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Boat Harbour Subdivision - Traffic Impact Assessment 

1. Introduction 

1.1 Background 

Midson Traffic were engaged by VOS Nominees Pty Ltd to prepare a traffic impact assessment for a 
proposed 19 lot residential subdivision at Boat Harbour Beach. 

1.2 Traffic Impact Assessment (TIA) 

A traffic impact assessment (TIA) is a process of compiling and analysing information on the impacts 
that a specific development proposal is likely to have on the operation of roads and transport networks.  
A TIA should not only include general impacts relating to traffic management, but should also consider 
specific impacts on all road users, including on-road public transport, pedestrians, cyclists and heavy 
vehicles. 

This TIA has been prepared in accordance with the Department of State Growth (DSG) publication, A 
Framework for Undertaking Traffic Impact Assessments, September 2007.  This TIA has also been 
prepared with reference to the Austroads publication, Guide to Traffic Management, Part 12: Traffic 
Impacts of Developments, 2009. 

Land use developments generate traffic movements as people move to, from and within a development.  
Without a clear understanding of the type of traffic movements (including cars, pedestrians, trucks, etc), 
the scale of their movements, timing, duration and location, there is a risk that this traffic movement 
may contribute to safety issues, unforeseen congestion or other problems where the development 
connects to the road system or elsewhere on the road network.  A TIA attempts to forecast these 
movements and their impact on the surrounding transport network. 

A TIA is not a promotional exercise undertaken on behalf of a developer; a TIA must provide an 
impartial and objective description of the impacts and traffic effects of a proposed development.  A full 
and detailed assessment of how vehicle and person movements to and from a development site might 
affect existing road and pedestrian networks is required.  An objective consideration of the traffic impact 
of a proposal is vital to enable planning decisions to be based upon the principles of sustainable 
development. 

This TIA also addresses Code E9, Traffic Generating Use and Parking Code, of the Waratah-Wynyard 
Planning Scheme, 2013. 

1.3 Statement of Qualification and Experience 

This TIA has been prepared by an experienced and qualified traffic engineer in accordance with the 
requirements of Council’s Planning Scheme and The Department of State Growth’s, A Framework for 
Undertaking Traffic Impact Assessments, September 2007, as well as Council’s requirements. 

The TIA was prepared by Keith Midson.  Keith’s experience and qualifications are briefly outlined as 
follows: 



 
 

 

5 

 

Boat Harbour Subdivision - Traffic Impact Assessment 

 22 years professional experience in traffic engineering and transport planning. 

 Master of Transport, Monash University, 2006 

 Master of Traffic, Monash University, 2004 

 Bachelor of Civil Engineering, University of Tasmania, 1995 

 Engineers Australia: Fellow (FIEAust); Chartered Professional Engineer (CPEng); Engineering 
Executive (EngExec); National Engineers Register (NER) 

 

1.4 Project Scope 

The project scope of this TIA is outlined as follows: 

 Review of the existing road environment in the vicinity of the site and the traffic conditions on 
the road network. 

 Provision of information on the proposed development with regards to traffic movements and 
activity. 

 Identification of the traffic generation potential of the proposal with respect to the surrounding 
road network in terms of road network capacity. 

 Review of the parking requirements of the proposed development.  Assessment of this parking 
supply with Planning Scheme requirements. 

 Traffic implications of the proposal with respect to the external road network in terms of traffic 
efficiency and road safety. 

1.5 Subject Site 

The subject site is located at 293 & 305-307 Port Road, Boat Harbour Beach.  The site is situated on the 
corner of Port Road and Moore Street on the vacant land that was once a tourist resort many years ago. 

The subject site and surrounding road network is shown in Figure 1. 
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Figure 1 Subject Site & Surrounding Road Network 

 

Image Source: LIST Map, DPIPWE 

1.6 Land Use Zoning 

The subject site and its immediate surrounds are zoned ‘low density residential’ under the Planning 
Scheme.  The zoning for the area is shown in Figure 2. 

Site 1 

Site 2 
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Figure 2 Land Zoning 

 

 

1.7 Reference Resources 

The following references were used in the preparation of this TIA: 

 Waratah-Wynyard Interim Planning Scheme, 2013 (Planning Scheme) 

 Austroads, Guide to Traffic Management, Part 12: Traffic Impacts of Developments, 2009 

 Austroads, Guide to Road Design, Part 4A: Unsignalised and Signalised Intersections, 2009 

 Department of State Growth, A Framework for Undertaking Traffic Impact Assessments, 2007 

 Roads & Maritime Services NSW, Guide to Traffic Generating Developments, 2002 (RMS  Guide) 

 Roads & Maritime Services NSW, Updated Traffic Surveys, 2013 (Updated RMS Guide) 

 Australian Standards, AS2890.1, Off-Street Parking, 2004 (AS2890.1) 

 

Subject Site 
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2. Existing Conditions 

2.1 Transport Network 

The subject site is located at the northern end of the Boat Harbour Beach area.  For the purpose of this 
report, the transport network consists of Port Road, Moore Street, Cummings Street and Bass Highway.  
Other roads, such as Sisters Beach Road and Fenton Crescent were considered in the context of 
preparing the TIA, but not examined in detail. 

2.1.1 Port Road 

Port Road is a Council owned road that provides access to the Boat Harbour Beach area from the Bass 
Highway. The road function of Port Road changes from a main arterial route into the Boat harbour and 
Sisters Beach areas to a local collector road within the Boat Harbour Beach area.   

The posted speed limit as entering the built up area changes from 60 km/h to 40 km/h.  Port road has a 
narrow sealed carriageway, however narrow shoulders are available for extra road width in most 
locations.  The built up area along Port Road in the Boat Harbour Beach area is a very low speed 
environment due to various traffic calming measures such as speed humps, kerb build outs and narrow 
road width. 

Near the subject site, informal camping occurs on the northern side of the road, between the foreshore 
and the road.  Port Street terminates at a cul-de-sac to the west of the subject site. 

Port Road near the subject site is shown in Figure 3. 

Figure 3 Port Road 
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2.1.2 Cummings Street & Moore Street 

Cummings Street is a narrow two-way council owned road that primarily provides access to residential 
dwellings and accommodation businesses.  The typical pavement width is approximately 5 metres with 
an open cut concrete drain on the northern side.  Cummings Street has a moderate upgrade slope from 
Port Road.  Cummings Street becomes Moore Street approximately at the junction with Stuart Street.  
Moore Street then connects back onto Port Road through a separate intersection to the north of the site.    
Moore Street has a moderate uphill grade from the Port Road junction. 

Moore Street, viewed from Port Road is shown in Figure 4. 

The general urban speed limit of 50km/h applies to Cummings Street and Moore Street.  These roads 
provide a very low speed environment due to the topography and narrow construction (in the order of 
30-km/h).  Both roads carry very low traffic volumes. 

Figure 4 Moore Street 

 

2.1.3 Bass Highway 

The Bass Highway is classified as a Category 2 ‘Regional Freight Route’ under the Department of State 
Growth’s state road hierarchy.  Regional Freight Routes link major production catchments to the Trunk 
Roads and carry a large number of both heavy freight and passenger vehicles.  Together with Regional 
Access Roads, they provide safe and efficient access to Tasmania’s regions. 
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Access to Boat Harbour Beach is via Port Road which intersects with Bass Highway approximately 12 
kilometres west of Wynyard.  The junction has a channelised right turn lane into Port Road.  Bass 
Highway carries approximately 4,000 vehicles per day near the junction with Port Road1. 

2.2 Existing Site Access 

Existing site access is currently in the form of a driveway near the corner of Moore Street for site 1, as 
well as a shared ROW towards the northern boundary of Site 1.  Site 2 utilises a driveway located 
approximately 10 metres west of the existing access fronting onto Port Road. 

Accesses to Site 1 are shown in Figure 5 and Figure 6. 

Figure 5 Existing Main Site Access 

 

                                                
1 Factored from Department of State Growth, UTS Traffic data, 2010 
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Figure 6 Existing ROW Access to Site 2 

  

2.3 Pedestrian Activity 

The Boat Harbour Beach area is a popular holiday and tourist location and therefore there is a relatively 
high pedestrian activity at the beach and café areas during the peak season.  The beach and café area 
has a low speed environment.  There is a separate walking track provided for pedestrians parallel to Port 
Road. 

There are no formal pedestrian facilities on the section of Port Road adjacent to the site.  Traffic volumes 
and vehicle speeds are low enough that pedestrians appear to share the road with vehicles in key 
activity areas.  This is a common situation in beachside locations where the speed limit has been lowered 
to 40-km/h and volumes are low.  Observations indicate that this situation appears to be relatively safe. 

2.4 Road Safety Performance 

Crash data can provide valuable information on the road safety performance of a road network.  Existing 
road safety deficiencies can be highlighted through the examination of crash data, which can assist in 
determining whether traffic generation from the proposed development may exacerbate any identified 
issues. 

Crash data was obtained from the Department of State Growth for a five year period between 1st 
January 2011 and 31 December 2015 for the full length of Port Road. 

The findings of the crash data is summarised as follows: 

 A total of 8 crashes were reported during this time. 
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 Two of these crashes were reported at the junction of Sisters Beach Road and one at the Bass 
Highway junction.  The remaining five crashes were reported mid-block between intersections: 3 
between the Sisters Beach Road junction and the sharp bend to the east, and 3 within the Boat 
Harbour Beach area. 

 Of these crashes, 3 resulted in injury (2 serious and one minor).  The remaining 5 crashes were 
property damage only. 

 The three crashes east of the Sisters Beach Road junction all involved a single vehicle leaving 
the carriageway.  Both serious injury crashes occurred at this location.  One of these crashes 
involved a motorcycle. 

 One crash was reported immediately adjacent to the subject site (July 2012).  The crash 
involved a truck in an ‘other-manoeuvring’ collision resulting in property damage only. 

 

The crash data does not highlight any specific road safety deficiencies in the transport network near the 
subject site.  The crash history would be considered reasonably ‘typical’ of a rural town transport 
network with moderate traffic volume. 
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3. Proposed Development 

3.1 Development Proposal 

The proposed development is 19 lot subdivision as shown in Figure 7.  Lot sizes vary between 442 m2 to 
1,073 m2.  

The existing access to Site 1 will be closed.  Lots contained on Site 1 will be accessible via a short cul-de-
sac connecting to Port Road (lots 1 to 9), with some lots accessed directly from Port Road and Moore 
Street (lots 11 to 13).   

All lots contained in Site 2 will be accessed directly from Port Road frontage (lots 15 to 19).   
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Figure 7 Proposed Development 
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4. Traffic Impacts 

4.1 Traffic Generation 

Traffic generation rates were sourced from the RMS Guide.  The RMS Guide (updated surveys) states the 
following traffic generation rates for residential developments: 

 Daily vehicle trips   7.4 per dwelling 

 Weekday peak hour vehicle trips 0.78 per dwelling 

 

Based on these rates, the traffic generation from the subdivision is likely to be in the order of 148 trips 
per day, and 16 trips per hour during peak periods. 

4.2 Trip Distribution 

All traffic from the road network external to Boat Harbour will enter from and depart to Bass Highway.  
The traffic generation at each of the accesses will be distributed as follows: 

 Site 1  97 trips per day  11 trips per hour peak 

 Site 2  44 trips per day  5 trips per hour peak 

 

The majority of traffic will utilise Port Road directly, with only a small amount of traffic utilising Moore 
Street.  This is due to the more direct route that Port Road provides. 

4.3 Access Impacts 

The location of the cul-de-sac road on Port Road maximises available sight distance along Port Road.  
Sight distances at the cul-de-sac access is adequate from site investigations based on the low prevailing 
vehicle speeds in the network. 

Driveway accesses for lots connecting directly onto Port Road require a minimum sight distance of 35 
metres in accordance with Australian Standards AS2890.1 for a 40-km/h frontage speed.  Site 
observations indicate that this can be achieved.   

4.4 Pedestrian Impacts 

The proposed development will increase pedestrian activity between the site and the main Boat Harbour 
Beach area.  This increase in pedestrian activity will not greatly affect traffic activity.  Pedestrians are 
well catered for in the area.  The surrounding road environment is low speed and low volume providing 
a relatively safe environment.  In general terms, the pedestrian activity already exists near the site due 
to the existing camping area on the northern side of Port Road on Crown Land. 
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4.5 Road Safety Impacts 

There are no significant detrimental road safety impacts foreseen for the proposed subdivision.  This is 
based on the following: 

 The surrounding road network is able to adequately absorb the traffic generated by the 
proposed development. 

 The existing road safety performance of the road network does not indicate that there are any 
current road safety deficiencies that might be exacerbated by the proposed development. 

 Adequate sight distance is available at the proposed site accesses on Port Road and Moore 
Street in relation to the prevailing vehicle speeds.   

 The proposed development is located in a predominantly residential and recreational area, and 
as such movements into and out of the subject site as well as pedestrians will not be seen as an 
uncommon event by other motorists. 
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5. Conclusions 

This traffic impact assessment (TIA) investigated the traffic and parking impacts of a proposed 20 lot 
subdivision at Boat Harbour Beach.  The report has been conducted following a review of available traffic 
data, site plans, relevant codes and guidelines, Planning Scheme and other supplementary traffic data 
and information. 

The key findings of the report are as follows: 

 The proposed development’s accesses are deemed to be safe and appropriate for the traffic 
generation from the site. 

 The proposed development will not have any significant adverse road safety or traffic efficiency 
issues in the surrounding road network. 

 

Based on the findings of this report and subject to the recommendations above, the proposed 
development is supported on traffic grounds. 
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1. Introduction 

Castellan Consulting Pty Ltd (Castellan) has been engaged by Tom Reilly of 

PDA Surveyors on behalf of VOS Nominees Pty Ltd (the Client) to prepare a 

bushfire protection report for a subdivision at 293 and 305-307 Port Road, 

Boat Harbour (the Property).  Plans for the proposed subdivision are provided 

at Attachment 1.00. 

The scope of this assessment is to provide an assessment of the bushfire risk 

against the bushfire provisions of the Waratah Wynyard Interim Planning 

Scheme 2013 (the Scheme). 

The need for the bushfire risk assessment arises because the proposed 

subdivision is to be undertaken in an area which is bushfire prone. 

The relevant statutory provisions, subordinate legislation and standards 

applied in this assessment are; 

• The Scheme, 

• Australian Standard AS 3959 [1],  

• The Approved Form issued by the Chief Officer of the Tasmania Fire 

Service (TFS) [2], and 

It is important to note that compliance with the Scheme does not mean that 

there is no residual fire risk from the threat of bushfire.  The level of residual 

risk which is acceptable in this report is consistent with that risk that remains 

where the new subdivision work is fully compliant with the prescriptive 

Acceptable Solutions in the Scheme. 

It should be noted that the policy settings applied by the government through 

the adoption of AS 3959 [1], in particular the assumption of a design Forest 

Fire Danger Index (FFDI) of 50 which is exceeded during normal bushfire 

seasons, are not conservative and as a consequence it is possible that the 

mitigation measures employed may not be sufficient in more severe 

conditions.  This applies whether the proposed development is assessed 

against the Acceptable Solutions provisions or a performance assessment. 

In addition, AS 3959 makes the following qualification; 

…this Standard cannot guarantee that a building will survive a 

bushfire event on every occasion.  This is substantially due to the 

degree of vegetation management, the unpredictable nature and 

behaviour of bushfire, and extreme weather conditions. 

This report does not consider; 
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• Any other objective beyond compliance with the Scheme as identified 

above, 

• Any deliberate or malicious acts where fire is started with the intention 

to damage property or cause injury.  This is outside of the scope of this 

assessment, and 

• Any storage or handling of dangerous substances beyond minor storage 

quantities associated with the operation of the accommodation 

complex. 

Comments from the Tasmania Fire Service were requested on a draft version of this 

report and advice was received on 29 September 2017.  This advice was incorporated 

and has resulted in substantial changes to parts of the report.  The advice is provided 

in Attachment 4.00. 
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2. Statutory Requirement 

The statutory requirement for the proposed subdivision work is expressed in 

the Bushfire Prone Areas Code (Code E1 of the Scheme) which adopts 

Planning Directive 5.1 (PD5.1) [3].  The Code applies to subdivision of land 

within a bushfire prone area as well as uses which are vulnerable or hazardous.  

2.1 Vulnerable use 

Vulnerable uses are defined within the PD document as: 

• Custodial Facilities; 

• Educational and Occasional Care; 

• Hospital Services; 

• Residential uses if for respite, residential aged care, retirement homes 

and/or group homes 

The proposed use of the site includes none of these and so this clause does not 

apply. 

2.2 Hazardous Use 

Hazardous uses are defined within PD5.1 as a use where: 

• The amount of stored hazardous materials on a site exceeds the 

manifest quantity according to the Work Health and Safety Regulations 

2012; or 

• Explosives are stored on the site. 

The proposed use as residential dwellings is unlikely to trigger either of the 

above clauses and consequently this element does not apply. 

2.3 Subdivision  

2.3.1 Hazard Management Areas 

The acceptable solution provisions of PD5.1 requires that a subdivision 

provides for hazard management areas (HMA) that “provide for sufficient 

separation of building areas from bushfire prone vegetation to reduce the 

radiant heat levels, direct flame attack and ember attack at the building area”. 

These provisions also require that the HMA be sized and located so as to 

achieve separation between the bushfire-prone vegetation and building area 

equal or greater than those required to achieve a Bushfire Attack Level (BAL) 

of 19 or lower according to AS3959.  This acceptable solution is not achieved 
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for all of the lots of this subdivision and as a consequence the performance 

criteria are applied for this element of the Code (extracted below). 

 

2.3.2 Fire Fighting Access 

The Code requires that access roads into a subdivision be suitably located, 

designed and constructed to allow safe access for emergency vehicles, 

especially where roads or trails are long or access is required for fire fighting 

vehicles to access water supplies.  The acceptable solution element of the 

standard is applied for this aspect of the proposed subdivision. 

2.3.3 Provision of fire fighting water supply 

The Code requires that “adequate, accessible and reliable water supply for the 

purposes of fire fighting” is available at/to the site to allow for the protection 

of life and property, according to the increase in bushfire risk associated with 

the development. The acceptable solution element of the standard is applied to 

this aspect for the proposed subdivision.   
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3. Site Bushfire Characteristics 

In the context established above, the following background material is 

provided. 

3.1 Description of the Land and Adjacent Land 

The subdivision site consists of several parcels of land (147199/1, 197957/1, 

12138/10 and 30609/2) located at 293, 305 and 307 Port Road, Boat Harbour. 

The three sites are in close proximity and considered together in this 

assessment. 

The site is highlighted in red in the following image which is taken from the 

website www.thelist.tas.gov.au, with the blue area an approximation of a 

100m extension from this space into the surrounding area which contains 

vegetation. 
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This image also shows 10m contour lines, existing cadastral parcels and road 

centrelines.  It can be seen that there are some areas of vegetation along the 

foreshore that could potentially carry a bushfire, however, they are not 

considered bushfire prone as the areas are less than 20m wide.  The image 

shows that the land in the area slopes from south to north with a significant 

downward slope under the bushfire prone vegetation. 

The next image shows the area with a wider perspective. 

 

The image shows the extent to which rural and rural residential type 

development has occurred to the south of the site.   

Vegetation in the area consists of two main communities, to the south, the area 

is predominantly agricultural grassland while to the west, a tract of dry E. 

obliqua forest with areas of coastal shrub connects into the larger Rocky Cape 

National Park.  Land to the east and south east consists of light urban 

development with a mixture of managed and unmanaged exotic and native 

vegetation. 

A fire impacting on the site would most likely originate from the west or 

north-west of the site and be driven under a northerly or north westerly wind 

through the national park as this is the wind direction associated with more 

adverse fire weather. On days of high fire danger with limited winds or an 

offshore breeze there is a chance of a fire approaching the site from the south, 

particularly if the grassland is not grazed or managed.  It is unlikely that a 

higher fire danger period would be associated with a southerly wind. 

The above image also shows a history of bushfire in the area to the west of the 

proposed development, with the Duniams Road fire in 2004-05 (876ha) and 

the two Sisters Beach fires in 2001-02 (271 and 243ha) the most recent 

significant activity.  Minimal planned burning appears to have occurred in the 

area (yellow hatches in the image above).  
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There is an extensive and repeated pattern of fires in the areas to the west and 

south west of the site. 

3.2 Description of the Proposed Use 

The proposed development on the land is shown on the drawings provided at 

Attachment 1.00. 

The land is zoned “Low Density Residential” in the Waratah-Wynyard Interim 

Planning Scheme.  The purpose statements for this zone include provision for 

residential development on larger lots, along with non-residential uses that are 

compatible with residential uses.  

3.3 Impact of Development 

The proposed works is a subdivision of vacant and occupied land in an area 

that is already substantially developed.  Historically the site has also been used 

as a camping ground.  During the summer there is often a large number of 

occupants either camping or visiting the town during the day and there is a 

threat of bushfire arising from human activities including barbeques etc.  If 

there is a total fire ban for the township there is a strong probability that this 

potential for accidental fire start would be reduced. 

The proposed works are unlikely to significantly increase the existing potential 

human impact in the area and should have no negative impact on any 

neighbouring developments. 

If a local fire does start as a consequence of ignition from activities associated 

with the proposed new residential lots the impact on the community is 

relatively low given the fire would have a narrow fire front and limited 

potential to spread across the road to the beach area which would be the 

natural place for the refuge of occupants at Boat Harbour at the time. 

3.4 Occupant Characteristics 

The occupants of the proposed subdivision could be people with a broad range 

of characteristics.  In this context the occupant characteristics could capture 

the entire population including those with severe disability and incapacity to 

interpret fire cues and respond appropriately.   

3.5 Acceptable Solution Assessment 

The following is an assessment of the proposed subdivision against the 

Acceptable Solutions provisions of the Code.  In order to comply with the 

Scheme, compliance with either the Acceptable Solutions or Performance 

Criteria in each section is required. 
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3.5.1 Hazard Management Area 

The requirement for a Hazard Management Area (HMA) arises from an 

application of AS 3959.  The following is an assessment of the bushfire threat 

consistent with the methodology described in AS 3959.  As indicated 

previously the assumed FDI for Tasmania as provided at Table 2.1 of AS 3959 

is 50. 

The direction for the approach of the fire front considered in this assessment is 

limited to the west, south and south west.  Fires from the south east are likely 

to impact the township first and result in the fire front approaching the site 

from the south as it moves around the town.  

The lots of most concern are those in 4, 5, 6, 17 and 19 with the proposed 

building envelopes shown in Attachment 1.00.  Geotechnical reports indicate 

that the existing bushfire prone vegetation on Lots 4 through 7 can be removed 

to the boundary.  Immediately on the other side of the boundary of Lots 4 

through 7 is the access way for the neighbouring properties (3 and 5 Moore 

Street) which consists of a gravel driveway.  This area will provide some 

benefit to the separation distances to understorey vegetation in the area, 

however, in some places there are overhanging trees in close proximity to the 

road which may fall into the new lots. 

The table at Attachment 5.00 shows the Bushfire Attack Levels calculated for 

the closest point within the building envelopes to the boundary of each lot: 

From that table the lots with the highest BAL ratings are Lots 4, 5, 6, and 7  

with BAL-29 as well as Lots 17 and 19 with BAL-40 and Flame Zone.   

The Code Acceptable Solution E1.6.1.A1(b)(iv) requires that a Hazard 

Management Area for a new subdivision meet the separation requirements to 

achieve a BAL-19.  As the separation distances to the bushfire prone 

vegetation for Lots 4, 5, 6, 7, 17 and 19 are not able to meet the requirements 

for BAL-19, compliance with the relevant Performance Criteria is required for 

these areas. 

3.5.2 Public and Fire Fighting access 

Lots 1 through 9 would be accessed from a proposed cul-de-sac off Port Road.  

The Client has confirmed that the road reservation provided is capable of 

supporting a cul-de-sac design which meets the requirements of the Bushfire 

Code.  Lots 10-19 would be accessed by typical driveway crossovers 

constructed to Council requirements. 

As all of the sites contain their own static water supplies, provision to access 

these water supplies will need to be made on each Lot to meet the 

requirements outlined above.  Further discussion of access to fire fighting 

water supplies is in the next section. 

While no detailed design showing access ways was provided, the subdivision 

plan in Appendix 1.00 shows indicative locations for access points onto lots.  
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These proposed locations, along with the building envelopes do not include 

provision for space to turn fire appliances in many cases.  The turning circle 

requirement can be addressed through installation of a Remotely Located 

Access Point close to the road way. This is described in more detail in the Fire 

Fighting Water supplies and Performance Solution sections. 

3.5.3 Fire Fighting Water supplies 

There are no reticulated water supplies evident in the Boat Harbour locality 

according to www.thelist.tas.gov.au. 

In order to meet the Acceptable Solution E1.6.3.A2, each lot will need to 

provide a static water supply as outlined in Table E5.  Indicative tank locations 

are shown on the Hazard Management Plan, along with proposed Remotely 

Located Off-takes, which allow a remotely located tank to be used as a water 

source. 

Many of the lots do not have sufficient space to locate the static water tank 

while allowing sufficient provision for access ways to reach the static supply 

in a compliant manner.  In order to maximise the flexibility of the lots, it is 

proposed that Remotely Located Off-takes are installed at the entry to the lots 

with insufficient space and connected via a minimum 50mm pipe to the static 

water storage point which can be located elsewhere on the block.  It appears 

that for all sites the arrangement of storage and Remotely Located Off-takes 

can be made in such a way that ensures that the storage is above the offtake to 

ensure that there is no chance of negative head against an appliances pump.   

This proposed solution meets the requirements for an Acceptable Solution 

within the scheme. 

3.5.4 Static Water Supply and Hardstands Summary 

The Lots located on the proposed cul-de-sac (1 through 10) will have the 

Remotely Located Off-takes positioned in such a way that the hardstand clause 

can be met by the newly constructed cul-de-sac rather than their own drive 

ways. Lots 10, 11, 14 and 15 will utilise existing road surfaces as the hard 

stand, with the Remotely Located Off-take positioned near the driveway for 

the site. 

Access ways, static water supplies and remotely located off-takes are shown in 

the Bushfire Hazard Management Plan. 
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4. Proposed Solution and Assessment 

This section of the report focuses on the assessment of those elements of the 

proposed development and use that are not compliant with the Acceptable 

solutions provisions of the Planning Directive.  Where the development is 

compliant with the Acceptable solutions there is no requirement for further 

justification in this performance assessment. 

The proposed solution to meet Performance Criteria for this project are: 

• Provision of a Hazard Management Area to meet the separation 

requirements of BAL-19 for Lots 4, 5, 6, 7, 17 and 19; 

4.1 Provision of BAL-29 for Lots 4, 5, 6, and 7 

The proposed subdivision site sits on the north eastern edge of a rocky hillside 

in an area where the downslope angle is approximately 20-25°.  There are two 

approach paths for fire into the area, from the west, or from the south. 

The southerly approach would likely require a southerly wind pushing a fire 

down the slope to have any significant intensity as the downslope topography 

would hamper the spread and intensity of the fire to a considerable degree.  It 

is unlikely for there to be a strong southerly wind at the time of more severe 

bushfire weather.  In this situation it is also unlikely for there to be a canopy 

fire approaching from the south down the escarpment. 

In addition to the available separation distance within the HMA prescribed 

above, the presence of the 4 meter wide driveway within the neighbouring 

property provides additional separation for the Lots from the bushfire-prone 

vegetation.  While the maintenance of the vegetation in this access way is not 

guaranteed, it is highly likely that it will continue to be utilised as an access 

way for the property and maintained accordingly. 

A fire from the west is likely to be driven under a hotter, north or north 

westerly wind, meaning flame lengths and rates of spread are likely to be 

longer and faster than a southerly fire.  A fire approaching from the west will 

need to travel around the ridge line in order to attack the site; with this 

geography likely to slow the fire and reduce it’s intensity as the wind pushes 

the fire front towards the south or south east.  A fire at the edge of the 

ridgeline will likely be pushed by a prevailing wind towards the south, with 

the rate of spread to the east slowing significantly. 

The fuels in the area directly to the south of the site consist of low to mid 

height Eucalypt species over a rocky escarpment with limited understory when 

compared with the standard forest described in AS3959.  This limited 

understory will result in lower fuel loads which will reduce the rate of spread 

and the intensity of the fire on the fire line, which will likely further reduce the 

level of radiant energy impacting on structures within the development.   
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When the arrangement of the geography, the fuel types and the likely wind 

conditions during periods of high fire danger, it is considered that allowing 

Lots 4, 5, 6, and 7 to be allocated BAL-29 with the building envelopes 

proposed will not increase the risk of fire to these lots. 

4.2 Provision of BAL-29 for Lots 17 and 19 

The second area is located to the north west of the larger site and would 

contain five Lots.  Of these, Lots 17 and 19 form the western edge of the 

subdivision and are closest to bushfire-prone vegetation.  The image below, 

taken from www.thelist.tas.gov.au, in more detail. 

 

As is apparent in the image, the tract of vegetation to the west of the site 

consists of approximately 1.25 hectares of coastal scrubland, with much of this 

located on a rocky outcrop with sparse low sitting vegetation.  There are two 

possible vectors for a fire to enter this area, either via travelling through the 

coastal fringe further to the west, or via spotting or a deliberate ignition from 

the beach or within the vegetation.  In both cases, the resulting fire in the area 

would likely not be able to gather sufficient momentum during its approach to 

take on the characteristics considered in the AS3959 document. 

The area of vegetation is approximately 175m east to west and around 38m 

wide at its eastern limit.  The image shows that the space between the 

subdivision site and the vegetation contains three rights of ways for access 

onto neighbouring properties.  As these properties are already developed and 

apparently occupied, it is very unlikely that these rights of ways would not 

continue to be maintained in the minimal vegetation state.  
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Taking the right of ways into account when measuring separation distances, 

Lots 17 and 19 will have 19m and 15m to the vegetation, as well as the 

reduced flame width at the point of exposure, Method 2 within AS3959 can be 

used to determine the resulting radiant flux exposure to the sites.  The 

following inputs were used in the calculations, as well as major results: 

 Lot 17 Lot 19 

Distance to Vegetation (m) d 19 15 

Wind Speed (km/h) V 45 

Vegetation Height (m) VH 3 

Flame Width (m) Wf 38 

Slope (degrees) s 0 

Rate of Spread (km/h) R 4.2 

Fire Line Intensity (kW/m) I 53,862 

Flame Length (m) Lf 11.6 

Elevation of Receiver (m) h 1.5 

Flame Angle (degrees) α 64 59 

Radiant Heat Flux (kW/m
2
) q 16.3 22.3 

BAL Rating - 29 29 

 

Refer to Appendix 3.00 for a more detailed calculation. 

The BAL-29 rating selected allows for an additional level of contingency 

within Lot 17.  It is likely that this method has over-estimated the fire intensity 

in the area as the total fuel load for the site is unlikely to reach the 25t/ha 

figure due to the rocky outcrop and due to this, the fire intensity is likely to be 

lower than calculated.  The outcrop would also probably significantly slow the 

approach of a fire towards the subdivision.  

The calculations above have shown that setting Construction Requirements 

within Lots 17 and 19 to BAL-29 should provide sufficient reduction in risk 

exposure to the sites from a bushfire given the geography of the surrounds. 
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5. Conclusions and Recommendations 

Based on the above assessment it is concluded that the following elements are 

required as shown on the BHMP; 

• A hazard management area that encompasses all lots.  All lots are to be 

maintained and managed to a low threat vegetation condition for 

mutual protection,  

• Construction requirements for buildings on Lots 4, 5, 6, 7, 17 and 19 to 

be set to BAL-29,  

• Construction requirements for all other Lots to be set to BAL-19, and 

• A static water supply for firefighting purposes to be located on each 

Lot. 

These elements are described in the BHMP provided at Attachment 2.00. 

With these elements in place the BHMP provides tolerable risks for the use of 

the Lots for Class 1 buildings as well as sufficient hazard management areas, 

private road access and water supply for firefighting purposes for the new 

habitable buildings. 

The BHMP is certified by a person who is accredited in accordance with the 

requirements of the Tasmania Fire Service Act.  That certification is provided 

in an approved form at Attachment 6.00. 
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BUSHFIRE HAZARD MANAGEMENT PLAN 

 



Bushfire Hazard Management Plan
Notes
1. This Bushfire Hazard Management Plan (BHMP) is to be read in
conjunction with the Bushfire Protection Report (rev 1) dated 15
February 2018  (the Report) prepared by Castellan.
2. The extent of the hazard management area is shown on the
drawing.  The vegetation in the HMA is to be maintained in
accordance with the Report.

Prepared to form part of an application for a
planning approval for the proposed subdivision.
Prepared by: Castellan Consulting Pty Ltd - Ross
Murphy - BFP 122 - Accredited 1-4
Date: 15 February 2018
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ATTACHMENT 3.00 

AS3959 - METHOD 2 DETAILED CALCULATIONS 

 

The following calculation follows Method 2 (AS3959, Appendix B) for calculation of 

Bushfire Attack Levels for Lots 17 and 19. 

 

Step 1 –  Relevant FDI or Windspeed: 

Scrubland, windspeed (V) = 45km/h  

 

Step 2 –  Vegetation Classification: 

The vegetation in the area is generally consistent with Forest, however, the 

understory is generally sparser than is associated with the standard 

vegetation type form.  From this, Vegetation Height (VH) = 3m, surface 

fuel load = overall fuel load = 25 t/ha  

 

Step 3 – Effective Slope under Classified Vegetation: 

The area in question contains a low hill immediately to the west.  This 

mound is sized to allow fire to approach the site from a slightly elevated as 

well as a flat approach.  As the exact affect of the terrain would be difficult 

to model, it is conservatively assumed that this slope is zero degrees. 

 

Step 4 – Slope between site and classified vegetation: 

From the plans provided in Appendix A and www.thelist.tas.gov.au, the 

slope in the area to the west of Lots 17 and 19 appear to be slightly upslope.  

In order to simply calculations, assume that the slope is zero degrees. 

 

Step 5 – Distance of the site to the classified vegetation: 

As measured from the plans and www.thelist.tas.gov.au, the distance from 

the closest point of the building envelope and the classified vegetation is 

19m for Lot 17 and 15m for Lot 19. 

 

Step 6 –  Flame Length: 

Using table B1, row 2, rate of spread can be calculated from: 

 R = 0.023V�.	�VH�.� = 0.023 × 45�.	� × 3�.� = 4.17km/h  
 

Correcting for slope: 

R� = R�(��.����×�� !") = 4.17 × �(��.����×�) = 4.17$%/ℎ 
Now, fire line intensity from equation B1: 

' =
()*�

36
=

18600 × 25 × 4.17

36
= 53,862$)/% 

 

And from equation B3, flame length: 

./ = 0.0775'�.� = 0.0775 × 53862�.� = 11.63% 

 

Step 7 – Flame Width 

From www.thelist.tas.gov.au, the width of the bushfire prone vegetation is 

approximately 38m. 

 

  



Step 8 – Elevation of the receiver: 

It is assumed that the height of the receiver is equivalent to a window in a 

dwelling and in this case is set at 1.5m. 

 

Step 9 – Radiant Heat Flux: 

First, flame emissive power (equation B5), assuming a flame temperature of 

1100°K: 

0 = 123 = 5.67 × 10��� × 0.95 × 1100 = 78.9$)/%	 
 

To determine view factor, first determine the flame angle which gives the 

maximum view factor via the method outlined in B10.3(b).  This was 

calculated iteratively via a spreadsheet and the results were: 
- Lot 18 – flame angle = 64°, view factor of 0.246. 

- Lot 20 – flame angle = 59°, view factor of 0.329 

 

To determine atmospheric transmissivity, as the distance between the site 

and vegetation is longer than horizontal component of the flame length, the 

path length can be calculated as: 

.5�6 = 7 − 0.5./ cos < = 19 − 0.5 × 11.6 × cos 64 = 16.5% 

.5	� = 7 − 0.5./ cos < = 15 − 0.5 × 11.6 × cos 59 = 12.0% 

 

From this, atmospheric transmissivity can be calculated from equation B9: 
- Lot 18 – atmospheric transmissivity = 0.84. 

- Lot 20 – atmospheric transmissivity = 0.86. 

 

Substituting these into equation B4 gives the following: 

=5�6 = >?0 = 0.84 × 0.246 × 78.9 = 16.3$)/%	 

=5	� = >?0 = 0.86 × 0.329 × 78.9 = 22.3$)/%	 
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Lot Direction Vegetation Distance Slope 
BAL 

Rating 
Notes 

1 

North Low Hazard - - BAL-LOW Note 1 

South Forest 55 Upslope BAL-12.5   

East Low Hazard - - BAL-LOW Note 1 

West Scrub >100 Flat BAL-LOW   

2 

North Low Hazard - - BAL-LOW Note 1 

South Forest 40 Upslope BAL-12.5   

East Low Hazard - - BAL-LOW Note 1 

West Scrub >100 Flat BAL-LOW   

3 

North Low Hazard - - BAL-LOW Note 1 

South Forest 25 Upslope BAL-19   

East Low Hazard - - BAL-LOW Note 1 

West Woodland 21 Upslope BAL-19   

4 

North Low Hazard - - BAL-LOW Note 1 

South Forest 16 Upslope BAL-29   

East Low Hazard - - BAL-LOW Note 1 

West Woodland 13 Upslope BAL-29   

5 

North Low Hazard - - BAL-LOW Note 1 

South Forest 16 Upslope BAL-29   

East Low Hazard - - BAL-LOW Note 1 

West Forest 18 Upslope BAL-29   

6 

North Low Hazard - - BAL-LOW Note 1 

South Forest 16 Upslope BAL-29   

East Low Hazard - - BAL-LOW Note 1 

West Forest 20 Upslope BAL-29   

7 

North Low Hazard - - BAL-LOW Note 1 

South Forest 19 Upslope BAL-29   

East Low Hazard - - BAL-LOW Note 1 

West Forest 27 Upslope BAL-19   

8 

North Low Hazard - - BAL-LOW Note 1 

South Forest 32 Upslope BAL-12.5 Measured to edge of Lot 

East Low Hazard - - BAL-LOW Note 1 

West Forest 53 Upslope BAL-12.5 Measured to edge of Lot 

9 

North Low Hazard - - BAL-LOW Note 1 

South Forest 74 Upslope BAL-12.5   

East Low Hazard - - BAL-LOW Note 1 

West Forest 69 Upslope BAL-12.5   

10 

North Low Hazard - - BAL-LOW Note 1 

South Forest 53 Upslope BAL-12.5   

East Low Hazard - - BAL-LOW Note 1 

West Forest 76 Upslope BAL-12.5   

  



 

 

 

11 

North Low Hazard - - BAL-LOW Note 1 

South Forest 42 Upslope BAL-12.5   

East Low Hazard - - BAL-LOW Note 1 

West Forest 87 Upslope BAL-12.5   

12 

North Low Hazard - - BAL-LOW Note 1 

South Forest 23 Upslope BAL-19   

East Low Hazard - - BAL-LOW Note 1 

West Forest 66 Upslope BAL-12.5   

13 

North Low Hazard - - BAL-LOW Note 1 

South Forest 23 Upslope BAL-19   

East Low Hazard - - BAL-LOW Note 1 

West Forest 55 Flat BAL-12.5   

14 

North Low Hazard - - BAL-LOW Note 1 

South Forest 70 Upslope BAL-12.5   

East Low Hazard - - BAL-LOW Note 1 

West Scrub 65 Flat BAL-12.5   

15 

North Low Hazard - - BAL-LOW Note 1 

South Forest 83 Upslope BAL-12.5   

East Low Hazard - - BAL-LOW Note 1 

West Scrub 76 Flat BAL-12.5   

16 

North Low Hazard - - BAL-LOW Note 1 

South Forest 75 Upslope BAL-12.5   

East Low Hazard - - BAL-LOW Note 1 

West Scrub 48 Flat BAL-12.5   

17 

North Low Hazard - - BAL-LOW Note 1 

South Forest 55 Upslope BAL-12.5   

East Low Hazard - - BAL-LOW Note 1 

West Scrub 8 Flat BAL-FZ   

18 

North Low Hazard - - BAL-LOW Note 1 

South Forest 86 Upslope BAL-12.5   

East Low Hazard - - BAL-LOW Note 1 

West Scrub 23 Flat BAL-19   

19 

North Low Hazard - - BAL-LOW Note 1 

South Forest 80 Upslope BAL-12.5   

East Low Hazard - - BAL-LOW Note 1 

West Scrub 2 Flat BAL-FZ   

Note 1: 
Vegetation in this direction is not bushfire prone as described in Clause 2.3.2.2 of 

AS3959 
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CODE E1 – BUSHFIRE-PRONE AREAS CODE 
 
CERTIFICATE1 UNDER S51(2)(d) LAND USE PLANNING AND 
APPROVALS ACT 1993 

 

1. Land to which certificate applies2 
 

Land that is the Use or Development Site that is relied upon for bushfire hazard 
management or protection. 
 

Name of planning scheme or instrument: Waratah-Wynyard Interim Planning Scheme, 2013 

 

Street address: 293, 305 and 307 Port Road, Boat Harbour 

 

Certificate of Title / PID: 12138/10, 197957/1, 30609/2 & 156080/1 

 
Land that is not the Use or Development Site that is relied upon for bushfire hazard 
management or protection. 
 

Street address:   

  

Certificate of Title / PID:  

 

2. Proposed Use or Development 

Description of Use or Development: 
Subdivision of existing parcels of land for residential uses 
 
 
 
 
 

 
 

Code Clauses
3
: 

 
 
 

� E1.4 Exempt Development   � E1.5.1 Vulnerable Use  
 
� E1.5.2 Hazardous Use  � E1.6.1 Subdivision 

                                                 
1
 This document is the approved form of certification for this purpose, and must not be altered from its original form.  

 
2
 If the certificate relates to bushfire management or protection measures that rely on land that is not in the same lot 

as the site for the use or development described, the details of all of the applicable land must be provided. 
 
3
 Indicate by placing X in the corresponding � for the relevant clauses of E1.0 Bushfire-prone Areas Code. 



 

 

 

3. Documents relied upon4 

 

Documents, Plans and/or Specifications 
 

Title:  Proposed Subdivision, Port Road, Boat Harbour 

 

Author: Tom Reilly, PDA Surveyors 

 

Date: June 2017  Version: 1 

 
 

Bushfire Hazard Report 
 

Title:   
Bushfire Protection Report Proposed Subdivision, Port Road, Boat Harbour – 
Revision 1.00 

 

Author: Jarrod Burton, Ross Murphy Castellan Consulting 

 

Date: 15 February 2018  Version: 2 

 
 

Bushfire Hazard Management Plan 
 

Title:   Port Road, Boat Harbour 

 

Author: Jarrod Burton, Ross Murphy, Castellan Consulting 

 

Date: 15 February 2018  Version: 2 

 
 

Other Documents 
 

Title:    

 

Author:  

 

Date:   Version:  

 

  

                                                 
4
 List each document that is provided or relied upon to describe the use or development, or to assess and manage 

risk from bushfire. Each document must be identified by reference to title, author, date and version. 
 



