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2 Site Description and Geology 
2.1 Site Description 
The Patyegarang Project is located within Belrose in the North-East Subregion of the Sydney Metropolitan Region and 
the Northern Beaches Council Local Government Area. The location of the site is presented in Figure 1. 

The Site is approximately 72 hectares in size and was unzoned at the time of the investigation. Subsequent zoning 
maps provided to SMEC have the Site listed as C2, RE2 and R2. A mix of public recreational and low density residential 
land surrounds the Site. The area is within close proximity to a number of sensitive receivers including the Garigal and 
Ku-ring-gai National Parks and the residential communities of Frenchs Forest and Davidson.  

The Site is broken up into two areas separated by Morgan Road which runs in a north to south direction. The western 
section of the site covers approximately 51 hectares of land and contains the majority of the proposed subdivision. 
The eastern section is approximately 21 hectares in size with approximately 1/3 of the land use proposed for the 
subdivision and the remaining proposed as environmental conservation area. Morgan Road also bounds the site to the 
north, with Kellys Way intersecting the site to the east.  

The topography of the area typically consists of undulating hillsides with some steepened precipices and valleys 
created by Snake Creek. Snake Creek traverses through the western section of the site creating a small valley with 
surrounding steeper hills. The creek typically runs in a north to south direction with smaller tributaries branching from 
the east and west.  

The typical elevation change over the site is approximately 50m to 60 m.  The observed slopes fall from both the 
eastern and western slopes along Snake Creek. A small plateau up to 20 m high was observed along the southern 
boundary with a steep ridge line falling towards the south.  Larger rock outcrop slopes between 15m to 20 m high 
sweep from the south to the west boundary with smaller outcrops following the eastern and western valley lines of 
the creeks. Larger rock slopes greater than 20 m high were also observed along the eastern boundary. 

Based on observations from the site visit on 15 October 2020 and GIS extracted information (Figure 1) much of the 
area comprises terrain with a slope angle of less than 20°. There are some isolated areas where slopes have an angle 
of up to 30° and a very minor component with slope angles between 30° and 40°. A few vertical precipices up to 5m in 
height were observed over the site, some containing overhangs and cavern like voids.   

Table 2-1 below provides a summary of the proposed land use within each of the nine identified sites. This is based off 
a proposed structure plan provided by TSA (refer to Figure 3).  

Table 2-1: Summary of Proposed Land Use at Each Site  

Site Proposed Land use  

1 Larger Residential Living / Proposed Road Infrastructure 

2 Larger Residential Living / Proposed Road Infrastructure 

3 Typical Residential Living / Environmental Conservation Area / Proposed Road Infrastructure 

4 Typical and Larger Residential Living / Environmental Conservation Area / Proposed Road 
Infrastructure 

5 Typical and Larger Residential Living / Environmental Conservation Area / Proposed Road 
Infrastructure / Aboriginal Cultural Centre / Open Space 

6 Proposed Road Infrastructure 

7 Typical and Larger Residential Living / Environmental Conservation Area / Proposed Road 
Infrastructure 

8 Typical and Larger Residential Living / Environmental Conservation Area / Proposed Road 
Infrastructure 

9 Typical Residential Living / Proposed Road Infrastructure 
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Note�•�W���d�Z�����š���Œ�u�]�v�}�o�}�P�Ç���Z�d�Ç�‰�]�����o���Z���•�]�����v�š�]���o���>�]�À�]�v�P�[�����v�����Z�>���Œ�P���Œ���Z���•�]�����v�š�]���o���>�]�À�]�v�P�[���]�•�������•�������}�v���š�Z���������•���Œ�]�‰�š�]�}�v�•���}�µ�š�o�]�v�������Á�]�š�Z�]�v��the 
Structure Plan provided by TSA. For the purpose of this report we have assessed the terminology to refer to Low density and Medium 
density detached houses, respectively.  

  
Appendix A presents a plan with comments and collation of photographs for each of the nine sites. 

