form 1 = Kosciuszko Alpine Resorts Page 2 of 2
Department of Planning & Environment Version: December 2015
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Site Survey Plans
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Definitions of Geotechnical Engineering Terms



2/157 Newcastle St, Fyshwick, ACT, 2609 Consulting Engineers (02) 6285 1547
PO Box 9225, Deakin ACT 2600 FortifyGeotech.com.au

Limitations in the Use and Interpretation of this Geotechnical Report

Our Professional services were performed, our findings obtained, and our recommendations prepared in
accordance with generally accepted engineering principles and practices. This warranty is in lieu of all other
warranties, either expressed or implied.

The geotechnical report was prepared for the use of the Owner in the design of the subject facility and should be
made available to potential contractors and/or the Contractor for information on factual data only. This report
should not be used for contractual purposes as a warranty of interpreted subsurface conditions such as those
indicated by the interpretive boring and test pit logs, cross- sections, or discussion of subsurface conditions
contained herein.

The analyses, conclusions and recommendations contained in the report are based on site conditions as they
presently exist and assume that the exploratory borings, test pits, and/or probes are representative of the
subsurface conditions of the site. If, during construction, subsurface conditions are found which are significantly
different from those observes in the exploratory borings and test pits, or assumed to exist in the excavations, we
should be advised at once so that we can review these conditions and reconsider our recommendations where
necessary. If there is a substantial lapse of time between the submission of this report and the start of work at the
site, or if conditions have changed due to natural causes or construction operations at or adjacent to the site, this
report should be reviewed to determine the applicability of the conclusions and the recommendations considering
the changed conditions and time lapse.

The Summary Boring Logs are our opinion of the subsurface conditions revealed by periodic sampling of the
ground as the borings progressed. The soil descriptions and interfaces between strata are interpretive and actual
changes may be gradual.

The boring logs and related information depict subsurface conditions only at the specific locations and at the
particular time designated on the logs. Soil conditions at the other locations may differ from conditions occurring
at these boring locations. Also, the passage of time may result in a change in the soil conditions at these boring
locations.

Groundwater levels often vary seasonally. Groundwater levels reported on the boring logs or in the body of the
report are factual data only for the dates shown.

Unanticipated soil conditions are commonly encountered on construction sites and cannot be fully anticipated by
merely taking soil samples, borings or test pits. Such unexpected conditions frequently require that additional
expenditures be made to attain a properly constructed project. It is recommended that the Owner consider
providing a contingency fund to accommodate such potential extra costs.

This firm cannot be responsible for any deviation from the intent of this report including, but not restricted to, any
changes to the scheduled time of construction, the nature of the project or the specific construction methods or
means indicated in this report: nor can our firm be responsible for any construction activity on sites other than the
specific site referred to in this report.




DESCRIPTION AND CLASSIFICATION OF SOIL

The methods of description and classification of soils used in this report are based on the Australian Standard
1726 — 2017, Geotechnical site investigations. In general, soils are described along the following characteristics:
soil name, plasticity or behavioural or particle characteristics of the primary soil component, colour, secondary soil
components’ plasticity or behavioural or particle characteristics, condition, structure, inclusions, strength or
density and origin.

GENERAL DEFINITION - SOIL

SOIL  In engineering usage, soil is a natural aggregate of mineral grains which can be separated by such
gentle mechanical means as agitation in water, can be remoulded and can be classified according to the

Unified Soil Classification System.
SOIL ORIGIN
Soil origins fall into the following categories:

Residual soil: Soils which have been formed in-situ by the chemical weathering of parent rock. These

soils no longer retain any visible structure or fabric of the parent soil or rock material.

Extremely weathered material: Formed directly from in situ weathering of geological formations.
Although this material of soil strength it retains the structure and/or

fabric of the parent rock material.

Alluvial soil: Deposited by streams and rivers.

Estuarine soil:  Deposited in coastal estuaries, and including sediments carried by inflowing rivers and

streams, and tidal currents.

Marine soil:

Lacustrine soil:

Deposited in a marine environment.

Deposited in freshwater lakes.

Aeolian soil: Carried and deposited by wind.