 

 

 

4. Nature of Certificate5 
 

� E1.4 – Use or development exempt from this code 

 
Assessment 
Criteria 

Compliance Requirement 
Reference to Applicable 
Document(s) 

� E1.4 (a)  Insufficient increase in risk  

 

� E1.5.1 – Vulnerable Uses 

 
Assessment 
Criteria 

Compliance Requirement 
Reference to Applicable 
Document(s) 

� E1.5.1 P1 Risk is mitigated  

� E1.5.1 A2 BHMP  

� E1.5.1 A3  Emergency Plan  

 

� E1.5.2 – Hazardous Uses 

 
Assessment 
Criteria 

Compliance Requirement 
Reference to Applicable 
Document(s) 

� E1.5.2 P1 Risk is mitigated  

� E1.5.2 A2 BHMP  

� E1.5.2 A3 Emergency Plan  

 

X E1.6 – Development standards for subdivision 

 

E1.6.1 Subdivision: Provision of hazard management areas 

Assessment 
Criteria 

Compliance Requirement 
Reference to Applicable 
Document(s) 

X E1.6.1 P1 
Hazard Management Areas are 
sufficient to mitigate risk 

Bushfire Hazard Report 

� E1.6.1 A1 (a) Insufficient increase in risk  

                                                 
5
 The certificate must indicate by placing X in the corresponding � for each applicable standard and the 

corresponding compliance test within each standard that is relied upon to demonstrate compliance to Code E1  



 

 

 

� E1.6.1 A1 (b) Provides BAL 19 for all lots Bushfire Hazard Report 

� E1.6.1 A1 (c) Consent for Part 5 Agreement   

 

X 

E1.6.2 Subdivision: Public and fire fighting access 

Assessment 
Criteria 

Compliance Requirement 
Reference to Applicable 
Document(s) 

� E1.6.2 P1 
Access is sufficient to mitigate 
risk 

 

� E1.6.2 A1 (a) Insufficient increase in risk  

X E1.6.2 A1 (b) 
Access complies with Tables E1, 
E2 & E3 

Bushfire Hazard Report 

 

 

E1.6.3 Subdivision: Provision of water supply for fire fighting purposes 

Assessment 
Criteria 

Compliance Requirement 
Reference to Applicable 
Document(s) 

� E1.6.3 A1 (a) Insufficient increase in risk  

� E1.6.3 A1 (b) 

 
Reticulated water supply complies 
with Table E4 
 

 

� E1.6.3 A1 (c) 
Water supply consistent with the 
objective 

 

� E1.6.3 A2 (a) Insufficient increase in risk  

X E1.6.3 A2 (b) 

 
Static water supply complies with 
Table E5 
 

Bushfire Hazard Report 

� E1.6.3 A2 (c) 
Static water supply is consistent 
with the objective 

 

  



 

 

 

5. Bushfire Hazard Practitioner6 
 

Name: Ross Murphy Phone No: 0447710152 
 

Address: 99 Campbell Street Fax No:  

 

 Hobart Email  ross@castellan.com.au 
 Address: 

   7000   

 

Accreditation No: BFP –  122 Scope:  Grades 1, 2, 3 & 4 
 

6. Certification7 
 

I, certify that in accordance with the authority given under Part 4A of the Fire Service Act 1979 

– 
 

 
The use or development described in this certificate is exempt from application of Code E1 – 
Bushfire-Prone Areas in accordance with Clause E1.4 (a) because there is an insufficient 
increase in risk to the use or development from bushfire to warrant any specific bushfire 
protection measure in order to be consistent with the objectives for all the applicable 
standards identified in Section 4 of this Certificate. 

 

� 

 

or 
 

 

 
There is an insufficient increase in risk from bushfire to warrant the provision of specific 
measures for bushfire hazard management and/or bushfire protection in order for the use or 
development described to be consistent with the objective for each of the applicable 
standards identified in Section 4 of this Certificate. 

 

� 

 

and/or 
 

 

 
The Bushfire Hazard Management Plan/s identified in Section 4 of this certificate is/are in 
accordance with the Chief Officer’s requirements and can deliver an outcome for the use or 
development described that is consistent with the objective and the relevant compliance test 
for each of the applicable standards identified in Section 4 of this Certificate.  

 

X 

 
 
 

Signed: 
certifier 

 
 
 
 

 

 

Date: 5/02/2018 Certificate No: 17097-002  

                                                 
6
 A Bushfire Hazard Practitioner is a person accredited by the Chief Officer of the Tasmania Fire Service under Part 

IVA of Fire Service Act 1979. The list of practitioners and scope of work is found at www.fire.tas.gov.au. 
 
7
 The relevant certification must be indicated by placing X in the corresponding �.  
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Key Recommendations 
Qualitative landslide risk assessments for risk-to-property and semi-quantitative assessments 

for risk-to-life have been conducted for residential structures for the proposed 14-lot sub-division 

at 293 Port Rd, Boat Harbour. 

The outcomes of the risk assessment are: 

 A proposed sub-division with building envelopes has been adopted for this assessment. 

 Levels of risk-to-property that have been estimated are LOW and VERY LOW.  

 Levels of risk-to-life for the persons most-at-risk have been estimated as less than 1E-6 per 

annum.  

 The risk assessment has been conducted for the building envelopes as provided and does 

not cover portions of the proposed sub-division outside those building envelopes. 

 Other issues that must be addressed during detailed civil engineering design of the sub-

division include the provision of efficacious high quality sub-surface drainage throughout the 

sub-division, and its legal protection. 

It is an important element of this assessment that the notes and assumptions provided in the 

assessment tables 4 and 5 are recognised and acted upon for the development. The notes and 

assumptions underpin the risk assessment. The landslide risk assessment herein is valid only if 

the notes and assumptions in the Tables and throughout the text are recognised and included in 

the detailed design and future construction of the development.   

Verification landslide risk assessments should be conducted during detailed design of the 

individual residences to confirm application of the recommendations contained herein.  
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1. Introduction 
VOS Nominees (VOS) proposed the development of a 14-lot sub-division at 293 Port Rd, Boat 

Harbour, which is located within the township of Boat Harbour Beach on the North West coast of 

Tasmania. 

GHD Pty Ltd (GHD) has been engaged by VOS to undertake a landslide risk assessment and to 

develop management techniques in the event that unacceptable or intolerable risk levels are 

identified, together with determination of other geotechnical constraints as may be appropriate 

in the landslide risk management context. This work builds upon the assessment conducted for 

a previous development proposal (GHD 2017 and GHD Geotechnics, 2010). 

In 2010, VOS instructed GHD Geotechnics to conduct a hazard assessment of the landslide 

and dam hazard.  That work was presented in the GHD report entitled “Boat Harbour Resort 

Subdivision, Landslide & Dam Hazard Assessment”, referenced 32/14861/50000, dated 

January 2010.  

In 2017, VOS proposed to develop a visitor accommodation facility. This was appraised by GHD 

within the report referenced 3218288-81214. The report was summited to and approved by 

Waratah Wynyard Council  

Recently, Peacock Darcy & Anderson (PDA) acting on behalf of VOS Nominees, has supplied a 

revised subdivision plan. This report re-visits the previous assessment and provides a landslide 

risk assessment for that proposed development, together with recommendations in light of the 

new development layout. 

1.1 Purpose of this report 

This report has been prepared to present the results of a Landslide Risk Assessment and 

consequent Landslide Risk Management determination for the proposed subdivision at 293 port 

Rd – see Figure 1 in Appendix A, which shows the plan of the proposed development.   

The aim of this report is to identify landslide susceptibility, recognize the likelihood of that 

instability, and propose methods for management of the landslides as they impact upon within 

the design for the development, within the context of risk management. 

This report is to form part of the background documentation for the Development Application for 

the project, and to thereby assist regulators in appreciation the Landslide Risk environment for 

the development.  

The Landslide Risk Assessment and Management contained within this report has been 

prepared in accordance with the requirements of the Waratah-Wynyard planning scheme 

section 6E. The section draws upon and makes reference to the Landslide Risk Management 

guideline, AGS (2007). 

1.2 Scope and limitations 

This report: has been prepared by GHD for VOS Nominees and may only be used and relied on 

by VOS Nominees for the purpose agreed as set out in Section 1.1 of this report. 

GHD otherwise disclaims responsibility to any person other than VOS Nominees arising in 

connection with this report. GHD also excludes implied warranties and conditions, to the extent 

legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those 

specifically detailed in the report and are subject to the scope limitations set out in the report.  
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The opinions, conclusions and any recommendations in this report are based on conditions 

encountered and information reviewed at the date of preparation of the report.  GHD has no 

responsibility or obligation to update this report to account for events or changes occurring 

subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions 

made by GHD described throughout this report.  GHD disclaims liability arising from any of the 

assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by VOS Nominees and 

others who provided information to GHD (including Government authorities), which GHD has 

not independently verified or checked beyond the agreed scope of work. GHD does not accept 

liability in connection with such unverified information, including errors and omissions in the 

report which were caused by errors or omissions in that information.  
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2.  Desktop Study 
2.1 Location 

The site is located at the township of Boat Harbour Beach on the North-West coast of 

Tasmania. See Figure 1 in Appendix A. 

293 Port Road area is currently vacant with previous structures removed except for some rock 

retaining walls and landscaping. 

The site is located on a narrow plain below a north facing coastal escarpment. The northern 

boundary extent is approximately 200m from the Boat Harbour beach foreshore. The elevation 

ranges from approximately 5 m AHD in the north to 15 m AHD at the south. The slope of the site 

becomes steeper towards the south and forms a shallow concave amphitheatre.  On the 

eastern site boundary there is an elevate plunging low ridge in the order of 20m height, which 

continues to increase in high uphill of the site. The relative surface levels to the west of the site 

are also elevated and extend uphill of the site. 

2.2 Historical Reports 

A review of publically available and provided documents have been undertaken as part of the 

desktop study. The following sub-sections briefly summarise the documents, which contain 

information relevant to the site 

2.2.1 Historical documents 

The following documents have been review as part of the desktop study: 

 Landslide Assessment for Boat Harbour Beach, Coffey Geosciences, March 2001. 

 Land stability at Boat Harbour beach, WL Matthews (Mineral Resources Tasmania MRT 

report TR17_116_119) date January 1974. 

 Preliminary report on landslides on the Boat Harbour Road by I B Jennings (MRT report 

designated TR9_107_108) date January 1965. 

2.2.2 GHD previous works 

GHD has previously undertaken works related to the site. The following reports have been 

identified as providing relevant information: 

 Boat Harbour Risk Assessment Revision 1 (Report # 3218288-81214), GHD Pty Ltd, 

September 2017. 

 Landslide & Dam Hazard Assessment for Boat Harbour Resort Subdivision (Report 

#32/14861/5000), GHD Pty Ltd, January 2010. 

 Report on Boat Harbour Beach Resort, Preliminary Geotechnical Assessment, (Report 

#32/14861/48350), GHD Pty Ltd, July 2009. 

2.3 Local Geology 

The Mineral Resources Tasmania (MRT) Digital Geological Atlas 1:25,000 Series Wynyard 

map, indicates that most of the site is underlain by Mesoproterozoic-aged interbedded shaly 

black siltstone and thinly bedded quartzite, whilst a portion of the eastern side is underlain by 

Quaternary aged landslide deposits predominantly derived from weathered tertiary rocks. MRT  
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2.4 Geomorphology 

The Geomorphology map is presented in  WL Matthews (1974) initially mapped the boat 

harbour beach area, the map was supplemented by Coffey 2001, adding more geomorphology 

units and landslide boundaries, more recently MRT complemented by observations made by 

MRT personal Stevenson and Mazengarb C (2010). 

The MRT geomorphology mapping (Stevenson and Mazengarb C 2010) is the most recent and 

most detailed geomorphology mapping in the area. We have not attempted to systematically 

review the geomorphology boundaries but our observations and interpretations are in broad 

agreement with MRT work. 

2.5 Groundwater 

A search of the Department of Primary Industries, Parks, Water and Environment (DPIPWE) 

online register (GIAP) of groundwater bores indicates that four boreholes are within 200 metres 

from the site, boreholes are summarised in Table 1, the location of the boreholes are depicted 

on Appendix A Fig 1 and full boreholes reports in Appendix I. 

Table 1 Borehole data summary 

Bore 
ID 

Date drilled 

MGA zone 55 Coordinates 
MGA94 Depth 

(m) 

SWL 

 Easting Northing 

694 30/06/1983 383413 5468283 24.4 6.1 

40197 26/08/2009 383441 5468231 60 8 

40443 21/11/2009 383533 5468310 60 8 

4182 12/05/2017 383379 5468188 48 14 

 

2.6 Landslide hazard data review 

A review to the published MRT data indicated the following: 

 Portions of the site are within proclaimed landslide ‘A’ and ‘B’ areas. The landslide 

areas were proclaimed in 1975 and pose constraints on development.  In accordance 

with the Act, only insubstantial buildings (less than 25 m2) are permitted in Landslide “A” 

areas and then only by special permit.  Within a Landslide “B” area there are limitations 

on any clearing or earthworks that may affect the stability of the land. Refer to Appendix 

A Fig 1 

 A portion of the eastern side of the site is within Hazard band “Medium”. Refer to 

Appendix A Fig 1 

 Landslide MRT map series with site boundary are presented in Appendix H 

2.7 Landslide inventory  

A review of the published MRT data indicates that landslides have affected the Boat Harbour 

Beach area several times. It is clear that landslide hazards exist, particularly along the eastern 

boundary, where landslide colluvium / landslide debris has been mapped. The most relevant 

slides to the site have been summarised in Table 2. 

Table 2 Landslide inventory summary 

MRT landslide 

ID # 

MRT observations/records  
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3035 to 3045 

And 154 to 157 

Coffey (2001) 

 Several types of landslide occur at Boat Harbour Beach. Some 

of the major debris slides extend from the edge of the plateau 

to the coast and underlie most of the coastal bench. The most 

significant Landslide (1A) is at the south-eastern edge of town 

where 10 houses were damaged by major movement in 1969 

and ongoing minor movements.   

 “Landslide 2” took place within the Tertiary basaltic deposits 

demonstrating rotational type slip.  Historically (in geological 

terms), this area has generated debris flows that ultimately 

encroached on the eastern side of the subject site. 

 There are three other major (greater than 10,000 m3) landslides 

to the south east of Landslide 2. Further, there are also a 

number of medium and small earth and debris slides.  There is 

potential for very small to small earth or debris flows from the 

coastal scarp, and additionally extremely small rock falls or 

topples from basalt or quartzite outcrops. 

 

WL Matthews (1974)  

 Basement rocks are quartzite and siltstone.  An area of 

siltstone occurs west of the main settlement up to the top of the 

plateau but in other areas the basalt flows have filled valleys 

down to sea level (east part of the township). 

 Instability has been a very pronounced feature in the past on 

the east facing slopes and continues.  

 The slides appear to be confined to the tertiary basalt, which is 

deeply weathered. Talus slopes and clay sediments (colluvium) 

interbedded with basalt flows, along with widespread 

seepages, are a feature of the instability. 

 Some of the slides, particularly the older ones, are very deep 

seated “circular” failures.  Others are elongated shallow talus 

slides. 

 Most of Boat Harbour is built on slide debris but where the 

slope is less than 15o further instability is unlikely provided the 

site is drained and there are no excavations. 

I B Jennings (1965) 

 Tertiary basalt on top of the escarpment is probably 

interbedded with, and underlain by, Tertiary sediments. 

 The escarpment has been over-steepened by marine erosion. 

 Groundwater springs promote these slope movements. 
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3. Site Investigation 
3.1 Subsurface Investigation (previously conducted) 

A number of exploration test pit were previously conducted at the site (GHD 2010 and GHD 

2016). A total of 7 test pits were excavated. The location of the test pits are depicted on 

Appendix A Figure 1 and the inferred subsurface conditions encountered are depicted on Figure 

2 to 5 (Appendix A). 

3.2 Site walkover  

3.2.1 GHD 2010 site walkover 

A site visit was undertaken on 8 July 2009. 

The following observations were made during the site walkover: 

 An escarpment adjoins the site immediately at its southern boundary, which is heavily 

vegetated including medium to large size trees. 

 The side slopes of this escarpment features 30-40 degree angles to the horizontal. 

 There are many low height (typically  1m height) retaining walls that were constructed of 

stone with mortar.  These walls are remnants of the old Boat Harbour Beach Resort. 

Copies of photographs taken during the site walkover are included in Appendix C. 

3.2.2 GHD 2016 site walkover 

A second site walkover was carried out on the 14th of November 2016 by GHD’s Senior 

Geotechnical Engineer. 

The following observations were made during the site walkover: 

 Running groundwater and wet areas were observed at the toe of the escarpment (293 

Port Road site). 

 Construction of a new development at the crest of Landslide 2, Figure 1 

 A general visual inspection of the surrounding areas and existing dwelling on the toe 

and crest of Landslide 2 was conducted, and no evidence of active movement was 

observed. 

 Rock outcrops are present on the escarpment above the 293 Port Road site, Figure 2 , 

Two distinct joint sets and foliation were measured and recorded with a hand held GPS. 

Joints strike and strike directions were measured as follows: 

– Joint set 1 dips back into the slope to the south west, This joint set is distinct, with 

persistent fractures extending for several metres into the slope.  Joints are spaced at 

around 0.3 m to 0.4 m spacing, and are rough and undulating. Dip/dip direction 

85°/223° mag. 

– Joint set 2 is a joint set that dips to the north west. and is less pervasive than joint set 

1. Joints are rough in texture, undulating and not striated. The joints are spaced 

irregularly, and were observed as the back release planes for blocks from joint set 1. 

Dip/dip direction 65°/323° mag. 

– Foliation dips to south west, with a dip angle than varies from 50° to 60°. 

 Two active landslides were observed approximately 700 metres to the east of Landslide 

2.  It is likely that, the landslide movement rate was exacerbated during June’s rainfall 
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event, where a new three-day record of 157.2 mm was reported by the Bureau of 

Meteorology in the Special Climate Statement 57, issued 17th of June 2016. These 

landslides are currently affecting access to the Boat Harbour beach area, though are 

remote from the subject site. 

 The ground surface over the escarpment comprises loose rock debris generally of 

cobble to boulder size being angular and typically 100 – 300 mm in size.  The rock 

predominantly comprises quartzite and it was able to be broken readily by a geological 

hammer. No topsoil was observed, and little soil ground cover within the exposed rock 

chutes was visible.  However, the slope is well covered with mature eucalypts, 

indicating an absence of significant instability within the last 50 - 100 years 

 Evidence of root jacking was observed 

Copies of photographs taken during the site walkover are included in Appendix D  and 

walkover walking track is depicted on Figure 1 in Appendix A. 
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Figure 1 New development at the crest of Landslide 2 

 

 

 

 

Figure 2 Characteristic rock outcrop on the escarpment area 
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Figure 3 Observed evidenced of root jacking leading to detachment of blocks 
of bedrock 
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Figure 4 Stereonet plots of slope face, joints and foliation in rock mass 
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Set 2: North West dipping joints                               Foliation: South East dipping 

 

3.3 Inferred Geological Setting 

Based on the regional geological interpretation, the assessment of the terrain geomorphology 

within MRT Geomorphology map , existing borehole data, test pits and the landslide inventory, 

the specific geological setting of the site has been interpreted, and with references to Figure 2, 

3 and 4 in Appendix A, as (in order of oldest to youngest): 

 Lrj – Mesoproterozoic aged shaly black siltstone and thinly bedded quartzite basement 

unit. This was observed on the escarpment above the site, and in all the test pits, apart 

from TP01. It was also described in all the boreholes. This unit has been designated as the 

potential source of rockfalls and/or debris flow 

 Ts – Tertiary aged non- marine sequences of gravel, sand, clay and silt. Note this unit is 

considered particularly landslide susceptible with some of the clays having very low shear 

strengths, as may be associated with the presence of high pore pressures within gravelly 

sediments. This unit has not been directly observed within the confines of the site, but is 

evident further to the east. 

 Tbw – Tertiary aged weathered basalt, this unit was observed to overlie the Lrj unit on the 

escarpment above the site, and has been identify by many authors (MRT 2010, Coffey 

2001) as landslide susceptible. It is likely that this unit was undercut by sea erosion during 

the last glacial era (120,000 to 10,000 years ago). 
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 Qxt – Quaternary aged landslide deposits from deeply weathered tertiary rocks. This unit 

was observed in TP01 and inferred through the boreholes. 

 Unknown –Alluvial fan deposits from Lrj rocks, this unit is likely to be quaternary aged 

deposits, the unit is depicted on the MRT geomorphology map Appendix H Map H5   
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4. Landslide Risk Assessment 
4.1 Risk Assessment Methodology 

4.1.1 Landslide risk assessment  

A qualitative risk assessment has been undertaken for the proposed subdivision at 293 Port Rd, 

boat harbour beach. The risk assessment includes a qualitative assessment of “Likelihood” and 

“Consequence” using descriptions provided in the Australian Geomechanics Society guidelines 

for Landslide Risk Management (AGS 2007). 

The risk likelihood and risk consequence have been used to determine a risk rating from the 

Risk Matrix provided in the AGS (2007) guidelines and reproduced in Table 3. 

4.1.2 Likelihood of occurrence 

The likelihood of failure of various failure scenarios are qualitative indications of how likely a 

failure is without consideration of the consequences of this failure. The assessment of the 

likelihood of failure for each hazard has been determined based on the following factors: 

 Observations made during the site visit. 

 Previous reports. 

 Engineering experience. 

4.1.3 Consequence of failure 

Consequences from the geotechnical hazards identified in section 4.2 have been determined 

based on observations made during the site visit.  

For the hazards identified, the associated consequences to property have been estimated 

based on the ratings shown in Table 3 and the description contained in the AGS (2007c). 

4.1.4 Risk rating  

The following matrix (Table 3) has been used to estimate the qualitative risk levels for each of 

the hazards identified, based on the likelihood and consequence determined. The risk matrix is 

based on the AGS Guidelines for Landslide Risk Assessment, 2007. 

Table 3 – Risk rating matrix 

 

Consequences 

 

Catastrophic Major Medium Minor Insignificant 

Li
ke

lih
oo

d 

Almost Certain VH VH VH H M or L 

Likely VH VH H M L 

Possible VH H M M VL 

Unlikely H M L L VL 

Rare M L L VL VL 

Barely 
Credible 

L VL VL VL VL 
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4.2 Risk assessment scenarios 

Analysed scenarios have been summarised in in Table 4 and Table 5, visually in Figures 2 to 5 

and briefly explained in the subsequent sub sections. 

4.2.1 Scenario 1 

Two cases have been considered for Scenario 1, case one is defined as a reactivation of an 

ancient landslide deposits which most of boat harbour houses have been built on, when case 

two is defined as a regression of the back scarp of landslide 2, this scarp is the source of the 

landslide deposits. Refer to Figure 2 in Appendix A. 

The assessed likelihood of landslide occurrence assumes that the landslide identified by 

regional mapping is an ancient landslide related to previous geological and environmental 

changes occurred during Quaternary times - say 2,000,000 M years ago. On this basis, the 

likelihood of the event is 2E -6 pa, which assumes the same likelihood for reactivation as for the 

past event. 

4.2.2 Scenario 2 

Scenario 2 is defined as a shallow rotational failure and/or debris flow similar to the reported 

landslides in the area (MRT landslide inventory #3032, #3033 and #3034). 

Coffey in 2001 carried out a site walkover and observed some damage probably related to slope 

movement at three shacks (16, 21 and 22). They considered that the damaged was probably 

associated by locally steep slopes. That was apart from damage observed at the house on site 

76, where the author considered that the cracks were caused by very small movement of 

Landslide 2 - our observations are in agreement with those comments. 

Based on the above and the observations made during the site walkover, we have determined 

the debris flow potentially could be originated from locally steep slope, cut and fills and the 

volume may range from 10 to 100  m3 . 

Records indicate that historical landslides in the area were triggered by higher than average 

rainfall. The assessed likelihood of landslide occurrence that has been adopted is a 100yr 

Annual Occurrence Interval (ARI) rainfall event as the trigger for scenario 2. In addition,  That 

means the likelihood of the event is 1E -2 pa, and assumes that a rise in groundwater triggers 

the event. Refer to Figure 2 in Appendix A. 

4.2.3 Scenario 3 

Scenario 3 is defined as a small rockfall and/or very small (10 – 100 m3) debris flow from the 

escarpment.  

During the site visit, loose rock debris, generally of cobble to boulder size being angular and 

100 – 500 mm in size, was observed.  The source of this material appears to be the observed 

outcrops on the bluff above the site, which naturally undergoes a process of toppling and 

deposition. That process is exacerbated by roots of eucalyptus trees that grow inside rock 

defects causing the dislodgement of rock blocks by way of root jacking.  

It was also noticed that this debris and/or loose rock appears to be sitting at its angle of repose 

and no evidence of rocks greater than 1 metre in diameter was observed at the toe of the 

escapement.  The area is also heavily vegetated with mature eucalyptus trees (at least 100 year 

old). Discussion with long-term residents did not reveal evidence of rock fall and/or debris flow 

reaching neither the road above the site nor the site itself. 

Based on this, we have considered two cases within this scenario: 
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 Case 1, which assumed a 100 – 500 mm (small) rockfall/debris flow rolling and reaching 

the back of a house. The trigger for this scenario is initiation of an individual rockfall from 

splitting from bedrock or through root jacking. 

 Case 2, which assumes a rockfall of at least 1 metre  diameter that gains sufficient 

momentum to travel approximately 40 metres downhill and reach the site. The trigger for 

this event is at least a medium sized earthquake.  

The assessed likelihood for Case 1 is 1E-4 pa, which has a descriptor of “unlikely”.   It is noted 

that the neighbouring driveway at the toe of the escarpment provides a buffer and a landing 

area for rocks in this scenario, which is afforded some mitigation due to the distance from the 

source. 

The assessed likelihood for Case 2 is 1E-3 pa, which has a descriptor of “possible”. In our 

opinion, an event that transfers sufficient motion to the escarpment is needed to trigger a 

rockfall that would gain sufficient momentum to travel approximately 40 metres downhill and 

reach the site, perhaps an earthquake strong enough to cause such energy.  In addition, the 

tree coverage offers the possibility of reduction of the likelihood (partial probability) of a boulder 

reaching the base of the escarpment (as it may be stopped by a tree on the way down). 

Furthermore, the driveway at the toe of the escarpment provides a buffer and a landing area. 

Refer to Figure 3 in Appendix A. 

Accordingly, for Case 2, an earthquake recurrence of 10% exceedance in 50 years 

(approximately equivalent to 1:500pa event, viz: 2E-3pa) together with a partial probability of 0.5 

to account for tree intervention and the catch-effect of the driveway (though this latter may not 

be a large benefit in boulder collection of high energy blocks).  This partial probability is 

considered a high-end estimate.  The resultant likelihood is 1E-3 pa.  

The likelihood for Case 1 is considered 10 times less likely than Case 2.  

4.3 Scenario 4 

This scenario refers to a dam break and has been addressed in Section 4 of the 2010 GHD 

report Appendix J. Therein, the following scenarios were assessed: 

 A large flood (1 in 100 year). 

 A large flood that breaches the dam resulting in released dam waters coinciding with 

flood waters. 

 A ‘sunny day’ dam break (sudden collapse caused by piping failure). 

The report concluded that the risk of property and loss of life was “minor”.  

This scenario has not been included in the risk assessment as the conditions previously 

assessed have not changed. 
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Table 4 - Landslide Risk Assessment qualitative indicative risk to property 

Scenario  

Hazard Location 

 

Structure 

(element at risk) 

 

Brief description of setting 
Landslide Risk Assessment in consideration of existing slope condition 

Scenario (hazard) 

(under existing 

conditions) 

Likelihood of 

landslide event 

occurring 

Consequence 

(to property) 

Qualitative Risk 

Assessment to 

property 

1 

Reactivation of 

Landslide 2. Refer 

to Fig 2 

Proposed lots 7, 

11, 12 and 13 

Recurrent of previous 

event which produced 

ancient landslide 

Deep-seated landslide 

which is recreation of 

previous event 

[Source material has 

been expended] 

Recurrent interval 

1:2,000,000 yrs per 

annum (1E-6 pa)  

Catastrophic LOW 

2a 

Regression of 

Landslide 2 crest 

through basal 

rock mass 

Proposed lots 7, 

11, 12 and 13 

Recurrent of previous 

event which produced 

ancient landslide 

Rotational landslide  

which is recreation of 

previous event 

[Source material has 

been expended] 

Recurrent interval 

1:2,000,000 yrs per 

annum (1E-6 pa)  

 Catastrophic  LOW 

2b 
Shallow debris 

slide from the 

slope above 

proposed 

subdivision. Refer 

to Fig 2 

Proposed lots 7, 

11, 12 and 13 

Reactivation of movement 

on shallow landslide 

debris 50 metres above 

proposed subdivision 

trigger by increase in 

groundwater (pore water 

pressure) 

Involves impact upon 

residential structures by 

earth or debris flows  

 

1:100 yrs, 10-2  per 

annum (1E-2 pa) 

locally available 

volume 10 to 100 

m3 

Likely 

Insignificant LOW 

2c 

Shallow debris 

slide trigger by 

excavation on the 

proposed lots 

Future dwelling at 

Proposed lots 7, 

11, 12 and 13 

Instability caused by 

excavation of the 

foundation for future 

dwelling at the proposed 

lots 

excavation limited to 

500 mm and proposed 

dwelling to be founded 

upon piers, structure to 

be engineer-designed  

engineered 

structure and 

competent 

contractor (1E-5 

pa) 

Unlikely  

 

Minor LOW 
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3 

 

 

Case 1 

 

Current condition 

(no dwelling 

currently in existing 

Small rockfall/debris flow   - - 

No property 

present [nil 

consequence 

to property] 

 

Proposed lots 4, 5 

and 6 

Small rockfall/debris flow 

that reaches rear of 

dwelling  

Assumed a (100 – 500 

mm) small 

rockfall/debris flow, on 

basis of site observation 

of debris 

small rock travelling 

fast 40 metres 

downslope 

Assessed 

probability 

10-4  per annum 

(1E-4 pa) 

Unlikely 

Minor LOW 

Case 2 

 

Current condition 

(no dwelling 

currently in existing 

Rockfall > 1 metre blocks  - - 

No property 

present [nil 

consequence 

to property] 

- 

Proposed lots 4, 5 

and 6  
Rockfall > 1 metre blocks 

Involves impact upon 

structure by a rockfall 

Rockfall trigger by 1 

in 500 earthquake 

and 50% chance to 

hit a tree on his 

way down 

Assessed 

probability 

 (1E-3 pa) 

Possible 

Medium MODERATE 

Proposed lots 4, 5 

and 6 

Rockfall > 1 metre blocks   

(protection bund/ rock 

fence in place) 

Rockfall going through 

and/over protection 

bund/rock fence  - 

adopting 10% partial 

probability of breaching 

intervention fencing 

relative to scenario 

above. 

 Rockfall trigger by 

1 in 500 

earthquake and 

10% partial 

probability of 

breaching 

intervention 

fencing] 

Medium LOW 
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Table 5 - Landslide Risk Assessment Semi – Quantitate risk to life for selected illustrative persons most at risk 

 

Mechanism 
placing 

element at 
hazard 

 

Scenario  

 

Person Most-
at-Risk 

 

Likelihood 
(descriptive 

term) of 
landslide event 
occurring and 
also impacting 

dwelling 

 

Adopted 
indicative 

annual 
probability 

P(H) 

 

Partial 
probability –
effect being 

realised due to 
event  

P(S:H) 

 

Temporal 
probability 

P(T:S) 

 

Vulnerability 

V(D:T) 

 

Semi-quantitative 
estimate of risk 

to Individual 
Most-at-Risk  

R(DI) 

 

Comment 

Case 2: 

Rockfall > 1 
metre sized 

blocks 
dislodged 
from the 

escarpment 

Involves 
impact upon 
structure by  

rock or debris 
flows from 

escarpment 

House 
occupants for 
lots 4, 5 and 

6 

Unlikely  [1E-4pa] 

Based on the 
slope 

geometry 
travel distance 

=0.3   

House 
occupants at 

10 hrs per day, 
7 day a week, 
10 months a 

year 

= 0.35 

0.1 
1 x 10-6 pa [1E-

6pa] 

Acceptable 
to general 

community. 

R(DI) < 1E-
6 pa 

No further scenarios were assessed since these worse case situations illustrated that acceptable risk-to-life levels would eventuated from less critical risk-to-property assessments. 

 

 

 

 

 

 Assessed 

probability 

10-4  per annum 

(1E-4 pa) 

Unlikely 
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Table 6 - Recommendations for acceptable and tolerable risk in AGS (2007c) and AGS (2007d) for importance level 2 structure 
and for the person most at risk. 

Situation 
Acceptable Risk Tolerable Risk 

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

New slopes, new development 

or existing landslide 
LOW or VERY LOW 10-6 per annum 

MODERATE, LOW or 

VERY LOW 
10-5 per annum 

Existing slopes or existing 

development 
LOW or VERY LOW 10-5 per annum 

MODERATE, LOW or 

VERY LOW 
10-4 per annum 

Note 1: AGS (2007c) Table 1 adopted for risk to life, AGS (2007d) Table C10 for risk to property. 

Note 2: This table applies for Importance Level 2 structures only
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5. Mitigation measures 

5.1 Lots 7, 11, 12 & 13 

5.1.1 Scenario 1 

The risk assessment considered that the ancient landslide presents a low likelihood of instability 

in engineering timeframes and as such, no mitigation measures are recommended for this 

scenario. 

5.1.2 Scenario 2 

Based on the risk assessment the following is recommended: 

 GHD has conducted field investigations of the slide debris in 2010 and has found that 

they comprise consolidated debris from a sequence of ancient earth/debris flows (lots 7, 

11 12, and 13). GHD considers the slide debris present a low likelihood of instability and 

considers the risk of further earth flows in engineering timeframes from the escarpment 

reaching this site to be LOW. It is considered that this area is suitable for development, 

subject to good hillside construction practices as recommended within AGS 2007c. The 

recommended foundation system for residential buildings is to employ barrettes or pier 

walls and no load shall be transferred into the earth/debris flows strata. 

 The piers should be designed to lateral forces as a consequence of downhill creep 

displacements in this landslide environment. 

 Excavation shall not be deeper than 500 mm. Permanent buildings that require deeper 

excavations should be outside the landslide debris material and within the Quartzite 

geology.  

 Subsoil drainage shall be considered in the appraisal to capture and divert existing 

seepage. A proposed layout is depicted in Figure 1 in Appendix A. The system will have 

to be of high quality of construction, and the sub-surface drainage system must be 

identified for protection on approved sub-division plans. 

5.2 Lots 4, 5 & 6 
Based on the risk assessment of Scenario 3, the following is recommended: 

We consider the risk of large rockfall affecting the site without a protection bund or a rock fence 

is MODERATE, hence our recommendation for the installation and/or construction of either a 

protection bund with a minimum high of not less than 1.5 metres or a rock catch fence.  

The protection bund could be built by compacting engineered fill to the required height.  The 

bund construction could potentially involve geogrid, geotextile or geocells to reinforce the 

earthworks and provide near vertical facing on the uphill side of the bund. The foundation of the 

bund is to be approved by a geotechnical practitioner to ensure the bund is not founded in 

unsuitable ground, and surface and sub-surface drainage needs are to be addressed in design 

on the up-slope toe of the bund. 

The rock fence shall be engineer-designed and not less than 1.5m high.  The rock protection 

fence would comprise propped posts, wire and mesh.  It will need to be design to catch a 

boulder of at least 1 metre a diameter falling from 30 metres uphill on the slope. The sub-

division plans would require that the rockfall protection fence shall be maintained and repaired 

when required.  
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These structures shall be installed at the site boundary limits show is Figure 1 (Appendix A) and 

should cover the area within the Landslide A.  This will see the assessed landslide risk level 

reduced to LOW. 

It is expected that the assessed risk levels would be acceptable to regulators. 
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Appendix A - (Figures)
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Appendix B  - (Field Investigations Logs)
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Appendix C  - (2010 Walk over photos)



The site viewed from the driveway above.

General view of the bluff from the beach carpark



View of the site

Driveway at rear



Cut batter of driveway

Alluvial debris at the foot of the western gully



Recent slip/flood damage  in alluvial debris below western gully

Typical talus chute above site



Outcrop above western gully

Rocks balancing on to of outcrop



View down from the outcrop to the site

Western gully flank



View of the western gully

To the east of the bluff there is more vegetation cover



Typical exposed angular rocks just below vegetation

View of outcrop



Vertical unstable part of outcrop

Fallen debris below outcrop



View of stream on plateau above western gully

Dam above western gully



Head of landslip 2
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Appendix D  - (2016 Walk over Photos)



 

IMAG0567 – Typically observed outcrop 

 

 

IMAG0570 – Typically observed joint and foliation sets 



 

 

IMAG0572 – Observed rock debris 

 

 

 

 

 

IMAG0575 – Root jacking 



 

IMAG0580 – Typically observed joint and foliations 

 

 

 

 

 

 

IMAG0582 – Looking over the crest of land slide 
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Appendix E  - (Some Guidelines for Hillside 
Construction, AGS 2007c  and AGS 2007e)
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PART A: BACKGROUND 

1 INTRODUCTION 

1.1 PREAMBLE 
Slope instability occurs in many parts of urban and rural Australia and often impacts on housing, roads, railways and 
other development.  This has been recognised by many local government authorities, and others, and has led to the 
requirement by many local government councils for stability assessments prior to allowing building development.   

In 2000, the Australian Geomechanics Society (AGS) published “Landslide Risk Management Concepts and 
Guidelines” (AGS 2000).  Since then there have been many published papers and discussion which have progressed 
Landslide Risk Management (LRM) in particular and risk management in general.  As a consequence, AGS considered 
it appropriate to develop more comprehensive guidelines for practitioners and regulators involved in LRM. 

This Practice Note Guidelines for Landslide Risk Management (the Practice Note) and its Commentary (AGS 2007d) 
are one part of a series of three guidelines related to LRM that have been prepared by AGS with funding under the 
National Disaster Mitigation Programme (NDMP).  That programme has been introduced by the Australian 
Government to fund disaster mitigation, addressing hazards such as flooding, bushfires and landslides.   

The associated guidelines which should be read in conjunction with the Practice Note are:- 

• AGS (2007a) “Guideline for Landslide Susceptibility, Hazard and Risk Zoning for Land Use Planning”. 
• AGS (2007e) “Australian GeoGuides for Slope Management and Maintenance”. 

1.2 PURPOSE 
The purpose of this Practice Note is to: 

1. Review the Australian Geomechanics Society (AGS) Landslide Risk Management Concepts and Guidelines (AGS 
2000) in the light of usage since publication and update accordingly and in addition, to take the opportunity to 
establish a formal revision process/documentation. Accordingly, a Revision Table is included in the Practice Note. 

2. Provide guidance and recommendations on tolerable risk criteria, minimum reporting standards and assessment 
criteria/options to Local Government and Government bodies who as the regulator, receive Landslide Risk 
Management (LRM) reports and decide on levels of Tolerable Risk. 

3. Provide guidance of a technical nature in relation to the processes and tasks undertaken by geotechnical 
practitioners who prepare LRM reports including appropriate methods and techniques.  The Practice Note is a 
statement of what constitutes good practice by a competent practitioner for LRM, including defensible and up to 
date methodologies. 

4. Provide guidance on the quality of assessment and reporting, including the outcomes to be achieved and how they 
are to be achieved.  It sets out the functions and responsibilities of the professional carrying out the assessment. 

5. Be a reference document for legislative purposes, which has been subject to nation-wide peer review. 

1.3 SCOPE 
This Practice Note supersedes AGS (2000) as the guideline for good practice and is accompanied by a Commentary 
(AGS 2007d) which discusses various aspects and gives appropriate references, and which should be read in 
conjunction with this Practice Note.   

AGS (2000) contains much useful and relevant commentary which can (and should) be read in conjunction with the 
Practice Note.  It is not the intention of the Practice Note to supersede this valuable commentary, rather to complement 
it.  AGS (2000) should be regarded as “companion literature”.  Unless specifically discussed or revised in the Practice 
Note, the Working Group considers the commentary, examples and references provided in AGS (2000) to constitute 
appropriate background for the use of the Practice Note. 

The emphasis of the Practice Note is on residential subdivision and development, particularly when considering the 
requirements for assessment on a lot-by-lot basis for either existing or proposed development. 

The recommendations are however applicable to all classes of urban and rural building development or the 
environment.  
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The risk analysis principles could be adopted for short term risks associated with trenches or excavations during 
construction projects and for quarries and open cut mines. For such cases, risk tolerance criteria are controlled by 
occupational health and safety requirements and are not covered here.  

The Practice Note can be applied to roads and railways.  However, special consideration has to be given to the number 
of users, their temporal spatial probability and the summation of the risk along the route.  This is discussed further in the 
Commentary. 

1.4 CONVENTIONS USED 
The Practice Note includes imperative verbs, such as ‘establish’, ‘use’, ‘identify’ and so on.  These are to be understood 
as meaning; “AGS recommends that you establish…”, or “…that you use….” or “…that you identify…..” and so on as 
the case may be.  This form of expression has been used to avoid unnecessary repetition of wording in the sense of 
‘plain English’.   

Paragraphs presented in bold type constitute the guideline statement and subsequent sub paragraphs provide discussion 
of the guideline topic.  Further discussion is provided in the Commentary. 

In the following, use of the word ‘landslide’ implies both existing (or known landslides) and potential landslides which 
a practitioner might reasonably predict based on the relevant geology, geometry and slope forming processes.  Such 
potential landslides may be of varying likelihood of occurrence.  ‘Landslide’ also includes ‘landslip’ (as used in 
Victorian legislation), ‘slump’ and the various landslide forms (see Appendix B). 

1.5 STAKEHOLDERS 
The various stakeholders who may be affected by landslide risk include:- 

• The landowner who will frequently be the client in terms of a commission to prepare a LRM report for a site 
or a development proposal. 

• The occupier who would most often also be the land owner. 

• The financier who would often be a financial institution having an interest in the land and any development 
thereon. 

• The regulator (Appendix A) who would have responsibility for setting risk acceptance criteria, administering 
planning controls and approving development proposals as being within the requirements of planning controls, 
or a policy. 

• The practitioner (Appendix A) who would have the required expertise for and responsibility of preparing a 
LRM report and recommending suitable risk control measures, when needed, to achieve the risk acceptance 
criteria. 

• The design professional (such as architect or structural engineer) who would be one of the advisors to the 
client with responsibility for integration of risk control measures recommended by the practitioner into the 
development scheme, where possible, within the design brief from the client. 

• The insurer where appropriate may have an interest in providing insurance cover against nominated insurable 
risks. 

Although there is no section in the Practice Note dealing with the Client, clearly the Client is an essential stakeholder in 
relation to the practitioner.  The Client will be relying on unbiased, sound technical advice from the practitioner as to 
the risk that a development proposal poses to the client and /or his interests.  It will be the responsibility of the client to 
accept the risks involved, subject to the approvals of the regulator. 