2.2 Regional Geology  
According to the 1:100,000 Sydney Geological Map (Sheet 9130) the Patyegarang Project site is underlain entirely by 
Hawkesbury Sandstone of the Wianamatta group of the Triassic Age. This Hawkesbury Sandstone consists of medium 
to coarse grained quartz sandstone along with very minor shale and laminate lenses. 

The regional geology is presented on the geological map extract included in Figure 2. 
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Table 3-1: Major Types of Landslides 

Type of Movement 

Type of Material 

Bedrock Engineering Soils 

Predominantly Coarse Predominantly Fine 

Falls Rock fall Debris fall Earth fall 

Topples Rock topple Debris topple Earth topple 

Rotational slide Rock slide Debris slide Earth slide 

Translational slide - - Earth spread 

Lateral spread Rock spread Debris spread Earth flow 

Flows 
Rock flow 

(deep creep) 

Debris flow 

(soil creep) 

Earth flow 

(soil creep) 

Complex Combination of two or more principle types of movement 

The more common landslides occurring along plateaus and the surrounding slopes include falling or toppling rocks and 
rotational earth or debris slides.  

Rock falls generally result from the under-cutting of the precipice by erosional processes, including scour from surface 
flows and direct rainfall. Rock topple mechanisms occur in a similar fashion to rock falls, however, the inherent 
jointing structure within the bedrock and root jacking may be additional factors for the instability of a precipice. 

Rotational landslides typically develop in moderate to steep slopes where earth or debris becomes inundated by 
water and downward movement occurs. They are semi-circular in shape and exhibit a back tilted upper section and a 
disrupted toe section. Translational slides are similar to rotational slides but may feature downward movement of 
weak material along a more competent planar surface. 

The frequency of landslides is generally complex and typically dependent on the inter-relationship between the 
factors influencing the stability of the slope. Some of the common factors affecting the stability of slopes within 
plateau landscapes include land development, vegetation removal and changes in drainage. Some of the potential 
failure triggers that may affect the stability of slopes include: 

�x undercutting by erosion; 
�x prolonged rainfall with water percolating into rock mass defects causing washout of fines and reduction of rock 

mass strength; 
�x earthquakes. 

One, or a combination, of these conditions could result in a landslide failure event. 

3.4 Risk Estimation 
A risk assessment was undertaken for each of the categorised slope hazards. The risk assessment and management 
process adopted for this study in general complies with AGS (2007a). Definition of the terms used in this report with 
respect to the slope risk assessment and management is as per AGS (2007b). 

3.4.1 Risk to Property 

For risk to property, the assessment was primarily based on a qualitative approach. The assessment process for each 
hazard involved the following: 

�x Risk estimation (comparative analysis of likelihood of a slope failure versus consequence of the failure).   
�x Evaluation of the estimated (assessed) risk by comparing against acceptance criteria. 

Risk management and control strategies are recommended where the estimated risk is beyond the 
acceptable/tolerable limit.  

The qualitative terminology for use in assessing risk to property is presented in Appendix C. 
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3.4.2 Risk to Life 

In accordance with the AGS 2007c Landslide Risk Management Guidelines for loss of life, the risk assessment was 
primarily based on a quantitative approach. The individual risk for loss of life can be calculated from: 

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

Where: 

�x R (LoL) is the risk (annual probability of loss of life (death) of an individual). 
�x P (H) is the annual probability of the landslide. 
�x P (S:H) is the probability of spatial impact of the landslide impacting a building (location) taking into account the 

travel distance and travel direction of a given event. 
�x P (T:S) is the temporal spatial probability (e.g. of the building or location being occupied by the individual) given 

the spatial impact and allowing for the possibility of evacuation given there is warning of the landslide 
occurrence. 

�x V (D:T) is the vulnerability of the individual (probability of loss of life of the individual given the impact). 

Risk management and control strategies are recommended where the estimated risk is beyond the 
acceptable/tolerable limit. 
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 Site ID M1 M2 M3 M4 M5 M6 

9 Y - Y - Y - 

Notes: Y �t The failure mechanism was apparent at the site  

4.3.2 Understanding Failure Modes and Triggering Factors  

In view of the site observations, measurements and experience, a conceptual understanding of the failure 
mechanisms and contributing factors was developed to comprehend the site vulnerability and associated risks. The 
main points describing this phenomenon and triggering factors are summarised below; 

�x The slopes are directly exposed to weathering processes, wind, rain and atmospheric exposure. This provides the 
mechanism for the rock mass and joints in the rock to be weakened and blocks are loosened. 