Colluvial soil: Soil and rock debris transported down slopes by gravity, with or without the assistance
of flowing water.

Topsoil: Mantle of surface and/or near-surface soil often but not always defined by high levels
of organic material, both dead and living.

Fill: Any material which has been placed by anthropogenic processes.

SOIL CLASSIFICATION
PARTICLE SIZE DEFINITIONS

Soil components are described according to the predominating particle size, qualified by the grading of other
particles present (e.g. sandy clay) on the following basis:

Classification Components Subdivision Particle Size (mm)
Oversize Boulders >200
Cobbles 63 to 200
Coarse grained soil Gravel Coarse 19to 63
Medium 6.7 to 19
Fine 2.36106.7
Sand Coarse 0.6 t0 2.36
Medium 0.211t0 0.6
Fine 0.075t0 0.21
Fine grained soil Silt 0.002 to 0.075
Clay <0.002

MOISTURE CONDITION




Coarse Grained Soil

Fine Grained Soil

Dry (D)

Non-cohesive and free-
running.

Moist, dry of plastic limit
(W<We)

Hard and friable or
powdery.

water forming when
handled.

(w>We)

Moist (M) Soil feels cool, darkened Moist, near plastic limit Soils can be moulded at
in colour. Soil tends to (w=Wp) a moisture content
stick together. approximately equal to
the plastic limit.
Wet (W) As for moist, with free Moist, wet of plastic limit Soils usually weakened

and free water forms on
hands when handling.

Wet, near liquid limit
(w=W,)

Near liquid limit.

Wet, wet of liquid limit

Wet of liquid limit.

(w>Wy)

CONSISTENCY/RELATIVE DENSITY

Cohesive soils are classified on the ease by which the soil can be remoulded and can be either assessed in the
field by tactile means, by laboratory testing or through mechanical determination methods. Non-cohesive soils are
classified on the basis of relative density, generally from the results of in-situ penetration tests and terms for both

are defined as below:

Cohesive Soils

Non-cohesive Soils

Indicative . . . .
Consistency Undrained Shear Féi::s?sl::j:cto Term Relatlv(eo/I;)ensny
Strength su(kPa) y °

Exudes between the

Very soft (VS) <12 fingers when squeezed in Very Loose (VL) <15
hand.

Soft (S) >12 - <25 Can be moulded by light || ) >15 - <35
finger pressure.

Firm (F) 525 - <50 Can be .moulded by Medium Dense 35 - <65
strong finger pressure. (MD)

Stiff (St) >50 - 100 Cannot be moulded by Dense (D) >65 - <85
fingers.

. Can be indented by

Very Stiff (VSt) >100 - =200 thumb nail. Very Dense (VD) >85
Can be indented with

Hard (H) >200 difficulty by thumb nail.
Can be easily crumbled

Friable (Fr) - or broken into small
pieces by hand.




MINOR COMPONENTS

Deﬁrc::s]tlve Assessment Guide Proportion of minor component in:
Easily detectable by visual or tactile Coarse grained soils:
means and little difference between Fines — 5 to 12%
With general properties and properties of Accessory coarse component — 15 to 30%
primary component.
Fine grained soils:
Coarse component - 15 to 30%
Detectable by visual or tactile means Coarse grained soils:
but little or no difference between Fines — <5%
Trace ggneral properties and properties of Accessory coarse component — <15%
primary component.
Fine grained soils:
Coarse component - <15%

CEMENTATION

Where cementation is present in soils, they can be either weakly cemented where they are easily disaggregated
by hand in air or water or moderately cemented where effort is required to disaggregate the soil by hand in air or
water.

SAMPLING
Sampling is carried out during drilling to allow engineering examination (and laboratory testing where required) of
soil or rock.

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

Undisturbed samples are generally taken by one of two methods:

1. Driving or pushing a thin walled sample tube into the soil and withdrawing with a sample of soil in a
relatively undisturbed state.
2. Core drilling using a retractable inner tube (R.1.T.) core barrel.
Such samples yield information on structure and strength in additions to that obtained from disturbed samples
and are necessary for laboratory determination of shear strength and compressibility. Undisturbed sampling is
generally effective only in cohesive soils.