2 RISK TERMINOLOGY 
The framework for the LRM process, as shown in Figure 1 in a simplified flow chart form, should be adopted. 

Adopt the recommended terminology for ease of communication and clarity as defined in Appendix A. 
As with most areas of expertise, there is a technical jargon associated with LRM.  Specialist terminology is used to 
convey succinct ideas or facts.  This cannot be avoided and by necessity is of a technical nature.  The relevant 
terminology is defined in Appendix A.  The lay reader is also referred to the Commentary for further discussion and to 
the GeoGuides (AGS 2007e). 

This Practice Note, and the companion AGS guidelines (AGS 2007a, 2007e), use the term ‘landslide’ rather than 
‘landslip’ or ‘slump’ or similar, to cover a wide range of failure mechanisms in soil, rock (as discussed in Appendix B) 
and man made structures such as retaining walls, as implied by the definition in Appendix A. 
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Figure 1. 

The Framework for LRM presented in Figure 1 is similar to the flow chart in AGS (2000).  However, it has been 
simplified in presentation and has been amended slightly from AGS (2000) to reflect the inclusion of Frequency 
Analysis as part of Hazard Analysis (in accordance with the abovementioned definition of hazard and as defined in 
AGS 2000). 

Definitions for associated terminology have also been included in Appendix A together with an explanation of 
Landslide Risk as presented in AGS Australian GeoGuide LR7.  

PART B GUIDELINES FOR REGULATORS 
3 GUIDELINES FOR REGULATORS 

3.1 BACKGROUND 
The term landslide denotes “the movement of a mass of rock, debris or earth down a slope”.  The phenomena described 
as landslides are not limited to either “land” or to “sliding” and usage of the word has implied a much more extensive 
meaning than its component parts suggest.  The rates of movement cover the full range from very rapid to extremely 
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slow.  The size, similarly, can vary enormously.  The combination of type of landslide, size and rate of movement can 
determine the destructive power, and hence potential consequences of the landslide in terms of damage to property, loss 
of life, economic costs and impact on the environment.  Subsidence, as a mechanism, is excluded from consideration, 
though it may be similar in consequence and appear to be of a similar form.  Appendix B presents a summary of the 
terminology used to classify and describe landslides. 

Landslides can impact on human development and activity as well as natural areas / features.  It is the potential impact 
on human development which becomes of concern to the planners, regulators and disaster management authorities.  
Landslides can be just one of a number of threats which have to be considered, others being for example flooding, bush 
fires, and seismicity. 

Examples of where landsliding is potentially an issue include:- 

a) Where there is a history of landsliding. 
b) Where there is no history of sliding but the topography dictates sliding may occur. 
c) When there is no history of landslides but geological and geo-morphological conditions are such that sliding is 

possible. 
d) Where there are constructed features which, if they fail, may travel rapidly. 
e) Forestry works and agricultural land clearing which can lead to landslides causing damage to the environment. 

Specific examples of the above are given in the AGS Guidelines for Landslide Susceptibility, Hazard and Risk Zoning 
for Land Use Planning (AGS 2007a).  AGS (2007a) also provides detailed guidance to the regulator in relation to 
landslide zoning for planning purposes.  

3.2 RELEVANCE TO APPROVALS PROCESS 
Details of the approvals process may vary in detail from state to state.  It is understood that in all States and Territories 
of Australia, the regulator has a statutory responsibility to consider the impact of a number of hazards, including 
landslides, on potential development of land as a ‘duty of care’ exercise.  The regulator is usually the local government, 
but may be a State Government department or body.  The actual mechanism and regulatory context for dealing with 
planning controls, building controls and approval process varies from state to state.  However, the outcome should be 
that areas having a landslide risk are properly considered in relation to land use and development proposals. 

In order to develop planning controls and building regulations, local government (or other regulators) must ensure that 
it has the statutory means to: 

a) Through a planning scheme and using the principles in AGS (2007a), identify the areas that are susceptible to or 
at risk from landslides. 

b) Require planning and/or building approvals for all land use and development within the areas zoned as 
susceptible to landslides. 

c) Ensure there is a proper process for assessment in relation to existing and proposed development, including the 
requirement for completion of LRM reports in accordance with this Practice Note. 

d) Provide appropriate risk tolerance criteria for loss of life and property so that there is a means to determine 
whether it is appropriate for development to occur or the required land use to proceed. 

e) Apply, if necessary, consent conditions on the land use and/or development approval, including conditions 
requiring maintenance that will appropriately manage the landslide risk for that use and/or development. 

It can be seen from the above that zoning in accordance with AGS (2007a) becomes the ‘initiator’ under the planning 
scheme and building approvals process to determine whether LRM controls are required and whether more detailed 
LRM consideration is required. 

3.3 POLICY REQUIREMENTS 
The regulator should have a specific policy which sets out the requirements for LRM assessments as part of the 
development application documentation and process.   

The need for such a policy should be determined by zoning studies in accordance with AGS (2007a).  Essential 
components of such a policy will include: 

3.3.1 When a LRM assessment is required. This may be related to a Susceptibility or Hazard Zoning Study or 
some other plan or criteria defining areas or types of development included or excluded. 

3.3.2 The necessary competencies of practitioners undertaking LRM assessments.  Such practitioners should 
be required to have LRM as a core competency.  A method of demonstrating core competency in LRM is 
being addressed by the Australian Geomechanics Society and Engineers Australia as a specific area of practice 
within the National Professional Engineers Register (NPER).  Some regulators may choose to define another 
method of demonstrating competency.  

3.3.3 The basic requirements of LRM reports which should be based on compliance with the requirements of this 
Practice Note. 
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3.3.4 Require assessment of risk to life as part of a LRM report which, as discussed below, should be completed 
in a quantitative basis. 

3.3.5 Suggest adoption of the preferred qualitative terminology given in Appendix C of this Practice Note for 
risk to property so that the regulator can become accustomed to the terminology adopted and implications 
arising there from.  If alternative terminology is to be adopted for LRM, the regulator should only accept non 
standard schemes where the terms have been clearly defined, the terms have been explained in relation to the 
preferred terminology and it can be reasonably demonstrated by the practitioner that the alternative is better 
suited to the particular circumstances of the assessment. 

3.3.6 Provide the required forms to control the submissions and approvals process.  

3.3.7 Specify the criteria under which a decision will be made for both the scope/nature of developments and 
the appropriate tolerable risk criteria being adopted. 

3.4 PROCESSING REQUIREMENTS 
3.4.1 The regulator should use a number of forms to provide appropriate QA process control and 

documentation records of the submitted LRM assessment and subsequent compliance with the approval 
conditions. 

The forms need to be appropriate to each stage of the development application, approval, detailed design, construction 
and maintenance of the development.  Essential contents will include: 

1. Name and qualification of the practitioner responsible for the LRM assessment. 
2. A list of supporting documents including the architectural, civil design and structural engineering design 

drawings, as appropriate, to fully define the extent and scope of the proposed development. 
3. A statement of compliance with the requirements of this Practice Note.  In some cases the statements will be 

required to include details of how compliance is achieved. 
4. Document reference details (date, reference number, report title) for the relevant LRM assessment submission. 

A suite of example forms is given in Appendix D for modification by each regulator to be consistent with their policy.  
The aim of the forms is to provide appropriate documentary control of the stages required through to completion of a 
development. 

Processing of the application by the regulator should include, amongst other aspects, confirmation that the submission is 
in accordance with policy requirements, and that the nature of the development complies with the requirements of the 
LRM assessment.  

Where the regulator has specific concerns in relation to the adequacy of a submission, or the conclusions reached, or if 
required by a Hazard Zoning study, the submission may be subject to peer review or independent specialist advice to 
the regulator as an audit process or as part of mediation for an agreement.  The reviewer should independently review 
the LRM assessment report in terms of adequacy of compliance with this Practice Note and the reasonableness of the 
assessment conclusions and risk control measures specified.  The review should also consider the specific development 
proposals as defined by the design drawings.  

3.4.2 Where the recommendations of this Practice Note have not been followed, then the regulator should 
either reject the application or require provision of further information before approval is given. 

It is anticipated that the forms in Appendix D will, in part, constitute a checking template for the regulator.  Further 
discussion is given in the Commentary.  

3.4.3 Where construction is completed but all aspects of the Approval Conditions have not been completed 
with appropriate documentation or justification, then the final approval by the regulator should not be 
given until sufficient information is provided to demonstrate compliance. 

It is anticipated that completion of Forms F and G with suitable annotation would help identify where non compliance 
exists.  If the regulator does not have a strong procedure for enforcement of, or auditing of, compliance with consent 
conditions, then there may be subsequent liability issues for the regulator if non-compliance becomes an issue at a later 
date. 

3.5 ESTABLISHMENT OF TOLERABLE RISK CRITERIA 
The regulator is responsible for setting the Tolerable Risk Criteria for loss of life and property loss.  Discussion 
of the considerations and world practice are given in the Commentary together with the AGS recommendation 
for consideration by the regulator. 
3.6 LANDSLIDE INVENTORY 
The local Council, or other regulator, should maintain an inventory of past landslide events as discussed in AGS 
(2007a) and make this information available to all practitioners.  
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3.7 ROLE AND RESPONSIBILITY OF THE PRACTITIONER 
The practitioner has the role of providing technical input in relation to the specialized aspect of LRM.  Such input 
will be subject to the specific requirements of any policy instituted by the regulator.  The regulator may require specific 
levels of qualification and competence of practitioners providing the regulator with advice in relation to compliance 
with the risk acceptance criteria.   

The qualifications and experience of suitable practitioners are as discussed in Paragraph 3.3.2. 

It is the responsibility of the practitioner to carry out LRM assessments in accordance with this Practice Note and within 
the requirements of his/her professional Code of Ethics.  The practitioner must provide advice to the client and regulator 
in an unbiased manner. 

PART C GUIDELINES FOR PRACTITIONERS 
4 SCOPE DEFINITION 

Establish the purpose and scope of the risk assessment study. 

The practitioner needs to take into account the initial brief from the client and the requirements of the regulator.  
Usually these will be sufficient for the practitioner to decide on the appropriate scope and level of the study which 
should then be advised to the client as a “reverse brief”.  In the LRM process, the practitioner will have a role to advise 
the client as to how the landslide risk can be reduced, avoided or otherwise controlled including options or alternatives.   

5 HAZARD ANALYSIS 
5.1 DATA GATHERING / DESK STUDY 
Assemble relevant data and record their sources. 
Often there is a body of local experience which becomes invaluable for the assessment process.  Such experience 
includes published papers, geological maps, aerial photographs and general studies such as Hazard Zoning studies 
completed for the regulator.  Local experience can include previous assessments and knowledge of problematic areas 
which should be available from the regulator’s landslide inventory.  Practitioners new to an area should discuss with 
locals their knowledge and experience.   

Preferred data for the assessment will include site specific data, such as survey plan showing existing features, spot 
heights, contours and location and nature of services.  Initial design proposals are required so that the risk assessment 
may be completed and appropriate risk control measures specified.  (It is a necessary requirement in the performance of 
a risk assessment for there to be an element at risk, hence the need for a preliminary design or for an assumed 
development which should be defined in the LRM report). 

5.2 FIELD INVESTIGATION REQUIREMENTS 
5.2.1 Complete investigations sufficient to establish a geotechnical model, identify geomorphic processes and 

associated process rates. 
The investigation may involve a number of methods and may be completed in stages, with each stage sufficiently 
detailed to provide a model appropriate to the level of study being undertaken.  Further discussion is given in the 
Commentary. 

5.2.2 Inspect the site and surrounds including field mapping of the geomorphic features. 
This must be completed by the practitioner for every assessment.  The field mapping is to document the observations 
and to enable formulation of the geotechnical model.   

Mapping should be completed to scale on an available survey plan and must include the surrounds (above, below and 
adjacent) to the site as appropriate to define the landslides and the geotechnical model.   

Where a survey plan is not available, then simple survey using hand held tape and clinometer methods should be used to 
draw up a plan, to scale, using standard mapping symbols and terminology to represent the geological and geomorphic 
features.  (Examples of geological and geomorphic mapping symbols are presented in Appendix E.) 

5.2.3 Determine the subsurface profile from exposures or subsurface investigation such as by boreholes 
and/or test pits. 

This is necessary as part of the geotechnical model.  Often exposures or knowledge from a nearby site may be 
sufficient.   

Where such data is not available or not appropriate, subsurface investigation is required to enable formulation of the 
model and must include determination of the depth to rock or to below the depth of potential failure surfaces if this is 
greater. 
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Where pre-existing landslides are expected or suspected, then where practical, use should be made of either test pits (to 
enable sufficient sample/material to be seen for identification of shear planes or other relevant structure) or boreholes 
(with appropriate sampling and installation of inclinometers for monitoring for evidence of movements). 

5.2.4 Assess likely groundwater levels and responses to trigger rainfall events. 
Consideration of the likely ground water response will enable assessment of response to rainfall trigger events.  Use 
may be made of experience in the area, as observation of site specific data will frequently require prolonged periods of 
monitoring to enable formulation of a groundwater response model taking into account the statistical significance of 
rainfall events during the monitoring period.  For relatively straightforward projects with low to moderate risks, a basic 
qualitative estimate of groundwater levels and responses may be appropriate when there is a lack of data.  However, 
other more complicated projects, or where risk levels are higher, will require a greater level of understanding of 
groundwater levels and responses. 

For more detailed analysis, particularly of possible stabilisation measures by subsurface drainage, observation of 
groundwater levels and their response to significant rainfall events is advisable to enable subsequent assessment of the 
effectiveness of subsurface drainage measures.  Careful consideration must be given to the location of piezometers and 
their construction details.  

5.2.5 Prepare a cross section drawing (to scale) through selected parts of the site to demonstrate the 
geotechnical model of site conditions and on which landslides may be identified. 

The resulting geotechnical model should integrate all the data obtained from the mapping and investigations.   

The section should demonstrate the likely variation in subsurface conditions on the section including groundwater 
levels.  On large or complex sites, more than one section may be required.  All sections are to be drawn to natural scale.  
If exaggerated vertical scale is required for clarity, then a summary section at natural scale should also be included. 

Adequate investigation has been completed when the geotechnical model is sufficiently defined to understand the slope 
forming processes relevant to the site and surrounds, the form and extent of landslides, likely triggers for the landslides 
and process rates associated with the landslides.  The report should include explanation of uncertainties associated with 
the model. 

5.2.6 Take into account slope forming process rates associated with the geotechnical model and landslides. 
An understanding of the slope forming process relevant to the landslides and associated process rate is fundamental for 
evaluation of likelihood. 

5.2.7 Identify landslides types/locations appropriate to the geotechnical model based on local experience and 
general experience in similar circumstances. 

The types of landslides will be dependent on the geotechnical model and to some extent on the nature of existing and/or 
proposed development.  The expected characteristics of the landslides (such as the size, type of material involved, rate 
of failure and travel distance) need to be assessed.  The range of landslide sizes can vary from the very large landslides, 
which may encompass a whole hillside or region, to a small site specific landslide.  The model should include 
assessment of the fundamental cause as well as likely trigger events.  The report must document the hazard assessment 
which will include the estimated likelihood for each landslide type. 

The hazard assessment must address areas upslope from the site, downslope from the site and across the slope adjacent 
to the site where these may affect the site. 

5.2.8 If required, further detailed investigations should be completed to better define the model, the 
landslides, the triggers, the frequency (likelihood) or design of stabilisation measures to control the 
risk. 

Such additional investigation is most likely to be required on sites where the risk is judged to be intolerable and/or 
where further input is required to resolve uncertainties. 
5.3 LANDSLIDE CHARACTERISATION 
Characterise the landslides based on the desk study and field investigations.  Use Appendix B for terminology to 
describe the landslides.  
The characterization should include the classification, volume, location and potential travel distance of all landslides 
which may occur on the site or travel on to or regress into the site. 

5.4 FREQUENCY ANALYSIS 
5.4.1 Techniques for Frequency Analysis 
a) Adopt a frequency analysis technique appropriate to the level of study and complexity of the 

geotechnical model and slope forming process. 
The appropriate technique may change with different levels of study, or for different stages of a project, or with the 
project brief and available budget.  For example, techniques and level of detail may be different for: 

70 Australian Geomechanics Vol 42 No 1 March 2007 



PRACTICE NOTE GUIDELINES FOR LANDSLIDE RISK MANAGEMENT 2007 

• Subdivision stage LRM 
• Residential dwellings LRM 
• Infrastructure and utilities LRM 
• Natural resource and environmental LRM 

It is essential that the assessment be based on the best estimates available and that expert judgment be applied to 
answers so derived. 

It is essential to understand the slope forming process before moving on to the frequency assessment. 

The assessment must document the reasoning in a transparent manner. 

b) Gather local and historical knowledge of slope performance and landslide characteristics and 
occurrence.  The resulting inventory enables assessment of frequency. 

This technique is a basic starting point and essential for all studies.  However, a common shortcoming is that “local 
knowledge” is often poorly documented and difficult to collate and assess.  Local Council records and experience 
should be accessed via a landslide inventory made available to practitioners.  Analysis of aerial photographs and 
possibly maps may provide additional data. 

Documentation of events by local newspapers may also be a useful source, depending on the quality of reporting and 
what events are judged at the time to be of local interest. 

c) Empirical methods based on slope instability ranking systems. 
These methods are often devised by expert groups to assist with prioritisation of treatment measures.   

The methods are usually based on subjective judgment of the relative importance of contributory factors.  The results 
obtained may be difficult to calibrate or it may be difficult to obtain consistent results and hence may be inaccurate.  
The methods do not usually allow assessment of frequencies. 

d) Relationship to geomorphology and geology. 
This method is based on the principle put forward by Varnes (1984) that the past and present are guides to the future.  
Hence, this leads to the assumptions that: 

1. it is likely that landsliding will occur where it has occurred in the past and 

2. landslides are likely to occur in similar geological, geomorphologic and hydrological conditions as they have in the 
past. 

The use of historic records and landslide inventories of past performance are likely to be required to enable frequency 
values to be assessed.  However, it should be noted that landslide frequency, size and intensity may differ from past 
performance where altered trigger events are introduced, e.g. due to man made changes or climate change.  In addition, 
other factors (such as periodic or seasonal wetting and drying cycles resulting in soil creep, cyclic degradation and 
strength loss) can also result in failures after relatively “normal” rainfall events. 

The use of other slope attribute factors (such as slope angle, slope drainage, slope age, presence of groundwater, slope 
orientation) may assist with assessment of particular slopes relative to the broad geomorphic model. 

e) Prepare a statistical evaluation of rainfall and relate to history of landsliding and population of slopes 
within area of similar slope type. 

Rainfall, and the consequent effect on groundwater levels, is widely recognized as a main trigger event for landsliding.  
Therefore, indicative frequency values may be related to the frequency of rainfall provided there is sufficient historical 
data to enable the relationship between rainfall frequency, antecedent rainfall and landslide events to be correlated. 

A similar approach may be adopted for other forms of triggering events such as earthquakes. 

f) Consider use of simulation models and Monte Carlo sampling analyses to derive a frequency of failure. 
These methods (including simulation modelling of groundwater response to rainfall, evapotranspiration, and ground 
water flows) can be difficult to carry out reliably.  Picarelli et al. (2005) outline some of the difficulties with these 
methods.  Simulation modelling is most likely to be applicable only to medium to large, deep seated landslides where 
extensive monitoring data is available to enable calibration over a range of rainfall and piezometric responses.   

Experience shows that full probabilistic analysis is difficult and time consuming (Robin Fell personal comm.). 
Therefore this method should only be carried out for special cases where sufficient data is available to enable the results 
to be meaningful. 

g) Use knowledge based expert judgment or ‘degree of belief’ method which combines experience, 
expertise and general principles. 

For most assessments this may be the only suitable option to estimate frequency due to the lack of objective data.  The 
assessment relies to a large degree on subjective assessment of available data where other more rigorous methods are 
not available or viable.  The method still requires some degree of research to obtain relevant data and an understanding 
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of the geological model to qualify the judgment of likelihood.  Nonetheless, the approach requires the proposition of 
various possible scenarios followed by the systematic testing and elimination of options as a result of investigation, 
discussion and judgment to develop an estimate of frequency (Lee and Jones 2004).   

The result is conditioned by the ‘degree of belief’ of the practitioner.  Typically, the resulting accuracy for a frequency 
assessment and, perhaps, a consequence assessment could vary from half an order of magnitude at best, to one order of 
magnitude or perhaps two orders of magnitude.  As a result, the risk assessment should clearly display its sensitivity to 
the input parameters and, unless justified by further investigations, a conservative outcome should be adopted. 

h) Where appropriate, use event trees to provide a structur 
i) ed and auditable approach for the use of expert judgment and subjective 

probability assessment. 
An event tree analysis uses a graphical construct to show the logical sequence of events or considerations that can be 
used to analyse the system leading to a particular outcome.  It can be used for evaluation of probability of failure of a 
landslide, or consequence of failure, or risk.  The logical sequence within the system is mapped as a branching network 
with conditional probabilities assigned to each branch of a node.  The frequency of achieving a certain outcome is the 
product of the conditional probabilities leading to that outcome times the frequency of the initiating ”trigger” such as 
rainfall.   

i) Other methods. 
The above may not be an exhaustive list but covers the principal methods/approaches.  Specific circumstances of a 
particular area or project may enable other approaches or combinations of approaches to be used.   Field techniques may 
develop to offer alternatives, for example remote sensing by satellite. 

Further comment is given in the Commentary together with some guidance on different site investigation methods. 
5.4.2 Estimation of Annual Probability (Frequency) (P(H)) of Each Landslide 
a) Use ‘best estimates’ for frequency but consider range / uncertainty / sensitivity.   
Suitable methods are outlined in Section 5.2. 

It is important not to infer greater accuracy than is reasonably possible.  Evaluation of the sensitivity arising from 
uncertainty is part of the consideration.   

A best estimate is to be derived for each landslide which is then applied to both risk to property and risk to life 
assessments.  The estimate may be related to the size of the landslide and/or the expected amount of movement as part 
of the hazard assessment.  The appropriate qualitative term is chosen from the estimated probability based on the 
frequency assessment.  Note that the reverse, the adoption of a probability value from a qualitative term, should not be 
undertaken as it has been demonstrated that this results in a range of estimates of frequency several orders of magnitude 
apart depending on the practitioner. 

b) Estimates of frequency may be derived by partitioning the problem to (Annual probability of trigger 
event) x (Probability of sliding given the trigger event) over the range of trigger events. 

Landslides of the one ‘type’, but having varying possible scales (magnitude/travel distance/velocity etc.) need to be 
assessed separately.  Each could well have a different frequency of occurrence.  The landslide inventory of performance 
for an area will provide some basis for the assessment. 

A trigger event for a particular locality (e.g. a certain intensity/duration or recurrence interval of rainfall) will not 
necessarily cause each potential landslide event in that locality to occur.  There will be a finite probability (value) that 
the landslide under consideration may not be set off by the trigger event. 

The frequency of landsliding should be assessed over the full range of the triggering events, and the total frequency 
carried forward in the risk analysis. In practice this process may be simplified to consider only the highest frequency 
triggering events. An example is presented in the Commentary. 

c) Complete a review of the assessed frequency in relation to the implied cumulative frequency of the event 
occurring within the design life and known performance within the area. 

This is a ‘sanity check’ on the result of the assessment.  It is import to apply judgment or bias on the final outcome only, 
not on the input estimates. 

Values of the cumulative probability are shown on Figure 2 for different annual probability values as a function of time 
over usual design life intervals.   The resulting cumulative probabilities should be checked to confirm they are 
reasonable in relation to experience.  The implications of the cumulative probability values shown in Figure 2 are 
discussed further in the Commentary. 
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5.4.3 Assess the Travel Distance and the Probability of Spatial Impact (P(S:H)) of the Elements at Risk 
When assessing risk arising from landsliding, it is important to be able to estimate the distance the slide mass will travel 
and its velocity.  These factors determine the extent to which the landslide will affect property and persons downslope 
and the ability of persons to take evasive action. 

The travel distance depends on: 

• Slope characteristics 
- Height 
- Slope 
- Nature of material 

• Mechanism of failure and type of movement such as 
- Slide, fall, topple etc. 
- Sliding, rolling, bouncing, flow 
- Strain weakening or not 
- Collapse in undrained loading (static liquefaction) 
- Influence of surface water and groundwater 
- Comminution of particles 

• Characteristics of the downhill path 
- Gradient and gradient direction 
- Channelisation 
- The potential for depletion/accumulation 
- Vegetation 

Information on travel distance from previous events on or near the site may be collected during the site inspection.  
Predictions of travel distance and travel direction should be based on the assessed mechanism of future events and site 
characteristics. 

For rotational landslides which remain essentially intact, the method proposed by Khalili et al (1996) or experience with 
landslides in similar geological, topographic and climatic conditions can be used to estimate the displacement.  Further 
discussion is given in the Commentary.  

For slides which break up, and in some cases become flows, and slides from steep cuts, the travel distance is usually 
estimated from empirical methods, such as Hunter and Fell (2002) and Corominas (1996).  These methods are only 
approximate, and the wide scatter of data on travel distance angles reflects the range of topographical, geological and 
climatic environments, different slide mechanisms and limited quality of data from which the methods are derived.   

If the empirical methods are to be used for predictions of travel distance and the probability of spatial impact of the 
elements at risk, much judgement will be required and it is important to try to calibrate the methods with landslide 
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behaviour in the study area.  It is often useful to allow for a range of travel distances in the calculation and express that 
range in probabilistic terms as discussed in the Commentary. 

The annual probability of the landslide and probability of spatial impact may be considered together in qualitative terms 
as likelihood of impact on the element at risk being considered. 

6 CONSEQUENCE ANALYSIS 
6.1 ELEMENTS AT RISK 
The elements at risk will include: 

• Property, which may be subdivided into portions relative to the hazard being considered. 
• People, who either live, work, or may spend some time in the area affected by landsliding. 
• Services, such as water supply or drainage or electricity supply. 
• Roads and communication facilities. 
• Vehicles on roads, subdivided into categories (cars, trucks, buses). 

These should be assessed and listed for each landslide hazard. 

For some cases, other risks may also have to be considered.  For example: 
• Environmental, where the elements at risk are environmental (rather than man made), such as forests or water 

bodies. 
• Social, where the consequences of the landslide may have an impact on social conditions, such as the cost of 

disruption to traffic where roads are affected. 
• Political, where the consequences may not be acceptable in political terms. 

6.2 TEMPORAL SPATIAL PROBABILITY (P(T:S)) 
When the elements at risk are mobile (e.g. persons on foot, in cars, buses and trains) or where there is varying 
occupancy of buildings (e.g. between night and day, week days and weekends, summer and winter), it is necessary to 
make allowance for the probability that persons (or a particular number of persons) will be in the area affected by the 
landslide.  This is called the Temporal Spatial Probability. 
For where the elements at risk are mobile it is proportion of a year (between 0 and 1.0) in which a person, car or bus 
will be below or on the landslide when it occurs.  For occupancy of buildings it is a calculation of the proportion of a 
year (between 0 and 1.0) which the number of persons being considered occupy the building, or the area of the building 
likely to be impacted. 

These calculations should allow for the possibility that the persons may have warning of trhe impending landslide and 
may evacuate the area.  Each case should be considered by taking account of the details of the situation.  Generally 
persons on a landslide are more likely to observe the initiation of movement and move off the slide, than those who are 
below a slide which falls or flows onto them unless the rates of movement are slow. 

6.3 EVALUATION OF CONSEQUENCE TO PROPERTY 
6.3.1 Estimate the extent of damage likely to property arising from each of the landslides. 
This requires an understanding of the landslide characteristics and experience in assessing the likely impact on property. 
The consequences are often calculated using the vulnerability (V(Prop:S)) of the elements at risk to the landslide. 

The factors which most affect vulnerability of property are: 
• The volume of the slide in relation to the element at risk. 
• The position of the element at risk, e.g. on the slide, or immediately downslope. 
• The magnitude of slide displacement, and relative displacements within the slide (for elements sited on the 

slide). 
• The rate of slide movement. 

It should be noted that the vulnerability refers to the degree of damage (or damage value in absolute or relative terms) 
which is judged to be likely if the landslide does occur.  

As discussed below, the assessment should be based on a quantitative estimate to enable clarification of the judgment 
which for a qualitative assessment may be subject to considerable interpretation. 

6.3.2 Estimate the indicative cost of the damage. 
This requires use of indicative costs of building and remedial works.  Frequently, broad brush ‘guesstimates’ will 
suffice, but the ‘guesstimate values’ and basis should be documented.  Some guidance is given in the Commentary.  It 
should not be necessary to use a quantity surveyor to establish a more accurate estimate as usually the broad brush 
guesstimate will suffice for allocation of a consequence term in a qualitative scheme such as in Appendix C. 

The indicative cost of damage is to be the Total Cost as this is the most relevant to the owner.  Components to be 
considered comprise:- 
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• Direct costs related to reinstatement works for damaged portions of the property (structures and the land). 
• Stabilization works required to render the site to an tolerable risk level for the landslide. 
• Professional and approvals fees. 
• Consequential costs (such as legal fees and alternative temporary accommodation).  

It does not include additional stabilisation works to address other landslides which may affect the property.  

6.3.3 Estimate the market value. 
This may be achieved by reference to property sale values within the local area which will reflect the value of the land 
plus structures.  The client is likely to have some knowledge of the local market values.  Again, a broad-brush 
guesstimate should often suffice. 

6.3.4 Consider the resulting Consequence classification, such as using Appendix C, and implied accuracy of 
the above estimates. 

It is not expected that the assessor will be a quantity surveyor or have similar experience, but that sensible estimates, 
possibly as a range, can be made and documented.  Statement of limits of accuracy or uncertainty are appropriate for 
sensitivity and appraisal analysis. 

6.4 EVALUATION OF CONSEQUENCES TO PERSONS 
The following factors influence the likelihood of deaths and injuries or vulnerability (V(D:T)) of persons who are 
impacted by a landslide: 

• Volume of slide. 
• Type of slide, mechanism of slide initiation and velocity of sliding. 
• Depth of slide. 
• Whether the landslide debris buries the person(s). 
• Whether the person(s) are in the open or enclosed in a vehicle or building. 
• Whether the vehicle or building collapses when impacted by debris. 
• The type of collapse if the vehicle or building collapses. 

Persons are very vulnerable in the event of complete or substantial burial by debris, or the collapse of a building. It 
should be noted that even small slides, and single boulders, can kill people. 

Appendix F provides some indicative examples of vulnerability values.  The Commentary provides some more detailed 
discussion. 

7 RISK ESTIMATION 
7.1 QUANTITATIVE RISK ESTIMATION 
Quantitative risk estimation involves integration of the frequency analysis and the consequences. 
For property, the risk can be calculated from: 
    R(Prop) = P(H) x P(S:H) x P(T:S) x V(Prop:S) x E     (1) 

Where 
R(Prop) is the risk (annual loss of property value). 
P(H) is the annual probability of the landslide. 
P(S:H) is the probability of spatial impact by the landslide on the property, taking into account the travel 

distance and travel direction. 
P(T:S) is the temporal spatial probability. For houses and other buildings P(T:S)= 1.0. For Vehicles and other 

moving elements at risk1.0< P(T:S) >0. 
V(Prop:S) is the vulnerability of the property to the spatial impact (proportion of property value lost). 
E is the element at risk (e.g. the value or net present value of the property). 

For loss of life, the individual risk can be calculated from: 
    R(LoL) = P(H) x P(S:H) x P(T:S) x V(D:T)      (2) 

Where 
R(LoL) is the risk (annual probability of loss of life (death) of an individual). 
P(H) is the annual probability of the landslide. 
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 given the event. 
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. 

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

A full risk analysis involves consideration of all landslide hazards for the site (e.g. large, deep seated landsliding, 
smaller slides, boulder falls, debris flows) and all the elements at risk. 
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For comparison with tolerable risk criteria, the individual risk from all the landslide hazards affecting the person most at 
risk, or the property, should be summed. 

The assessment must clearly state whether it pertains to ‘as existing’ conditions or following implementation of 
recommended risk mitigation measures, thereby giving the ‘residual risk’.  

7.2 SEMI-QUANTITATIVE AND QUALITATIVE RISK ESTIMATION FOR RISK TO PROPERTY 
When considering the risk to property, it may be useful to use qualitative terms to report the results of the analysis, 
rather than quantitative values.  The risk calculation may be completed quantitatively or by the use of qualitative terms. 

A semi quantitative analysis (where the likelihood is linked to an indicative probability) or a qualitative analysis may be 
used: 

• As an initial screening process to identify hazards and risks which require more detailed consideration and 
analysis. 

• When the level of risk does not justify the time and effort required for more detailed analysis. 
• Where the possibility of obtaining numerical data is limited such that a quantitative analysis is unlikely to be 

meaningful or may be misleading. 

Section 7.3 describes a suitable and preferred terminology. 

7.3 RISK MATRIX FOR PROPERTY LOSS 
a) Adopt a defined qualitative terminology for likelihood, consequence and risk. 

Qualitative terminology is presented in Appendix C for property loss.  The terminology has been developed from 
Appendix G in AGS (2000) taking into account the experience and comments as discussed in the Commentary.   

For ease of use, the frequency estimate, expressed as an annualized probability and taking into account the probability 
of spatial impact, is expressed qualitatively as likelihood. 

The terminology is aimed primarily at residential development but may also be used for other situations.  It is noted that 
provision of specific numerical values at the Notional Boundaries for the terms adopted does not reduce the uncertainty 
that may be associated with assessment of appropriate numerical values. 

Where sufficient data is available, the risk should be determined from a quantitative analysis.  The results can then be 
objectively compared, especially with quantified allowable risk criteria. 

Where there is insufficient data or the study is at a walk over or preliminary design level, then use of qualitative 
methods or terms may be more appropriate.  Use of risk ranking schemes, where component inputs are assigned relative 
ranks, may be suitable for initial screening.  In other cases, it is likely that expression of the likelihood, consequence 
and risk using qualitative terms is preferable for communication purposes; (for example using terminology as in 
Appendix C).  Selection of the appropriate term should be based on an appropriate evaluation of likelihood or 
consequence ranges.   

Semi-quantitative methods may be a combination of both, for example considering risk to property qualitatively, and 
risk to life quantitatively based on the appropriate best estimates of likelihood. 

b) The practitioner should adopt the preferred risk matrix presented in Appendix C.   

The terminology presented in Appendix C of this Practice Note has addressed the shortcomings identified with the 
scheme in Appendix G AGS (2000).  Appendix G of AGS (2000) is now superseded and should no longer be used.  
Adoption of Appendix C as a preferred risk matrix will assist with uniformity of assessment and interpretation.  This is 
discussed further in the Commentary. 

The regulator should only accept non standard schemes where the terms have been clearly defined, the terms have been 
explained in relation to the preferred terminology, and it can be reasonably demonstrated by the practitioner that the 
alternative is better suited to the particular circumstances of the assessment. 

7.4 ESTIMATION OF RISK OF LOSS OF LIFE 
a) Estimate the risk of loss of life quantitatively for the person most at risk. 

The annual probability of loss of life for the person most at risk from the landslide(s) should be estimated using the 
equations in Section 7.1.  The person most at risk will often but not always be the person with the greatest spatial 
temporal probability.   
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The individual risk, as determined by summing the risk, for the person most at risk, from all the landslide hazards, is 
used for comparison with the tolerable risk criteria. 

b) For situations where there is a potential for large numbers of lives to be lost in a single landslide event, 
estimate the frequency (f) –number (N) of lives lost pairs and total annual risk. 

If the possible loss of large numbers of lives from a landslide incident is high, society will generally expect that the 
probability that the incident might actually occur should be low.  This accounts for society’s particular intolerance to 
incidents that cause many simultaneous casualties and is embodied in the criteria for tolerable societal risk.  Societal 
Risk is discussed further in the Commentary. 

In many cases there will be more than one landslide hazard (e.g. rockfall, which may lead to one or two lives lost; 
medium volume rapid landslide which may lead to several lives lost; and large rapid landslide which may lead to many 
lives lost).  The frequency (annual probability, “f”) of the “event” and the number of lives lost (N) should be estimated 
for each landslide hazard. 

The total annual risk = (f x N) should also be estimated. ∑
8 RISK ASSESSMENT 

8.1 RISK EVALUATION 
Evaluate the risks against Tolerable Risk Criteria for loss of life and property loss. 

Accept the risks if tolerable, or seek to reduce risks to tolerable levels by risk mitigation. 

The main objectives of risk evaluation are usually to decide whether to accept or treat the risks and to set priorities.   
The Tolerable Risk Criteria are usually imposed by the regulator, unless agreed otherwise with the owner/client 

Non- technical clients may seek guidance from the practitioner on whether to accept the risk.  In these situations, risk 
comparisons, discussion of treatment options and explanation of the risk management process can help the client make 
his decision. 

It is desirable, if not essential, that the practitioner who prepared the risk assessment be involved in the decision making 
process because the process is often iterative, requiring assessment of the sensitivity of calculations to assumptions, 
modification of the development proposed and revision of risk mitigation measures. 

Risk evaluation involves making judgements about the significance and tolerability of the estimated risk.  Evaluation 
may involve comparison of the assessed risks with other risks or with risk acceptance criteria related to finance, loss of 
life or other values.  Risk evaluation may include consideration of issues such as environmental effects, public reaction, 
politics, business or public confidence and fear of litigation.  

In a simple situation where the client/owner is the only affected party, risk evaluation may be a simple value judgement.  
In more complex situations, value judgements on acceptable risk appropriate to the particular situation are still made as 
part of an acceptable process of risk management.   

8.2 TOLERABLE RISK CRITERIA 

The regulator is to establish the Tolerable Risk Criteria for loss of life and property loss. 

As discussed in Section 3.5, the regulator is the appropriate authority to set standards for tolerable risk which may relate 
not only to perceived safety in relation to other risks, but also to government policy.  Implementation of a tolerable risk 
level has implications to the community at large, both in terms of relative risks or safety and in terms of economic 
impact on the community.   

The Commentary provides discussion and gives the AGS recommendations in relation to tolerable risk for loss of life. 
These are summarized in Table 1 

Table 1:  AGS Suggested Tolerable loss of life individual risk. 

Situation Suggested Tolerable Loss of Life Risk for the 
person most at risk 

Existing Slope (1) / Existing Development (2) 10 / annum 4−

New Constructed Slope (3) / New Development (4) / 
Existing Landslide (5) 

10 / annum 5−
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Notes: 

1. “Existing Slopes” in this context are slopes that are not part of a recognizable landslide and have demonstrated non-
failure performance over at least several seasons or events of extended adverse weather, usually being a period of at 
least 10 to 20 years. 

2. “Existing Development” includes existing structures, and slopes that have been modified by cut and fill, that are not 
located on or part of a recognizable landslide and have demonstrated non-failure performance over at least several 
seasons or events of extended adverse weather, usually being a period of at least 10 to 20 years. 

3. “New Constructed Slope” includes any change to existing slopes by cut or fill or changes to existing slopes by new 
stabilisation works (including replacement of existing retaining walls or replacement of existing stabilisation 
measures, such as rock bolts or catch fences). 

4. “New Development” includes any new structure or change to an existing slope or structure.  Where changes to an 
existing structure or slope result in any cut or fill of less than 1.0m vertical height from the toe to the crest and this 
change does not increase the risk, then the Existing Slope / Existing Structure criterion may be adopted.  Where 
changes to an existing structure do not increase the building footprint or do not result in an overall change in 
footing loads, then the Existing Development criterion may be adopted. 

5. “Existing Landslides” have been considered likely to require remedial works and hence would become a New 
Constructed Slope and require the lower risk.  Even where remedial works are not required per se, it would be 
reasonable expectation of the public for a known landslide to be assessed to the lower risk category as a matter of 
“public safety”. 

Acceptable risks are usually considered to be one order of magnitude lower than the Tolerable Risks. 

It is important to distinguish between “acceptable risks” and “tolerable risks”. 

Tolerable Risks are risks within a range that society can live with so as to secure certain benefits. It is a range of risk 
regarded as non-negligible and needing to be kept under review and reduced further if practicable. 

Acceptable Risks are risks which everyone affected is prepared to accept. Action to further reduce such risk is usually 
not required unless reasonably practicable measures are available at low cost in terms of money, time and effort. 

AGS suggests that for most development in existing urban area criteria based on Tolerable Risks levels are applicable 
because of the trade-off between the risks, the benefits of development and the cost of risk mitigation. 

The Commentary discusses Individual and Societal risk to loss of life.  Usually Societal risk need not be considered for 
a risk evaluation in relation to a single dwelling.  Societal risk should be evaluated for buildings having high numbers of 
occupants, such as schools, hospitals, hotels or motels where many lives are at risk.  This then addresses society’s 
aversion to loss of many lives from single landslide events. 

The Tolerable Risk Criteria for property loss may be determined by the Importance Level of the development 
(Appendix A) as discussed in the Commentary.   

9 RISK MANAGEMENT 

9.1 RISK MITIGATION PRINCIPLES 

9.1.1 Feasible options for risk mitigation for each risk assessment are to be identified and discussed 
including the reduced risk by adoption of those options. 

Alternative methods to be explored include: 

a. Accept the risk, which is only an option subject to the criteria set by the regulator.  Where the risk is not 
tolerable then risk mitigation measures are required. 

b. Avoid the risk, such as relocation of the site of proposed development, or revise the form of the 
development, or abandon the development (though this may still require some risks to be controlled due to 
possible effect on third parties adjacent or nearby). 

c. Reduce the frequency of landsliding, by stabilisation measures to control the initiating circumstances, such 
as by re-profiling the surface geometry where existing slopes are ‘over steep’, by provision of improved 
surface water drainage measures, by provision of subsurface drainage scheme, by provision of retaining 
structures such as retaining walls, anchored walls or ground anchors. 

d. Reduce the consequences, by provision of defensive stabilisation measures or protective measures such as 
a boulder catch fence, or amelioration of the behaviour of the landslide, or by relocation of the development 
to a more favourable location. 
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e. Manage the risk by establishing monitoring and warning systems, such as by regular site visits, or by 
survey, which enable the risks to be managed as an interim measure in the short term or as a permanent 
measure for the long term by alerting persons potentially affected to a change in the landslide condition.  
Such systems may be regarded as a method of reducing the consequences provided it is feasible for 
sufficient time to be available between the alert being raised and appropriate action being implemented. 

f. Transfer the risk, such as by requiring another authority to accept the risk (possibly via a court appraisal) 
or by provision of insurance to cover potential property damage. 

g. Postpone the decision, where there is sufficient uncertainty resulting from the available data, provided that 
additional investigations or monitoring are likely to enable a better risk assessment to be completed.  
Postponement is only a temporary measure and implies the risks are being temporarily accepted, even 
though they may not be acceptable or tolerable. 

Adoption of particular risk mitigation measures needs to be documented so that the decisions are transparent to future 
land owners and to the regulator.  The documentation will need to make it clear whether there is ongoing maintenance 
required or not.   Responsibility for implementation of the risk mitigation measures (including auditing and reporting) 
resides with the land owner, particularly where ongoing maintenance is required. 