�x The largely absent sub-vertical joint sets reduce the number of potential mechanisms than would be in a highly 
fractures and frequently jointed rock mass. 

�x The mature tree cover over the slopes rooting into opened joints and defects. The expansion of roots within 
joints causes the jacking of joints and blocks can be loosened.    

4.3.3 Assets at Risk 

As this risk assessment is a high level assessment for future development it is considered that the assets at risk would 
be newly constructed dwellings or other buildings, roads or areas of congregation of persons such as parks and other 
recreation areas. 

4.3.4 Temporal Probability 

The following assumptions have been made with respect to temporal probability. Alteration of these assumptions will 
inevitably alter the magnitude of risk. 

Table 4-3: Adopted Temporal Probability  

Aspect of Assessment  Assumed Temporal Probability P(T:S) 

Residential Area 
It is assumed that people would be present below the slope within residential areas 
on an average of 30mins/day. This would include being in an area of vulnerability to 
the mechanism and may include being inside the dwelling proximate to the slope. 

Roads For the suburban roads it is assumed that the temporary probability would be 0.001*. 

Recreational Areas It is assumed that people would be present below the slope within recreational areas 
on an average of 30mins/day. 

Notes: *Allocation of temporal probability is based on the Temporal Probability Rating Definitions adopted by RMS for Slope Risk 
Analysis, Table 11 RMS Guide to Slope Risk Analysis Version 4 (RMS 2011). 

With regards to the above temporal probabilities, common usage has been assumed. Allowance for more frequent 
presence for specific situations, such as persons seeking refuge in adverse weather conditions, has not been 
considered and therefore re-assessment of the specific land use at the slope is to be undertaken prior to application of 
these probabilities. 

4.3.5 Assessed Risk  

Table 4-4 and Table 4-5 below show the assessed risk to property and the risk of loss of life associated with the 
conceptualised failure mechanisms. 
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Table 4-4: Summary of Risk Assessment �t Level of Risk to Property  

Risk Assessment Factors M1: Block Falls (up 
to 1m in size) from 
Precipices up to 5m 

in height 

M2: Block Falls (up 
to 2m in size) from 
Precipices greater 
than 5m in height 

M3: Block Falls (up 
to 3m in size) from 

overhangs 

M4: Block Topples 
(up to 2m in size) 
from Precipices up 

to 5m in height 

M5: Boulder Rolls (up 
to 2m in size) from 
Slopes/Precipices 
greater that 5m in 

height 

M6: Block Slide 
failures (up to 3m in 
size) from precipices 
up to 5m in height 

Probability P(H) 

Descriptor  Likely  Possible Unlikely Likely Possible Possible  

Level B C D B C C 

Rate 0.01 0.001 0.0001 0.01 0.001 0.001 

Consequence to 
Building  

Level  Minor Medium Major Medium Medium Minor 

Descriptor  4 3 2 3 3 4 

Risk to Property  Moderate Moderate Moderate High Moderate Moderate 
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Table 4-5: Summary of Risk Assessment �t Level of Risk for Loss of Life  

Risk Assessment Factors M1: Block Falls (up 
to 1m in size) from 

Precipices up to 
5m in height 

M2: Block Falls 
(up to 2m in size) 
from Precipices 
greater than 5m 

in height 

M3: Block Falls 
(up to 3m in 
size) from 
overhangs 

M4: Block 
Topples (up to 2m 

in size) from 
Precipices up to 

5m in height 

M5: Boulder Rolls (up 
to 2m in size) from 
Slopes/Precipices 
greater that 5m in 

height 

M6: Block Slide 
failures (up to 3m 

in size) from 
precipices up to 

5m in height 

Probability P(H) 0.01 0.01 0.01 0.01 0.001 0.001 

Probability of Spatial Impact (PS:H) 
0.04 (1m length 
failure over 25m 
section of slope) 