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

The relative density of non-cohesive soils is generally assessed by in-situ penetration tests, the most common of
which is the standard penetration test. The test procedure is described in Australian Standard 1289 “Testing Soils
for Engineering Purposes” — Test No. F3.1.

The standard penetration test is carried out by driving a 50mm diameter split tube penetrometer of standard
dimensions under the impact of a 63kg hammer having a free fall of 750mm.

The “N” value is determined as the number of blows to achieve 300mm of penetration (generally after
disregarding the first 150mm penetration through possibly disturbed material). The results of these tests can be
related empirically to the engineering properties of the soil.

The test is also used to provide useful information in cohesive soils under certain conditions, a good quality
disturbed sample being recovered with each test. Other forms of in situ testing are used under certain conditions
and where this occurs, details are given in the report.




Unified Soil Classification System (Metricated)
Data for Description Identification and Classification of Soils

DESCRPTION FIELD IDENTIFICATION LABORATORY CLASSIFICATION
MAJOR —
. GRAVELS AND SANDS % < Coefficient .
DIVISIONS SG’”?ESI %’fﬂpg‘[‘j TYPICAL NAME DESCRIPTIVE DATA CRADATIONS NATURE OF DRY SG’”?ESI 0.075 Fihésgéig‘gil of Uniformity Ccifjgffr:g Notes
i Y ‘ FINES STRENGTH Y mm C, <
[ . . e
Well graded gravels and Give soil name, ; : 1. Identify fines
o . . W
g |E GwW . ‘ gravel-sand mixfures, indicate GOOD ‘32:25’: n “Clean” GwW 0-5 - >4 Betwee3n 1and by the method
g Y % ’~ .‘ little or no fines approximate materials (not giv_en for fipe
RI1Z |g€ y~J I\ percentages of sand € enough fines to None grained soils.
210 |5 £ ° Poorly graded gravels and gravel, particle g Predominantly bond coarse 2. For fines
s S GP o Q and gravel-sand characteristics £y POOR one size or grains) GP 0-5 - Fails to comply with above contents
£ I5 & ) l\< mixtures, little or no fines including particle size 2 range of sizes between 5%
gl Z o & subdivision, particle p and 12%, the
] ﬂé B < bR 4 shape, colour, S ‘é soil shaHe!‘De
21 o|lalcs i secondar = i i 2 Al -
al &215= ) Silty gravels, gravel- Y o Fines are silty None to c g Below ‘A’ line R B iven a dual
2| 913125 GM 0 5 < sand.silt mixtures component ” .g “Dirty" medium GM g | %% and I >7 glossificoﬂon
<l el>loD characteristics and 2 o GOODTO iy £ o~
Sl eElS |2 L § ° =4 materials 5 comprising the
5| €| E g 4} 3T <- other pertinent b o FAIR O two grou
oS [s] descriptive ale (Excess of fines) ) . = o group
o *g < aC Clayey gravels gravel- ¢ P o I Fines are Medium e 9 12-50 Above ‘A’ line R R symbols
g2l s 5 0 sand-clay mixtures information, symbols z I clayey (1) to high g and I >7 separated by a
ol £ in parenthesis. £ ] 5 dash, e.g. fora
© ﬁ Well graded sands and For undisturbed soil 8 _(E ; gravel with
S e i i @ £ i i =
4 = SW gravelly sands, litfle or add mfor!'ncmop on 2 = . GOOD Wide range in “Clean” sw 3 0.5 B 56 Between 1 and between 5%
<} < a
S, (= . structure including i [9) grain size 5 = 3 and 12% silt
S 2 87 no fines zoning, defects and 8 5 9 matericls [nof 8 fines, the
S Ed: cementing, moisture 5| 3 enough fines fo None > classification is
=7 8¢ Poorly graded sands condifion, and 5 | % Predominantly bond coarse £ GP-GM.
2 O£ SP L Oory grac i relative densit £ < POOR one size or grains) SP 2 0-5 - Fails to comply with above