It should be recognized that there may be situations where the risk is such that either no development should occur, or 
that very strict conditions and/or extensive investigations and implementation of risk control measures will be required.  
Such risk control measures may render the proposed development unworkable.  

9.1.2 Wherever possible the recommended options should be engineered to reduce the uncertainties. 
It is not possible to remove risk, but it can be reduced.   

Risk mitigation options should include robust engineering design to reduce uncertainties and hence the risk. 

Guidance on good engineering practice for hillside design and construction is given in Appendix G which has been 
reproduced from AGS (2000). 

It is necessary that the options considered lower the risk to at least tolerable levels.  In many cases, the ALARP 
principle (“As Low As Reasonably Practicable” as discussed in the Commentary) may apply so that reduction to a 
tolerable level is a pragmatic result since reduction to acceptable levels is not viable in the context of the cost to the 
individual or community.  In other cases, good practice may suggest that risk reduction be applied since it is relatively 
cheap or cost effective to implement even though risk levels are assessed to already be at acceptable levels.  In other 
words, risk minimization should be a governing feature or tenet of LRM. 

Evaluation of mitigation options may take into account relative costs and effectiveness of the measures and inherent 
uncertainties.  Combinations of mitigation measures may be appropriate. 

The options should be reassessed if there is a need to reduce uncertainties or if suitable engineering options cannot be 
adopted. 

An issue will be who decides on what level of risk reduction is appropriate.  This is dependent on the risk tolerance 
criteria set by the regulator.  The owner is likely to input into selection of the options, subject to approvals by the 
regulator.  For some cases, there may be discussion between the stakeholders to select a suitable scheme of risk 
mitigation measures. 

9.1.3 The adopted risk mitigation measures are to be detailed in a mitigation plan to explain and document 
the implementation of the measures. 

The mitigation plan should identify responsibilities for each stakeholder during and after implementation.  It may also 
include cost estimates, programme, required inspection regime, performance measures and expected outcomes.  The 
level of detail will depend on the priority for the option and stage of the evaluation and implementation process. 

The mitigation plan may include an emergency plan which should establish from the outset the sequence of events or 
monitoring results that will activate this plan.  The plan may include a number of warning levels and consequent 
actions.  The plan must be carefully reviewed to confirm it is workable and will achieve the desired risk mitigation. 

The existence of the mitigation plan needs to be readily known to subsequent land owners.  The most readily available 
method for this is to register the mitigation plan details on the land title. 
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9.1.4 The risk should be subject to monitoring and review during the assessment of options, during 
implementation of the risk mitigation measures and during the on going monitoring. 

Further data may come to light during the management process which enables the risks to be reassessed.  Such data may 
be adverse, requiring more stringent risk mitigation measures, or alternatively may be positive by demonstrating 
satisfactory slope performance under adverse conditions.  It is anticipated that the practitioner would have a primary 
role in the monitoring and review process and particularly to confirm the requirements of the approval conditions had 
been fulfilled. 

9.2 SITE SPECIFIC DEVELOPMENT CONDITIONS 
Identify appropriate site specific development conditions to provide good practice and control the risks to 
acceptable levels. 

In the context of advice from a technical expert (the practitioner) acting in a consultant capacity, development controls 
would usually constitute ‘recommendations’, but as they will be integral with the risk assessment of the final 
development they may not be optional to the client.  The practitioner should provide a statement as to the 
appropriateness of the development proposals in relation to the risk management requirements.  

If ‘certification’ of the completed development is required (by the planning scheme or regulator’s approval conditions), 
then the development conditions and associated inspections and documentation must be sufficient to enable this to be 
provided at the later date. 

The development conditions should be subdivided into those required at each of the stages of detailed design, 
construction (including appropriate sequencing and temporary works), and for maintenance.  The development 
conditions must address all the factors relevant to controlling the landslide risk.  

9.3 DESIGN LIFE 

9.3.1 Design of the risk mitigation measures is to be suitable for the time frame of the life of the structure - 
the design life.  The design life is to be clearly stated on the design drawings. 

Often the design life will be that specified by relevant design codes such as 40 to 60 years for AS3600 Concrete Code, 
50 years for AS2870 Residential Slabs and Footings, or for 5 years to 120 years for temporary site works to major 
public works respectively for AS4678 Earth Retaining Structures. 

A design life of at least 50 years would be considered to be reasonable for permanent structures used by people.  Some 
local government policies may require a longer design life as discussed in the Commentary.  However, for some 
structures, such as timber retaining walls, inherent performance of the materials will limit the effective performance life 
to less than the required design life. 

9.3.2 Where the effective performance life is less than the required design life, then the effective life should 
be extended by a maintenance regime designed to overcome the limitations and to enable the 
performance to be assessed throughout the required design life.  This is likely to require more 
extensive repair and replacement as determined by regular maintenance inspections. 

For example, experience shows the longevity of timber crib walls is less than for a concrete structure, due to faster 
degradation of timber with time.  Therefore, a more frequent inspection and maintenance / repair / replacement regime 
will be required for timber crib walls to enable suitable repair and replacement so that a reasonable design life can be 
achieved.  Similar considerations will apply to subsoil drains and stressed anchors. 

9.4 MAINTENANCE REQUIREMENTS 

9.4.1 The design is to include details of required inspections and maintenance to enable the risk mitigation 
measures to remain effective for at least the design life of the structure. 

Risk mitigation is not just an exercise in LRM documentation, design of the works and construction of the risk 
mitigation measures.  The owner, including all owners subsequent to those responsible for commissioning the risk 
mitigation measures, has a responsibility to inspect and maintain the risk mitigation measures. 

9.4.2 Refer to the AGS Australian GeoGuide LR111 which provides advice on record keeping. 
The other GeoGuides (AGS, 2007e) also provide advice on the frequency of maintenance tasks. 
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9.4.3 Implementation of the maintenance plan may require ‘enforcement’ by annotation on the land title so 
that subsequent purchasers become aware of the requirements and that relevant documents are 
available for the maintenance plan.  Such ‘enforcement’ will be a benefit to subsequent owners as they 
will be better informed as to their required input responsibilities. 

10 REPORTING STANDARDS 
10.1 The report on the risk assessment is to document the data gathered, the logic applied and conclusion 

reached in a defensible manner. 
The practitioner will gather relevant data, will assess the relevance of the data and will reach conclusions as to the 
appropriate geotechnical model and basic assessment of the slope forming processes and rates.  Full documentation of 
these results provides evidence of completion, provides transparency in the light of uncertainty, enables the assessment 
to be re-examined or extended at a later date and enables the assessment to be defended against critical review.  The 
process often identifies uncertainties or limitations of the assessment which also need to be documented and understood. 

10.2 The data to be presented includes: 

a. List of data sources. 
b. Discussion of investigation methods used, and any limitations thereof. 
c. Site plan (to scale) with geomorphic mapping results. 
d. All factual data from investigations, such as borehole and test pit logs, laboratory test results, groundwater 

level observations, record photographs. 
e. Location of all subsurface investigations and/or outcrops/cuttings. 
f. Location of cross section(s). 
g. Cross section(s) (to scale) with interpreted subsurface model showing investigation locations. 
h. Evidence of past performance. 
i. Local history of instability with assessed trigger events. 
j. Identification of landslides, on plan or section or both, and discussed in terms of the geomorphic model, 

relevant slope forming process and process rates.  Landslides need to be considered above the site, below 
the site and adjacent to the site. 

k. Assessed likelihood of each landslide with basis thereof. 
l. Assessed consequence to property and life for each landslide with basis thereof. 
m. Resulting risk for each landslide. 
n. Risk assessment in relation to tolerable risk criteria (e.g. regulator’s published criteria where appropriate). 
o. Risk mitigation measures and options, including reassessed risk once these measures are implemented. 

Where any of the above is not or cannot be completed, the report should document the missing elements, including an 
explanation as to why. 

The report needs to clearly state whether the risk assessment is based on existing conditions or with risk treatment 
measures implemented.  In some cases, the assessment for both existing and after treatment should be documented to 
demonstrate the effect of risk control measures on reducing risk. 

A report which does not properly document the assessment is of limited value and would appear to have no reasonable 
basis. 

11 SPECIAL CHALLENGES 

11.1 MINOR WORKS 
Adoption of all the provisions of the Practice Note for minor works may not be appropriate or reasonable.  
However, the basic principles still need to be considered.  Although some policies may make provision for less 
onerous consideration for minor works, the practitioner will still have a duty of care to advise on all aspects and 
may have other landslides not connected with the proposed works that will still need to be considered. 

Minor works should be evaluated on a site by site basis but are likely to comprise proposed works of relatively low 
monetary value (such as may be completed by an owner builder with appropriate approvals and insurances) or those 
which do not change the existing risk, provided the existing risk has been assessed to be within the tolerable range.  In 
some cases, the risk to life may be much higher than the risk to property and may dictate the need for risk mitigation to 
achieve tolerable risk levels. 
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11.2 PART OF THE SITE NOT ACCEPTABLE 
Existing or proposed development may not involve the full site area.  Nonetheless, the practitioner’s report must 
address all risks and advise the client and/or regulator of necessary works to control risks on other parts of the 
site or adjacent/nearby sites upslope or down slope as appropriate (as a primary duty of care issue). 

Where additional development is proposed, it may be found that risks associated with the proposed development are 
tolerable but that landslide risks on other parts of the site are not.  These other risks still must be addressed. 

11.3 ADJOINING AREAS NOT UNDER RESPONSIBILITY OF THE SITE OWNER 
In some cases, the risk posed by landslides in areas beyond the control of the land owner may be intolerable.   

The LRM assessment report must identify these landslides and provide a preliminary assessment of appropriate 
risk mitigation measures, which may require further investigation to better assess the risk. 

The regulator may then implement appropriate orders (as appropriate to the legal/regulatory framework) to 
enforce appropriate risk mitigation measures and/or investigations.  Alternatively, it may not be appropriate for 
development to proceed in such cases. 

11.4 COASTAL CLIFFS 
LRM reports on coastal cliffs should include consideration of the existing slope profile, evidence of past 
instability, geology, defects, ground water, degradation cycles, and degradation rates and possible effects of wave 
attack, wave run-up and sea spray.  The cliff areas should be examined from the face side as well as from the 
land side. 

Assessment of coastal cliffs is likely to require special expertise to consider the combined effects associated with 
recession rates, rock mechanics and wave environment.  The LRM assessment may require some input from coastal 
engineers to address possible effects from storm events in terms of wave heights, run-up and frequency.  The most 
frequent hazard is often boulder falls which will have risk determined by the temporal spatial probability. 
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APPENDIX A - DEFINITION OF TERMS AND LANDSLIDE RISK 
RISK TERMINOLOGY 
Acceptable Risk – A risk for which, for the purposes of life or work, we are prepared to accept as it is with no regard to 
its management.  Society does not generally consider expenditure in further reducing such risks justifiable. 

Annual Exceedance Probability (AEP) – The estimated probability that an event of specified magnitude will be 
exceeded in any year. 

Consequence – The outcomes or potential outcomes arising from the occurrence of a landslide expressed qualitatively 
or quantitatively, in terms of loss, disadvantage or gain, damage, injury or loss of life. 

Elements at Risk – The population, buildings and engineering works, economic activities, public services utilities, 
infrastructure and environmental features in the area potentially affected by landslides. 

Frequency – A measure of likelihood expressed as the number of occurrences of an event in a given time.  See also 
Likelihood and Probability. 

Hazard – A condition with the potential for causing an undesirable consequence (the landslide).  The description of 
landslide hazard should include the location, volume (or area), classification and velocity of the potential landslides and 
any resultant detached material, and the likelihood of their occurrence within a given period of time. 

Individual Risk to Life – The risk of fatality or injury to any identifiable (named) individual who lives within the zone 
impacted by the landslide; or who follows a particular pattern of life that might subject him or her to the consequences 
of the landslide. 

Landslide Activity – The stage of development of a landslide;  pre failure when the slope is strained throughout but is 
essentially intact;  failure characterised by the formation of a continuous surface of rupture;  post failure which includes 
movement from just after failure to when it essentially stops;  and reactivation when the slope slides along one or 
several pre-existing surfaces of rupture.  Reactivation may be occasional (eg seasonal) or continuous (in which case the 
slide is “active”). 

Landslide Intensity – A set of spatially distributed parameters related to the destructive power of a landslide.  
The parameters may be described quantitatively or qualitatively and may include maximum movement velocity, total 
displacement, differential displacement, depth of the moving mass, peak discharge per unit width, kinetic energy per 
unit area. 

Landslide Risk - The AGS Australian GeoGuide LR7 (AGS, 2007e) should be referred to for an explanation of 
Landslide Risk. 

Landslide Susceptibility – The classification, and volume (or area) of landslides which exist or potentially may occur 
in an area or may travel or retrogress onto it.  Susceptibility may also include a description of the velocity and intensity 
of the existing or potential landsliding. 

Likelihood – Used as a qualitative description of probability or frequency. 

Probability – A measure of the degree of certainty.  This measure has a value between zero (impossibility) and 1.0 
(certainty).  It is an estimate of the likelihood of the magnitude of the uncertain quantity, or the likelihood of the 
occurrence of the uncertain future event. 

There are two main interpretations: 

(i) Statistical – frequency or fraction – The outcome of a repetitive experiment of some kind like flipping coins.  It 
includes also the idea of population variability.  Such a number is called an “objective” or relative frequentist 
probability because it exists in the real world and is in principle measurable by doing the experiment. 

(ii) Subjective probability (degree of belief) – Quantified measure of belief, judgment, or confidence in the 
likelihood of an outcome, obtained by considering all available information honestly, fairly, and with a minimum of 
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bias.  Subjective probability is affected by the state of understanding of a process, judgment regarding an evaluation, or 
the quality and quantity of information.  It may change over time as the state of knowledge changes. 

Qualitative Risk Analysis – An analysis which uses word form, descriptive or numeric rating scales to describe the 
magnitude of potential consequences and the likelihood that those consequences will occur. 

Quantitative Risk Analysis – An analysis based on numerical values of the probability, vulnerability and consequences 
and resulting in a numerical value of the risk. 

Risk – A measure of the probability and severity of an adverse effect to health, property or the environment.  Risk is 
often estimated by the product of probability x consequences.  However, a more general interpretation of risk involves a 
comparison of the probability and consequences in a non-product form. 

Risk Analysis – The use of available information to estimate the risk to individual, population, property, or the 
environment, from hazards.  Risk analyses generally contain the following steps:  Scope definition, hazard identification 
and risk estimation. 

Risk Assessment – The process of risk analysis and risk evaluation. 

Risk Control or Risk Treatment – The process of decision making for managing risk and the implementation or 
enforcement of risk mitigation measures and the re-evaluation of its effectiveness from time to time, using the results of 
risk assessment as one input. 

Risk Estimation – The process used to produce a measure of the level of health, property or environmental risks being 
analysed.  Risk estimation contains the following steps:  frequency analysis, consequence analysis and their integration. 

Risk Evaluation – The stage at which values and judgments enter the decision process, explicitly or implicitly, by 
including consideration of the importance of the estimated risks and the associated social, environmental and economic 
consequences, in order to identify a range of alternatives for managing the risks. 

Risk Management – The complete process of risk assessment and risk control (or risk treatment). 
Societal Risk – The risk of multiple fatalities or injuries in society as a whole:  one where society would have to carry 
the burden of a landslide causing a number of deaths, injuries, financial, environmental and other losses. 

Susceptibility – see Landslide Susceptibility 
Temporal Spatial Probability – The probability that the element at risk is in the area affected by the landsliding, at the 
time of the landslide. 

Tolerable Risk – A risk within a range that society can live with so as to secure certain net benefits.  It is a range of risk 
regarded as non-negligible and needing to be kept under review and reduced further if possible. 

Vulnerability – The degree of loss to a given element or set of elements within the area affected by the landslide 
hazard.  It is expressed on a scale of 0 (no loss) to 1 (total loss).  For property, the loss will be the value of the damage 
relative to the value of the property;  for persons, it will be the probability that a particular life (the element at risk) will 
be lost, given the person(s) is affected by the landslide. 

ASSOCIATED TERMINOLOGY 
Importance Level – of a building or structure is directly related to the societal requirements for its use, particularly 
during or following extreme events.  The consequences with respect to life safety of the occupants of buildings are 
indirectly related to the Importance Level, being a result of the societal requirement for the structure rather than the 
reason per se of the Importance Level. 

Authority or Council having statutory responsibility for community activities, community safety and development 
approval or management of development within its defined area/region. 

The Regulator will be the responsible body/authority for setting Acceptable/Tolerable Risk Criteria to be adopted for 
the community/region/activity, which will be the basis for setting levels for Acceptable and Tolerable Risk in the 
application of the risk assessment guidelines. 
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Importance 
Level of 
Structure 

Explanation 
Examples 

(Regulatory authorities may designate any structure to any classification type when 
local conditions make such desirable) 

1 

Buildings or structures 
generally presenting a low risk 
to life and property (including 
other property). 

Farm buildings. 
Isolated minor storage facilities. 
Minor temporary facilities. 
Towers in rural situations. 

2 
Buildings and structures not 
covered by Importance  
Levels 1, 3 or 4. 

Low-rise residential construction. 
Buildings and facilities below the limits set for Importance Level 3. 

3 

Buildings or structures that as a 
whole may contain people in 
crowds, or contents of high 
value to the community, or that 
pose hazards to people in 
crowds. 

Buildings and facilities where more than 300 people can congregate in one area. 
Buildings and facilities with primary school, secondary school or day-care facilities 
with capacity greater than 250. 
Buildings and facilities for colleges or adult education facilities with a capacity 
greater than 500. 
Health care facilities with a capacity of 50 or more residents but no having surgery or 
emergency treatment facilities. 
Jails and detention facilities. 
Any occupancy with an occupant load greater than 5,000. 
Power generating facilities, water treatment and waste water treatment facilities, any 
other public utilities not included in Importance Level 4. 
Buildings and facilities not included in Importance Level 4 containing hazardous 
materials capable of causing hazardous conditions that do not extend beyond 
property boundaries. 

4 

Buildings or structures that are 
essential to post-disaster 
recovery, or with significant 
post-disaster functions, or that 
contain hazardous materials. 

Buildings and facilities designated as essential facilities. 
Buildings and facilities with special post-disaster functions. 
Medical emergency or surgery facilities. 
Emergency service facilities: fire, rescue, police station and emergency vehicle 
garages. 
Utilities required as back-up for buildings and facilities of Importance Level 4. 
Designated emergency shelters. 
Designated emergency centres and ancillary facilities. 
Buildings and facilities containing hazardous (toxic or explosive) materials in 
sufficient quantities capable of causing hazardous conditions that extend beyond 
property boundaries. 

(from BCA Guidelines) 

Practitioner – A specialist Geotechnical Engineer or Engineering Geologist who is degree qualified, is a member of a 
professional institute and who has achieved chartered professional status – being either Chartered Professional Engineer 
(CPEng) within the Institution of Engineers Australia, Chartered Professional Geologist (CPGeo) within the 
Australasian Institute of Mining & Metallurgy, or Registered Professional Geoscientist (RPGeo) within the Australian 
Institute of Geoscientists – specifically with Landslide Risk Management as a core competency. 

A Practitioner will include persons qualified under the Institution of Engineers Australia NPER – LRM register. 

It would normally be required that the Practitioner can demonstrate an appropriate minimum period of experience in the 
practice of landslide risk assessment and management in the geographic region, or can demonstrate relevant experience 
in similar geological settings. 

Regulator – The regulatory authority [Federal Government/ State Government/ Instrumentality/ Regional/Local.  
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APPENDIX B - LANDSLIDE TERMINOLOGY 
The following provides a summary of landslide terminology which should (for uniformity of practice) be adopted when 
classifying and describing a landslide.  It has been based on Cruden & Varnes (1996) and the reader is recommended to 
refer to the original documents for a more detailed discussion, other terminology and further examples of landslide 
types and processes. 

Landslide 
The term landslide denotes “the movement of a mass of rock, debris or earth down a slope”.  The phenomena described 
as landslides are not limited to either the “land” or to “sliding”, and usage of the word has implied a much more 
extensive meaning than its component parts suggest.  Ground subsidence and collapse are excluded. 

Classification of Landslides 
Landslide classification is based on Varnes (1978) system which has two terms: the first term describes the material 
type and the second term describes the type of movement. 

The material types are Rock, Earth and Debris, being classified as follows:- 

The material is either rock or soil. 

Rock: is “a hard or firm mass that was intact and in its natural place before the initiation of 
movement.” 

Soil: is “an aggregate of solid particles, generally of minerals and rocks, that either was 
transported or was formed by the weathering of rock in place.  Gases or liquids filling the 
pores of the soil form part of the soil.” 

Earth: “describes material in which 80% or more of the particles are smaller than 2 mm, the upper 
limit of sand sized particles.” 

Debris: “contains a significant proportion of coarse material;  20% to 80% of the particles are larger 
than 2 mm and the remainder are less than 2 mm.” 

The terms used should describe the displaced material in the landslide before it was displaced. 

The types of movement describe how the landslide movement is distributed through the displaced mass.  The five 
kinematically distinct types of movement are described in the sequence fall, topple, slide, spread and flow. 

The following table shows how the two terms are combined to give the landslide type: 

Table B1:  Major types of landslides. Abbreviated version of Varnes’ classification of slope movements (Varnes, 1978). 

TYPE OF MATERIAL 
ENGINEERING SOILS TYPE OF MOVEMENT 

BEDROCK Predominantly 
Coarse 

Predominantly 
Fine 

FALLS Rock fall Debris fall Earth fall 
TOPPLES Rock topple Debris topple Earth topple 

           ROTATIONAL 
SLIDES 

       TRANSLATIONAL 
Rock slide Debris slide Earth slide 

LATERAL SPREADS Rock spread Debris spread Earth spread 
Rock flow Debris flow Earth flow 

FLOWS 
(Deep creep) (Soil creep) 

COMPLEX Combination of two or more principle types of movement 

Figure B1 gives schematics to illustrate the major types of landslide movement. Further information and photographs of 
landslides are available on the USGS website at http://landslides.usgs.gov. 
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Figure B1:  These schematics illustrate the major types of landslide movement. 
(From US Geological Survey Fact Sheet 2004-3072, July 2004, with kind permission for reproduction.) 

The nomenclature of a landslide can become more elaborate as more information about the movement becomes 
available.  To build up the complete identification of the movement, descriptors are added in front of the two-term 
classification using a preferred sequence of terms.  The suggested sequence provides a progressive narrowing of the 
focus of the descriptors, first by time and then by spatial location, beginning with a view of the whole landslide, 
continuing with parts of the movement and finally defining the materials involved.  The recommended sequence, as 
shown in Table B2, describes activity (including state, distribution and style) followed by descriptions of all movements 
(including rate, water content, material and type).  Definitions of the terms in Table B2 are given in Cruden & Varnes 
(1996). 

Second or subsequent movements in complex or composite landslides can be described by repeating, as many times as 
necessary, the descriptors used in Table B2.  Descriptors that are the same as those for the first movement may then be 
dropped from the name. 
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For example, the very large and rapid slope movement that occurred near the town of Frank, Alberta, Canada, in 1903 
was a complex, extremely rapid, dry rock fall – debris flow.  From the full name of this landslide at Frank, one would 
know that both the debris flow and the rock fall were extremely rapid and dry because no other descriptors are used for 
the debris flow.  

The full name of the landslide need only be given once;  subsequent references should then be to the initial material and 
type of movement;  for the above example, “the rock fall” or “the Frank rock fall” for the landslide at Frank, Alberta. 

Table B2:  Glossary for forming names of landslides. 

Activity  
State Distribution Style  
Active 
Reactivated 
Suspended 
Inactive 

Dormant 
Abandoned 
Stabilised 
Relict 

Advancing 
Retrogressive 
Widening 
Enlarging 
Confined 
Diminishing 
Moving 

Complex 
Composite  
Multiple 
Successive 
Single 

 

Description of First Movement   
Rate Water Content Material Type 
Extremely rapid 
Very rapid 
Rapid 
Moderate 
Slow 
Very slow 
Extremely slow 

Dry 
Moist 
Wet 
Very Wet 

Rock 
Earth 
Debris 

Fall 
Topple 
Slide 
Spread 
Flow 

Note:  Subsequent movements may be described by repeating the above descriptors as many times as necessary.  These terms are 
described in more detail in Cruden & Varnes (1996) and examples are given. 

Landslide Features 
Varnes (1978, Figure 2.1t) provided an idealised diagram showing the features for a complex earth slide – earth flow, 
which has been reproduced here as Figure B2.  Definitions of landslide dimensions are given in Cruden & Varnes 
(1996). 

 
Figure B2:  Block of Idealised Complex Earth Slide – Earth Flow  

(Varnes, D J (1978,)Slope Movement Types and Processes. In Special Report 176: Landslides: Analysis and Control(R L Schuster & 
R J Krizek, eds.), TRB, National Research Council, Washington, DC, pp.11-33). 
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Rate of Movement 
Figure B3 shows the velocity scale proposed by Cruden & Varnes (1996) which rationalises previous scales.  The term 
“creep” has been omitted due to the many definitions and interpretations in the literature. 

Velocity 
Class Description Velocity 

(mm/sec) 
Typical 
Velocity Probable Destructive Significance 

7 
Extremely 
Rapid 

  Catastrophe of major violence; buildings destroyed by 
impact of displaced material; many deaths; escape 
unlikely 

  5 x 103 5 m/sec  

      6 Very Rapid  Some lives lost; velocity too great to permit all persons to escape 

  5 x 101 3 m/min  

      5 Rapid 
 Escape evaluation possible; structures; possessions, and 

equipment destroyed 

  5 x 10-1 1.8 m/hr  

      4 Moderate 
 Some temporary and insensitive structures can be 

temporarily maintained 

  5 x 10-3 13 m/month  

      3 Slow 

 Remedial construction can be undertaken during 
movement; insensitive structures can be maintained with 
frequent maintenance work if total movement is not large 
during a particular acceleration phase 

  5 x 10-5 1.6 m/year  

      2 Very Slow  Some permanent structures undamaged by movement 

  5 x 10-7 15 mm/year  

 Extremely  
SLOW 

 Imperceptible without instruments; construction 
POSSIBLE WITH PRECAUTIONS 

 

Figure B3:  Proposed Landslide Velocity Scale and Probable Destructive Significance. 
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APPENDIX C:  LANDSLIDE RISK ASSESSMENT 

QUALITATIVE TERMINOLOGY FOR USE IN ASSESSING RISK TO PROPERTY 
 

QUALITATIVE MEASURES OF LIKELIHOOD 

Approximate Annual Probability 

Indicative  
Value 

Notional 
Boundary 

Implied Indicative Landslide 
Recurrence Interval Description Descriptor Level 

10-1 10 years The event is expected to occur over the design life. ALMOST CERTAIN A 

10-2 100 years 
The event will probably occur under adverse conditions over the 
design life. 

LIKELY B 

10-3  1000 years The event could occur under adverse conditions over the design life. POSSIBLE C 

10-4  10,000 years 
The event might occur under very adverse circumstances over the 
design life. 

UNLIKELY D 

10-5  
100,000 years 

The event is conceivable but only under exceptional circumstances 
over the design life. 

RARE E 

10-6  

 

1,000,000 years 

 

The event is inconceivable or fanciful over the design life. BARELY CREDIBLE F 

5x10-2  20 years 

5x10-3  200 years 
2000 years5x10-4   

20,000 years 5x10-5 

5x10-6   200,000 years

Note: (1) The table should be used from left to right; use Approximate Annual Probability or Description to assign Descriptor, not vice versa. 

 

QUALITATIVE MEASURES OF CONSEQUENCES TO PROPERTY 

Approximate Cost of Damage 

Indicative 
Value 

Notional  
Boundary 

Description Descriptor Level 

200% 
Structure(s) completely destroyed and/or large scale damage requiring major engineering works for 
stabilisation.  Could cause at least one adjacent property major consequence damage. 

CATASTROPHIC 1 

60%  
Extensive damage to most of structure, and/or extending beyond site boundaries requiring significant 
stabilisation works.  Could cause at least one adjacent property medium consequence damage. 

MAJOR 2 

20% 
Moderate damage to some of structure, and/or significant part of site requiring large stabilisation works.  
Could cause at least one adjacent property minor consequence damage. 

MEDIUM 3 

5% Limited damage to part of structure, and/or part of site requiring some reinstatement stabilisation works. MINOR 4 

0.5% 

 

Little damage.  (Note for high probability event (Almost Certain), this category may be subdivided at a 
notional boundary of 0.1%.  See Risk Matrix.) 

INSIGNIFICANT 5 

100% 

40% 

10% 
        1% 

Notes: (2) The Approximate Cost of Damage is expressed as a percentage of market value, being the cost of the improved value of the unaffected property which includes the land plus the 
unaffected structures. 

(3) The Approximate Cost is to be an estimate of the direct cost of the damage, such as the cost of reinstatement of the damaged portion of the property (land plus structures), stabilisation 
works required to render the site to tolerable risk level for the landslide which has occurred and professional design fees, and consequential costs such as legal fees, temporary 
accommodation.  It does not include additional stabilisation works to address other landslides which may affect the property. 

 (4) The table should be used from left to right; use Approximate Cost of Damage or Description to assign Descriptor, not vice versa 
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APPENDIX C:  – QUALITATIVE TERMINOLOGY FOR USE IN ASSESSING RISK TO PROPERTY (CONTINUED) 
 

QUALITATIVE RISK ANALYSIS MATRIX – LEVEL OF RISK TO PROPERTY  

LIKELIHOOD CONSEQUENCES TO PROPERTY  (With Indicative Approximate Cost of Damage) 
 Indicative Value of 

Approximate Annual 
Probability 

1:  CATASTROPHIC 
200% 

2:  MAJOR 
60% 

3:  MEDIUM 
20% 

4:  MINOR 
5% 

5:  
INSIGNIFICANT 

0.5% 
A – ALMOST CERTAIN 10-1 VH VH VH H M or L (5) 

B - LIKELY 10-2 VH VH H M L 

C - POSSIBLE 10-3 VH H M M VL 

D - UNLIKELY 10-4 H M L L VL 

E - RARE 10-5 M L L VL VL 

F - BARELY CREDIBLE 10-6 L VL VL VL VL 

Notes: (5) For Cell A5, may be subdivided such that a consequence of less than 0.1% is Low Risk. 
 (6) When considering a risk assessment it must be clearly stated whether it is for existing conditions or with risk control measures which may not be implemented at the current 

time. 

 

RISK LEVEL IMPLICATIONS 
Risk Level Example Implications (7) 

VH VERY HIGH RISK 
Unacceptable without treatment.  Extensive detailed investigation and research, planning and implementation of treatment 
options essential to reduce risk to Low; may be too expensive and not practical.  Work likely to cost more than value of the 
property. 

H HIGH RISK 
Unacceptable without treatment.  Detailed investigation, planning and implementation of treatment options required to reduce 
risk to Low.  Work would cost a substantial sum in relation to the value of the property. 

M MODERATE RISK 
May be tolerated in certain circumstances (subject to regulator’s approval) but requires investigation, planning and 
implementation of treatment options to reduce the risk to Low.  Treatment options to reduce to Low risk should be 
implemented as soon as practicable. 

L LOW RISK 
Usually acceptable to regulators.  Where treatment has been required to reduce the risk to this level, ongoing maintenance is 
required. 

VL VERY LOW RISK 
Acceptable.  Manage by normal slope maintenance procedures. 

Note: (7) The implications for a particular situation are to be determined by all parties to the risk assessment and may depend on the nature of the property at risk; these are only 
given as a general guide. 
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APPENDIX D -EXAMPLE FORMS 
The following example forms have been prepared as templates to provide appropriate documentation for the control of 
submissions and approval process. 

It is envisaged that the regulator would edit the forms to suit local requirements and to use terminology appropriate to 
regulatory framework of the regulator’s LRM policy. Items between ‘< >’ are to be edited as appropriate.  The 
following terms have been used in a generic sense and should be amended by the regulator accordingly: 

<the Regulator> - the authority responsible for the approval of the development application. 

<Regulator’s geotechnical DCP> - the appropriate LRM policy title/reference, or Development Control Plan (DCP). 

<add reference> - the section or page of the geotechnical report which addresses the item. 

<PCA> - the Principal Certifying Authority, or the authority who will be responsible for confirmation of compliance 
with the development approval conditions. 

<tolerable risk> - amend to ‘acceptable risk’ if that is required by the <Regulator’s geotechnical DCP> rather than 
tolerable. 

<Construction Certificate> - the approval necessary to start construction which documents that design has complied 
with the conditions of approval for the development application. 

<Occupation Certificate> - the final approval from the Regulator allowing occupation of the development once all 
required conditions of consent have been shown to be satisfied. 

<Subdivision Certificate> - the final approval from the Regulator confirming that subdivision works have been 
completed in accordance with the conditions of consent such that development on individual lots may proceed. 

<Building Certificate> - a certificate issued by the Regulator confirming that either existing development is in 
accordance with the Regulator’s requirements, or confirming that the Regulator is not aware of any non-
compliance which will require rectification works. 

ACKNOWLEDGEMENT 

These example forms have been based on the forms included in the Wollongong City “Geotechnical Development 
Control Plan - Development of Sites which may be subject to Slope Instability”, effective from 12 July 2006 - with their 
kind permission.  Copies of the Word documents may be obtained from AGS by regulators wishing to prepare their own 
forms. 
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  Page 1 of 2 

FO
RM

 
A Geotechnical Declaration and Verification  

Development Application 
Office Use Only  

  

  

Regulator:  <Add in or change to 
appropriate name> 
      

   
To be submitted with a development application.  If this form is not submitted with the geotechnical report the report will be refused. 
This form is essential to verify that the geotechnical report has been prepared in accordance with <Regulator’s geotechnical DCP> and that the author of the geotechnical report is 
a geotechnical engineer or engineering geologist as defined by <Regulator’s geotechnical DCP>.  Alternatively, where a geotechnical report has been prepared for subdivision or 
is greater than two years old or by a professional person not recognised by  <Regulator’s geotechnical DCP> , then this form may be used as technical verification of the 
geotechnical report if signed by a geotechnical engineer or engineering geologist as defined by  <Regulator’s geotechnical DCP>. 
 
 
Section 1 Related Application 

Reference What is the Council development application number? 

DA Site Address       

DA Applicant       
   
Section 2 Geotechnical Report 

Details Title:         

 
Author’s Company/ 
Organisation Name:        Report Reference No:        

 Author:        Dated:             /        /                        
 
Section 3 Checklist 
Geotechnical 
Requirements 
(Tick as appropriate, 
either Yes or No) 

The following checklist covers the minimum requirements to be addressed in a geotechnical report.  This checklist is to accompany the 
report. Each item is to be cross-referenced to the section or page of the geotechnical report which addresses that item. 

Yes             No   
         A review of readily available history of slope instability in the site or related land as per <Add reference>       

 
         An assessment of the risk posed by all reasonably identifiable geotechnical hazards as per <Add reference>      

 
         Plans and sections of the site and related land as per <Add reference>       

 
          Presentation of a geological model as per <Add reference>       

 
         Photographs and/or drawings of the site as per <Add reference>       

 
         A conclusion as to whether the site is suitable for the development proposed to be carried out either conditionally or unconditionally as per  

<Add reference>       
 

         If any items above are ticked No, an explanation is to be included in the report to justify why. <Add reference>      
 

  
Subject to recommendations and conditions relevant to: 

 
Yes             No   

         selection and construction of footing systems, 
 

         earthworks, 
 

         surface and sub surface drainage, 
 

          recommendations for the selection of structural systems consistent with the geotechnical assessment of the risk, 
 

         any conditions that may be required for the ongoing mitigation and maintenance of the site and the proposal, from a geotechnical viewpoint, 
 

         highlighting and detailing the inspection regime to provide the <PCA> and builder with adequate notification for all necessary inspections. 
 

         State Design life adopted:       Years 

Note:  <Add reference>:  Add in the relevant section or page number of the listed geotechnical report which addresses each item. 
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A Geotechnical Declaration and Verification  

Development Application  
   
Section 4 List of Drawings referenced in Geotechnical Report 

Description 
Plan or 
Document No. 

Revision or 
Version No. Date Author 

                              

                              

                              

                              

                              

                              

                              

Design Documents 
 

                              
Section 5 Declaration 
Declaration 
(Tick all that apply) 

I am a geotechnical engineer or engineering geologist as defined by the <Regulator’s geotechnical DCP> and on behalf of the company 
below, I: 

Yes                
    No  am aware that the geotechnical report I have either prepared or am technically verifying (referenced above) is to be submitted in a support of a 

development application for the proposed development site (referenced above) and its findings will be relied upon by <the Regulator> in determining 
the development application. 
 

   N/A  prepared the geotechnical report referenced above in accordance with the AGS (2007c) as amended and <Regulator’s geotechnical DCP>. 
 

   N/A  am willing to technically verify that the Geotechnical Report referenced above has been prepared in accordance with the AGS (2007c) as amended 
and <Regulator’s geotechnical DCP>. 
 

    No   am willing to technically verify that the geotechnical report prepared for the development application for the site confirms the land will achieve the 
level of <tolerable risk> of slope instability as a result of the considerations described in <add reference to specific section of> <Regulator’s 
geotechnical DCP> taking into account the total development and site disturbances proposed. 
 

    No  am willing to technically verify that the geotechnical report prepared for the site and related land being greater than two years old confirms the land 
will achieve the level of <tolerable risk> of slope instability as a result of the considerations described <add reference to specific section of> of 
<Regulator’s geotechnical DCP> taking into account the total development and site disturbances proposed. 
 

    No  have professional indemnity insurance in accordance with <Regulator’s geotechnical DCP> of not less than $.... million, being in force for the year in 
which the report is dated, with retroactive cover under this insurance policy extending back to the engineer’s first submission to <the Regulator>. 

   
Section 6 Geotechnical Engineer or Engineering Geologist Details 
Company/ 
Organisation Name 

  

Surname:         Mr /Mrs /Other:        

Given Names:         

Name (Company 
Representative) 

Chartered Professional Status:        Registration No:        

Signature   

  Dated:         /        /                        

Reference: AGS (2007c) “Practice Note Guidelines for Landslide Risk Management”. Australian Geomechanics Society, Australian Geomechanics,  
V42, .N1, March 2007. 
Note: N/A = Not Applicable. 
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B Structural/Civil/Geotechnical Engineering 

Declaration – <Construction Certificate> Application 
Office Use Only  

  

  

Regulator:  <Add in or change to 
appropriate name>  
      

   
To be submitted with the structural design forming part of an application for a <construction certificate>. 
This form must be attached with the submission of the structural documentation required for the determination of a <construction certificate> or combined development application 
and <construction certificate> submission. 
This form is essential, as it provides evidence to the <PCA> determining the <construction certificate>, that the structural design has been prepared or verified by a structural 
engineer or civil engineer as defined by <Regulator’s geotechnical DCP> and that the structural design has been prepared in accordance with the recommendations given in the 
geotechnical report for the same development.  This form also covers additional design documents required to cover other works not shown on the main structural/civil design 
drawings. This form is also essential to establish that the recommendations given in the geotechnical report have been interpreted and incorporated into the structural design as 
originally intended by the geotechnical engineer in preparing the geotechnical report. 
 
 
Section 1 Related Application 

Reference What is the <Regulator’s> development application number? 

DA Site Address       

DA Applicant       
   
Section 2 Structural/Civil Design Documents 

Description 
Plan or 
Document No. 

Revision or 
Version No. Date Author 

                              

                              

                              

List of Structural/Civil 
Design Documents 
(More space on page two 
if required) 

                              
  
Section 3 Geotechnical Report 

Details Title:         

Author:        Dated:             /        /                        

 
Author’s Company/ 
Organisation Name:        Report Reference No:        

   
Section 4 Declaration by Structural/Civil Engineer or Designer of Additional Design Documents in Relation 

to a Geotechnical Report 
Declaration 
(Tick all that apply) 

 

Yes             No   
         I am a structural or civil engineer as defined by the <Regulator’s geotechnical DCP> and on behalf of the company below. 

 
         I have prepared the structural designs listed in Section 2 above and/or Section 6 below, in accordance with the recommendations given in the above 

geotechnical report. 
 

         I am a design engineer and have prepared Additional Design documents listed in Section 7 below in accordance with the recommendations given in 
the above geotechnical report. 
 

         I am aware that the <PCA> will rely on this declaration in granting a <construction certificate> for works to which the above structural design 
documents and geotechnical report relate. 
 

         I certify that any residential structure designed or erected in accordance with the structural design prepared by the structural engineer or civil 
engineer achieves the performance requirements of Clause 1.3 of the current version of AS 2870 (this must be ticked when accompanied by 
minimal impact certification). 
 

          I have professional indemnity insurance in accordance with <Regulator’s geotechnical DCP> of not less than $.... million, being in force for the year 
in which the report is dated, with retroactive cover under this insurance policy extending back to the engineer’s first submission to <the Regulator>. 
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B Structural/Civil/Geotechnical Engineering 

Declaration – <Construction Certificate> Application 
   
Section 5 Structural/Civil/Design Engineer Details 
Company/ 
Organisation Name 

 
      

 

Surname:         Mr /Mrs /Other:        

Given:         

Name (Company 
Representative) 

Chartered Professional Status:        Registration No:        

Signature  Dated:             /        /                        
  
Section 6 Ancillary Structural/Civil Design Required Prior to Completion of Geotechnical Declaration 

Description 
Company 
Responsible 

Plan or 
Document 
No. 

Revision or 
Version No. 

Date of 
Additional 
Form B * Author 

      eg. Landscaping retaining walls                               

      eg. Anchor design                               

List of Structural 
Design Documents 
Required 
 

                                    
  
Section 7 Additional Design Documents Required Prior to Completion of Geotechnical Declaration 

Description Company 

Plan or 
Document 
No. 

Revision or 
Version No. 

Date of 
Additional 
Form B * Author 

      eg. Surface & subsoil drainage design                               

      eg.  Infiltration or effluent disposal                               

List of Design 
Documents 
Required 
 

                                    
  
Section 8 and 9 are not to be completed until each relevant ancillary and additional Form B has been completed 
and forwarded to the geotechnical engineer/engineering geologist 
  
Section 8 Declaration in Relation to Structural/Civil Designs and Additional Design Drawings 
Declaration 
(Tick all that apply) 

I am a geotechnical engineer or engineering geologist as defined by the <Regulator’s geotechnical DCP> and on behalf of the company 
below: 

Yes             No   
         I prepared and/or technically verified the above geotechnical report and now declare that I have viewed the above listed design documents 

prepared for the same development. 
 

         I am satisfied that the recommendations given in the above geotechnical report have been incorporated into the design documents as intended. 
 

         I consider no additional drawings are required to show all the required works listed in the Geotechnical Report. 
 