0.04 (1m length 
failure over 25m 
section of slope) 

0.08 (2m length 
failure over 25m 
section of slope) 

0.1 (2m length 
failure over 20m 
section of slope) 

0.08 (2m length 
failure over 25m 
section of slope) 

0.15 (3m length 
failure over 20m 
section of slope) 

Vulnerability of an Individual (VD:T) 
1.0 (person killed) 

0.1 (person injured) 

Probability of 
Temporal Impact 
(PT:S) 

Residential Areas 0.021 

Roads 0.001 

Recreational Areas 0.021 

Risk (loss of life) 

Residential Areas Death 8.4x10-6 

Injury 8.4x10-7 

Death 8.4x10-6 

Injury 8.4x10-7 

Death 1.68x10-5 

Injury 1.68x10-6 

Death 2.1x10-5 

Injury 2.1x10-6 

Death 1.68x10-6 

Injury 1.68x10-7 

Death 3.15x10-6 

Injury 3.15x10-7 

Roads Death 4.0x10-7 

Injury 4.0x10-8 

Death 4.0x10-7 

Injury 4.0x10-8 

Death 8.0x10-7 

Injury 8.0x10-8 

Death 1.0x10-6 

Injury 1.0x10-7 

Death 8.0x10-7 

Injury 8.0x10-8 

Death 1.5x10-7 

Injury 1.5x10-8 

Recreational Areas Death 8.4x10-6 

Injury 8.4x10-7 

Death 8.4x10-6 

Injury 8.4x10-7 

Death 1.68x10-5 

Injury 1.68x10-6 

Death 2.1x10-5 

Injury 2.1x10-6 

Death 1.68x10-6 

Injury 1.68x10-7 

Death 3.15x10-6 

Injury 3.15x10-7 
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5 Discussion and Recommendations 
The data collected during the site visit by a Senior Geotechnical Engineer has enabled the definition and 
characterisation of slope instability mechanisms at the nine sites. Six main mechanisms were identified. These are 
listed below: 

�x Mechanism 1: Block Falls up to 1m from Precipices up to 5m in height 
�x Mechanism 2: Block Falls up to 2m from Precipices greater than 5m in height 
�x Mechanism 3: Block Falls up to 3m from overhangs 
�x Mechanism 4: Block Topples up to 2m from Precipices up to 5m in height 
�x Mechanism 5: Boulder Rolls up to 2m from Slopes/Precipices greater that 5m in height 
�x Mechanism 6: Block Slide failures up to 3m from precipices up to 5m in height 

SMEC considered three future uses for any land development and made assumptions with regards to the temporal 
probability for these uses (detailed in Section 4.3.4). The three land uses considered are: 

�x Residential Areas 
�x Roads 
�x Recreational Areas 

A risk assessment was undertaken for each of the slope instability mechanisms. For risk to property, the assessment 
was primarily based on a qualitative approach involving the estimation of the likelihood of a slope failure versus the 
consequence of the failure.   

In addition to the risk to property SMEC also undertook an estimation of the risk to life in accordance with the AGS 
(2007). This approach is primarily based on a quantitative approach.   

5.1 Results of the Risk Assessment  
Based on the findings of the risk assessment, as presented in Section 4.3.5, it has been established that the tolerable 
risk to future development for the identified failure mechanisms has not been met as the risk is classed as moderate 
to high. 

The risk to loss of property has been assessed for each of the nine identified sites based on the assessed possible 
failure mechanisms observed during the site visit on 15 October 2020 (Table 4-2). The results of the risk assessment 
for each site have been summarised in Table 5-1 below.  

Table 5-1: Summary of Risk Level at each of the Nine Sites 

Site ID Level of Risk to Property 

1 Moderate 

2 Moderate 

3 Moderate 

4 High 

5 Moderate 

6 Moderate 

7 Moderate 

8 Moderate 

9 Moderate 

According to the AGS suggested tolerable levels for loss of property for the above conceptualised mechanisms do not 
yield acceptable levels. As noted in the AGS Guidelines, the implications for risk to loss of property of moderate and 
high levels are outlined in Table 5-2 below.  
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