53 o © little or no fines Y- “ o) N S 3. Soils that are
3 ° A 5 | 2 range of sizes 8 - 5Ol
< B ? Example: § 3 8 dominated by
o] ] : 23 = o boulders,
ﬁ - §< M Silty sand, sand-silt (SP) SAN[Z{,. trace silt, < % Fines are silty None to M é 12-50 Below ‘A line or R R cobbles or peat
g é < é mixtures arey, mde lUfg_ £ ;g " medium g lp <4 (Pt) are
|28y grained, mecium o | o | coobtO Dirty = described
] dense; dry; Tomago | g FAIR materials k) separately and
g Sand Beds. > | £ (Excess of fines) ) . c A
< sc Clayey sands, sand-clay 8_ Fines are Medium sc Ke) 12-50 Above ‘A’ line R R are DC?T
@ mixtures o clayey (1) to high § and Ir >7 classified.
2 =
5 4
£ SILT AND CLAY FRACTION L
g Fraction smaller than 0.2 mm AS sieve size k]
£ 5 DRY STRENGTH DILANTANCY TOUGHNESS E
. N . £ 8 ¥ :
E Inorganic silts, very fine .C"V,e sollname, g o ‘g) E 40
1 ML sands, rock flour, silty or indicate degree and S| o None to low Slow to rapid Low ML < I3 Below ‘A’ line _35
S clayey fine sands. character of s| e g 5 g
I} S plasticity, colour, 2 g a C[; = 30
E E 3 Inorganic clays of low to secondary 5 o k] £ % 25
=1 55§ medium plasticity, component. 5] E i) 8 =] )
8 .g = CL gravelly clays, sandy Cho(ocfensﬂcs pfher 1S ) Medium to high None to slow Medium CL CI g Q Above ‘A’ line =20
2| ©8 clays, silty clays, lean pertinent descriptive o | 8 £ g =
qle| =2 clavs information, symbols | @ | € | © ° 5 015
O |E in parenthesis. 0 e < 2 2 9
o [ @ L P ] c {10
alzs Organic silts and For undisturbed soil a < 3 £ a o
g 5 oL organic silty clays of low . N Y § Low to medium Slow Low oL c - Below ‘A’ line e 5 r
|2 plasticity add information on £ < 9 8 ML
= a structure including o a2 5 - (]
8 o Inorganic silfs, zoning, defects and 8 < < 5 0 20 40 60
z |4 micaceous or cementing, moisture z | © i i 5} s )
T ", T s 2 Al LIQUID LIMIT W (%,
fred g MH diatomaceous fine condifion, and [ % Low to medium None to slow Low to medium MH g 5 Below ‘A’ line (%)
> 8 sands or silts, elastic silts consistency. £ Q E PLASTICITY CHART
S L3 o of e Example: 5 So2 FOR CLASSIFICATION
€0 Inorganic clays of hig N 8 i i i 3 A i OF FINE GRAINED SOILS
8 5 CH plasticity, fat clays (Cl) CLAY, with 2 High to very high None High CH 2 Above ‘A’ line
© Do gravel, red-brown, S g
5| 5 g medium plasticity, £ =
% =5 Organic clays of very stiff; grgvel 20%, 4 None fo ve 5
5 OH medium to high fine to medium, sub- g High to high | ik Low to medium OH 3 Below ‘A’ line
s plasticity rounded:; moist, with slow
desiccation cracks;
residual.
Peat muck and other . - N . .
Pt highly organic soils Readily identified by colour, odour, spongy feel and generally fibrous texture PT Effervescence with H.O,




DESCRIPTION AND CLASSIFICATION OF ROCK

The methods of description and classification of rock used in this report are based on the Australian Standard 1726
— 2017, Geotechnical site investigations. In general, descriptions cover the following properties for rock — rock
name, grain size, colour, fabric and texture, inclusions or minor components, moisture content, durability, rock
material condition including strength and weathering and/or alteration, defects and geological description.

GENERAL DEFINITIONS - ROCK

ROCK In engineering usage, rock is a natural aggregate of minerals connected by strong and permanent
cohesive forces. Since “strong” and “permanent” are subject to different interpretations, the boundary between
rock and soil is necessarily an arbitrary one. Rock material is intact rock that is bounded by defects.