  
Section 9 Geotechnical Engineer or Engineering Geologist Details 
Company/ 
Organisation Name 

  

Surname:         Mr /Mrs /Other:        

Given Names:         

Name (Company 
Representative) 

Chartered Professional Status:        Registration No:        

Signature   

  Dated:             /        /                        

Note: *  A separate Form B is required to be completed by the design engineer for those works listed in each of Sections 6 and 7 of this Form B. 
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C Geotechnical Declaration   

Subdivision <Construction Certificate> Application 
Office Use Only  

  

  

Regulator:  <Add in or change to 
appropriate name> 
      

   
To be submitted with an application for an engineering <construction certificate> for subdivision of land.  This form must be attached to the application for 
the <construction certificate>. 
This form is essential to verify that the geotechnical report has been prepared in accordance with <Regulator’s geotechnical DCP> and that the author of the geotechnical report is 
a geotechnical engineer or engineering geologist as defined by <Regulator’s geotechnical DCP>.  Alternatively, where a geotechnical report has been prepared by a professional 
person not recognised by the <Regulator’s geotechnical DCP>, then this form may be used as technical verification of the geotechnical report if signed by a geotechnical engineer 
or engineering geologist as defined by  <Regulator’s geotechnical DCP>. 
 
 
Section 1 Related Application 

Reference What is the Regulator’s Development Application Number? 

DA Site Address            

DA Applicant       
   
Section 2 Geotechnical Report 

Details Title:         

Author:        Dated:             /        /                        

 
Author’s Company/ 
Organisation Name:        Report Reference No:       

   
Section 3 Declaration 
Declaration 
(Tick all that apply) 

I am a geotechnical engineer or engineering geologist as defined by the <Regulator’s geotechnical DCP> and on behalf of the company 
below: 

Yes             No   
         I prepared the geotechnical report referenced above in accordance with the AGS (2007c) as amended and the <Regulator’s geotechnical DCP>. 

 
         I am willing to technically verify that the geotechnical report referenced above has been prepared in accordance with the AGS (2007c) as amended 

and <Regulator’s geotechnical DCP>. 
 

         I have professional indemnity insurance in accordance with <Regulator’s geotechnical DCP> of not less than $.... million, being in force for the year 
in which the report is dated, with retroactive cover under this insurance policy extending back to the engineer’s first submission to <the Regulator>. 
 

          I am aware that the geotechnical report I have either prepared or am technically verifying (referenced above) is to be submitted in support of an 
engineering <construction certificate> for subdivision of land for the proposed development site (referenced above) and its findings will be relied 
upon by <the Regulator> determining the engineering <construction certificate>. 
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C Geotechnical Declaration   

Subdivision <Construction Certificate> Application 
 
Section 4 Checklist 
Geotechnical 
Requirements 
(Tick as appropriate, 
either Yes or No) 

The following checklist covers the minimum requirements to be addressed in a geotechnical report in accordance with <Add reference to 
specific section of> <Regulator’s geotechnical DCP>.  This checklist is to accompany the report. 

Yes             No   
         The extent and stability of proposed embankments including those acting as retarding basins <Add reference>       

 

         Recommended Geotechnical testing requirements <Add reference>        
 

         Required level of geotechnical supervision for each part of the works as defined under AS3798 – Guidelines on Earthworks for Commercial and 
Residential Developments <Add reference>        

          Compaction specification for all fill within private subdivisions <Add reference>        
 

         The level of risk to existing adjacent dwellings as a result of a construction contractor using vibratory rollers anywhere within the site the subject of 
these works.  In the event that vibratory rollers could affect adjacent dwellings, ‘high risk’ areas shall be identified on a plan and the engineering 
plans shall be amended to indicate that no vibratory roller shall be used within that zone <Add reference>        

         The impact of the installation of services on overall site stability and recommendations on short term drainage methods, shoring requirements and 
other remedial measures that may be appropriate during installation <Add reference>        

         The preferred treatment of any areas of unacceptable risk within privately owned allotments <Add reference>        
 

         Requirement for subsurface drainage lines <Add reference>        
 

         Overall suitability of the engineering plans for the proposed development <Add reference>        
 

         Risk mitigation plan defined <Add reference>        
 

   
Section 5 Geotechnical Engineer or Engineering Geologist Details 
Company/ 
Organisation Name 

  

Surname:         Mr /Mrs /Other:        

Given Names:         

Name (Company 
Representative) 

Chartered Professional Status:        Registration No:        
Signature   

  Dated:             /        /                        
 

Reference: AGS (2007c) “Practice Note Guidelines for Landslide Risk Management”. Australian Geomechanics Society, Australian Geomechanics,  
V42, .N1, March 2007. 
 
Note:  <Add reference>:  Add in the relevant section or page number of the listed geotechnical report which addresses each item. 
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D Geotechnical Declaration   

Minor Impact 
Office Use Only  

  

  

Regulator:  <Add in or change to 
appropriate name>  
      

   
This form may be used where minor construction works present minimal or no geotechnical impact on the site or related land.  A geotechnical engineer or engineering 
geologist must inspect the site and/or review the proposed development documentation to determine if the proposed development requires a geotechnical report to be 
prepared to accompany the development application.  Where the geotechnical engineer determines that such a report is not required then they must complete this 
form and attach design recommendations where required.  A copy of this form with design recommendation, if required, must be submitted with the development 
application. 
 
Note:  In all situations, this form will need to be accompanied by Form B  where the structural engineer or civil engineer certifies that any residential structure designed or erected 
in accordance with the plans and specifications prepared by the structural engineer or civil engineer achieve the performance requirements of Clause 1.3 of the current version of 
AS 2870. 
 
Note:  The use of this form does not preclude the geotechnical consultant from requiring a Geotechnical Report. 
 
Section 1 Related Application 

Reference What is the Council Development Application Number? 

DA Site Address       

DA Applicant       
   
Section 2 Documentation 

Description 
Plan or 
Document No. 

Revision or 
Version No. Date Author 

                              

                              

                              

List of Documents 
Reviewed 
(More space on page two 
if required) 

                              
   
Section 3 Declaration 
Declaration 
(Tick all that apply) 

I am a geotechnical engineer or engineering geologist as defined by the <Regulator’s geotechnical DCP> and I have inspected the site and 
reviewed the proposed development at the DA Site Address described above.  As a result of my consideration of the <Regulator’s 
geotechnical DCP>, of my site inspection and review of the documentation listed above, I have determined and declare that, on behalf of the 
company below: 

   Yes                No   
    The current load-bearing capacity of the site will not be exceeded or be adversely impacted on by the proposed development, and 

 
    The proposed works are of such a minor nature that the requirement for geotechnical advice in the form of a geotechnical report, prepared in 

accordance with <Regulator’s geotechnical DCP> is considered unnecessary for the adequate and safe design of the structural elements to be 
incorporated into the new works as there is no change to the current landslide risk on the site in accordance with AGS (2007c), and 
 

    In accordance with AS 2870 Residential Slabs and Footings, the site is to be classified as a type:      
 

    I have attached design recommendations to be incorporated in the structural design in accordance with this site classification. 
 

    I have professional indemnity insurance in accordance with <Regulator’s geotechnical DCP> of not less than $.... million, being in force for the year 
in which the report is dated, with retroactive cover under this insurance policy extending back to the engineer’s first submission to <the Regulator>. 
 

    I am aware that this declaration shall be used by <The Regulator> as an essential component in granting development consent for a structure to be 
erected on the site or related land without requiring submission of a geotechnical report complying with the <Regulator’s geotechnical DCP> in 
support of the development application. 
 

Reference: AGS (2007c) “Practice Note Guidelines for Landslide Risk Management”. Australian Geomechanics Society, Australian Geomechanics,  
V42, .N1, March 2007. 
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D Geotechnical Declaration   

Minor Impact 
  
Section 4 Additional Documentation 

Description 
Plan or 
Document No. 

Revision or 
Version No. Date Author 

                              

                              

                              

                              

                              

                              

                              

                              

List of Documents 
Reviewed 
 

                              
  
Section 5 Geotechnical Engineer or Engineering Geologist Details 
Company/ 
Organisation Name 

  

Surname:         Mr /Mrs /Other:        

Given Names:         

Name (Company 
Representative) 

Chartered Professional Status:        Registration No:        
Signature   

  Dated:             /        /                        
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E Geotechnical Declaration  

Remediation 
Office Use Only  

  

  

Regulator:  <Add in or change to 
appropriate name>  
      

   
This form must be submitted where development must be staged for geotechnical reasons and remediation of the site to a <tolerable risk> is necessary 
prior to any further development continuing on the site. 
 
This form is essential, as it provides verification at each stage of the development, prior to the next stage commencing, that the remediation of the site to a <tolerable risk> has 
been carried out in accordance with the requirements of the geotechnical report and <add reference to specific section> of <Regulator’s geotechnical DCP> and that no 
unforeseen ground conditions have been encountered which could impact on the integrity of structures on site or related land or the landslide risk.  The geotechnical engineer or 
engineering geologist who prepared and/or verified the report must carry out site inspections as determined by the report to ensure that the design(s) documented on Form(s) B 
have been completed prior to signing this form. 
 
 
Section 1 Related Application 

Reference What is the Development Application number? 

DA Site Address       Development Stage (s):          

DA Applicant       
   
Section 2 Geotechnical Report 

Details Title:         

Author:        Dated:             /        /                        

 
Author’s Company/ 
Organisation Name:       Report Reference No:       

  
Section 3 Declaration 
Declaration 
(Tick all that apply) 

I am a geotechnical engineer or engineering geologist as defined by the <Regulator’s geotechnical DCP> and, on behalf of the company 
below: 

Yes             No   
  I inspected and am satisfied that the foundation materials upon which the structural elements of the development have been erected, complied with 

the requirements and recommendations specified in the geotechnical report for Stage (s)  <add >       of the development. 
 

  To the best of my knowledge, I am satisfied that Stage(s) <add>        of the development referred to above have been carried out in accordance 
with all the requirements and recommendations of the above geotechnical report, and conditions of development consent relating to geotechnical 
issues. 
 

  To the best of my knowledge, I am satisfied that where changes to the development occurred during construction, those changes were carried out in 
accordance with all the requirements and recommendations of the above geotechnical report, conditions of development consent relating to 
geotechnical issues, and any site instructions or site reports  issued by me as listed below. 
 

   I am aware that the <PCA> requires this certificate at the end of stage of the development specified in the development approval and prior to any 
further development continuing on the site and related land. 
 

  I am willing to technically verify that the site or related land will now achieve the level of <tolerable risk> of slope instability as defined by 
<Regulator’s geotechnical DCP>. 
 

  I have professional indemnity insurance in accordance with <Regulator’s geotechnical DCP> of not less than $.... million, being in force for the year 
in which the report is dated, with retroactive cover under this insurance policy extending back to the engineer’s first submission to <the Regulator>. 

 
Note: <add> relevant stage numbers to be inserted. 
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E Geotechnical Declaration  

Remediation 
   
Section 4 List of Site Instructions and/or Site Reports Issued 

Associated 
Design 

Drawings 
(tick as 

appropriate) 

 
 
 
Description/Title 

 
 
Reference 
No. 

 
 
Date 

 
 
Author Yes No 

                                  

                                  

                                  

                                  

                                  

                                  

                                  

                                  

                                  

                                  

List of Documents 
Issued 

                                  

Section 5 Geotechnical Engineer or Engineering Geologist Details 
Company/ 
Organisation Name 

  

Surname:         Mr /Mrs /Other:        

Given Names:         

Name (Company 
Representative) 

Chartered Professional Status:        Registration No:        

Signature   

  Dated:             /        /                        
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F Geotechnical Declaration  

Final Structural/Civil Certificate 
Office Use Only  

  

  

Regulator:  <Add in or change to 
appropriate name> 
      

   
This form must be submitted to the <PCA> at the completion of a project and prior to the issue of an <occupation certificate>. 
 
This form is essential, as it provides evidence to the <PCA> that the development works have been carried out in accordance with the requirements of the structural design, any 
site inspections, and that any changes to the development occurring during construction, were carried out in accordance with all the requirements and recommendations of the 
structural design and geotechnical report, conditions of development consent relating to geotechnical issues, and any site instructions issued. 
 
 
Section 1 Related Application 

Reference What is <the Regulator’s> Development Application number?       

DA Site Address       

DA Applicant       
   
Section 2 Geotechnical Report 

Details Title:         

Author:        Dated:             /        /                        

 
Author’s Company/ 
Organisation Name: Report Reference No: 

  
Section 3 Structural Civil Design Documents appropriate to the ‘as constructed’ development 

Description 
Plan or 
Document No. 

Revision or 
Version No. Date Author 

                              

                              

                              

List of Structural Civil 
Design Documents 
(More space on page two 
if required) 

                              
   
Section 4 Declaration 
Declaration 
(Tick all that apply) 

I am a structural or civil engineer as defined by the <Regulator’s geotechnical DCP> and I prepared the above structural designs in 
accordance with the recommendations given in the geotechnical report described above on behalf of the company below.  I: 

Yes             No   
         inspected and am satisfied that the structural elements of the above development have been erected, and complied with the requirements and 

recommendations specified in the structural design and geotechnical report. 
 

         to the best of my knowledge, am satisfied that the above development has been carried out in accordance with all the requirements and 
recommendations of the structural design and above geotechnical report, and conditions of development consent relating to geotechnical issues. 
 

         to the best of my knowledge, am satisfied that where changes to the development occurred during construction, those changes were carried out in 
accordance with all the requirements and recommendations of the structural design and above geotechnical report, conditions of development 
consent relating to geotechnical issues, and any site instructions issued by me as listed below. 
 

          am aware that the <PCA> requires this certificate prior to issuing an<occupation certificate> for the above development and will rely on this 
certificate as verification that the above development has been erected, and complied with the requirements and recommendations specified in the 
structural design and geotechnical report as defined by <Regulator’s geotechnical DCP> and in determining the <occupation certificate>. 
 

         have professional indemnity insurance in accordance with <Regulator’s geotechnical DCP> of not less than $.... million, being in force for the year in 
which the report is dated, with retroactive cover under this insurance policy extending back to the engineer’s first submission to <the Regulator>. 
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F Geotechnical Declaration  

Final Structural/Civil Certificate 
 

  

Section 5 List of Site Instructions Issued 
Associated Design 

Drawings  
Description/Title 

Reference  
No. 

 
 
Date 

 
 
Author Yes No 

                                  

                                  

                                  

                                  

                                  

                                  

                                  

                                  

List of Documents 
Issued 

                                  
 
Section 6 Additional Design Documents 

Description 

Plan or 
Document 
No. 

Revision or 
Version No. Date Author 

                              

                              

                              

                              

                              

                              

                              

List of Additional 
Design Documents 

                              
 
Section 7 

 
Structural Engineer or Civil Engineer Details 

Company/ 
Organisation Name 

  

Surname:         Mr /Mrs /Other:        

Given Names:         

Name (Company 
Representative) 

Chartered Professional Status:        Registration No:        
Signature 
 

 
 

 

   
Dated:             /        /         
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G Geotechnical Declaration  

Final Geotechnical Certificate 
Office Use Only  
  
  

Regulator:  <Add in or change to 
appropriate name> 
      

   
This form must be submitted to the <PCA> at the completion of a project and prior to the issue of an <occupation or subdivision certificate>. 
This form is essential, as it provides verification that the development works have been carried out in accordance with the requirements of the geotechnical report during 
construction, and any site inspections, and that no unforeseen ground conditions have been encountered which could have an impact on the integrity of structures on site or 
related land and any subsequent geotechnical requirements introduced during the construction process. 
 
 
Section 1 Related Application 

Reference What is the Development Application number?       

DA Site Address       

DA Applicant       
   
Section 2 Geotechnical Report 

Details Title:         

Author:        Dated:             /        /                        

 
Author’s Company/ 
Organisation Name: Report Reference No:       

  
Section 3 Work as Executed Drawings & Ongoing Maintenance Plans relevant to Geotechnical Risk Management 

Description 
Plan or 
Document No. 

Revision or 
Version No. Date Author 

                              

                              

                              

                              

                              

                              

                              

List of Documents  
(more space on  
page 2 if required) 

                              
   
Section 4 Declaration 
Declaration 
(Tick all that apply) 

I am a geotechnical engineer or engineering geologist as defined by the <Regulator’s geotechnical DCP> and I prepared or verified the 
geotechnical report as described above on behalf of the company below.  I: 

Yes             No   
         inspected and am satisfied that the foundation materials upon which the structural elements of the development have been erected, complied with 

the requirements and recommendations specified in the geotechnical report. 
 

         to the best of my knowledge, am satisfied that the development referred to above has been carried out in accordance with all the requirements and 
recommendations of the above geotechnical report, and conditions of development consent relating to geotechnical issues. 
 

         to the best of my knowledge, am satisfied that where changes to the development occurred during construction, those changes were carried out in 
accordance with all the requirements and recommendations of the above geotechnical report, conditions of development consent relating to 
geotechnical issues, and any site instructions or site reports issued by me as listed below. 
 

          am aware that the <PCA> requires this certificate prior to issuing an occupation or subdivision certificate for the above development and will rely on 
this certificate as verification that the above development has achieved the necessary level of <tolerable risk> as defined by <Regulator’s 
geotechnical DCP> and in determining the <occupation or subdivision certificate>. 
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G Geotechnical Declaration  

Final Geotechnical Certificate 
 

  

Section 5 List of Site Reports or Site Instructions Issued 
Associated 

Design Drawings 
 
 
Description/Title 

 
Reference 
No. 

 
 
Date 

 
 
Author Yes No 

                                   

                                   

                                   

                                   

                                   

                                   

                                   

                                   

List of Documents 
Issued 

                                   
 
Section 6 

 
Additional Work as Executed Drawings and Ongoing Maintenance Plans relevant to 
Geotechnical Risk Management 
 
 
Description 

Plan or 
Document 
No. 

 
Revision or 
Version No. 

 
 
Date 

 
 
Author 

                              

                              

                              

                              

                              

                              

                              

List of Additional 
Documents 

                              
 
Section 7 

 
Geotechnical Engineer or Engineering Geologist Details 

Company/ 
Organisation Name 

  

Surname:         Mr /Mrs /Other:        

Given Names:         

Name (Company 
Representative) 

Chartered Professional Status:        Registration No:        
Signature 
 

 
 

 

   
Dated:             /        /         
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H Geotechnical Declaration  

<Building Certificate> or Order 
Office Use Only  
  
  

Regulator:  <Add in or change to 
appropriate name> 
      

   
This form is to be submitted with Application for a <Building Certificate> or in response to an order. 
 
 
Section 1 Related Application 

Reference What is the Regulator’s DA / BA / Order number? 

Site Address       

Applicant       
   
Section 2 Geotechnical Report 

Details Title:         

Author:        Dated:             /        /                        

 
Author’s Company/ 
Organisation Name: Report Reference No: 

  
Section 3 Declaration 
Declaration 
(Tick all that apply) 

I am a geotechnical engineer or engineering geologist as defined by the <Regulator’s geotechnical DCP> and I prepared or verified the 
geotechnical report as described above on behalf of the company below.  I: 

Yes             No   
         have inspected the site and existing development and am satisfied that both the site and development achieves <tolerable risk> level requirement of 

the <Regulator’s  geotechnical DCP>.  The attached report provides details of the assessment in accordance with the <Regulator’s geotechnical 
DCP>.  The report also contains recommendations as to any reasonable and practical measures that can be undertaken to reduce foreseeable risk. 
 

         have inspected the site of the existing development.  The attached report details the remedial actions required to be undertaken prior to me being 
prepared to certify that the site and the development achieves the <tolerable risk> criteria required by the <Regulator’s geotechnical DCP>. 
 

         to the best of my knowledge, am satisfied that where changes to the development occurred during construction, those changes were carried out in 
accordance with all the requirements and recommendations of the above geotechnical report, conditions of development consent relating to 
geotechnical issues, and any site reports or site instructions issued by me as listed below. 
 

          am aware that the <PCA> requires this certificate prior to issuing a <Building Certificate> for the above development and will rely on this certificate 
as verification that the development has achieved the necessary level of <tolerable risk> as defined by <Regulator’s geotechnical DCP> and in 
determining the <occupation or subdivision certificate>. 
 

         have professional indemnity insurance in accordance with <Regulator’s geotechnical DCP> of not less than $.... million, being in force for the year in 
which the report is dated, with retroactive cover under this insurance policy extending back to the engineer’s first submission to <the Regulator>. 
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H Geotechnical Declaration  

<Building Certificate> or Order 
 

  

Section 4 List of Site Reports or Site Instructions Issued 
Associated 

Design Drawings 
 
 
Description/Title 

 
Reference 
No. 

 
 
Date 

 
 
Author Yes No 

                                   

                                   

                                   

                                   

                                   

                                   

                                   

                                   

List of Documents 
Issued 

                                   
  
Section 5 Geotechnical Engineer or Engineering Geologist Details 
Company/ 
Organisation Name 

  

Surname:         Mr /Mrs /Other:        

Given Names:         

Name (Company 
Representative) 

Chartered Professional Status:        Registration No:        
Signature   

  Dated:             /        /                        
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APPENDIX E - GEOLOGICAL AND GEOMORPHOLOGICAL MAPPING SYMBOLS 
AND TERMINOLOGY 

 
Examples of Mapping Symbols (after Guide to Slope Risk Analysis Version 3.1 November 2001, Roads and Traffic 

Authority of New South Wales). 
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Example of Mapping Symbols  

(after V Gardiner & R V Dackombe (1983).Geomorphological Field Manual. George Allen & Unwin). 
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APPENDIX F- EXAMPLE OF VULNERABILITY VALUES 
 

SUMMARY OF HONG KONG VULNERABILITY RANGES FOR PERSONS, AND RECOMMENDED VALUES FOR 
LOSS OF LIFE FOR LANDSLIDING IN SIMILAR SITUATIONS 

The following table is adapted from P J Finlay, G R Mostyn & R Fell (1999). Landslides: Prediction of Travel Distance and 
Guidelines for Vulnerability of Persons. Proc 8th. Australia New Zealand Conference on Geomechanics, Hobart. Australian 

Geomechanics Society, ISBN 1 86445 0029, Vol 1, pp.105-113. 

Case Range in Data
Recommended 

Value Comments
Person in Open Space
If struck by a rockfall 0.1 – 0.7 0.5 May be injured but unlikely to cause death
If buried by debris 0.8 – 1.0 1.0 Death by asphyxia almost certain
If not buried 0.1 – 0.5 0.1 High chance of survival
Persons in a Vehicle
If the vehicle is buried/crushed 0.9 – 1.0 1.0 Death is almost certain
If the vehicle is damaged only 0 – 0.3 0.3 High chance of survival
Person in a Building
If the building collapses 0.9 – 1.0 1.0 Death is almost certain
If the building is inundated with debris 
and the person buried

0.8 – 1.0 1.0 Death is highly likely

If the debris strikes the building only 0 – 0.1 0.05 Very high chance of survival

 

EXAMPLE OF VULNERABILITY VALUES FOR DESTRUCTION OF PEOPLE, BUILDINGS AND ROADS 

The following table is adapted from Marion Michael-Leiba, Fred Baynes, Greg Scott & Ken Granger (2002). Quantitative Landslide 
Risk Assessment of Cairns. Australian Geomechanics, June 2002. 

Vulnerability Values 
Geomorphic Unit 

People Buildings Roads 
Hill slopes 0.05 0.25 0.3 
Proximal debris fan 0.5 1.0 1.0 
Distal debris fan 0.05 0.1 0.3 

 

EXAMPLE OF VULNERABILITY VALUES FOR LIFE FOR ROCKFALLS AND DEBRIS FLOWS FOR 
LAWRENCE HARGRAVE DRIVE PROJECT, COALCLIFF TO CLIFTON AREA, AUSTRALIA 

The following table is adapted from R A Wilson, A T Moon, M Hendricks & I E Stewart (2005). 
Application of quantitative risk assessment to the Lawrence Hargrave Drive Project, New South Wales,Australia. 

 Landslide Risk Management - Hungr, Fell, Couture & Eberhardt (eds) 2005. Taylor & Francis Group, London, ISBN 04 1538 043X. 

Rockfalls from 
Scarborough Cliff 

Debris flow from 
Northern Amphitheatre 

Order of magnitude 
of landslide crossing 

road (m3) Landslide hits car Car hits landslide Landslide hits car Car hits landslide 
0.03 0.05 0.006 – – 
0.3 0.1 0.002 – – 
3 0.3 0.03 0.001 – 
30 0.7 0.03 0.01 0.001 

300 1 0.03 0.1 0.003 
3,000 1 0.03 1 0.003 

NOTE: The above data should be applied with common sense, taking into account the circumstances of the landslide being studied.  
Judgment may indicate values other than the recommended value are appropriate for a particular case. 
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APPENDIX G - SOME GUIDELINES FOR HILLSIDE CONSTRUCTION 
 

 GOOD ENGINEERING PRACTICE POOR ENGINEERING PRACTICE 
ADVICE   
GEOTECHNICAL 
ASSESSMENT 

Obtain advice from a qualified, experienced geotechnical practitioner at early 
stage of planning and before site works. 

Prepare detailed plan and start site works before 
geotechnical advice. 

PLANNING 
SITE PLANNING Having obtained geotechnical advice, plan the development with the risk 

arising from the identified hazards and consequences in mind. 
Plan development without regard for the Risk. 

DESIGN AND CONSTRUCTION 

HOUSE DESIGN 

Use flexible structures which incorporate properly designed brickwork, timber 
or steel frames, timber or panel cladding. 
Consider use of split levels. 
Use decks for recreational areas where appropriate. 

Floor plans which require extensive cutting and 
filling. 
Movement intolerant structures. 

SITE CLEARING Retain natural vegetation wherever practicable. Indiscriminately clear the site. 
ACCESS & 

DRIVEWAYS 
Satisfy requirements below for cuts, fills, retaining walls and drainage. 
Council specifications for grades may need to be modified. 
Driveways and parking areas may need to be fully supported on piers. 

Excavate and fill for site access before 
geotechnical advice. 

EARTHWORKS Retain natural contours wherever possible. Indiscriminatory bulk earthworks. 

CUTS 
Minimise depth. 
Support with engineered retaining walls or batter to appropriate slope. 
Provide drainage measures and erosion control. 

Large scale cuts and benching. 
Unsupported cuts. 
Ignore drainage requirements 

FILLS 

Minimise height. 
Strip vegetation and topsoil and key into natural slopes prior to filling. 
Use clean fill materials and compact to engineering standards. 
Batter to appropriate slope or support with engineered retaining wall. 
Provide surface drainage and appropriate subsurface drainage. 

Loose or poorly compacted fill, which if it fails, 
may flow a considerable distance including 
onto property below.  
Block natural drainage lines. 
Fill over existing vegetation and topsoil. 
Include stumps, trees, vegetation, topsoil, 
boulders, building rubble etc in fill. 

ROCK OUTCROPS 
& BOULDERS 

Remove or stabilise boulders which may have unacceptable risk. 
Support rock faces where necessary. 

Disturb or undercut detached blocks or 
boulders. 

RETAINING 
WALLS 

Engineer design to resist applied soil and water forces. 
Found on rock where practicable. 
Provide subsurface drainage within wall backfill and surface drainage on slope 
above. 
Construct wall as soon as possible after cut/fill operation. 

Construct a structurally inadequate wall such as 
sandstone flagging, brick or unreinforced 
blockwork. 
Lack of subsurface drains and weepholes. 

FOOTINGS 

Found within rock where practicable. 
Use rows of piers or strip footings oriented up and down slope. 
Design for lateral creep pressures if necessary. 
Backfill footing excavations to exclude ingress of surface water. 

Found on topsoil, loose fill, detached boulders 
or undercut cliffs. 

SWIMMING POOLS 

Engineer designed. 
Support on piers to rock where practicable. 
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   

SURFACE 

Provide at tops of cut and fill slopes. 
Discharge to street drainage or natural water courses. 
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. 

Discharge at top of fills and cuts. 
Allow water to pond on bench areas. 
 

SUBSURFACE 

Provide filter around subsurface drain. 
Provide drain behind retaining walls. 
Use flexible pipelines with access for maintenance. 
Prevent inflow of surface water. 

Discharge roof runoff into absorption trenches. 

SEPTIC & 
SULLAGE 

Usually requires pump-out or mains sewer systems; absorption trenches may 
be possible in some areas if risk is acceptable. 
Storage tanks should be water-tight and adequately founded. 

Discharge sullage directly onto and into slopes.  
Use absorption trenches without consideration 
of landslide risk. 

EROSION 
CONTROL & 

LANDSCAPING 

Control erosion as this may lead to instability. 
Revegetate cleared area. 

Failure to observe earthworks and drainage 
recommendations when 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 

RESPONSIBILITY 
Clean drainage systems; repair broken joints in drains and leaks in supply 
pipes. 
Where structural distress is evident see advice. 
If seepage observed, determine causes or seek advice on consequences. 
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THE AUSTRALIAN GEOGUIDES
 FOR SLOPE MANAGEMENT AND MAINTENANCE

AGS Landslide Taskforce, Slope Management and Maintenance Working Group

The Australian Geomechanics Society (AGS) presents on the following pages a guideline on slope management and
maintenance, as part of the landslide risk management guidelines developed under the National Disaster Funding
Program (NDMP).   This Guideline is aimed at home owners, developers and local councils, but also has applicability
to a larger audience which includes builders and contractors, consultants, insurers, lawyers, government departments
and  in  fact  any  person,  or  organisation,  with  a  responsibility  for  the  management  or  maintenance  of  a  slope.   The
objective is to inform those with little or no knowledge of geotechnical engineering about landslides.

Each GeoGuide is a stand-alone document, which is formatted so that it can be printed on two sides of a single A4
sheet.  It is expected that the set of GeoGuides will increase with time to cover a range of topics.  As things stand:

• GeoGuide LR1 is  an  introductory  sheet  that  should  be  read  by  all  users,  since  it  explains  what  the  LR
(landslide risk) series is about and defines terms.

• GeoGuides LR2, 3 and 4 explain why landslides occur and provide information on different types of landslide.
• GeoGuide LR5 discusses the critical part that water often plays in relation to landslide occurrence and

discusses measures that can be adopted to limit its effect.
• GeoGuide LR6 refers to retaining walls and their maintenance.
• GeoGuide LR7 puts the concept of landslide risk into an everyday context, so users can relate a particular

landslide risk to other risks that they know they are prepared to take, sometimes on a daily basis.
• GeoGuide LR8 retains the ideas of good and poor hillside construction practice originally provided by an AGS

sub-committee in 1985.
• GeoGuide LR9 concentrates specifically on effluent and surface water disposal, which is an important topic in

some development areas.
• GeoGuide LR10 is  specifically  aimed  at  those  who  have  property  on  the  coast  and  could  be  susceptible  to

coastal erosion processes.
• GeoGuide LR11 provides information about the benefits of keeping records on inspection and maintenance

activities and provides a proforma record sheet for users.

It is recognised that the GeoGuides are likely to be upgraded from time to time.  Feedback on use and suggested
changes should be sent to the National Chair of the Australian Geomechanics Society.  The latest versions of the
GeoGuides will be downloadable from the AGS website www.australiangemechanics.org

Through the NDMP, Australian governments (at Commonwealth, State and Local Government levels) are also funding
the development of a Landslide Zoning Guideline (AGS 2007a), and a Practice Note Guideline (AGS 2007c) to which
interested readers seeking in-depth information should refer.
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INTRODUCTION TO LANDSLIDE RISK

AUSTRALIAN GEOGUIDES

The Australian GeoGuides (LR series) are a set of information sheets on the subject of landslide risk management and
maintenance, published by the Australian Geomechanics Society (AGS). They provide background information intended to
help people without specialist technical knowledge understand the basic issues involved.  Topics covered include:

LR1 - Introduction LR2 - Landslides LR3 - Landslides in Soil
LR4 - Landslides in Rock LR5 - Water & Drainage LR6 - Retaining Walls
LR7 - Landslide Risk LR8 - Hillside Construction LR9 - Effluent & Surface Water Disposal
LR10 - Coastal Landslides LR11 - Record Keeping

The GeoGuides explain why slopes and retaining structures can be a hazard and what can be done with appropriate
professional advice and local authority approval (if required) to remove, or reduce, the risk they represent.

Preparation of the GeoGuides has been funded by Australian governments through the National Disaster Mitigation Program
(NDMP).  This is a national program aimed at identifying and addressing natural disaster risk priorities across Australia.
Technical input has been provided by experienced geotechnical engineers, engineering geologists and local government and
government agency representatives from around Australia.

BACKGROUND
A number of landslides and cliff collapses occurred in Australia in the 1980's and 1990's in which lives were lost.  Of these the
Thredbo landslide probably received the most publicity, but there were several others.  During this period the AGS issued a
number of advisory notes to practitioners in relation to the assessment of landslide risk and its reduction.  Building on these
notes, and responding to changes in technology, a technical paper known as AGS2000 was prepared.  It was followed in 2002
by an intensive nation-wide educational campaign attended by a large number of interested professionals from government
departments and private industry.  This resulted in an increased awareness of the risks associated with unstable slopes and a
changed approach in many government departments responsible for regional planning, domestic development, roads, railways
and the maintenance of natural features such as cliffs.

STATUS OF THE GEOGUIDES
The GeoGuides reflect the essence of good practice as perceived by a large number of geotechnical engineers, engineering
geologists and other practitioners such as local government planners. The GeoGuides are generic and do not, and cannot,
constitute advice in relation to a specific situation.  This must be sought from a geotechnical practitioner with first
hand knowledge of the site.  It is expected that some local councils will refer to the GeoGuides and their companion
publications in planning and building legislation. Check with your local council to see how it regards these documents.
Companion publications to the GeoGuides are:

• AGS (2007a) Guideline for Landslide Susceptibility, Hazard and Risk Zoning for Land Use Management Australian
Geomechanics Society, Australian Geomechanics, Vol 42, No1 and its associated commentary (AGS 2007b).

• AGS (2007c). Practice Note Guidelines for Landslide Risk Management. Australian Geomechanics Society.
Australian Geomechanics, Vol 42, No1 2007, and its associated "Commentary" (AGS 2007d).

Copies of the above documents are available on the AGS website www.australiangeomechanics.org
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TERMINOLOGY
Terminology tends to change with time and place and with the context in which it is used.  The terms listed below have
the following meanings in the GeoGuides:
Consequence the outcome, or potential outcome, arising from the occurrence of a landslide expressed quantitatively, or

qualitatively, in terms of loss, disadvantage, damage, injury, or loss of life.
Discontinuity in relation to the ground is a crack, a bedding plane (a boundary between strata) or fault (a plane along

which the ground has sheared) which forms a plane of weakness and reduces the overall strength of the
ground.

Equilibrium the condition when the forces on a mass of soil or rock in the ground, or on a retaining structure, are equal
and opposite.

Factor of safety (FOS) theoretically the forces available to prevent a part of the ground, or a retaining structure, from moving
divided by those trying to move it.  A FOS of one or less indicates that failure is likely to occur, but not how
likely it is.  To allow for unknowns and to limit movements engineers always aim to achieve a FOS
significantly larger than one.

Failure when part of the ground experiences movement as a result of the out of balance forces on it.  Failure of a
retaining structure means it is no longer able to fulfil its intended function.

Geotechnical practitioner  when referred to in the Australian GeoGuides (LR series), is a professional geotechnical engineer, or
engineering geologist, with chartered status in a recognised national professional institution and relevant
training, experience and core competencies in landslide risk assessment and management.  In some
government departments, technical officers are specifically trained to undertake some of the functions of a
geotechnical practitioner.

Hazard a condition with the potential for causing an undesirable consequence.  In relation to landslides this
includes the location, size, speed, distance of travel and the likelihood of its occurrence within a given
period of time.

Landslide the movement, or the potential movement, of a mass of rock, debris, or earth down a slope.
Likelihood a qualitative description of probability, or frequency, of occurrence.
Partial saturation the condition in the ground above the water table where both air and water are present as well as soil, or

rock.
Perched water table a water table above the true water table supported by a low permeability stratum.
Permeability a measure of the ability of the ground to allow water to flow through it.
Risk a measure of the probability and severity of an adverse effect to life, health, property or the environment.
Slip failure landslide.
Stable the condition when failure will not occur.  Over geological time no part of the ground can be considered

stable.  Over short periods (eg the life of a structure) stability implies a very low likelihood of failure.
Retaining structure anything built  by humans  which is intended to support the ground and inhibit failure.
Structure in relation to rock, or soil, means the spacing, extent, orientation and type of discontinuities  found in the

ground at a particular location.
Tension crack a distinct open crack that normally develops in the ground around a landslide and indicates  actual, or

imminent , failure.
Water table the level in the ground below which it is saturated and the voids are filled with water.
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LANDSLIDES
What is a Landslide?
Any movement of a mass of rock, debris, or earth, down a slope, constitutes a “landslide”.  Landslides take many forms,
some of which are illustrated. More information can be obtained from Geoscience Australia, or by visiting its Australian
Landslide Database at www.ga.gov.au/urban/factsheets/landslide.jsp.  Aspects of the impact of landslides on buildings
are dealt with in the book "Guideline Document Landslide Hazards" published by the Australian Building Codes Board
and referenced in the Building Code of Australia.  This document can be purchased over the internet at the Australian
Building Codes Board's website www.abcb.gov.au .

Landslides vary in size.  They can be small and localised or very large, sometimes extending for kilometres and involving
millions of tonnes of soil or rock.  It is important to realise that even a 1 cubic metre boulder of soil, or rock, weighs at
least 2 tonnes.  If it falls, or slides, it is large enough to kill a person, crush a car, or cause serious structural damage to a
house.  The material in a landslide may travel downhill well beyond the point where the failure first occurred, leaving
destruction in its wake.  It may also leave an unstable slope in the ground behind it, which has the potential to fail again,
causing the landslide to extend (regress) uphill, or expand sideways.  For all these reasons, both "potential" and "actual"
landslides must be taken very seriously.  They present a real threat to life and property and require proper management.

Identification of landslide risk is a complex task and must be undertaken by a geotechnical practitioner (GeoGuide LR1)
with specialist experience in slope stability assessment and slope stabilisation.

What Causes a Landslide?

Landslides occur as a result of local geological and groundwater conditions, but can be exacerbated by inappropriate
development (GeoGuide LR8), exceptional weather, earthquakes and other factors.  Some slopes and cliffs never seem
to change, but are actually on the verge of failing.  Others, often moderate  slopes (Table 1), move continuously, but so
slowly that it is not apparent to a casual observer.  In both cases, small changes in conditions can trigger a landslide with
serious consequences.  Wetting up of the ground (which may involve a rise in ground water table) is the single most
important cause of landslides (GeoGuide LR5).  This is why they often occur during, or soon after, heavy rain.
Inappropriate development often results in small scale landslides which are very expensive in human terms because of
the proximity of housing and people.

Does a Landslide Affect You?

Any slope, cliff, cutting, or fill embankment may be a hazard which has the potential to impact on people, property, roads
and services.  Some tell-tale signs that might indicate that a landslide is occurring are listed below:

• open cracks, or steps, along contours
• ground water seepage, or springs
• bulging in the lower part of the slope
• hummocky ground

• trees leaning down slope, or with exposed roots
• debris/fallen rocks at the foot of a cliff
• tilted power poles, or fences
• cracked or distorted structures

These indications of instability may be seen on almost any slope and are not necessarily confined to the steeper ones
(Table 1).  Advice should be sought from a geotechnical practitioner if any of them are observed.  Landslides do not
respect property boundaries.  As mentioned above they can "run-out" from above, "regress" from below, or expand
sideways, so a landslide hazard affecting your property may actually exist on someone else's land.

Local councils are usually aware of slope instability problems within their jurisdiction and often have specific development
and maintenance requirements. Your local council is the first place to make enquiries if you are responsible for
any sort of development or own or occupy property on or near sloping land or a cliff.

TABLE 1 - Slope Descriptions

Appearance Slope
Angle

Maximum
Gradient Slope Characteristics

Gentle 0° - 10° 1 on 6 Easy walking.
Moderate 10°- 18° 1 on 3 Walkable.  Can drive and manoeuvre a car on driveway

Steep 18°- 27° 1 on 2
Walkable with effort. Possible to drive straight up or down
roughened concrete driveway, but cannot practically manoeuvre a
car.

Very Steep 27°- 45° 1 on 1 Can only climb slope by clutching at vegetation, rocks etc.
Extreme 45°- 64° 1 on 0.5 Need rope access to climb slope
Cliff 64°- 84° 1 on 0.1 Appears vertical.  Can abseil down.
Vertical or Overhang 84° - 90±° Infinite Appears to overhang.  Abseiler likely to lose contact with the face.

Some typical landslides which could affect residential housing are illustrated below:

http://www.ga.gov.au/urban/factsheets/landslide.jsp.
http://www.abcb.gov.au
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Rotational or circular slip failures (Figure 1) - can occur on
moderate to very steep soil and weathered rock slopes (Table
1). The sliding surface of the moving mass tends to be deep
seated. Tension cracks may open at the top of the slope and
bulging may occur at the toe. The ground may move in
discrete "steps" separated by long periods without movement.
More rapid movement may occur after heavy rain.

Figure 1

Translational slip failures (Figure 2) - tend to occur on
moderate to very steep slopes (Table 1) where soil, or weak
rock, overlies stronger strata. The sliding mass is often
relatively shallow.  It can move, or deform slowly (creep) over
long periods of time. Extensive linear cracks and hummocks
sometimes form along the contours.  The sliding mass may
accelerate after heavy rain.

Figure 2

Wedge failures (Figure 3) - normally only occur on extreme
slopes, or cliffs (Table 1), where discontinuities in the rock are
inclined steeply downwards out of the face.

Rock falls (Figure 3) - tend to occur from cliffs and
overhangs (Table 1).

Cliffs may remain apparently unchanged for hundreds of
years.  Collections of boulders at the foot of a cliff may
indicate that rock falls are ongoing.  Wedge failures and rock
falls do not "creep".  Familiarity with a particular local situation
can instil a false sense of security since failure, when it
occurs, is usually sudden and catastrophic.

Figure 3

Debris flows and mud slides (Figure 4) - may occur in the
foothills of ranges, where erosion has formed valleys which
slope down to the plains below.   The valley bottoms are often
lined with loose eroded material (debris) which can "flow" if it
becomes saturated during and after heavy rain.  Debris flows
are likely to occur with little warning; they travel a long way
and often involve large volumes of soil.  The consequences
can be devastating.

Figure 4
More information relevant to your particular situation may be found in other Australian GeoGuides:

• GeoGuide LR1    - Introduction
• GeoGuide LR3    - Soil Slopes
• GeoGuide LR4    - Rock Slopes
• GeoGuide LR5    - Water & Drainage
• GeoGuide LR6    - Retaining Walls

• GeoGuide LR7    - Landslide Risk
• GeoGuide LR8    - Hillside Construction
• GeoGuide LR9    - Effluent & Surface Water Disposal
• GeoGuide LR10  - Coastal Landslides
• GeoGuide LR11  - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation.  They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent.  The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering.  The GeoGuides have been funded under the Australian governments’
National Disaster Mitigation Program.
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LANDSLIDES IN SOIL

Landslides occur on soil slopes and the consequences can include damage to property and loss of life. Soil slopes exist
in all parts of Australia and can even occur in places where rock outcrops can be seen on the surface.  If you live on, or
below, a soil slope it is important to understand why a landslide might occur and what you can do to reduce the risk it
presents.
It is always worth asking the question "why is this slope here?", because the answer often leads to an understanding of
what might happen in the future.  Slopes are usually formed by weathering (breakdown) and erosion (physical
movement) of the natural ground - the "parent material".  Many factors are involved including rain, wind, chemical
change, temperature variation, plant growth, animal activity and our own human enthusiasm for development.  The
general process is outlined in Figure 1.
The upper levels of the parent material progressively weather over thousands, or millions, of years, losing strength.  This
can result in a surface layer which looks similar to the parent material (although its colour has probably changed) but has
the strength of a soil - this is called "residual soil".  At some stage the weathered surface layer is exposed to the
elements and fragments are transported down the slope.  In this context a fragment could be a single sand grain, a
boulder, or a landslide.  The time scale could be anything from a few seconds to many thousands of years.  The
transported fragments often collect on the lower slopes and form a new soil layer that blankets the original slope -
"colluvium".  If material reaches a river or the sea it is deposited as "alluvium" or as a "marine deposit".  With appropriate
changes in river and sea level this material can again find itself on the surface to commence another cycle of weathering
and erosion.  In places often, but not only, near the coast, this can include sand sized fragments which form beaches and
are sometimes blown back onto the land to form dunes.

Figure 1
Landslides can occur almost anywhere on a soil slope.  Slides can be rotational, translational, or debris flows (see
GeoGuide LR2) and may have a number of causes.

Figure 2
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Figure 3
Some of the more common causes of landslides in soil are:
1) Falls of the parent material or residual soil from above, due to natural weathering processes (Figure 2).
2) Increased moisture content and consequent softening of the soil, or a rise in the water table.  These can be due

to excessive tree clearance, ill-considered soak-away drainage or septic systems, or heavy rainfall (Figure 2).
3) Excavation without adequate support, increased surface load from fill placement, or inadequately designed

shallow foundations (Figure 3).
4) Natural erosion at the toe of the slope due to scour by a river or the sea (Figure 3).
5) Re-activation of an ancient landslide (Figure 3).

Most soil slopes appear stable, but they all achieved their present shape through a process of weathering and erosion
and are often sensitive to minor changes in the factors that affect their stability.  As a general rule, human activities only
improve the situation if they have been designed to do so.  Once this idea is understood, it is probably easy to see why
the following basic rules are so important and should not be ignored without seeking site specific advice from a
geotechnical practitioner:
• Do not clear trees unnecessarily.
• Do not cut into a slope without supporting the excavated face with an engineer designed structure.
• Do not add weight to a slope by placing earth fill or constructing buildings with inadequately designed shallow

foundations (Note: in certain circumstances weight is added to the toe of a slope to inhibit landslide movement,
but this must be carried out in accordance with a proper engineering design).

• Do not allow water from storm water drains, or from septic waste or effluent disposal systems to soak into the
ground where it could trigger a landslide.

More information in relation to good and poor hillside construction practice is given in GeoGuide LR8.  With appropriate
engineering input it is often possible to reduce the likelihood, or consequences, of a landslide and so reduce the risk to
property and to life.  Such measures can include the construction of properly designed storm water and sub-soil drains,
surface protection (GeoGuide LR5) and retaining walls (GeoGuide LR6). Design should be undertaken by a
geotechnical practitioner and will normally require local council approval.

More information relevant to your particular situation may be found in other Australian GeoGuides:

• GeoGuide LR1    - Introduction
• GeoGuide LR2    - Landslides
• GeoGuide LR4    - Landslides in Rock
• GeoGuide LR5    - Water & Drainage
• GeoGuide LR6    - Retaining Walls

• GeoGuide LR7    - Landslide Risk
• GeoGuide LR8    - Hillside Construction
• GeoGuide LR9    - Effluent & Surface Water Disposal
• GeoGuide LR10  - Coastal Landslides
• GeoGuide LR11 - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation.  They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent.  The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering.  The GeoGuides have been funded under the Australian governments’
National Disaster Mitigation Program.
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LANDSLIDES IN ROCK
Rocks have been formed by many different geological processes and may have been subjected to intense pressure,
large scale distortion, extreme temperature and chemical change.  As a result there are many different rock types and
their condition varies enormously. Rock strength varies and is often significantly reduced by the presence of
discontinuities (GeoGuide LR1).  You may think that rock lasts forever, but in reality it weathers under the combined
effects of water, wind, chemical change, temperature variation, plant growth and animal activity and erodes with time.
Rock is often the parent material that ends up forming soil slopes (GeoGuide LR3).  Inevitably different rocks have
different physical and chemical characteristics and they weather and erode to form different types of soil.

Weathering can lead to landslides (GeoGuide LR2) on rock slopes. The type of landslide depends on the nature of rock,
the way it has weathered and the presence or absence of discontinuities.  It is hard to generalise, though normally a
specific combination of discontinuities and material types will be the determining factor and these are often underground
and out of sight.  Typical examples are provided in the figures 1 to 4.  A geotechnical practitioner can assess the
landslide risk and propose appropriate maintenance measures.  This often entails making geological observations over
an area significantly larger than the site and a review of available background information, including records of known
landslides and aerial photographs.  Depending on the amount of information available, geotechnical investigation may or
may not be needed.  Every site is different and every site has to be assessed individually.

It is impossible to predict exactly when a landslide will occur on a rock slope, but failure is normally sudden and
the consequences can be catastrophic.

Figure 1 - Failure of an undercut block Figure 2 - Toppling failure

Figure 3 - Block slide on weak layer Figure 4 - Wedge failure along discontinuities
If the landslide risk is assessed as being anything other that Low, or Very Low, (GeoGuide LR7) it may be possible to
carry out work aimed at reducing the level of risk.

The most common options are:
1) Trimming the slope to remove hazardous blocks of rock.
2) Bolting, or anchoring, to fix hazardous blocks in position and prevent movement.
3) Installation of catch fences and other rockfall protection measures to limit the impact of rockfalls.
4) Deep drainage designed to limit changes in the ground water table (GeoGuide LR5).

Although such measures can be effective, they need inspection and on-going maintenance (GeoGuide LR11) if they are
to be effective for periods equivalent to the life of a house. Design should be undertaken by a geotechnical
practitioner and will normally require local council approval.   It should be appreciated that it may not be viable to
carry out remedial works in all circumstances: for example where the landslide is on someone else's property, where the
cost is out of proportion to the value of the property, or where the risk inherent in carrying out the work is actually greater
than the risk of leaving things as they are.  In situations such as these, development may be considered inappropriate.
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ROCK SLOPE HAZARD REDUCTION MEASURES

Removal of loose blocks - may be effective but, depending on rock type, ongoing erosion can result in more blocks
becoming unstable within a matter of years.  Routine inspection, every 5 or so years, may be required to detect this.

Rock bolts and rock anchors (Figure 5) - can be installed in the
ground to improve its strength and prevent individual blocks from
falling. Rock bolts are usually tightened using a torque wrench, whilst
rock anchors carry higher loads and require jacking.  Both can be
designed to be "permanent" using stainless steel, or sheathing, to
inhibit corrosion, but the cost can be up to 10 times that of the
"temporary" alternative. You should inspect rock bolts and rock
anchors for signs of water seepage, rusting and deterioration around
the heads at least once every 5 years.  If you notice any of these
warning signs, have them checked by a geotechnical practitioner.  It
is recommended that you keep copies of design drawings and
maintenance records (GeoGuide LR11) for the anchors on your site
and pass them on to the new owner should you sell. Figure 5

Rock fall netting, catch fences and catch pits (Figure 6) - are
designed to catch or control falling rocks and prevent them from
damaging nearby property. You should inspect them at least once
every 5 years, and after major falls, and arrange for fallen and
trapped rocks to be removed if they appear to be filling up.  Check for
signs of corrosion and replace steel elements and fixings before they
lose significant strength.

Figure 6

Cut-off drains (Figure 7) - can be used to intercept surface water
run-off and reduce flows down the cliff face.  Suitable drains are often
excavated into the rock, or constructed from mounds of concrete, or
stabilised soil, depending on conditions. Drains must be laid to a fall
of at least 1% so they drain adequately.  Frequent inspection is
needed to ensure they are not blocked and continue to function as
intended.

Clear trees and large bushes (Figure 7) - from slopes since roots
can prize boulders from the face increasing the landslide hazard.

Figure 7

Natural cliffs and bluffs - often present the greatest hazard and yet are easily overlooked, because they have "been there forever”.
They can exist above a building, road, or beach, presenting the risk of a rock falling onto whatever is below.  They also sometimes
support buildings with a fine view to the horizon. Cliffs should be observed frequently to ensure that they are not deteriorating.  You may
find it convenient to use binoculars to look for signs of exposed "fresh" rock on the face, where a recent fall has occurred, or to go to the
foot of the cliff from time to time to see if debris is collecting.  A thorough inspection of a cliff face is often a major task requiring the use
of rope access methods and should only be undertaken by an appropriately qualified professional. If tension cracks are observed in the
ground at the top of a cliff take immediate action, since they could indicate imminent failure.  If you have any concerns at all about the
possibility of a rock fall seek advice from a geotechnical practitioner.
More information relevant to your particular situation may be found in other Australian GeoGuides:

• GeoGuide LR1    - Introduction
• GeoGuide LR2    - Landslides
• GeoGuide LR3    - Landslides in Soil
• GeoGuide LR5    - Water & Drainage
• GeoGuide LR6    - Retaining Walls

• GeoGuide LR7    - Landslide Risk
• GeoGuide LR8    - Hillside Construction
• GeoGuide LR9    - Effluent & Surface Water Disposal
• GeoGuide LR10  - Coastal Landslides
• GeoGuide LR11  - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation.  They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent.  The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering. The GeoGuides have been funded under the Australian governments’
National Disaster Mitigation Program.
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WATER, DRAINAGE & SURFACE PROTECTION

One way or another, water usually plays a critical part in initiating a landslide (GeoGuide LR2).  For this reason, it is a
key factor to be controlled on sites with more than a low landslide risk (GeoGuide LR7).

Groundwater and Groundwater Flow

The ground is permeable and water flows through it as illustrated in Figure 1.  When rain falls on the ground, some of it
runs along the surface ("surface water run-off") and some soaks in, becoming groundwater.  Groundwater seeps
downwards along any path it can find until it meets the water table: the local level below which the ground is saturated.  If
it reaches the water table, groundwater either comes to a halt in what is effectively underground storage, or it continues
to flow downwards, often towards a spring where it can seep out and become surface water again.  Above the water
table the ground is said to be "partially saturated", because it contains both water and air.  Suctions can develop in the
partially saturated zone which have the effect of holding the ground together and reducing the risk of a landslide.
Vegetation and trees in particular draw large quantities of water out of the ground on a daily basis from the partially
saturated zone.  This lowers the water table and increases suctions, both of which reduce the likelihood of a landslide
occurring.

Figure 1 - Groundwater flow
Groundwater Flow and Landslides
The landslide risk in a hillside can be affected by increase in soak-away drainage or the construction of retaining walls
which inhibit groundwater flow. The groundwater is likely to rise after heavy rain, but it can also rise when human
interference upsets the delicate natural balance.  Activities such as felling trees and earthworks can lead to:
• a reduction in the beneficial suctions in the partially saturated zone above the water table.
• increased static water pressures below the water table,
• increased hydraulic pressures due to groundwater flow,
• loss of strength, or softening, of clay rich strata,
• loss of natural cementing in some strata,
• transportation of soil particles.
Any of these effects, or a combination of them, can lead to landslides like those illustrated in GeoGuides  LR2, LR3 and
LR4.
Limiting the Effect of Water
Site clearance and construction must be carefully considered if changes in groundwater conditions are to be limited.
GeoGuide LR8 considers good and poor development practices.  Not surprisingly much of the advice relates to sensible
treatment of water and is not repeated here.  Adoption of appropriate techniques should make it possible to either
maintain the current ground water table, or even cause it to drop, by limiting inflow to the ground.
If drainage measures and surface protection are relied on to keep the risk of a landslide to a tolerable level, it is important
that they are inspected routinely and maintained (GeoGuide LR11).
The following techniques may be considered to limit the destabilising effects of rising groundwater due to development
and are illustrated in Figure 2.
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Figure 2 - Techniques used to control groundwater flow
Surface water drains (dish drains, or table drains) - are often used to prevent scour and limit inflow to a slope.  Other
than in rock, they are relatively ineffective unless they have an impermeable lining.  You should clear them regularly, and
as required, and not less than once a year.  If you live in an area with seasonal rainfall, it is best to do this near the end
of the dry season.  If you notice that soil or rock debris is falling from the slope above, determine the source and take
appropriate action. This may mean you have to seek advice from a geotechnical practitioner.
Surface protection - is sometimes used in addition to surface water drainage to prevent scour and minimise water
inflow to a slope.  You should inspect concrete, shotcrete or stone pitching for cracking and other signs of deterioration at
least once a year.  Make sure that weepholes are free of obstructions and able to drain. If the protection is deteriorating,
you should seek advice from a geotechnical practitioner.
Sub-soil drains - are often constructed behind retaining walls and on hillsides to intercept groundwater.  Their function is
to remove water from the ground through an appropriate outlet.  It is important that subsoil drains are designed to
complement other measures being used.  They should be laid in a sand, or gravel, bed and protected with a graded
stone or geotextile filter to reduce the chance of clogging.   Sub-soil drains should always be laid to a fall of at least 1
vertical on 100 horizontal.  Ideally the high end should be brought to the surface, so it can be flushed with water from
time to time as part of routine maintenance procedures.
Deep, underground drains - are usually only used in extreme circumstances, where the landslide risk is assessed as
not being tolerable and other stabilisation measures are considered to be impractical.  They work by permanently
lowering the water table in a slope.  They are not often used in domestic scale developments, but if you have any on your
site be aware that professional maintenance is essential.  If they are not maintained and stop working, the water table will
rise and a landslide may even occur during normal weather conditions.  Both an increase or a reduction in the normal
flow from deep drains could indicate a problem if it appears to be unrelated to recent rainfall.  If changes of this sort are
observed, you should have the drains and your site checked by a geotechnical practitioner.
Documentation - design drawings and specifications for geotechnical measures intended to minimise landslide risk can
be of great assistance to a geotechnical specialist, or structural engineer, called in to inspect and report on them.  Copies
of available documentation should be retained and passed to the new owner when the property is sold (GeoGuide
LR11).  You should also request details of an appropriate maintenance program for drainage works from the designer
and keep that information with other relevant documentation and maintenance records.
More information relevant to your particular situation may be found in other Australian GeoGuides:

• GeoGuide LR1    - Introduction
• GeoGuide LR2    - Landslides
• GeoGuide LR3    - Landslides in Soil
• GeoGuide LR4    - Landslides in Rock
• GeoGuide LR6    - Retaining Walls

• GeoGuide LR7    - Landslide Risk
• GeoGuide LR8    - Hillside Construction
• GeoGuide LR9    - Effluent & Surface Water Disposal
• GeoGuide LR10  - Coastal Landslides
• GeoGuide LR11  - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation.  They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent.  The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering.  The GeoGuides have been funded under the Australian governments’
National Disaster Mitigation Program.
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RETAINING WALLS
Retaining walls are used to support cuts and fills.  Some are built in the open and backfill is placed behind them (gravity
walls).  Others are inserted into the ground (cast in situ or driven piles) and the ground is subsequently excavated on one
side.  Retaining walls, like all man-made structures, have a finite life.  Properly engineered walls should last 50 years, or
more, without needing significant repairs.  However, not all walls fit this category. Some, particularly those built by
inexperienced tradesmen without engineering input, can deflect and even fail because they are unable to withstand the
pressures that develop in the ground around them or because the materials from which they are built deteriorate with
time. Design of retaining walls more than 900mm high should be undertaken by a geotechnical practitioner or
structural engineer and normally require local council approval.

Retaining walls have to withstand the weight of the ground on the high side, any water pressure forces that develop, any
additional load (surcharge) on the ground surface and sometimes swelling pressures from expansive clays.  These
forces are resisted by the wall itself and the ground on the low side.  Engineers calculate the forces that the retained
ground, the water, and the surcharge impose on a wall (the disturbing force) as well as the maximum force that the wall
and ground on the low side can provide to resist them (the restoring force).  The ratio of the restoring force to the
disturbing force is called the "factor of safety" (GeoGuide LR1).  Permanent retaining walls designed in accordance with
accepted engineering standards will normally have a factor of safety in the range 1.5 to 2.
Never add surcharge to the high side of a wall (e.g. place fill, erect a structure, stockpile bulk materials, or park vehicles)
unless you know the wall has been designed with that purpose in mind.
Never more than lightly water plants on the high side of a retaining wall.
Never  excavate at the toe of a retaining wall.
Any of these actions will reduce the factor of safety of the wall and could
lead to failure.  If in doubt about any aspect of an existing retaining wall, or
changes you would like to make near one, seek advice from a
geotechnical practitioner, or a structural engineer. This GeoGuide sets out
basic inspection requirements for retaining walls and identifies some
common signs that might indicate all is not well.  GeoGuide LR11
provides information about records that should be kept.

GRAVITY WALLS
Gravity walls are so called because they rely on their own weight (the
force of gravity) to hold the ground behind in place.
Formed concrete and reinforced blockwork walls (Figure 1) - should
be built so the backfill can drain.  They should be inspected at least once
a year.  Look for signs of tilting, bulging, cracking, or a drop in ground
level on the high side, as any of these may indicate that the wall has
started to fail.  Look for rust staining, which may indicate that the steel
reinforcement is deteriorating and the wall is losing structural strength
("concrete cancer").  Ensure that weep holes are clear and that water is
able to drain at all times, as high water pressures behind the wall can lead
to sudden and catastrophic failure.

Concrete “crib” walls (Figure 2) - should be filled with clean gravel, or
"blue metal" with a nominated grading. Sometimes soil is used to reduce
cost, but this is undesirable, from an engineering perspective, unless
internal drainage is incorporated in the wall's construction.  Without
backfill drainage, a soil filled crib wall is likely to have a lower factor of
safety than is required. Crib walls should be inspected as for formed
concrete walls. In addition, you should check that material is not being lost
through the structure of the wall, which has large gaps through it.

Timber “crib” walls - should be checked as for concrete crib walls.  In
addition, check the condition of the timber.  Once individual elements
show signs of rotting, it is necessary to have the wall replaced.  If you are
uncertain seek advice from a geotechnical practitioner, or a structural
engineer.

Masonry walls: natural stone, brick, or interlocking blocks (Figure 3) -
more than about 1m high, should be wider at the bottom than at the top
and include specific measures to permit drainage of the backfill.  They
should be checked as for formed concrete walls.  Natural stone walls
should be inspected for signs of deterioration of the individual blocks:
strength loss, corners becoming rounded, cracks appearing, or debris
from the blocks collecting at the foot of the wall.

Figure 1- Typical formed concrete wall

Figure 2 -Typical crib

Figure 3 -Typical masonry wall
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Old Masonry walls (Figure 4) - Many old masonry retaining walls have
not been built in accordance with modern design standards and often
have a low "factor of safety" (GeoGuide LR1).  They may therefore be
close to failure and a minor change in their condition, or loading, could
initiate collapse.  You need to take particular care with such structures
and seek professional advice sooner rather than later.  Although masonry
walls sometimes deflect significantly over long periods of time collapse,
when it occurs, is usually sudden and can be catastrophic.  Familiarity
with a particular situation can instil a false sense of confidence.

Reinforced soil walls (Figure 5) - are made of compacted select fill in
which layers of reinforcement are buried to form a "reinforced soil zone".
The reinforcement is all important, because it holds the soil "wall"
together.  Reinforcement may be steel strip, or mesh, or a variety of
geosynthetic ("plastic") products.  The facing panels are there to protect
the soil "wall" from erosion and give it a finished appearance.

Most reinforced soil walls are proprietary products.  Construction should
be carried out strictly in accordance with the manufacturer's instructions.
Inspection and maintenance should be the same as for formed concrete
and concrete block walls.  If unusual materials such as timber, or used
tyres, are used as a facing it should be checked to see that it is not rotting,
or perishing.

OTHER WALLS
Cantilevered and anchored walls (Figure 6) - rely on earth pressure on
the low side, rather than self-weight, to provided the restoring force and
an adequate factor of safety.  These walls may comprise:

• a line of touching bored piers (contiguous bored pile wall) or
• sprayed concrete panels between bored piers (shotcrete wall) or
• horizontal timber or concrete planks spanning between upright timber

or steel soldier piles or
• steel sheet piles.
Depending on the form of construction and ground conditions, walls in
excess of 3 m height normally require at least one row of permanent
ground anchors.

INSPECTION
All walls should be inspected at least once a year, looking for tilting and
other signs of deterioration. Concrete walls should be inspected for
cracking and rust stains as for formed concrete gravity walls.  Contiguous
bored pile walls can have gaps between the piles - look for loss of soil
from behind which can become a major difficulty if it is not corrected.
Timber walls should be inspected for rot, as for timber crib walls.  Steel
sheet piles should be inspected for signs of rusting.  In addition, you
should make sure that ground anchors are maintained as described in
GeoGuide LR4 under the heading "Rock bolts and rock anchors".

One of the most important issues for walls is that their internal drainage systems are operational. Frequently verify that
internal drainage pipes and surface interception drains around the wall are not blocked nor have become inoperative.

More information relevant to your particular situation may be found in other Australian GeoGuides:

• GeoGuide LR1    - Introduction
• GeoGuide LR2    - Landslides
• GeoGuide LR3    - Landslides in Soil
• GeoGuide LR4    - Landslides in Rock
• GeoGuide LR5    - Water & Drainage

• GeoGuide LR7    - Landslide Risk
• GeoGuide LR8    - Hillside Construction
• GeoGuide LR9    - Effluent & Surface Water Disposal
• GeoGuide LR10  - Coastal Landslides
• GeoGuide LR11  - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation.  They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent.  The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering.  The GeoGuides have been funded under the Australian governments’ National
Disaster Mitigation Program.

Figure 4 - Poorly built masonry wall

Figure 5 - Typical reinforced soil wall

Figure 6 - Typical cantilevered or
anchored wall
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LANDSLIDE RISK
Concept of Risk

Risk is a familiar term, but what does it really mean?  It
can be defined as "a measure of the probability and
severity of an adverse effect to health, property, or the
environment." This definition may seem a bit
complicated.  In relation to landslides, geotechnical
practitioners (GeoGuide LR1) are required to assess
risk in terms of the likelihood that a particular landslide
will occur and the possible consequences. This is called
landslide risk assessment. The consequences of a
landslide are many and varied, but our concerns
normally focus on loss of, or damage to, property and
loss of life.

Landslide Risk Assessment

Some local councils in Australia are aware of the
potential for landslides within their jurisdiction and have
responded by designating specific “landslide hazard
zones".  Development in these areas is often covered
by special regulations. If you are contemplating
building, or buying an existing house, particularly in a
hilly area, or near cliffs, go first for information to your
local council.

Landslide risk assessment must be undertaken by
a geotechnical practitioner.  It may involve visual
inspection, geological mapping, geotechnical
investigation and monitoring to identify:

• potential landslides (there may be more than
one that could impact on your site)

• the likelihood that they will occur
• the damage that could result
• the cost of disruption and repairs and
• the extent to which lives could be lost.

Risk assessment is a predictive exercise, but since the
ground and the processes involved are complex,
prediction tends to lack precision. If you commission a

landslide risk assessment for a particular site you
should expect to receive a report prepared in
accordance with current professional guidelines  and in
a form that is acceptable to your local council, or
planning authority.

Risk to Property

Table 1 indicates the terms used to describe risk to
property.  Each risk level depends on an assessment of
how likely a landslide is to occur and its consequences
in dollar terms.  "Likelihood" is the chance of it
happening in any one year, as indicated in Table 2.
"Consequences" are related to the cost of repairs and
temporary loss of use if a landslide occurs. These two
factors are combined by the geotechnical practitioner to
determine the Qualitative Risk.

TABLE 2:  LIKELIHOOD

Likelihood Annual Probability
Almost Certain 1:10
Likely 1:100
Possible 1:1,000
Unlikely 1:10,000
Rare 1:100,000
Barely credible 1:1,000,000

The terms "unacceptable", "may be tolerated", etc. in
Table 1 indicate how most people react to an assessed
risk level.  However, some people will always be more
prepared, or better able, to tolerate a higher risk level
than others.

Some local councils and planning authorities stipulate a
maximum tolerable level of risk to property for
developments within their jurisdictions.  In these
situations the risk must be assessed by a geotechnical
practitioner.   If stabilisation works are needed to meet
the stipulated requirements these will normally have to
be carried out as part of the development, or consent
will be withheld.

TABLE 1:  RISK TO PROPERTY
Qualitative Risk Significance - Geotechnical engineering requirements

Very high VH Unacceptable without treatment.  Extensive detailed investigation and research, planning and
implementation of treatment options essential to reduce risk to Low. May be too expensive and not
practical.  Work likely to cost more than the value of the property.

High H Unacceptable without treatment. Detailed investigation, planning and implementation of treatment
options required to reduce risk to acceptable level.  Work would cost a substantial sum in relation to
the value of the property.

Moderate M May be tolerated in certain circumstances (subject to regulator's approval) but requires
investigation, planning and implementation of treatment options to reduce the risk to Low.
Treatment options to reduce to Low risk should be implemented as soon as possible.

Low L Usually acceptable to regulators. Where treatment has been needed to reduce the risk to this
level, ongoing maintenance is required.

Very Low VL Acceptable.  Manage by normal slope maintenance procedures.
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Risk to Life

Most of us have some difficulty grappling with the
concept of risk and deciding whether, or not, we are
prepared to accept it.  However, without doing any sort
of analysis, or commissioning a report from an "expert",
we all take risks every day.  One of them is the risk of
being killed in an accident.  This is worth thinking about,
because it tells us a lot about ourselves and can help to
put an assessed risk into a meaningful context. By
identifying activities that we either are, or are not,
prepared to engage in we can get some indication of
the maximum level of risk that we are prepared to take.
This knowledge can help us to decide whether we really
are able to accept a particular risk, or to tolerate a
particular likelihood of loss, or damage, to our property
(Table 2).

In Table 3, data from NSW for the years 1998 to 2002,
and other sources, is presented.  A risk of 1 in 100,000
means that, in any one year, 1 person is killed for every
100,000 people undertaking that particular activity.  The
NSW data assumes that the whole population
undertakes the activity.  That is, we are all at risk of
being killed in a fire, or of choking on our food, but it is
reasonable to assume that only people who go deep
sea fishing run a risk of being killed while doing it.

It can be seen that the risks of dying as a result of
falling, using a motor vehicle, or engaging in water-
related activities (including bathing) are all greater than
1:100,000 and yet few people actively avoid situations
where these risks are present. Some people are averse
to flying and yet it represents a lower risk than choking
to death on food. Importantly, the data also indicate
that, even when the risk of dying as a consequence of a
particular event is very small, it could still happen to any
one of us any day. If this were not so, no one would
ever be struck by lightning.

Most local councils and planning authorities that
stipulate a tolerable risk to property also stipulate a
tolerable risk to life.  The AGS Practice Note Guideline
recommends that 1:100,000 is tolerable in newly

developed areas, where works can be carried out as
part of the development to limit risk.  The tolerable level
is raised to 1:10,000 in established areas, where
specific landslide hazards may have existed for many
years.  The distinction is deliberate and intended to
prevent the concept of landslide risk management, for
its own sake, becoming an unreasonable financial
burden on existing communities.  Acceptable risk is
usually taken to be one tenth of the tolerable risk
(1:1,000,000 for new developments and 1:100,000 for
established areas) and efforts should be made to attain
these where it is practicable and financially realistic to
do so.

TABLE 3:  RISK TO LIFE

More information relevant to your particular situation may be found in other AUSTRALIAN GEOGUIDES:

• GeoGuide LR1    - Introduction
• GeoGuide LR2    - Landslides
• GeoGuide LR3    - Landslides in Soil
• GeoGuide LR4    - Landslides in Rock
• GeoGuide LR5    - Water & Drainage

• GeoGuide LR6    - Retaining Walls
• GeoGuide LR8    - Hillside Construction
• GeoGuide LR9    - Effluent & Surface Water Disposal

GeoGuide LR10  - Coastal Landslides
• GeoGuide LR11  - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation.  They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent.  The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering.  The GeoGuides have been funded under the Australian governments’
National Disaster Mitigation Program.

Risk (deaths per
participant per

year)

Activity/Event Leading to
Death

(NSW data unless noted)

1:1,000 Deep sea fishing (UK)

1:1,000 to
1:10,000 Motor cycling, horse riding ,

ultra-light flying (Canada)

1:23,000 Motor vehicle use

1:30,000 Fall

1:70,000 Drowning

1:180,000 Fire/burn

1:660,000 Choking on food

1:1,000,000 Scheduled airlines (Canada)

1:2,300,000 Train travel

1:32,000,000 Lightning strike
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HILLSIDE CONSTRUCTION PRACTICE

Sensible development practices are required when building on hillsides, particularly if the hillside has more than a low
risk of instability (GeoGuide LR7).  Only building techniques intended to maintain, or reduce, the overall level of landslide
risk should be considered.  Examples of good hillside construction practice are illustrated below.

WHY ARE THESE PRACTICES GOOD?

Roadways and parking areas - are paved and incorporate kerbs which prevent water discharging straight into the
hillside (GeoGuide LR5).
Cuttings - are supported by retaining walls (GeoGuide LR6).
Retaining walls - are engineer designed to withstand the lateral earth pressures and surcharges expected, and include
drains to prevent water pressures developing in the backfill.  Where the ground slopes steeply down towards the high
side of a retaining wall, the disturbing force (see GeoGuide LR6) can be two or more times that in level ground.
Retaining walls must be designed taking these forces into account.
Sewage - whether treated or not is either taken away in pipes or contained in properly founded tanks so it cannot soak
into the ground.
Surface water - from roofs and other hard surfaces is piped away to a suitable discharge point rather than being allowed
to infiltrate into the ground.  Preferably, the discharge point will be in a natural creek where ground water exits, rather
than enters, the ground.  Shallow, lined, drains on the surface can fulfil the same purpose (GeoGuide LR5).
Surface loads - are minimised.  No fill embankments have been built. The house is a lightweight structure.  Foundation
loads have been taken down below the level at which a landslide is likely to occur and, preferably, to rock. This sort of
construction is probably not applicable to soil slopes (GeoGuide LR3).  If you are uncertain whether your site has rock
near the surface, or is essentially a soil slope, you should engage a geotechnical practitioner to find out.
Flexible structures - have been used because they can tolerate a certain amount of movement with minimal signs of
distress and maintain their functionality.
Vegetation clearance - on soil slopes has been kept to a reasonable minimum.  Trees, and to a lesser extent smaller
vegetation, take large quantities of water out of the ground every day.  This lowers the ground water table, which in turn
helps to maintain the stability of the slope.  Large scale clearing can result in a rise in water table with a consequent
increase in the likelihood of a landslide (GeoGuide LR5).  An exception may have to be made to this rule on steep rock
slopes where trees have little effect on the water table, but their roots pose a landslide hazard by dislodging boulders.
Possible effects of ignoring good construction practices are illustrated on page 2.  Unfortunately, these poor construction
practices are not as unusual as you might think and are often chosen because, on the face of it, they will save the
developer, or owner, money.  You should not lose sight of the fact that the cost and anguish associated with any one of
the disasters illustrated, is likely to more than wipe out any apparent savings at the outset.

ADOPT GOOD PRACTICE ON HILLSIDE SITES
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WHY ARE THESE PRACTICES POOR?

Roadways and parking areas - are unsurfaced and lack proper table drains (gutters) causing surface water to pond and
soak into the ground.
Cut and fill - has been used to balance earthworks quantities and level the site leaving unstable cut faces and added
large surface loads to the ground.  Failure to compact the fill properly has led to settlement, which will probably continue
for several years after completion.  The house and pool have been built on the fill and have settled with it and cracked.
Leakage from the cracked pool and the applied surface loads from the fill have combined to cause landslides.
Retaining walls - have been avoided, to minimise cost, and hand placed rock walls used instead.  Without applying
engineering design principles, the walls have failed to provide the required support to the ground and have failed,
creating a very dangerous situation.
A heavy, rigid, house - has been built on shallow, conventional, footings.  Not only has the brickwork cracked because
of the resulting ground movements, but it has also become involved in a man-made landslide.
Soak-away drainage - has been used for sewage and surface water run-off from roofs and pavements.  This water
soaks into the ground and raises the water table (GeoGuide LR5).  Subsoil drains that run along the contours should be
avoided for the same reason.  If felt necessary, subsoil drains should run steeply downhill in a chevron, or herring bone,
pattern.  This may conflict with the requirements for effluent and surface water disposal (GeoGuide LR9) and if so, you
will need to seek professional advice.
Rock debris - from landslides higher up on the slope seems likely to pass through the site.  Such locations are often
referred to by geotechnical practitioners as "debris flow paths".   Rock is normally even denser than ordinary fill, so even
quite modest boulders are likely to weigh many tonnes and do a lot of damage once they start to roll.  Boulders have
been known to travel hundreds of metres downhill leaving behind a trail of destruction.
Vegetation - has been completely cleared, leading to a possible rise in the water table and increased landslide risk
(GeoGuide LR5).

DON'T CUT CORNERS ON HILLSIDE SITES - OBTAIN ADVICE FROM A GEOTECHNICAL PRACTITIONER
More information relevant to your particular situation may be found in other Australian GeoGuides:

• GeoGuide LR1    - Introduction
• GeoGuide LR2    - Landslides
• GeoGuide LR3    - Landslides in Soil
• GeoGuide LR4    - Landslides in Rock
• GeoGuide LR5    - Water & Drainage

• GeoGuide LR6    - Retaining Walls
• GeoGuide LR7    - Landslide Risk
• GeoGuide LR9    - Effluent & Surface Water Disposal

GeoGuide LR10  - Coastal Landslides
• GeoGuide LR11  - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation.  They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent.  The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering.  The GeoGuides have been funded under the Australian governments’
National Disaster Mitigation Program.
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EFFLUENT AND SURFACE WATER DISPOSAL
EFFLUENT AND WASTEWATER

All households generate effluent and wastewater. The disposal of these products and their impact on the environment
are key considerations in the planning of safe and sustainable communities. Cities and townships generally have
reticulated water, sewer and stormwater systems, which are designed to deliver water and dispose of effluent and
wastewater with minimal impact on the environment. However, many smaller communities and metropolitan fringe
suburbs throughout Australia are un-sewered.  Some of these are located in hillside or coastal settings where landslides
present a hazard.

Processes by which wastewater can affect slope stability

As explained in GeoGuides LR3 and LR5, groundwater variations have a significant impact on slope stability.
Inappropriate disposal of effluent and wastewater may result in the ground becoming saturated.  The result is equivalent
to a localised rise of the groundwater table and may have the potential to cause a landslide (GeoGuides LR2, LR5 and
LR8).

On-site effluent disposal

In un-sewered areas disposal of effluent must be achieved through suitable methods.  These methods usually involve
containment within the boundaries of the site ("on-site disposal"). State environment protection agencies and local
government authorities can usually provide advice on suitable disposal systems for your area.  Such systems may
include:

• Septic systems, which involve a storage/digestion tank for solids, with disposal of the liquid effluent via absorption
trenches and beds, leach drains, or soak wells.  Such systems are best suited to areas not prone to landslides.

• Aerobic treatment units which incorporate an individual household treatment plant to aid breakdown of the waste into
a higher quality effluent. Such effluent is further treated and disposed of by surface or sub-surface irrigation, sub-soil
dripper, or shallow leach drain system.

• Nutrient retentive leaching systems which utilise septic tanks to process the solid and liquid wastes in conjunction
with discharge of the effluent through sand filters, media filters, mound systems and nutrient retentive leaching
systems, which strip the effluent of nutrients.

Toilet (and sometimes kitchen) waste is known as black water.  Other, less contaminated, wastewater streams from
showers, baths and laundries are known as grey water. Grey water re-use systems allow a household to conserve water
from bathrooms, kitchens and laundries, for re-use on gardens and lawns.

Recommendations for effluent disposal

In areas prone to landslide hazard, it is recommended that whatever effluent disposal system is employed, it should be
designed by a qualified professional, familiar with how such a system can impact on the local environment. Local council,
and in some instances state environment protection agency, approval is usually required as well.  Many local authorities
require a site assessment report, which covers all relevant issues. If approved, the report's recommendations must be
incorporated in the system design.  Reduction in the volume of effluent is beneficial so composting toilets and highly
rated (i.e. low consumption) water appliances are recommended. It should be noted that in some state and local
government jurisdictions there are restrictions on the alternative measures that can be applied. Consideration should be
given to applying treated wastewater to land at low rates and over as large an area as possible.  Further guidance can be
found in Australian Standard AS/NZS 1547:2000 On-site domestic wastewater management.

Effluent disposal fields should be sited with due consideration to the overall landscape and the individual characteristics
of the property. Some guidance is provided. In particular, effluent fields should be located downslope of the building,
away from stormwater, or grey water, discharge areas and where there is minimal potential for downstream pollution.
Set backs and buffer distances vary from state to state and local requirements should be adhered to. All systems require
regular maintenance and inspection.  Efficient operation of the system must be a priority for property owners/occupiers to
ensure safe and sustainable communities.  Responsibility for maintenance rests with owners.

SURFACE WATER DRAINAGE

Attention to on-site surface water management is also important.  Runoff from developments, including buildings, decks,
access tracks and hardstand areas should be collected and discharged away from the development and other effluent
disposal fields. Particular care must be given to the design of overflows on water tanks, as this is often overlooked.
Discharge from any development should be spread out as much as possible, unless it can be directed to an existing
natural water course. Ponding of water on hillsides and the concentration of water flows on slopes must be avoided.

It is recommended that a specific drainage plan and strategy should be developed in conjunction with the effluent
disposal system for sites with a high potential for slope instability.  Maintenance of the surface water drainage system is
as important as maintenance of the effluent disposal system and again the responsibility rests with owners.
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More information relevant to your particular situation may be found in other Australian GeoGuides:
• GeoGuide LR1    - Introduction
• GeoGuide LR2    - Landslides
• GeoGuide LR3    - Landslides in Soil
• GeoGuide LR4    - Landslides in Rock
• GeoGuide LR5    - Water & Drainage

• GeoGuide LR6    - Retaining Walls
• GeoGuide LR7    - Landslide Risk
• GeoGuide LR8    - Hillside Construction
• GeoGuide LR10  - Coastal Landslides
• GeoGuide LR11  - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation.  They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent.  The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering.  The GeoGuides have been funded under the Australian governments’ National
Disaster Mitigation Program.
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LANDSLIDES IN THE COASTAL ENVIRONMENT
Coastal Instability

The coast presents a particularly dynamic environment where change is often the norm.  Hazards exist in relation to both
cliffs and sand dunes.  The coast is also the most heavily populated part of Australia and always regarded as “prime” real
estate, because of the views and access to waterways and beaches.

Waves, wind and salt spray play a significant part, causing dunes to move and cliff-
faces to erode well above sea level. Our response is often to try to neutralise these
effects by doing such things as dumping rock in the sea, building groynes,
dredging, or carrying out dune stabilisation.  Such works can be very effective, but
ongoing maintenance is usually needed and total reconstruction may be necessary
after a relatively short working life.

Of particular significance are extreme events that cause destruction on a scale that
ignores our efforts at coastal protection.  Records show that cliffs have collapsed,
taking with them backyards which had been relied upon as a buffer between a
house and the ocean.  Sand dunes have also been washed away resulting in the
dramatic loss of homes and infrastructure.  As with most landslide issues, even
though such events may be infrequent, they could happen tomorrow.  It is easy to
be lulled into a false sense of security on a calm day.

In coastal areas, typical landslide hazards (GeoGuides LR1 to LR4) are
compounded by coastal erosion which, over time, undercuts cliffs and eventually
results in failure.  In the case of sand dunes, dune erosion and dune slumping
have equally dramatic effects.  Coastal locations are subject to particular
processes relating to fluctuating water tables, inundation under storm tides and
direct wave attack.  Large sections of our more sandy coastline are receding under
present sea conditions.  The hazards are progressive and likely to be exacerbated
through climate change.

Coastal Development

If you own, or are responsible for, a coastal property it is important that you understand that, where the shore line is
receding, there is a greater landslide risk than would be the case on a similar site inland.   The view may make the risk
worthwhile, but does not reduce it.

Coastal Landslides

Coastal landslides are little different from other landslides in that the signs of failure (GeoGuides LR2) and the causes
(LR3, LR4 & LR5) are largely the same.  The main difference relates to the overriding influence of wave impact, tidal
movement, salt spray and high winds.

Cliff failures

In addition to the processes that produce cliff instability on inland cliffs, coastal cliffs are also subjected to repeated cycles
of wetting and drying which can be accompanied by the expansive effect of salt crystal growth in gaps in the rocks.  These
processes accelerate the deterioration of coastal cliffs.  At the base of cliffs, direct wave attack and the impact of boulders
moved by wave action causes undercutting and hence instability of the overall face.  Figure 2 of GeoGuide LR4 provides
an example.  Whilst the processes leading to coastal cliff collapse may take years, failure tends to be catastrophic and with
little warning.  In many cases, waves produced by large oceanic storms are the trigger assisted by rainfall to produce
collapse. These are also the conditions in which you are more likely to be inside your home and oblivious to unusual
noises or movements associated with imminent failure.

Sand dune escarpment and slope failures

An understanding of coastal processes is essential when
determining beach erosion potential.  Waves produced by large
oceanic storms can erode beaches and cut escarpments into
dunes. These may be of relatively short duration, when beach re-
building happens after the storm, but can be a permanent feature
where long term beach recession is taking place. In many
locations, houses and infrastructure are sited on or immediately
behind coastal dunes.  After an escarpment has eroded, those
assets may be lost or damaged by subsequent slumping of the
dune.  It is important that, on erodible coastal soils, the potential
for landward incursion of an erosion escarpment is determined.
Having done this, the likelihood of slope instability can be
established as part of the landslide risk management process.
Injury, death and structural damage have occurred around the
Australian coast from collapsing sand escarpments.
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The large scale and potentially high speed of coastal erosion processes means that major civil engineering work and large
cost is normally involved in their control.  The installation of rock bolts (LR4), drainage (LR5), or retaining walls (LR6) on a
single house site may be necessary to provide local stability, but are unlikely to withstand the attack of a large storm on a
beach or cliff-line.

BUILDING NEAR CLIFFS AND HEADLANDS
Coastal cliffs and headlands exist because the rock that they are
made from is able to resist erosion.   Even so, cliff-faces are not
immune and will continue to collapse (Figure 1) by one or other of the
mechanisms shown on GeoGuide LR4.  If you live on a coastal cliff,
you should undertake inspection and maintenance as recommended
in LR4 and the other GeoGuides, as appropriate. The top of the cliff,
its face, and its base should be inspected frequently for signs of
recent rock falls, opening of cracks, and heavy seepage which might
indicate imminent failure.  Since the sea can remove fallen rocks
rapidly, inspections should be made shortly after every major storm
as a matter of course. If collapses are occurring seek advice
from an appropriately experienced geotechnical practitioner.
Advise you local council if you believe erosion is rapid or
accelerating.