DEFECT Discontinuity, fracture, break or void in the material or materials across which there is little or no
tensile strength.

STRUCTURE The nature and configuration of the different defects within the rock mass and their
relationship to each other.

ROCK MASS The entirety of the system formed by all of the rock material and all the defects that are
present.

DESCRIPTIVE TERMS

ROCK NAME Simple rock names are used rather than precise geological classification. Rock names
fall into category types of sedimentary rocks, igneous rocks, metamorphic rocks and
duricrust rocks.

PARTICLE SIZE

Grain size terms for sedimentary rocks with predominantly sand sized grains are:
Coarse grained — mainly 0.6mm to 2mm.
Medium grained — mainly 0.2mm to 0.6mm.
Fine grained — mainly 0.06mm (just visible) to 0.2mm.

In igneous and metamorphic rock types, where significant, the following terms are used to describe the dominant
or average grain size and/or the grain size may be recorded in millimetres:

Coarse grained — mainly greater than 2mm.

Medium grained — mainly 0.06mm to 2mm.

Fine grained — mainly less than 0.06mm (just visible).
If readily identifiable, the minerals should be described.
FABRIC

When the arrangement of grains shows an alignment, a preferred orientation or a layering that is visible,
descriptive terms for sedimentary rocks are bedding and lamination. Bedding is layering produced by changes in
sedimentation. Lamination is similar to bedding but developed in layer thicknesses of less than 20mm. Fabric
descriptive terms for metamorphic rocks are foliation, which is the parallel arrangement of minerals due to
metamorphic processes and cleavage, which is a type of foliation developed in fine grained metamorphic rocks
such as slates. For igneous rocks, flow banding is a layering produced during flow of a partially solidified igneous
rock that causes crystals to become oriented.

INDISTINCT FABRIC
Where layering or fabric is just visible. There is little effect on strength properties.

DISTINCT FABRIC

Where layering or fabric is easily visible. The rock may break more easily parallel to the fabric.




ROCK WEATHERING DEFINITIONS

Extremely Rock substance affected by weathering to the extent that the rock exhibits soil properties, i.e. it

Weathered can be remoulded and can be classified according to the Unified Soil Classification System, but

(XW) the texture of the original rock is still evident.

Highly Rock substance affected by weathering to the extent that limonite staining or bleaching affects

Weathered the whole of the rock substance and other signs of the chemical or physical decomposition are

(HW) evident. Porosity and strength may be increased or decreased compared to the fresh rock
usually as a result of iron leaching or deposition. The colour and strength of the original fresh
rock substance is no longer recognisable.

Moderately Rock substance affected by weathering to the extent that staining extends throughout the

Weathered whole of the rock substance and the original colour of the fresh rock is no longer recognisable.

(Mw)

Slightly Rock substance affected by weathering to the extent that partial staining or discolouration of

Weathered the rock substance, usually limonite, has taken place. The colour and texture of fresh rock is

(SW) recognisable.

Fresh (FR) Rock substance unaffected by weathering.

The degrees of rock weathering may be gradational. Intermediate stages are described by dual symbols with the
prominent degree of weathering first (e.g. EW-HW).

The various degrees of weathering do not necessarily define strength parameters as some rocks are of low
strength, even when fresh, to the extent that they can be broken by hand across the fabric, and some rocks may
increase in strength during the weathering process.

ROCK STRENGTH

Rock strength is defined by the Point Load Strength Index (Is 50) and refers to the strength of the rock substance
in the direction normal to the bedding. The test procedure is described by the International Society of Rock