Building on Coastal Dunes
Any excavation in a natural dune slope is inherently unstable and must be supported and maintained (GeoGuide LR6).
Dunes are particularly susceptible to ongoing erosion by wind and wave action and extreme changes can occur in a single
storm.  Whilst  vegetation can help to stabilise dunes in the right circumstances, unfortunately a single storm has the
potential to cut well into dunes and, in some cases, remove an entire low lying dune system or shift the mouth of a river.
As for cliffs, it is appropriate to observe the effects of major storms on the coastline.  If erosion is causing the
coastline to recede at an appreciable rate, seek advice from suitably experienced geotechnical and coastal
engineering practitioners and bring it to the attention of the local council.

CLIMATE CHANGE
The coastal zone will experience the most direct physical
impacts of climate change.  A number of reviews of global
data indicate a general trend of sea level rise over the last
century of 0.1 - 0.2 metres.  Current rates of global average
sea level rise, measured from satellite altimeter data over the
last decade, exceed 3 mm/year and are accelerating.  The
most authoritative and recent (at the time of writing) report on
climate change (IPCC, 2007) predicts a global average sea
level rise of between 0.2 and 0.8 metres by 2100, compared
with the 1980 - 1999 levels (the higher value includes the
maximum allowance of 0.2 m to account for uncertainty
associated with ice sheet dynamics).
In addition to sea level rise, climate change is also likely to
result in changes in wave heights and direction, coastal wind
strengths and rainfall intensity, all of which have the capacity

to impact adversely on coastal dunes and cliff-faces.  A Guideline for responding to the effects of climate change in coastal
areas was published by Engineers Australia in 2004.
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More information relevant to your particular situation may be found in other Australian GeoGuides:

• GeoGuide LR1    - Introduction
• GeoGuide LR2    - Landslides
• GeoGuide LR3    - Landslides in Soil
• GeoGuide LR4    - Landslides in Rock
• GeoGuide LR5    - Water & Drainage

• GeoGuide LR6    - Retaining Walls
• GeoGuide LR7    - Landslide Risk
• GeoGuide LR8    - Hillside Construction
• GeoGuide LR9    - Effluent & Surface Water Disposal
• GeoGuide LR11  - Record Keeping

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation.  They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent.  The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering. The GeoGuides have been funded under the Australian governments’ National
Disaster Mitigation Program.
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RECORD KEEPING
It is strongly recommended that records be kept of all construction, inspection and maintenance activities in relation to
developments on sloping blocks.  In some local authority jurisdictions, maintenance requirements form part of the building
consent conditions, in which case they are mandatory.

CONSTRUCTION RECORDS

If at all possible, you should keep copies of drawings, specifications and construction (i.e. "as built") records, particularly if
these differ from the design drawings.  The importance of these documents cannot be over-emphasised.  If a geotechnical
practitioner comes to a site to carry out a landslide risk assessment and is only able to see the face of a retaining wall, the
heads of some ground anchors, or the outlets of a number of sub-soil drains, it may be necessary to determine how these
have been built and how they are meant to work before completing the assessment.  This could involve drilling through the
wall to determine how thick it is, or probing the length of the drains, or even ignoring the anchors altogether, because it is
uncertain how long they are.  Such "investigation" of something that may only have been built a few years before is, at
best, a waste of time and money and, at worst, capable of coming up with a misleading answer which could affect the
outcome of the assessment.  Documentary information of this sort often proves to be invaluable later on, so treat it with as
much importance as the title deeds to your property.
INSPECTION AND MAINTENANCE RECORDS

If you follow the recommendations of the Australian GeoGuides it is likely that you will either carry out periodic inspections
yourself, or you will engage a geotechnical practitioner to do them for you.  The collected records of these inspections will
provide a detailed history of changes that might be occurring and will indicate, better than your own memory, whether
things are deteriorating and, if so, at what rate.  Unfortunately, without some form of written record, all information is
usually lost each time a property is sold.  It is recommended that a prospective purchaser should have a pre-purchase
landslide risk assessment carried out on a hillside site, in much the same way that they would commission a structural
assessment, or a pest inspection, of the building.  If the vendor has kept good records, then the assessment is likely to be
quicker and cheaper, and the outcome more reliable, than if none are available.  Each site is different, but noting the
following would normally constitute a reasonable record of an inspection/maintenance undertaken:

• date of inspection/maintenance and the name and professional status of the person carrying it out

• description of the specific feature (eg. cliff face, temporary rock bolt, cast in situ retaining wall, shallow leach drain
system)

• sketch plans, sketches and photographs to indicate location and condition

• activity undertaken (eg. visual inspection; cleared vegetation from drain; removed fallen rock about 500 mm diameter)

• condition of the feature and any matters of concern (e.g. weep holes damp and flowing freely; rust on anchor heads
getting worse;  shotcrete uncracked and no sign of rust stains; ground saturated around leach field)

• specific outcomes (eg. no action necessary; geotechnical practitioner called in to advise on the state of the anchors;
cliff face to be trimmed following the most recent rock fall; leach field to be rebuilt at new location)

A proforma record is provided overleaf for convenience.  Photographs and sketches of specific observations can prove to
be very useful and should be included whenever possible.  Geotechnical practitioners may devise their own site specific
inspection/maintenance records.

More information relevant to your particular situation may be found in other Australian GeoGuides:

• GeoGuide LR1    - Introduction
• GeoGuide LR2    - Landslides
• GeoGuide LR3    - Landslides in Soil
• GeoGuide LR4    - Landslides in Rock
• GeoGuide LR5    - Water & Drainage

• GeoGuide LR6    - Retaining Walls
• GeoGuide LR7    - Landslide Risk
• GeoGuide LR8    - Hillside Construction
• GeoGuide LR9    - Effluent & Surface Water Disposal
• GeoGuide LR10  - Coastal Landslides

The Australian GeoGuides (LR series) are a set of publications intended for property owners; local councils; planning authorities;
developers; insurers; lawyers and, in fact, anyone who lives with, or has an interest in, a natural or engineered slope, a cutting, or an
excavation.  They are intended to help you understand why slopes and retaining structures can be a hazard and what can be done with
appropriate professional advice and local council approval (if required) to remove, reduce, or minimise the risk they represent.  The
GeoGuides have been prepared by the Australian Geomechanics Society, a specialist technical society within Engineers Australia, the
national peak body for all engineering disciplines in Australia, whose members are professional geotechnical engineers and engineering
geologists with a particular interest in ground engineering.  The GeoGuides have been funded under the Australian governments’ National
Disaster Mitigation Program.
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INSPECTION/MAINTENANCE RECORD
(Tick boxes as appropriate and add information as required) Date.............................................

Site location (street address / lot & DP numbers / map reference / latitude and longitude)
.......................................................................................................................................................................................

FEATURE

Slopes & surface protection: In
sp

ec
te

d

M
ai

nt
ai

ne
d

Te
st

ed

B
y 

O
w

ne
r

By
 P

ro
fe

ss
io

na
l

Natural slope/cliff Cut/fill slope
Surface water drains
Shotcrete Stone pitching Other

Retaining walls:
Cast in situ concrete Concrete block
Masonry (natural stone) Masonry (brick, block)
Cribwall (concrete) Cribwall (timber)
Anchored wall Reinforced soil wall
Sub-soil drains Weep holes

Ground improvement:
Rock bolts
Ground anchors Soil nails
Deep subsoil drains

Effluent and storm water disposal systems:
Effluent treatment system
Effluent disposal field
Storm water disposal field

Other:
Netting Catch fence Catch pit

Observations/Notes (Add pages/details as appropriate)

.......................................................................................................................................................

.......................................................................................................................................................

.......................................................................................................................................................

Attachments: Sketch(es) Photograph(s) Other (eg measurements, test results)

Record prepared by ................................................ (name):  .........................................(signature)

Contact details: Phone:........................................       E-mail:............................................................

Professional Status (in relation to landslide risk assessment):........................................................
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APPENDIX G - SOME GUIDELINES FOR HILLSIDE CONSTRUCTION 
 

 GOOD ENGINEERING PRACTICE POOR ENGINEERING PRACTICE 
ADVICE   
GEOTECHNICAL 
ASSESSMENT 

Obtain advice from a qualified, experienced geotechnical practitioner at early 
stage of planning and before site works. 

Prepare detailed plan and start site works before 
geotechnical advice. 

PLANNING 
SITE PLANNING Having obtained geotechnical advice, plan the development with the risk 

arising from the identified hazards and consequences in mind. 
Plan development without regard for the Risk. 

DESIGN AND CONSTRUCTION 

HOUSE DESIGN 

Use flexible structures which incorporate properly designed brickwork, timber 
or steel frames, timber or panel cladding. 
Consider use of split levels. 
Use decks for recreational areas where appropriate. 

Floor plans which require extensive cutting and 
filling. 
Movement intolerant structures. 

SITE CLEARING Retain natural vegetation wherever practicable. Indiscriminately clear the site. 
ACCESS & 

DRIVEWAYS 
Satisfy requirements below for cuts, fills, retaining walls and drainage. 
Council specifications for grades may need to be modified. 
Driveways and parking areas may need to be fully supported on piers. 

Excavate and fill for site access before 
geotechnical advice. 

EARTHWORKS Retain natural contours wherever possible. Indiscriminatory bulk earthworks. 

CUTS 
Minimise depth. 
Support with engineered retaining walls or batter to appropriate slope. 
Provide drainage measures and erosion control. 

Large scale cuts and benching. 
Unsupported cuts. 
Ignore drainage requirements 

FILLS 

Minimise height. 
Strip vegetation and topsoil and key into natural slopes prior to filling. 
Use clean fill materials and compact to engineering standards. 
Batter to appropriate slope or support with engineered retaining wall. 
Provide surface drainage and appropriate subsurface drainage. 

Loose or poorly compacted fill, which if it fails, 
may flow a considerable distance including 
onto property below.  
Block natural drainage lines. 
Fill over existing vegetation and topsoil. 
Include stumps, trees, vegetation, topsoil, 
boulders, building rubble etc in fill. 

ROCK OUTCROPS 
& BOULDERS 

Remove or stabilise boulders which may have unacceptable risk. 
Support rock faces where necessary. 

Disturb or undercut detached blocks or 
boulders. 

RETAINING 
WALLS 

Engineer design to resist applied soil and water forces. 
Found on rock where practicable. 
Provide subsurface drainage within wall backfill and surface drainage on slope 
above. 
Construct wall as soon as possible after cut/fill operation. 

Construct a structurally inadequate wall such as 
sandstone flagging, brick or unreinforced 
blockwork. 
Lack of subsurface drains and weepholes. 

FOOTINGS 

Found within rock where practicable. 
Use rows of piers or strip footings oriented up and down slope. 
Design for lateral creep pressures if necessary. 
Backfill footing excavations to exclude ingress of surface water. 

Found on topsoil, loose fill, detached boulders 
or undercut cliffs. 

SWIMMING POOLS 

Engineer designed. 
Support on piers to rock where practicable. 
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   

SURFACE 

Provide at tops of cut and fill slopes. 
Discharge to street drainage or natural water courses. 
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. 

Discharge at top of fills and cuts. 
Allow water to pond on bench areas. 
 

SUBSURFACE 

Provide filter around subsurface drain. 
Provide drain behind retaining walls. 
Use flexible pipelines with access for maintenance. 
Prevent inflow of surface water. 

Discharge roof runoff into absorption trenches. 

SEPTIC & 
SULLAGE 

Usually requires pump-out or mains sewer systems; absorption trenches may 
be possible in some areas if risk is acceptable. 
Storage tanks should be water-tight and adequately founded. 

Discharge sullage directly onto and into slopes.  
Use absorption trenches without consideration 
of landslide risk. 

EROSION 
CONTROL & 

LANDSCAPING 

Control erosion as this may lead to instability. 
Revegetate cleared area. 

Failure to observe earthworks and drainage 
recommendations when 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 

RESPONSIBILITY 
Clean drainage systems; repair broken joints in drains and leaks in supply 
pipes. 
Where structural distress is evident see advice. 
If seepage observed, determine causes or seek advice on consequences. 
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Appendix F  - (Laboratory Test Certificates).



materials testing laboratories

ACN 117 593 254

client GHD

project Foundation Classification

location Boat Harbour

project no 0047/16/10U

sample no U16/756

date received 15/11/16

date tested 17/11/16

identification Test Pit 5

depth 1.0m

sampled by Client

sample description Brown silty clayey gravel

test report No 0047/16/10U/AA1

Results

Liquid Limit 41

Plastic Limit 29

Plasticity Index 12

Linear Shrinkage 9.0 curling   N cracking  N crumbling N

Particle Size Distribution

100

91

75

63

51

45

41

36

31

25

20

17

16

15 0047/16/10U/AA.

12

10

Approved Signatory  (M.I. Ansell)

date of issue      18/11/2016

1289-psd-0206

113 - 115 Eastland Drive, Ulverstone TAS 7315                             Ph. (03)6425 4185    Fax (03)6425 4170

%

2.36

1.18

0.600

%

remarks

%

75.0

%

%

%

%

%

%

%

%

%

%

3.4.1

%

%

%

3.2.1 %

Air Dried / Dry Sieved

AS1289.2.1.1

3.6.1

Moisture Content = 20.4%

%

Report No. 0047/16/10U/AA1 replaces report no.

%

%

ADG LABORATORIES
  Pavement Materials

Test Method

AS 1289

Test description units

3.1.2

3.3.1

9.5

6.7

53.0

37.5

26.5

19.0

finer than (mm)

4.75

0.425

0.300

0.150

0.075

13.2

Accredited for compliance with ISO/IEC 17025
Accreditation No. 15585



materials testing laboratories

ACN 117 593 254

client GHD

project Foundation Classification

location Boat Harbour

project no 0047/16/10U

sample no U16/757

date received 15/11/16

date tested 17/11/16

identification Test Pit 6

depth 0.5m

sampled by Client

sample description Dark Brown silty clayey gravel

test report No

Results

Liquid Limit 71

Plastic Limit 50

Plasticity Index 21

Linear Shrinkage 10.0 curling   N cracking  N crumbling N

Particle Size Distribution

100

97

95

90

87

85

84

81

72

62

55

51

48 0047/16/10U/AB.

40

34

Approved Signatory  (M.I. Ansell)

date of issue      18/11/2016

1289-psd-0206

0047/16/10U/AB1

113 - 115 Eastland Drive, Ulverstone TAS 7315                             Ph. (03)6425 4185    Fax (03)6425 4170

%

2.36

1.18

0.600

%

remarks

%

75.0

%

%

%

%

%

%

%

%

%

%

3.4.1

%

%

%

3.2.1 %

Air Dried / Dry Sieved

AS1289.2.1.1

3.6.1

Moisture Content = 47.2%

%

Report No. 0047/16/10U/AB1 replaces report no.

%

%

ADG LABORATORIES
  Pavement Materials

Test Method

AS 1289

Test description units

3.1.2

3.3.1

9.5

6.7

53.0

37.5

26.5

19.0

finer than (mm)

4.75

0.425

0.300

0.150

0.075

13.2

Accredited for compliance with ISO/IEC 17025
Accreditation No. 15585
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Appendix G  - (Edgar Salas Curriculum Vitae)



Curriculum
Vitae

1Edgar Salas – Curriculum Vitae

Edgar Salas
Senior Geotechnical Engineer

GHD. Tasmania Australia- July 2016 to
current.
 Geotechnical site investigation, foundation

analysis and design.
 Landslide Risk Assessments.
 Slope stability, road and rail embankment

design.

Project Geotechnical Engineer - Mar
2014 to July 2016
 Project Geotechnical Manager for the

construction of the new Tailings dam (SDTSF)
with approximately 12,000,000 m3, when
completed will be the highest Tailings Dam in
the South hemisphere.

 Design and manage geotechnical site
investigation for waste dumps, haul roads, light
vehicle access road, dam foundation, slurry
pipeline access road.

 Slope stabilisation design
 Budget and management of tailings dam’s

expansion project (MCTD) with approximately
150,000 m3 and with a cost of AUD 2,000,000).

 Completion of Old tailings dam acid water
drainage pipeline (6km pipeline, with a cost of
AUD 600,000)

 Produce daily, weekly and monthly geotechnical
reports and specific geotechnical investigation
reports.

 Mentoring and management Junior Engineers
as well as Technicians

 Produce financial analysis and budget
performance for geotechnical projects

 Compile and report costs for geotechnical
projects

 Project Economical Valuation and upfront
financial planning, (Cash flows, NPV, AE, earn
value reports)

Geotechnical Engineer - Jan 2012 to Mar
2014
 Manage and analysed slope monitoring

systems, such as the Automated (prism)
Tracking System (ATS) and the Slope Stability
Radar (SSR).

 Monitor the effects of and manage the horizontal
drain holes’ slope depressurisation programme.

 Prepare pit slope risk assessments.
 Slope stability analyses and stabilisation

designs.
 Carry out assessments of the stability of waste

dumps and the effectiveness of waste dump
covers in relationship to World’s Best Practice in
Acid Mine Drainage Control.

 Assist in the design and effectiveness of rock
support programmes including such things as
cable bolts, shear pins and high energy rock
catch fences.

 Report assessments of slope monitoring.

Spiecapag, LNG Project Papua New
Guinea - Mar 2011 to Sep 2011
SPIECAPAG specialises in the delivery of
onshore pipelines and facilities, it is part of
Vinci Group which is a global player in
concessions and construction, employing more
than 185,000 people in some 100 countries.
Geologist Engineer

 Produce Factual and Interpretative Reports for
each site investigation, including generation of
geological and geotechnical profiles.

 Provide recommendations for allowable soil
bearing capacities and foundation design.

Qualified. B.Eng Geological Engineering, University of Los Andes (Venezuela)
– 2007, MSc Geotechnical Engineering, UNSW, Sydney Australia, - 2017
Summary of experience. Geotechnical engineer with 9 years of experience
in the civil and mining industry. The majority of the experience relates to Slope
stability and stabilisation, Tailings Dams Infrastructure, highways alignments and
oil and gas pipeline developments, strongly focused in manage and design
geotechnical site investigation, Slope and waste dumps design, and risk and
project management.



Curriculum
Vitae

2Edgar Salas – Curriculum Vitae

 Produce field data reports, including drilling
logs, and results of any field testing.

 Provide recommendations during the site
investigation at each site to identify changes in
scope and/or techniques to improve the data
acquisition in line with the objectives of the site
investigation.

Spiecapag-Group Five, Joint Venture –
South Africa - Sep 2009 to Mar 2011
SPIECAPAG specialises in the delivery of onshore
pipelines and facilities, it is part of Vinci Group
which is a global player in concessions and
construction, employing more than 185,000 people
in some 100 countries.
Geologist Engineer
 Design, Management and supervision of

geotechnical site investigations for 540km 24”
welded steel liquid fuel pipeline alignment. At
the end of the project around 10,000 trial pits
and around 5,000 samples were taken.

 Slope stabilisation design.
 Evaluations and Planning according to field data
 Production of daily reports, summarising

pertinent field activities including: date,
equipment, personnel on site, location, type of
work and productivity.

 Examination of soil/rock samples, including
description and classification.

 Liaison with client
 Management of 5 contractor and 20 staff

members
 Produce field data reports, including Trial pits

logs as well as results of any field testing.
 Provide recommendations during the site

investigation at each site to identify changes in
scope and/or techniques to improve the data
acquisition in line with the objectives of the site
investigation.

 Produce Factual and Interpretative Reports for
each site investigation, including generation of
geological and geotechnical profiles.

 Planning trenching activities with trenchers.
 Planning blasting Activities and ensure fully

compile with regulations.

Invercanpa C.A. (Valencia, Venezuela) -
June 2007 to June 2009
Invercanpa specialises in the construction and
maintenance of highways
Graduate Geologist Engineer
 Perform geotechnical field Investigation,
 Laboratory testing (simple compression,

Particle size distribution).
 Interpret satellite image
 Interpretative Reports for each site investigation

and geotechnical profiles
 Geological risk assessment
 Performed basic office administration tasks

when needed
 Assisted Head Geotechnical Engineer with

slope design.

Other related areas of interest

 Fluent in 2 languages - Spanish and
English

 IT Skills - Microsoft Windows. Microsoft
Office, Microsoft Projec, Geotechnical
Modelling Programs Slide, Dips, Wedge,
Rockfall, Geoslope, Slope W and AutoCAD,
ArcGIS, Surpac

 Courses - G3 G-MIRM (Global Mineral
Industry Risk Management) University of
Queensland – 2014 and Tailings Dam
Surveillance (GHD) - 2012

 Highlights - Project Management, Risk
Management, Slope instability analysis and
stabilisation, Waste Dumps, Road
embankments and Slope Designs,
Construction monitoring, Tailings dam,
Open cut mine, Highways and pipelines,
Numerical analysis, Large scale
infrastructure projects, Geotechnical field
investigation, Upfront Financial Planning,
Project Economical valuation (NPV, AE),
Client and contractor’s liaison and Staff
management

 Published. Application of radar monitoring
at Savage River Mine, Tasmania, Slope
Stability 2013, Brisbane, Australia
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Appendix H  - (MRT Landslide map series)
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Identification Feature id: 694 Feature type: Bore

Location Locality: Boat Harbour

Easting: 383413 Datum: GDA94
Northing: 5468283 Accuracy: 200
Ground level (m
ASL):

Construction Date drilled: 30/06/1983

Drilling company: Gerald Spaulding Drillers Pty Ltd
Depth (metres): 24.40
Initial yield (L/sec): 0.34
Initial EC (µS/cm):

Bore diameters

From (m) To (m) Diameter (mm) Drilling technique
0.0 24.4 127.00 Air Percussion (Rotary air -

R)

Casings

From (m) To (m) Inside diameter
(mm)

Outside
diameter (mm)

Material

0.0 13.8 127.00 steel

Screens

From (m) To (m) Inlet type
NA

Seals

From (m) To (m) Material type
NA

Geological /
Hydrogeological
Information

Lithological Log

From (m) To (m) Lithological description
0.0 1.2 top soil
1.2 11.6 clay with basalt

11.6 24.4 quartzite

Depth to water struck

Date From (m) To (m) Cumulative yield
30/06/1983 11.6
30/06/1983 19.8 0.34

Main aquifer geology: Precambrian
Final TDS (mg/L):

null Groundwater Feature
Detailed Report
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Standing Water
Levels Standing water levels

Date SWL (metres)
30/06/1983 6.10

Current status
Last recorded statuses

Type Value Date recorded
function functioning 30/06/1983

null Groundwater Feature
Detailed Report
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Identification Feature id: 40197 Feature type: Bore

Location Locality: Boat Harbour Beach

Easting: 383441 Datum: GDA94
Northing: 5468231 Accuracy: 25
Ground level (m
ASL):

Construction Date drilled: 26/08/2009

Drilling company: Gerald Spaulding Drillers Pty Ltd
Depth (metres): 60.00
Initial yield (L/sec): 0.38
Initial EC (µS/cm):

Bore diameters

From (m) To (m) Diameter (mm) Drilling technique
12.0 60.0 175.00 Downhole Hammer (Rotary

Hammer)
0.0 12.0 175.00 Rotary (Rotary Mud)

Casings

From (m) To (m) Inside diameter
(mm)

Outside
diameter (mm)

Material

0.0 60.0 125.00 unplasticised
polyvinylchloride
uPVC

Screens

From (m) To (m) Inlet type
42.0 60.0 slotted casing

Seals

From (m) To (m) Material type
NA

Geological /
Hydrogeological
Information

Lithological Log

From (m) To (m) Lithological description
0.0 12.0 Broken ground clay

12.0 42.0 Sandstone
42.0 60.0 Mudstone/gravel

Depth to water struck

Date From (m) To (m) Cumulative yield
26/08/2009 42.0 44.0

Main aquifer geology: Precambrian
Final TDS (mg/L):

null Groundwater Feature
Detailed Report
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Standing Water
Levels Standing water levels

Date SWL (metres)
26/08/2009 8.00

Current status
Last recorded statuses

Type Value Date recorded
function capped 26/08/2009

null Groundwater Feature
Detailed Report
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Identification Feature id: 40443 Feature type: Bore

Location Locality: Boat Harbour

Easting: 383533 Datum: GDA94
Northing: 5468310 Accuracy: 25
Ground level (m
ASL):

Construction Date drilled: 21/11/2009

Drilling company: Gerald Spaulding Drillers Pty Ltd
Depth (metres): 60.00
Initial yield (L/sec): 0.57
Initial EC (µS/cm):

Bore diameters

From (m) To (m) Diameter (mm) Drilling technique
0.0 6.0 162.00 Downhole Hammer (Rotary

Hammer)

Casings

From (m) To (m) Inside diameter
(mm)

Outside
diameter (mm)

Material

0.0 10.0 200.00 steel
0.0 60.0 125.00 unplasticised

polyvinylchloride
uPVC

Screens

From (m) To (m) Inlet type
30.0 60.0 slotted casing

Seals

From (m) To (m) Material type
6.0 8.0 bentonite cement

Geological /
Hydrogeological
Information

Lithological Log

From (m) To (m) Lithological description
0.0 6.0 Overburden
6.0 24.0 Sandstone/mudstone

24.0 60.0 Mudstone

Depth to water struck

Date From (m) To (m) Cumulative yield
21/11/2009 24.0 25.0
21/11/2009 30.0 32.0
21/11/2009 48.0 50.0 0.57

Main aquifer geology: Precambrian
Final TDS (mg/L):

null Groundwater Feature
Detailed Report
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Standing Water
Levels Standing water levels

Date SWL (metres)
21/11/2009 8.00

Current status
Last recorded statuses

Type Value Date recorded
function capped 21/11/2009

null Groundwater Feature
Detailed Report
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Identification Feature id: 41832 Feature type: Bore

Location Locality: Boat Harbour Beach

Easting: 383379 Datum: GDA94
Northing: 5468188 Accuracy: 5
Ground level (m
ASL):

Construction Date drilled: 12/05/2017

Drilling company: Gerald Spaulding Drillers Pty Ltd
Depth (metres): 48.00
Initial yield (L/sec): 1.00
Initial EC (µS/cm):

Bore diameters

From (m) To (m) Diameter (mm) Drilling technique
0.0 48.0 178.00 Downhole Hammer (Rotary

Hammer)

Casings

From (m) To (m) Inside diameter
(mm)

Outside
diameter (mm)

Material

30.0 48.0 125.00 140.00 "unplasticised
polyvinylchloride
uPVC, Class 12"

Screens

From (m) To (m) Inlet type
30.0 48.0 slotted casing

Seals

From (m) To (m) Material type
0.0 6.0 spoil-cuttings
6.0 7.0 bentonite clay pellets

Geological /
Hydrogeological
Information

Lithological Log

From (m) To (m) Lithological description
0.0 6.0 top soil , clay and basalt rocks
6.0 15.0 quartz rock

15.0 20.0 grey mudstone
20.0 27.0 quartz gravels
27.0 48.0 white mudstone

Depth to water struck

Date From (m) To (m) Cumulative yield
12/05/2017 30.0 42.0 0.50
12/05/2017 42.0 48.0 1.00

Main aquifer geology:

null Groundwater Feature
Detailed Report
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Final TDS (mg/L): 300

Standing Water
Levels Standing water levels

Date SWL (metres)
12/05/2017 14.00

Current status
Last recorded statuses

Type Value Date recorded
function capped 12/05/2017

null Groundwater Feature
Detailed Report
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1. Introduction

1.1 Background

VOS Nominees propose to subdivide the site of the former Boat Harbour Beach Resort.

GHD undertook a preliminary geotechnical assessment as part the preliminary work required to

support a development application for a 12 lot subdivision.  The preliminary geotechnical

assessment (referenced 32/14861/48350, dated July 2009), highlighted landslide hazards that

may affect the site.  The preliminary assessment also identified a potential hazard arising from a

breach of the dam on top of the escarpment located to the south of the site.  The client then

instructed GHD to conduct a hazard assessment of the landslide and dam hazard.

The aim of this report is to identify the geotechnical hazards and quantify the risks.  This is to

further recommend measures that may be necessary to satisfactorily mitigate the impact of

those hazards on the proposed subdivision.

1.2 The site

The site is property at 293 Port Road in Boat Harbour that is 9739 m
2
 in area. It is currently

vacant with all previous structures removed except for some rock retaining walls and

landscaping.  The property fronts Port Road on its northern edge and Moore Street on its

eastern side. On the southern side is a driveway benched into the slope serving 5 Moore Street.

The site is located on a narrow coastal plain below the coastal escarpment. The northern

boundary is approximately 20m from the high-water mark at its closest location. The elevation

ranges from approximately 5.0m AHD at the front to 15m AHD at the rear.  The slope becomes

steeper towards the rear and forms a shallow concave amphitheatre.  On the eastern boundary

is a low ridge.   The surface levels to the west are also elevated.

Figure 1 Location of the property delineated with a red line
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1.3 The escarpment above the site

Immediately above the property is a steep escarpment.  On the southern boundary of the site

there is a retained bank and then a driveway serving the neighbouring property benched into

the bank.   The driveway has a vertical cut 1-1.5m high on the uphill side and the steep

escarpment is directly above.  The slope of the escarpment is typically at 1 vertical in 1.5

horizontal.  Rocks dislodged by walking over the slope would roll a couple of metres before

stopping. The escarpment comprises loose rock debris generally angular and 100-300mm in

dimension; larger boulders dislodged from the cliff above would probably shatter as they fall on

impact.    The rock predominantly comprises quartzite and the author was able to shatter the

rocks with moderate force. There is no topsoil and little soil ground cover with exposed rock

chutes visible.  However, the slope is well covered with mature eucalypts indicating no

significant slips within the last 50 – 100 years.

To the west of the site is a gully (notated Western Gully) and the eastern corner (adjacent to

Moore Street is the large indentation formed by an ancient landslip (toe of Landslip 2 as

designated in the Coffey report).  To the west, the coast line runs east- west while at Boat

Harbour the coast steps southward.  At the point of the bluff above the sloping talus is a vertical

outcrop of quartzite approximately 10m high.   This outcrop appears to be the source of the

shattered rock down the slope.  It is considered it will continue to slowly erode due to

weathering actions and gradual undercutting by the stream in the western gully.  There are a

number of boulders approximately 1-2m in diameter that are balancing on the outcrop and could

possibly dislodge (this indicates the ongoing geological process).

1.4 Drainage

The preliminary geotechnical report also noted running water and wet areas at the toe of the

escarpment. Boat Harbour relies on spring water and no reticulation exists.  Regional landslide

movements are at least partly attributable to these springs.

The surface water runoff observed at the back of the site is essentially runoff running down the

escarpment, and although varies in flow, appears to be all year round.  Proper engineering

measures will have to be incorporated to control this runoff, possibly for re-use.
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2. Review of Information

2.1 Background Information

The following information was used in this study:

Information from Tasmap and the LIST;

Geological information from Mineral Resources Tasmania (MRT) geological maps of

Tasmania;

Landslide Assessment for Boat Harbour Beach, Coffey Geosciences , March 2001

Land stability at Boat Harbour beach, WL Matthews (MRT report)

Preliminary report on landslips on the Boat Harbour Road by I B Jennings (MRT report

designated TR9_107_108)

MRT Landslide hazard map for the Boat Harbour area

2.2 Geology

South and east of the site the main part of Boat Harbour Beach Township is situated on slopes

between the sea and a dissected Basalt Plateau which rises to about 122m above sea level.

Slopes of 25
o
 to 30

o
 between the shoreline and the top of the plateau are common.  The slopes

are affected by a number of landslides.

The site and to the west of the site comprises a flat coastal plain in front of a steep escarpment.

The MRT geology map indicates that the escarpment’s northern slope is largely underlain by

the same geology of the site (i.e. Precambrian interbedded Siltstone and Quartzite), however,

the top of the escarpment is underlain by deeply weathered Tertiary basalt.

I B Jennings indicates in his report TR9_107_108 (originally of the Mines Department,

downloaded from the MRT web site) that:

Tertiary basalt on top of the escarpment is probably interbedded by and underlain with

Tertiary sediments;

The escarpment has been over-steepened by marine erosion;

The landslides are debris slides and mud flows, probably not deeply seated;

That springs promote these slope movements;

Attention is drawn onto encroachment of buildings on unstable ground at the foot of the

escarpment; and

Council should exercise extreme caution in issuing further permits.
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Figure 2 Extract from Geology Map

2.3 Proclaimed landslip Zones

There are existing proclaimed landslip ‘A’ and ‘B’ areas in Boat Harbour. The landslip areas

were proclaimed in 1975 and pose constraints on development.  In accordance with the Act,

only insubstantial buildings (less than 25m2) are permitted in “A” landslip areas and then only

by special permit.  Within a “B” landslip area there are limitations on any clearing or earthworks

that may affect the stability of the land.

The escarpment above the site is identified as “A” landslip area.  This zone encroaches

approximately 15m into the site at its furtherest extent affecting an area of 650m
2
.

2.4 Review of Coffey Report

Coffey Geosciences undertook a landslide risk assessment for Boat Harbour Beach in March

2001 for DPIWE and Waratah Wynyard Council.

The relevant parts of the report are summarised:

Several types of landslide occur at Boat Harbour Beach. Some of the major debris slides

extend from the edge of the plateau to the coast and underlie most of the coastal bench.

The most significant Landslide (1A) is at the south eastern edge of town where 10 houses

were damaged by major movement in 1969 and ongoing minor movements.

Landslide 2 location is shown in Figure 3, which took place within the Tertiary basaltic

deposits demonstrating rotational type slip.  Historically (in geological age), this area has

generated the debris flows that ultimately encroached on the eastern side of the site.
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Figure 3 Recent Photo Showing Area of Head of Landslip 2

There are 3 other major (greater than 10,000m
3
) landslides to the south east of Landslide 2.

There are a number of medium and small earth and debris slides.  There is also potential for

very small to small earth or debris flows from the coastal scarp and extremely small rock

falls or topples from basalt or quartzite outcrops.

The escarpment above the site is identified on the Coffey Geomorphological Plan as a

Coastal Scarp Hazard Zone that includes most of the steep scarp. The hazard zone

encroaches into the site by approximately 20m at one point.

Coffey considered the risk of loss of life from landslides to be very low.  They have indicated

that there is some risk of property damage from major landslides but the property damage risk

on Landslide 2 was considered low to medium risk. The risk to property associated with small

landslides elsewhere was judged to range from very low to medium.

Coffey recommended no new development for most of the existing landslides and the coastal

scarp given that slope stabilisation of the major landslides was likely to be very expensive.

Notwithstanding the existing development constraints, Coffey undertook a review of the

landslide risk based on first principals.

Recommendations in the 2001 Coffey report that have relevance to the site included:

Landslide 2 – No new subdivision or new houses.  Monitor subsurface movement with 2

inclinometers. Review restrictions on subdivision and new houses after 10 years of

monitoring and reassess risk (10 years is due in 2011 however it is not known if the

inclinometers were ever installed)

Coastal Scarp hazard zone – No new development.
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Coastal Plain – Adopt good engineering practice for hillside construction if close to base of

scarp.

2.5 Review of WL Matthews Report

A report was prepared “Land Stability at Boast Harbour Beach” by WL Matthews.  Key points of

the report are summarised:

Basement rocks are quartzite and siltstone.  An area of siltstone occurs west of the main

settlement up to the top of the plateau but in other areas the basalt flows have filled valleys

right down to sea level. (east part of the township)

Instability has been a very pronounced feature in the past on the east facing slopes and

continues.

The slips appear to be confined to the tertiary basalt which is deeply weathered. Talus

slopes and clay sediments interbedded with basalt flows along with widespread seepages

are a feature of the failures.

Some of the slips, particularly the older ones are very deep seated slip circle failures.

Others are elongated shallow talus slips.

Most of Boat Harbour is built on slip debris but where the slope is less than 15
o
 further

instability is unlikely provided the site is drained and there are no excavations.

The safest area for further development is the area just west of the settlement on the flat

coastal plain.
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3. Landslide Risk Assessment

3.1 Risk assessment methodology

This risk assessment follows the procedures outlined in:

AS/NZS 4360:2004 Risk Management Guidelines

Australian Geomechanics Landslide Risk Management Procedures

Flowcharts for both these procedures are attached in Appendix A.

3.2 Hazard identification

GHD’s preliminary geotechnical report identified the following potential hazards:

The escarpment poses a hazard to the site, being declared Landslip A areas plus other

recent landslide observations from MRT.

A dam is present on the top of the escarpment with the site potentially in the dam break

flood zone.

The Coffey report has identified the following specific risks at the site:

Movement of Landslip 2 which affects the eastern side of the site;

Debris slides off the escarpment; and

Rock toppling off the escarpment.

3.2.1 Movement of Landslip 2

The right flank of the deposited debris from a major landslip encroaches on the eastern side of

the property, where the slip debris has left a raised ridge (i.e. landslide toe).  This area is not

within the MRT proclaimed landslip zone.

3.2.2 Field investigation at the toe of Landslip 2

Three test pits (TP1 to TP3) were excavated at the site (refer logs in Appendix B). TP1 was

located at the eastern corner of the site to investigate the toe of the old landslide feature

(Landslip 2).

TP1 uncovered close to 400mm of fill, a sequence of layers that reflect sequential landslide

movement, specifically earthflow or debris flow events, likely in the Tertiary age.  The extensive

weathering of the gravels in the distinct layers likely indicates significant time difference

between landslide events, allowing sufficient time for weathering.   The earth flows

predominantly originate from Tertiary basalt, but also contain basalt rock as well as

Precambrian rock (quartzite and siltstone).  Ground water was not encountered in TP1.

TP2 and TP3 uncovered non-engineered fill overlying Precambrian Siltstone rock.
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3.2.3 Opinion

The eastern corner of the site is covered with about 3.5m of Landslide 2 debris.  This debris is

assessed to have developed as a sequence of debris or earth type flows in Tertiary age (7 to 65

million years ago).  It is assessed that the probability of a sequence of landslides of similar

magnitudes to those that generated the debris taking place in engineering timeframes is very

low.

The other areas of the site appear to have non engineered fill to around 1m depth or

thereabouts.

3.2.4 Debris slides off the escarpment

A debris slide is a large mass of material that would sheet off the slope and be deposited on the

flat to the rear of the site.  The debris would comprise mainly shattered rock but will contain soil

and trees.  It is considered that the escarpment slope above the site comprises highly fractured

Precambrian quartzite and siltstone rock overlaying intact bedrock with little soil cover.  It is

considered that the slightly to moderately weathered Precambrian quartzite can have

satisfactory slope stability at the generally observed gradients of 1 in 1.5, although they were

locally steeper in some places.

Major rainfall events tend to saturate soil matrix reducing stability and ultimately causing slope

movements. Other triggers may be a strong earthquake that mobilises the slope sufficiently to

cause the trees to fall over further loosening the slope.

3.2.5 Rock falls

As indicated in the earlier section, the escarpment is underlain by Precambrian rock with little

soil mantle.  The outcrop on the bluff above the site naturally undergoes a process of toppling

and deposition on the slope below.  The process is slow but ongoing due to the steepening of

the slope caused by the stream in the western gully.  Most of the boulders will fall into the gully

away from the site.

The construction of the neighbouring driveway at the toe of the escarpment has however locally

undercut the slope and this could trigger a localised movement.  However, this driveway

provides a buffer and a landing area for rocks other than those with extensive momentum.

An intact large boulder would gather considerable momentum down the steep slope and easily

fly over the driveway at the base and travel a considerable distance into the coastal plain. A

large boulder would cause considerable damage and threat to life.

There is however no evidence of large boulders on the coastal plain or slope.  The dislodged

rocks observed were typically small (less than 300mm).  It is considered that the falling boulders

must shatter as they fall and break up as the roll.  Although quartz is a hard rock it does break

relatively easily when highly weathered, into angular pieces.  There is also a 50% chance that a

boulder would hit a tree on the way down.  Given that the general slope is typically at 1 in 1.5, it

is our assessment that the small rocks will not gather momentum and given they are tumbling

over similar size rocks will come to a halt on a slope of 1 in 1.5.  Rocks up to 0.5m specifically

those falling from lower elevations are unlikely to clear the driveway at the toe of the batter.



932/14861/00/50000 Boat Harbour Resort Subdivision

Landslide & Dam Hazard Assessment

3.3 Risk Evaluation

Risk Evaluation comprises an assessment of the consequence and likelihood.  Coffey

undertook an analysis which covered the whole of Boat Harbour area.  Coffey’s risk assessment

has been reviewed by GHD and the framework adopted for this study.  We consider that the

Coffey risk assessment provides conservative results when applied to our site, for the following

aspects:

The main part of the escarpment is underlain by Precambrian rock with little soil mantle

rendering the risk to impact from rock falls

The toe of Landslide 2 encroaches on the eastern side of the site.  This is now assessed as

resulting from debris/mud/earth flows that are significant events triggered by extremely

unusual and prolonged periods of wet weather probably assisted by earthquake shaking.

Our assessment based on our investigation has shown that those earth flows are multiple

events (this reduces the earth volumes associated with any one event).  The direction of

earth flows of Landslide 2 is not towards the site from the outset; sliding materials will have

to manoeuvre though other properties on higher land prior to reaching the site.

Coffey (2001) recommended that monitoring is undertaken for potential landslide movements at

this area.  It has been 9 years since that recommendation was made while it is not known

whether monitoring has been undertaken. However, there are modern houses immediately to

the south of the eastern edge of the Boat Harbour Beach Resort site, and those houses are

more elevated and would be expected to show damage signs if landslide activity has been

taking place.  To our knowledge, no signs related to landslide activity have been reported.

Again, comments on the landslide failure mechanism can also add to this discussion.  It is our

assessment (and those of others as can be found on the MRT documents) that the slope

movement has happened in Tertiary age (7 to 65 million years ago) due to a number of events,

as mud flow/earth flow/debris flow type movement.  This type of landslide activity is not a type of

failure that takes place at a distinct slip surface (i.e. shear plane) where gradual movements

could be expected.

Rotational slip failures that could take place within the Tertiary basaltic deposits located at

higher elevations are not expected to affect this site.

The hazards described above are evaluated in Table 1 below.
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 Table 1 Landslide Risk Evaluation (system applied by Coffey)

Hazard Degree Consequence Likelihood Risk

Less than 10mm Insignificant Possible Low-medium

10mm to 0.1m Insignificant - Minor Possible Low-medium

0.1m to 1m Minor - Moderate Unlikely Low-medium

1m to 10m Moderate - Major Rare Low-medium

Movement of Landslip 2

>10m rapid catastrophic Extremely rare Low

Slow movement <10m Insignificant Possible Low

Slow movement >10m Minor Unlikely Low

Rapid movement <10m Minor Unlikely Low

Rapid movement  >10m Minor to moderate Rare Very low to low

Earth or debris flows on
the coastal scarp

Rapid movement to more than 10m
from the base of the steep scarp

Moderate to
catastrophic

Extremely rare Very low to low

Rock less than 0.1m Insignificant Possible Low

Rock 0.1 to 0.3m Insignificant to minor Possible Low to medium

Rock 0.3m to 1m Minor to moderate Unlikely Low to medium

Rock >1m Moderate Rare Low

Rock falls or topples
hitting house

Rock>1m at high speed Moderate to major Extremely rare Very low to low
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The Coffey Report risks are largely associated with the basalt slopes and slips in the central and eastern

part of Boat Harbour.  The risks associated with rock falls of the siltstone and quartzite geology are likely

to be somewhat lower.