Mechanics.
Point Load Approx
Strength . . Unconfined
Term Field Guide .
Index Is(s0) Compressive
MPa Strength MPa*
Material crumbles under firm blows with sharp end of
Very Low pick; can be peeled with knife; too hard to cut a
Strength (VL) 0.03100-1 triaxial sample by hand. Pieces up to 30mm thick can 06102
be broken by finger pressure.
Easily scored with a knife; indentations 1mm to 3mm
show in the specimen with firm blows of the pick
point; has dull sound under hammer. A piece of core
Low Strength (L) 01103 150 mm long by 50 mm diameter may be broken by 2106
hand. Sharp edges of core may be friable and break
during handling.
. Readily scored with a knife; a piece of core 150mm
?/I\l:)dlum Strength 0.3to1 long x 50mm dia. can be broken by hand with 6 to 20
difficulty.
A piece of core 150mm long x 50mm dia. cannot be
High Strength (H) 1t03 broken by hand but can be broken by a pick with a 20 to 60
single firm blow, rock rings under hammer.
Very High Hand specimen breaks with pick after more than one
Strength (VH) 31010 blow; rock rings under hammer. 6010200
. Specimen requires many blows with geological pick
Extremely High more than 10 to break through intact material; rock rings under more than 200
Strength (EH) hammer




ROCK DEFECT TYPES

This classification applies to the range of possible rock defect types that are types of natural fractures along which
the core is discontinuous. These include bedding plane partings, joints and other rock defects, but exclude known
artificial fractures such as drilling breaks.

Term Description Diagram

Parting A surface or crack across which the rock has little
or no tensile strength. Parallel or sub-parallel to
layering (e.g. bedding) or a planar anisotropy in
the rock material (e.g. cleavage). May be open or
closed.

Joint A surface or crack with no apparent shear
displacement an across which the rock has little or
no tensile strength, but which is not parallel to
layering or to planar anisotropy in the rock
material. May be open or closed.

Sheared Surface A near planar, curved or undulating surface which
is usually smooth, polished or slickensided and
which shows evidence of shear displacement.

Sheared Zone Zone of rock material with roughly parallel near
planar, curved or undulating boundaries cut by
closely spaced joints, sheared surfaces or other
defects. Some of the defects are usually curved
and intersect to divide the mass into lenticular or
wedge-shaped blocks.

Seams Sheared Seam of soil material with roughly parallel almost
Seam planar boundaries, composed of soil materials
with roughly parallel near planar, cuved or
undulating boundaries cut by closely spaced
joints, sheared surfaces or other defects. Some of
the defects are usually curved and intersect to
divide the mass into lenticular or wedge-shaped

blocks.
Crushed Seam of soil material with roughly parallel almost
Seam planar boundaries, composed of disoriented,

usually angular fragments of the host rock
material which may be more weathered than the
host rock. The seam has soil properties.

Infilled Seam Seam of soil material usually with distinct roughly
parallel boundaries formed by the migration of soil
into an open cavity or joint, infilled seams less
than 1mm thick may be described as a veneer or
coating on a joint surface.

Extremely Seam of soil material, often with gradational
Weathered boundaries. Formed by weathering of the rock

Seam material in place.

The spacing, length (sometimes called persistence), aperture (openness), and seam thickness should generally
be described directly in millimetres or metres.




ROCK DEFECT DESCRIPTIONS

usually polished.

orientation.

DEFECT ROUGHNESS TERMS DEFECT SHAPE TERMS DEFECT COATING TERMS
Term Description Term Description Term Description
Many large
surface
irregularities
(amplitude The defect does .
) No visible
Very Rough generally more Planar not vary in Clean ;
. ) coating.
than 1mm). Feels orientation.
like, or coarser
than very coarse
sand paper.
Many small
surface
irregularities The defect has . )
(amplitude a gradual No visible coating
Rough P Curved g . Stained but surfaces are
generally less change in )
. . discoloured.
than 1mm). Feels orientation.
like fine to coarse
sand paper.
Smooth to touch. A VIS'.ble co.atlng
Few or no The defect has or soil or mineral,
Smooth Undulating Veneer too thin to
surface a wavy surface. .
. " measure; may be
irregularities.
patchy.
A visible coating
up to 1mm thick.
Thicker soil
material should
The defect has S:i:ge Sa(;or;)br(e;griate
Polished Shiny smooth Stepped one or more Coating defect terms (e.g.
surface. well defined .
steps infilled seam).
pS. Thicker rock
strength material
should be
described as a
vein.
The defect has
Grooved or manv shar
Slickensided striated surface, Irregular y P
changes of
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