The degree of risk varies within the site as follows:

In the south east corner of the site which is overlain by the remnant debris from slip 2 the risk posed

by movement is low to medium.

Within 10m of the toe of the escarpment the risk posed by debris flows is low and by rolling rocks is

low to medium.

Outside these zones the risk is very low.

3.4 Risk Management

3.4.1 Earth or debris flows on the coastal scarp

Coffey considered the risks of debris flows on the escarpment as low.  This was however based on there

being no development on the steep escarpment and the risk described was actually the risk of debris

reaching dwellings below the escarpment.

The risk at this site is further reduced due to a different geology.  The risk described applies to the

weathered basalt found in the areas where the large landslides, 1a, 2, 3, 4 and 5 have occurred.  The

bluff above the site is quartzite and there are no weathered products and it is considered the angle of

repose of the shattered rock is safe so the risk is very low rather than low.

3.4.2 Movement of Landslip 2

Coffey assessed the risks as low to medium and recommended “No new subdivision or new houses.

Monitor subsurface movement with 2 inclinometers. Review restrictions on subdivision and new houses

after 10 years of monitoring and reassess risk.”

Based on the geotechnical test pits GHD considers the slip debris developed as a sequence of debris or

earth type flows in Tertiary age (7 to 65 million years ago). The debris themselves are consolidated and

comprise firm clay on a relatively flat grade and the probability of movement is very low.  It is assessed

that the probability of a sequence of landslides of similar magnitudes to those that generated the debris

taking place in engineering timeframes is also very low.   GHD assesses the landslide risk in the south

eastern portion of the site as very low and that development should be permitted.

The area is not within the proclaimed landslip zone so it is believed that development is at the discretion

of Waratah Wynyard Council.

Any development should comply with good hillside practice:

Cuts and fills should be avoided

The site should be well drained

The structure should be articulated

Pipes should have flexible joints
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A staged subdivision could be considered to enable the monitoring to be undertaken.

3.4.3 Debris flows from the escarpment

As described in section 3.4.1, the risk of debris flows from the escarpment encroaching on the site are

low to very low.

Within 10m of the toe of the escarpment the risk is low while beyond 10m the risk is very low.

3.4.4 Rock falls from the escarpment

The risks of rock falls are described as low to medium for 0.1 to 1m diameter rocks. It is considered
necessary to install rock protection measures.

Two types are feasible at this site:

A 1.2m high rock fence comprising propped posts, wire rope and mesh. – It could be installed on the

boundary and screened by shrubbery.  The rough order of cost is $100,000.

A bench and bund.  This is less expensive, requires less maintenance and can be incorporated into

landscaping.  However it is difficult to achieve on the boundary due to the steepness and would have

to be installed inside the property below the retaining wall. It may be able to raise the dwellings at the

rear on a mound which will serve the same function (and improve their  water views)
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4. Dam Hazard

There is a dam above the site (shown in Figure 1 and Figure 2) and the preliminary geotechnical report

recommended a dam break assessment be undertaken.

The farm dam is located on an un-named creek on the plateau behind Boat Harbour.  It feeds into the

creek that passes to the west of the site (Western Gully).

There are three flood risk scenarios:

A large flood (1 in 100 year)

A large flood that breaches the dam resulting in released dam waters coinciding with flood waters

A ‘sunny day’ dam break (sudden collapse caused by piping failure)

The dam was inspected.  It is a relatively small dam measuring 100m long x 50m wide, estimated to

contain 7.5ML.  The dam embankment is 2.5m high and 60m long with a 1 in 2 down stream

embankment slope.  The spillway comprises a 300mm pipe.  There is little freeboard and the dam would

be regularly overtopped.  There does not appear to be any erosion apart from that caused by cattle

movement. The embankment is constructed from basalt clays with low erosive potential and the low wall

further reduces the risk of a rapid breach.

The catchment is approximately 1km
2
 and the 100 year flood is estimated at 10m

3
/s.  For small dams the

dam break flow is typically calculated assuming full release of the stored volume within 20 minutes.

Although conservative for this dam, this would add 6.25m
3
/s to the flow.

The gully forms a deep V as it passes down the escarpment.  The base of the stream is bedrock.  There

is a considerable mound of alluvial deposits where the creek meets the coastal plain.  There is an

existing recent small rotational failure in the alluvial deposits at the foot of the escarpment, which was

likely caused by a flood.  The creek appears to be piped through the properties to discharge  at the

shore.    There is a lack of a defined watercourse on the coastal plain and it is likely that during a large

flood, flood waters will spill out and sheet flow through a number of properties. The flooding would be

expected to be less than 0.5m deep and would cause property damage but there is a low risk of loss of

life.  It is not possible to determine the exact extent of flooding without accurate contour information.  It

does however appear that the subject site is protected by a mound of alluvial deposits.

Although there does not appear to be a direct threat to the development of flooding from the creek it is

likely other properties to the west would be affected.  It appears that the upstream dam has not received

professional engineering attention and needs to be upgraded to an appropriate safety standard for its

hazard category.
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5. Conclusions and Recommendations

5.1 Landslide and Rock Fall Hazards

It is recognised that there are landslide and rock fall risks that apply to some parts of the site.

There is an existing proclaimed ‘A’ land slip zone that encroaches on the southern side of the property.  It

is considered that this is appropriate and that a set back of buildings from the toe of the escarpment of

15m is appropriate. This zone affects three lots in the proposed subdivision (lots 4, 5 and 6). A

satisfactory building envelope should still be able to be achieved for these lots. The risk of rock fall or

debris slides reaching the site can be satisfactorily mitigated by installing either a rock catch fence (off

the shelf product) or an engineer designed bund.  We consider the risk of rock falls affecting the site to

be Low to Medium, hence our recommendation for the installation of a rock catch fence.

The south east corner of the site comprises the toe of a very large ancient landslide (or a sequence of

landslides).  This is not within the proclaimed landslip zone but Coffey in their 2001 report to DPIWE and

Council have recommended no new development within this landslide but that this could be reconsidered

if 10 years of monitoring shows no movement.  GHD has conducted field investigations of the slip debris

and has found that they comprise consolidated debris from a sequence of ancient earth/debris flows.

GHD considers the slip debris to be stable and considers the risk of further earth flows from the

escarpment reaching this site to be low to very low.   It is considered that this area is suitable for

development subject to good hillside construction practices (based on the Australian Geomechanics

Society guidelines, see Appendix A) such as limiting excavation to 0.5m deep.

The western side of the site contains a fan deposit from floods down the western gully.  These deposits

are not landslide deposits but are considered alluvial deposits.  The area is relatively flat and it not

considered these pose a constraint on development.

5.2 Dam Hazard

It is concluded that flooding and dam break will not affect the site either through flooding or by causing a

landslip. The flood will be contained within the gully to the west of the site. Some ponding and flooding

may occur on the coastal plain but it appears this would have limited damage on the site.

We recommend that the Assessment Committee for Dam Construction (ACDC) assign a “Significant”

Hazard Category to the dam on the escarpment so that it receives engineering attention and remain in

an acceptable condition.  We are not aware of the sizing of the current pipes that carry dam flow to the

sea, which will need to be attended probably by Council and/or ACDC

It is concluded that the site is suitable for development subject to the above recommendations and that

there are no changes required the proposal plan 155-09-P03 due to geotechnical constraints.

5.3 Water runoff on site

The source of the water flow at the back of the site is runoff originating from the escarpment.  Detailed

design of the subdivision will need to incorporate design measures to accommodate this water flow,

possibly for re-use (Boat Harbour relies on spring water).
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Appendix A

Background

Landslide Risk Management Flowchart

Guidelines for Hillside Construction
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Appendix B

Maps

MRT Boat Harbour Geomophology

Coffey 2001 Geomorphology Plan

Proclaimed Landslip Areas (MRT)

Tasmap 1:25,000
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Appendix C

Field investigations

Logs

Test Pit Location Plan
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Appendix D

Photos



The site viewed from the driveway above.

General view of the bluff from the beach carpark



View of the site

Driveway at rear



Cut batter of driveway

Alluvial debris at the foot of the western gully



Recent slip/flood damage  in alluvial debris below western gully

Typical talus chute above site



Outcrop above western gully

Rocks balancing on to of outcrop



View down from the outcrop to the site

Western gully flank



View of the western gully

To the east of the bluff there is more vegetation cover



Typical exposed angular rocks just below vegetation

View of outcrop



Vertical unstable part of outcrop

Fallen debris below outcrop



View of stream on plateau above western gully

Dam above western gully



Head of landslip 2
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    - PLANNING SCHEME COMPLIANCE SUBMISSION - 
 

Prepared by: Thomas Reilly 
Date: 1 May 2018 

PDA Surveyors reference: D17199 

  

Waratah-Wynyard Interim Planning Scheme 2013 

Provision Applicable Compliant Comment: 

1.0 Identification of the 
Planning Scheme 

Yes Yes The site is within the Waratah-Wynyard Interim Planning Scheme 2013 mapped area.   

2.0 Planning Scheme Purpose No N/A Consideration of section 2.0 is excluded by 8.10.3. 

3.0 Planning Scheme Objectives No N/A Consideration of section 3.0 is excluded by 8.10.3. 

4.0 Interpretation Yes Yes The definitions within the interpretation section have been adopted in the submission. 

5.0 General Exemptions  No N/A No general exemptions apply 

6.0 Limited Exemptions   No N/A No limited exemptions apply 

7.0 Planning Scheme Operation Yes Yes In accordance with 7.2.1, the land on which the subdivision would occur is in the Low 
Density Residential Zone and is assessed below accordingly.    



8.1 Application Requirements Yes Yes In accordance with 8.1.2, the application includes: 

(a) details of the location of the proposed use or development (see the cover letter and plan 
of subdivision); 

(b) a copy of the certificate of title, title plan and schedule of easements (attached);  

(c) a full description of the proposed use or development (see cover letter and compliance 
submission); and  

(d) a description of the manner in which the proposed use or development will operate (see 
cover letter and compliance submission). 

9.0   Special Provisions  No N/A No special provisions apply 

12.1.1 Zone Purpose 
Statements 

No N/A The proposed use is Residential, which is a permitted use.  In accordance with 8.10 there is 
no cause for consideration of the Zone Purpose Statements.   

12.1.2 Local Area Objectives  No N/A The proposed use is Residential, which is a permitted use.  In accordance with 8.10 there is 
no cause for consideration of the Local Area Objectives.   

12.1.3 Desired Future 
Character Statements  

No N/A The proposed use is Residential, which is a permitted use.  In accordance with 8.10 there is 
no cause for consideration of the Desired Future Character Statements.   

12.2 Use Table  Yes Yes The proposed use is Residential, which is a permitted use.   

12.3 Discretionary and non-
residential uses  

No N/A Proposed use is Residential, which is a permitted use.  

o 12.4.1 Suitability of a site or lot 
for use or development 

Yes Yes A1 & P1 

In accordance with A1(a), each lot would be greater than 500m2.   

As shown on the Plan of Subdivision and in relation to A1(b), each lot (other than lot 4) 
could contain a 10m x 15m building area with the following attributes: 

(i) Clear of setbacks from all boundaries in accordance with the Acceptable 
Solutions 



(ii) The building envelopes on lots 2-8 are incapable of being located further than 
50m from the Rural Resource Zone boundary to the south.  

(iii) Each lot could contain a building area clear of easements.   

(iv) The building envelope on lot 1 would be located clear of the recently negotiated 

6m right of way abutting the northern boundary.  This 6m right of way would be 

appropriately depicted on the Plan of Survey.  

(v) Clear of utilities (the sewer and stormwater mains would be located within the 
proposed road in accordance with TasWater requirements and the Council’s 
Stormwater Authority approval) 

(vi) Lot 17 would contain an access strip and suitable space for a building envelope 
also.  

(vii) Each access would be would be formed and constructed from the edge of a road 
in accordance with Council’s requirements and the permission of the Road 
Authority.  Driveways would be moderately sloping up to the south at gradients 
generally between 1:6 and 1:8.  Building envelopes are therefore suitably 
accessible.   

(viii) Based on a long axis that runs east-west, the building areas on lots 4 and 5 
would not have an orientation in accordance with the AS.   

 

Primary industry use of the Rural Resource Zoned land to the south is unlikely to be 
significantly impacted by the use of each proposed lot for residential purposes.   The issue is 
further discussed below at 12.4.7.   

 

The building area orientation standard differ across the state.  Lot orientation standards in 
at least some the Planning Schemes of the Southern Region require the building area to be 
generally orientated east west whereas at least some of the Northern and all of the Cradle 
Coast Regions require it to be generally north south.  The climatic conditions don’t vary to 
the extent that orientation should be different.  Furthermore, Councils across the Cradle 
Coast region differ in their interpretation of this clause.  

 



 

 

 

 

 

           Cradle Coast and Northern Region  Southern Region 

 

Whilst the correct interpretation of the Cradle Coast Region Acceptable Solution is that the 
building area should be oriented generally north-south, it is not altogether clear that the 
best solar access results are achieved in one or the other way.   The Energy Efficient Housing 
Manual 1994, produced by Energy Victoria takes the view that either way is okay but any lot 
located generally diagonally is not.  The diagram below is extracted from that manual. 

 

 

 

 



Other available data says supports the Southern Regional schemes interpretation.   

 

 

See further: http://www.renmarkhomes.com.au/house-block-orientation/ 

 

Some Tasmanian Schemes recognise that there are a number of constraining factors 
determining lot layout in a subdivision, such as the original parcel shape and size, existing 
roads and topography and so they only require a percentage of lots to have an orientation 
that accords with the Acceptable Solution.  Other Schemes only apply the standard where 
lots are below 500m2, recognising that solar access is more of an issue where space is tight.   

 

The performance criteria requires lots to be orientated to maximise opportunity for solar 
access to a building area.  All things considered and as discussed above, meeting the 
performance criteria is not a simple matter of getting as close to the Acceptable Solution as 
possible.  In fact, compliance with the Acceptable Solution in some cases will bring about 
non-compliance with the Performance Criteria, which ought to take precedence.  

 

http://www.renmarkhomes.com.au/house-block-orientation/


As shown below, during winter, the suns path rises at north-east (68 degrees) sweeps 
through north and sets north-west (302 degrees) and so it stands to reason that a building 
that is generally oriented east west has a better chance of extracting the suns energy than a 
dwelling oriented north-south.  This principle is consistent with the proposed subdivision.  

 

Irrespective of the Acceptable Solution, no lot is challenged in terms of access to solar 
energy.  All lots have the advantage of being on a north facing slope and therefore they are 
less likely to have their solar access “built out” in the future.   

 

All lots are of reasonable size, with an average of 673m2 and have a have a depth to width 
ratio that provides opportunity for a number of design solutions.  They all slope generally 
down towards the north and so the dwelling in front will have less impact on solar access 
than it would otherwise.  Therefore, in accordance with 12.4.1 P1(b), it is considered that 



the natural attributes of the site and the subdivision design provide suitable opportunity for 
solar access for development on each of the lots.  Notwithstanding all of the above, the 
dwelling design is the primary determinant in achieving solar access and subdivision can 
only play an influential role.  

 

In accordance with 12.4.1 P1(a), each lot size is above the Acceptable Solution minimum of 
500m2.  In each case, the building areas marked are appropriately sized, appropriately 
setback and reasonably well oriented for solar access.  On this basis, in accordance with (i), 
it is likely that space exists for the erection of a typical residential building without 
significant constraint.  

 

In accordance with (ii), the access to the sites would be from a Council maintained road and 
in accordance with the approval already issued from Waratah-Wynyard Council.   

 

The setbacks are reasonable and the sites are large enough that an appropriately designed 
and located future dwellings on each lot would not unreasonably impact on the use or 
development of adjacent land.  All uses would be residential and so in accordance with (iii), 
the potential for land use conflict can be controlled by the Council’s Planning Scheme at the 
time such use or development is applied for.   

 

The provision of and the connection to utilities would be consistent with the requirements 
of TasWater and the Council.  The utilities have been located close to boundaries to 
maximise the available land area.  Sufficient space exists for the separation of the building 
areas from the proposed utilities and for a number of alternatively designed solutions and 
so there should be no significant future constraints.  In accordance with (iv), the separation 
of the building areas from the proposed utilities is reasonable.   

 

Only lot 1 would be burdened by an easement for access to other land.  The easement is 
used only rarely by the benefitting party.  Nevertheless, as demonstrated on the plan, there 
is sufficient space on the lot for an appropriately orientated building area to be clear of that 
easement.   



I believe the matters above address concerns regarding 12.4.3 A2 & P2 inasmuch as the 
building areas as shown on the plan are appropriately located and are clear of the setback 
standards and other constraints.  I note that up to 9m of the envelope is entitled to be 
within the 1.5m setback standard and that all lots can accommodate either a vertically or 
horizontally aligned building area in accordance with the Acceptable Solution and 
Performance Criteria of both clauses.   

 

The orientation of the building area on lot 5 is unlikely to be a significant limitation on solar 
access to a dwelling if an appropriate level of care is taken to design that future dwelling in 
accordance with principles of passive solar design.  Living areas with large windows to take 
advantage of the ocean view are a likely future design solution.  The north facing slope and 
the reasonably large lot areas are likely to provide suitable opportunity for solar access to 
residential development on the lot.  

 

A2 – Access 

Please see TIA by Midson Traffic.   

Permission from the Road Authority has issued in relation to each access.  The accesses 
would be formed and constructed from the edge in accordance with Council’s 
requirements.  In each case, access would be unaffected by access arrangements for other 
lots.   The width of the frontage of lots 17, 4 and 7 would be approximately 6.1m, 4.0m and 
4.4m respectively.  Each crossover would be constructed in accordance with the 
requirements of the Road Authority.    

 

A3 & A4 - Water & Sewer 

There is no reticulated water supply to Boat Harbour.  In accordance with A3, subsequent 
development on each lot would be connected to a rechargeable drinking water system with 
a storage capacity of not less than 10,000 litres.  Sewerage from each lot can be gravity fed 
to the existing sewer main in the Port Road reservation.     

 

 



A5 - Stormwater 

Permission from the Stormwater Authority has issued in relation to drainage.  Stormwater 
from each lot and the road would be diverted to the 300mm stormwater main in the Port 
Road reservation.   

o 12.4.2 Dwelling density for 
single dwelling development 

Yes Yes In accordance with A1, each lot is at least 500m2 in area.    

12.4.3 Location and 
configuration of development  

Yes Yes A1 

All existing buildings on the site are to be demolished. As demonstrated by the building 
areas shown on each plan, each lot would have a suitable building area located free from 
the 4.5m frontage setback requirement. 

 

A2 

All existing buildings on the site are to be demolished. As demonstrated by the building 
areas shown on each plan, each lot would have a suitable area located within the building 
envelope.   

 

A3 

All existing buildings on the site are to be demolished. Provided care is taken in the design 
process, each lot would be capable of containing a dwelling that complied with the site 
coverage standards.  30% of 500m2 is 150m2.  

 

A4 & P4 

All existing buildings on the site are to be demolished.  The configuration and size of the 
proposed lots makes it unlikely that the garage and parking areas on some lots would be 
located behind the frontage.   However, the constraints on the site would allow 
consideration of designs against the performance criteria and provided care is taken to in 
the design process to address the aesthetic aspects that are apparent from the frontage, a 
suitable solution could be achieved.   



A5 

All existing buildings on the site are to be demolished.  Each lot would be capable of 
containing a dwelling with a garage opening of a suitable width.   

 

A6 

The design of future dwellings could accommodate the Acceptable Solution or Performance 
Criteria.   

12.4.4 Privacy Yes Yes A1 

All existing buildings on the site are to be demolished. Future dwellings could comply with 
the privacy standards provided appropriate care is taken in design. 

 

A2 

Lot 1 may contain a shared driveway but the use of it by the benefitting party is likely to be 
very infrequent. In any event, the future dwelling could be designed to appropriately 
mitigate impacts.   

12.4.5 Private open space Yes Yes A1 

Each lot undulates and may require landscaping to ensure that the 25m2 area of private 
open space was suitably level but such landscaping is probably to be expected on sloping 
sites and it would be achievable by appropriate design and building practices.  Appropriate 
design could include a 25m2 area located free of the access and other encumbrances.  

 

A2 

Appropriate design could include a 25m2 area located to take advantage of sunlight.   

 

A3 

No multiple dwellings proposed.  Such decisions left to eventual owners.  



 

12.4.6 Frontage fences for all 
dwellings 

No N/A No frontage fencing proposed.  

o 12.4.7 Setback of development 
for sensitive use 

Yes Yes A1 

Contrary to A1(a) & (b), the setback of the dwellings to the nearest listed Zone (Rural 
Resource) would be less than 50m.  

 

P1 

The factors relevant to determination are these: 

 The proposed building area would be within a relatively established residential area 
of Boat Harbour.     

 The slope of the agricultural land significantly impacts on the potential of the Rural 
Resource Zoned land to be used for agricultural activity. It is likely that significant 
land stability issues would arise if the land to the south was used for any typical 
agricultural purpose.   

 The DPIPWE land capability mapping categorises the land as class 6 and 7.  This likely 
recognises that this land is significantly constrained for agricultural use.   

 

In accordance with P1(a) & (b), the circumstances suggest that the potential for a 
residential use within the building area to cause conflict, constraint or interference on the 
agricultural use of land to the south is and the potential for agricultural use of the land to 
the south to impact on the residential use is suitably minimal.   

 

A2 

The dwellings on each site would be setback from the Burnie Port, the Bass Highway and 
the  Western Line as follows:  

 Burnie Port – 28km. Port Latta – 12km 

 Bass Highway – 2.3km. 



 Western Line – 28m.  

o 12.4.8 Subdivision Yes Yes A1 

In accordance with A1(a), each lot on the plan is intended for Residential use.  

 

P2 

Internal lots have been minimised to the extent possible but the irregular topography and 
the irregular shape of the site constraint the potential of the site to be subdivided to the lot 
yield potential without the use of internal lots.   

o 12.4.9 Reticulation of an 
electricity supply 

Yes Yes This area of Boat Harbour is currently serviced by an overhead power network.   

Connection of lots 1 and lots 9-19 would utilise the existing overhead supply with little need 
for additional poles.  From a planning perspective, requiring these lots to provide 
underground reticulations and site connections would probably be unreasonable and 
unnecessary because overhead connections would be consistent with the surrounding 
electricity network and the visual amenity of the area.   

Connection of lots 2-8 would be underground and to the satisfaction of TasNetworks.  

Electricity paths would be provided with an appropriate easements, the location of which 
would be determined following installation.    

E1 Bushfire-Prone Areas Code  Yes Yes Bushfire risk is addressed in the Bushfire Protection Report by Castellan Consulting.   

E2 Airport Impact 
Management Code  

No N/A The site is not within an ANEF area and not within prescribed airspace. 

E3 Clearing and Conversion of 
Vegetation Code  

No N/A The land is within the Low Density Residential Zone.  There would be no clearing of 
conversion of vegetation associated with subdivision works.  Subsequent development of 
the site would likely involve some clearance of vegetation but not vegetation of 
conservation significance.   

E4 Change in Ground Level 
Code  

No N/A The subdivision would not involve any excavation or fill activity.   



E5 Local Heritage Code  No N/A There are no local heritage areas listed in the Code. 

E6 Hazard Management Code  No N/A The site is affected by landslide hazard risk.  A risk assessment and recommendations for 
future development are detailed in the report by GHD.  It is noted that tree clearance 
required for bushfire hazard management has been considered in the GHD report and 
found to be acceptable.   

E7 Sign Code  No N/A No signage proposed.  

E8 Telecommunication Code  No N/A The site is not near and the proposal does not involve telecommunications infrastructure of 
the type covered by the Code.  

E9 Traffic Generating Use and 
Parking Code  

Yes Yes E9.5.1 

Each lot is intended for a Residential use.  With appropriate care in design, each lot would 
provide sufficient space to accommodate dwellings with at least two vehicle parking spaces 
as required by table E9.1.   

 

E9.6.1 

The appropriate construction and drainage of the access to future dwellings can be suitably 
addressed at the time that a dwelling is proposed.  



E10 Water and Waterways 
Code  

Yes Yes 10.6.1 

Along the western boundary of the site is a modified creek that is fed from a small 
catchment in the hillsides above.  It may also be fed by springs but at the time of inspection 
mid-February), there was no access to these springs and there was no flow, indicating that if 
spring fed, the springs had substantially dried up.   Agricultural dams within the creek line 

capture much of the flow and cause flows to be more intermittent in nature than they 
otherwise would be.   

Photos taken mid-February of dry creek bed 

 

The natural environmental values of the waterway in the lower reaches where the 
subdivision would occur are degraded flow control mechanisms, driveways and introduced 
plant species.   Vegetation in this lower section is primarily introduced decorative garden 
species with a few native species remaining.  The creek discharges onto the rocky Bass Strait 
shoreline in a relatively uncontrolled manner.   

 



 

                Headwall of driveway crossing                                   Outfall at Port Road 

 

The hydraulic function of the lower reaches of the modified creek relate mainly to providing 
a controlled discharge point for the catchment and a source of water for native and 
introduced vegetation along the creek edges.   The environmental values are typical of a low 
to medium quality aquatic habitat for a limited range of plants and animals.  Human 
interference has caused degradation of the natural environmental value of the modified 
creek at this location.  It is considered that these environmental values are not significant in 
conservation terms.    

The modified creek would pass through lot 19 and all subsequent development would need 
to appropriately account for its hydraulic function.  In accordance with the development 
standards E10.6.1 P1(a), there would be: 



(i) No change to hydraulic performance of caused by subdivision.  Subsequent 
development of lot 19 would need to account for the hydraulic function as a controlled 
discharge point for the catchment and would need to ensure that there would be no 
adverse impact on flow;  

(ii) No significant economic value is attributable to the creek at this location.  There are 
no known economic rights or entitlements over the creek and no potential use of the creek 
that could realistically generate economic activity.  Subsequent development is unlikely to 
limit use the creek for economic purposes.  

(iii) The creek does not support water based activity at this location. There would be no 
impacts on future potential of the creek to support water based activity; 

(iv) No disturbance or change in natural ground level is proposed as part of the 
subdivision.  Subsequent development on lot 19 that involves changes to ground level can 
be controlled at that time;  

(v) The subdivision would not involve activity that would release sediment and 
contaminants at levels that would have significant impacts on the creek values.  Soil 
stabilisation measures have been implemented following the previous demolition activity.  
Subsequent development of lot 19 can implement appropriate sediment controls through 
the subsequent approvals and construction process.   

(vi) There would be no change or impact on public access and use of the creek;  

(vii) The aesthetic and scenic quality of the creek relates to the colours and forms of 
native and introduced vegetation along the creek.  The subdivision would not result in any 
change to the aesthetic or scenic qualities.  Depending on the nature of subsequent 
development, the impact may either be negative or positive.  

(viii) The subdivision would not change the existing arrangements for stormwater and 
sewage disposal on the site.  Subsequent development would need to appropriately 
account for the stormwater drainage function of the creek;  

(ix) The creek already functions as a modified natural drainage channel.  The subdivision 
would not change the nature of drainage.  Subsequent development may change the nature 
of drainage but can be appropriately controlled at that point in time; 

(x) The length of creek affected by the subdivision supports a limited range of native 
and introduced flora and fauna species.  In the context of the wider area, the values of this 



length of creek as a habitat are likely to be minimal.  The intermittent flow means that most 
aquatic species are unable to survive the summer months.   The land is zoned for residential 
use, it adjoins a road and an access way and only so  much can be done in these 
circumstances to support the creek as a habitat; 

(xi) The proposed subdivision does not involve development or activity that would 
impact or change the level of risk of flooding and inundation of the creek.   Subsequent 
development on lot 19 will need to appropriately account for such risks; 

(xii) There would be no significant impact on the community risk and public safety 
profile;  

 

In accordance with E10.6.1 P1(b), the site is not subject to any known advice or decision of 
a relevant entity administering or enforcing compliance with an applicable protection and 
conservation regulation for either: 

(i) the impact of the development on the objectives and outcomes for protection of 
the water body, watercourse or wetland; or  

(ii) any condition or requirement for protection of the water body, water course or 
wetland. 

Nevertheless, the reasonable requirements of Council will be met in relation to these 
matters.   

 

Whilst naturally occurring, the lower reaches of the waterway can reasonably be 
characterised as controlled stormwater discharge.   The human activity and intermittent 
flow have significantly degraded the natural values.  In this context, it is considered that the 
risk to the function and values of the creek are appropriately minimised in accordance with 
E10.6.1. 

 

10.6.2 

The shoreline of Bass Strait, adjacent to the site, is in a moderate condition and provides a 
medium grade habitat for a range of native and introduced species.  It has been impacted 
by many years of informal access between Port Road and the shoreline by residents and 



visitors alike.  In more recent times, the parking of recreational vehicles and campervans in 
the Crown reserve has placed more stress on the environmental values of this area, which 
will likely result in the continued degradation of environmental values.  That access to the 
shoreline is one of the unique aspects of Boat Harbour but controlling shoreline impacts will 
continue to be a matter for the community irrespective of the proposal.   

It appears that the subdivision is approximately 45m from mean high water mark of Bass 
Strait as marked on LISTMap data.   Aerial imagery suggests that the high tide rises 
somewhat higher than this line.   Some minor sewer drainage infrastructure would be 
connected to and disconnected from the sewer main within 25m of the apparent high tide 
of Bass Strait but it would all be underground and would be undertaken in accordance with 
Council and TasWater requirements. 

Some works may be undertaken to improve stormwater flows, which will ultimately 
discharge into Bass Strait but such works would be appropriately undertaken in accordance 
with the reasonable requirements of Council.  The impact on shoreline values would be 
minimal.   

The site itself is separated from the shoreline by Port Road and a Crown reserve.  The 
subsequent development of lots is likely to result in greater activity in the local area through 
vehicle and pedestrian movement.  This additional activity would be relatively modest 
compared to that of visitors over the holiday periods.  Appropriate management measures 
of the shoreline and reserve by the governing authority such as controlling pedestrian 
movement can suitably minimise adverse impacts on shoreline values.   

If E10.6.2 applies, it is considered that the risk to the function and values of Bass Strait can 
be appropriately minimised.    

 

 

 

 

 

 



 

Local Government (Building & Miscellaneous Provisions) Act 1993 

 

Section 85 - Local Government (Building & Miscellaneous Provisions) Act 1993 

Provision Comment 

S85. The council may refuse to approve a plan of 
subdivision if it is of the opinion – 

 

(a) that the roads will not suit the public convenience, or 
will not give satisfactory inter-communication to the 
inhabitants both of the subdivision and the municipal 
area in which it is; or 

Please see TIA by Midson Traffic.   

(b) that the drainage both of roads and of other land 
will not be satisfactorily carried off and disposed of; or 

Stormwater from buildings and developed areas would be gravity fed to a reticulated network 
in accordance with the approval of the Stormwater Authority.  

(ba) that the land is not suitable for an on-site effluent 
disposal system for all or specified kinds of effluent from 
each block; or 

No lot would require an on-site waste water system.  

(c) that the site or layout will make unduly expensive the 
arrangements for supply of water and electricity, 
connection to drains and sewers and the construction or 
maintenance of streets; or 

Water, electricity, drainage and access would be arranged in a typically cost effective manner.   

(d) that the layout should be altered to include or omit –  

(i) blind roads; or No foreseeable benefit. 

(ii) alleys or rights of way to give access to the rear 
of lots; or 

The rear of all relevant lots can be accessed without need for alleys or additional rights of way.  



(iii) public open space; or The land is not suitable for public open space.   

(iv) littoral or riparian reserves of up to 30 metres in 
from the shore of the sea or the bank of a river, 
rivulet or lake; or 

There are no rivers, rivulets or lakes that occur on any lot and therefore no requirement for a 
littoral or riparian reserve.   

(v) private roads, ways or open spaces; or No foreseeable benefit.  

(vi) where the ground on one side is higher than on 
the other, wider roads in order to give reasonable 
access to both sides; or 

No roads involved in the subdivision.  The right of way is considered wide enough to 
accommodate the access and the minor levels of cut and fill either side.   

(vii) licences to embank highways under the 
Highways Act 1951; or 

No embankments necessary.   

(viii) provision for widening or deviating ways on or 
adjoining land comprised in the subdivision; or 

Any provision for widening or deviating ways would be considered on a case by case basis.   

(ix) provision for the preservation of trees and 
shrubs; or 

Existing trees and shrubs would be retained to the greatest extent possible.    

(e) that adjacent land of the owner, including land in 
which the owner has any estate or interest, ought to be 
included in the subdivision; or 

No foreseeable benefit. 

(f) that one or more of the lots is by reason of its shape 
in relation to its size or its contours unsuitable for 
building on; or 

Issue addressed above in the assessment of the development standards. 

(g) that one or more of the lots ought not to be sold 
because of – 

 

(i) easements to which it is subject; or There are no easements on the land that would affect the potential for each lot to support 
appropriate use and development.  



(ii) party-wall easements; or There are no party walls on the land that would affect the potential for each lot to support 
appropriate use and development. 

(iii) the state of a party-wall on its boundary. There are no party walls on the land that would affect the potential for each lot to support 
appropriate use and development. 

 

 

- End    - 
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Development details 

Address 293 PORT RD, BOAT HARBOUR BEACH Property ID (PID) 3010845 

Description of 
development 

19 Lot subdivision (5 Existing, 14 Proposed) 

Schedule of drawings/documents 

Prepared by Drawing/document No. Revision No. Date of Issue 

PDA L17099-D04  08/02/2018 

Conditions 

SUBMISSION TO PLANNING AUTHORITY NOTICE OF PLANNING APPLICATION REFERRAL 

Pursuant to the Water and Sewerage Industry Act 2008 (TAS) Section 56P(1) TasWater imposes the 
following conditions on the permit for this application: 

CONNECTIONS, METERING & BACKFLOW 

1. A suitably sized sewerage system and connections to each lot of the development must be designed 
and constructed to TasWater’s satisfaction and be in accordance with any other conditions in this 
permit. 

2. Any removal/supply and installation of water meters and/or the removal of redundant and/or 
installation of new and modified property service connections must be carried out by TasWater at 
the developer’s cost. 

ASSET CREATION & INFRASTRUCTURE WORKS 

3. Plans submitted with the application for Engineering Design Approval must, to the satisfaction of 
TasWater show, all existing, redundant and/or proposed property services and mains. 

4. Prior to applying for a Permit to Construct new infrastructure the developer must obtain from 
TasWater Engineering Design Approval for new TasWater infrastructure. The application for 
Engineering Design Approval must include engineering design plans prepared by a suitably qualified 
person showing the hydraulic servicing requirements for sewerage to TasWater’s satisfaction.   

5. Prior to works commencing, a Permit to Construct must be applied for and issued by TasWater. All 
infrastructure works must be inspected by TasWater and be to TasWater’s satisfaction.  

6. In addition to any other conditions in this permit, all works must be constructed under the 
supervision of a suitably qualified person in accordance with TasWater’s requirements.   

7. Prior to the issue of a Consent to Register a Legal Document  all additions, extensions, alterations or 
upgrades to TasWater’s water and sewerage infrastructure required to service the development are 
to be constructed at the expense of the developer to the satisfaction of TasWater, with live 
connections performed by TasWater. 
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8. After testing to TasWater’s requirements, of newly created works, the developer must apply to 
TasWater for connection of these works to existing TasWater infrastructure, at the developer’s cost. 

9. At practical completion of the water and sewerage works and prior to TasWater issuing a Consent 
to a Register Legal Document / applying to TasWater for a Certificate of Water and Sewerage 
Compliance (Building and/or Plumbing), the developer must obtain a Certificate of Practical 
Completion from TasWater for the works that will be transferred to TasWater.  To obtain a 
Certificate of Practical Completion: 

a. Written confirmation from the supervising suitably qualified person certifying that the 
works have been constructed in accordance with the TasWater approved plans and 
specifications and that the appropriate level of workmanship has been achieved; 

b. A request for a joint on-site inspection with TasWater’s authorised representative must be 
made; 

c. Security for the twelve (12) month defects liability period to the value of 10% of the works 
must be lodged with TasWater.  This security must be in the form of a bank guarantee; 

d. As constructed drawings must be prepared by a suitably qualified person to TasWater’s 
satisfaction and forwarded to TasWater. 

10. After the Certificate of Practical Completion has been issued, a 12 month defects liability period 
applies to this infrastructure.  During this period all defects must be rectified at the developer’s cost 
and to the satisfaction of TasWater.  A further 12 month defects liability period may be applied to 
defects after rectification.  TasWater may, at its discretion, undertake rectification of any defects at 
the developer’s cost.  Upon completion, of the defects liability period the developer must request 
TasWater to issue a “Certificate of Final Acceptance”.  The newly constructed infrastructure will be 
transferred to TasWater upon issue of this certificate and TasWater will release any security held for 
the defects liability period.  

11. The developer must take all precautions to protect existing TasWater infrastructure. Any damage 
caused to existing TasWater infrastructure during the construction period must be promptly 
reported to TasWater and repaired by TasWater at the developer’s cost.  

12. Ground levels over the TasWater assets and/or easements must not be altered without the written 
approval of TasWater. 

FINAL PLANS, EASEMENTS & ENDORSEMENTS 

13. Prior to the Sealing of the Final Plan of Survey,  a Consent to Register a Legal Document must be 
obtained from TasWater and the certificate must be submitted to the Council as evidence of 
compliance with these conditions when application for sealing is made. 

14. Pipeline easements, to TasWater’s satisfaction, must be created over any existing or proposed 
TasWater infrastructure and be in accordance with TasWater’s standard pipeline easement 
conditions.   

DEVELOPMENT ASSESSMENT FEES 

15. The applicant or landowner as the case may be, must pay a development assessment and Consent 
to Register a Legal Document fee to TasWater, as approved by the Economic Regulator and the fees 
will be indexed, until the date they are paid to TasWater, as follows: 

a. $1,024.36 for development assessment; and 

b. $226.94 for Consent to Register a Legal Document 

The payment is required within 30 days of the issue of an invoice by TasWater.  
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16. In the event Council approves a staging plan, a Consent to Register a Legal Document fee for each 
stage, must be paid commensurate with the number of Equivalent Tenements in each stage, as 
approved by Council. 

Advice 

General 

For information on TasWater development standards, please visit 
http://www.taswater.com.au/Development/Development-Standards 

For application forms please visit http://www.taswater.com.au/Development/Forms 

Service Locations 
Please note that the developer is responsible for arranging to locate the existing TasWater infrastructure 
and clearly showing it on the drawings.  Existing TasWater infrastructure may be located by a surveyor 
and/or a private contractor engaged at the developers cost to locate the infrastructure.   

 A permit is required to work within TasWater’s easements or in the vicinity of its infrastructure. 

Further information can be obtained from TasWater 

 TasWater has listed a number of service providers who can provide asset detection and location 

services should you require it. Visit www.taswater.com.au/Development/Service-location for a list 

of companies 

 TasWater will locate residential water stop taps free of charge 

 Sewer drainage plans or Inspection Openings (IO) for residential properties are available from 

your local council. 

Declaration 

The drawings/documents and conditions stated above constitute TasWater’s Submission to Planning 
Authority Notice. 

Authorised by 

 
Jason Taylor 
Development Assessment Manager 

TasWater Contact Details 

Phone  13 6992 Email  development@taswater.com.au 

Mail  GPO Box 1393 Hobart TAS 7001 Web  www.taswater.com.au 

 

http://www.taswater.com.au/Development/Development-Standards
http://www.taswater.com.au/Development/Forms
http://www.taswater.com.au/Development/Service-location
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2 May 2018 
 
Land Use Planning Group  
Waratah Wynyard Council  
21 Saunders Street  
WYNYARD TAS 7325  
 
Dear Sir or Madam  
 
19 LOT SUBDIVISION OF LAND AT PORT ROAD, BOAT HARBOUR BEACH  
 
I refer to Council’s letter of 1 May 2018 and address each matter in turn.   
 

 An amended Traffic Impact Assessment with the updated proposal plan is enclosed.  Please switch this 
report for the previously submitted report.  There should be no implications regarding consistency with 
other documentation; 

 It is noted that lot 4 cannot achieve an envelope that complies with the Acceptable Solution and so the 
compliance submission has been amended accordingly.  Please switch this submission for the 
previously submitted submission.  There are no implications regarding consistency with other 
documentation; 

 Reference to 12.4.14 in the compliance submission has been replaced with a reference to 12.4.9; 

 An amended Landslide Risk Assessment from GHD is enclosed.  The report addresses Scenario 4 in 
more detail.  Please switch this report for the previously submitted report.  There should be no 
implications regarding consistency with other documentation; 

 Some discussion regarding the application of and compliance with E10.6.2 is included in the enclosed 
compliance submission.   

 
If you have any questions please contact me on 6423 6875.  
 
Yours sincerely 
PDA Surveyors 
 
per: 
 
Tom Reilly 

 



From: Kerry
To: Council
Subject: objection to Vos subdivision Boat Harbor Beach
Date: Sunday, 27 May 2018 9:55:07 AM

To the General Manager, Waratah Wynyard Council,
 
This is a letter of objection in relation to the issue of access to certain new titles created in the
Vos subdivision located at Port Road Boat Harbour Beach.  I refer to lots 17, 16, 14, and lot 1.    I
am the owner of the property known as ‘ ‘Grey Crags’ 317 Port Road, Boat Harbour Beach.  The
drive way on our title is subject to a  right of way and we object to any new titles being granted a
new right of way onto our land.  The right of way on our land is unusable for the following
reasons.   There is a large Claret Ash tree which has its critical root zone within the right of way.  
There are two services poles located in the right of way.   One is Telstra and the other is a power
pole.   A creek runs through part of the right of way.   There is a ditch in the right of way and
there are several old trees in the right of way.   if these new titles have a right of way over our
land we consider this to be a loss of private enjoyment of the land.    If the new titles have no
right of way over our land then we have no objections.

 
Kind regards,
 
Kerry Bagshaw

Click here to report this email as spam.
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General Manager, 
Waratah-Wynyard Council. 
 
Response to Planning Application SD 2057 
 
293,305 & 307 Port Road 
Boat Harbour Beach. 
 
As adjoining landowners at 315 Port Road, Boat Harbour beach we have a number of 
concerns concerns about the proposed development.  
 
Geotechnical Report. 
I was unable to find the Geotechnical Report in the Development Application SD 2057 
documentation online. I believe it should have been included and available for the general public 
to view.  
 
Notification to affected landowners. 
Our neighbour at 317 Port Road was not notified by council at the same time as the adjoining 
owners. Whilst 317 Port Road is not technically an adjoining property, (there is a 3 metre strip of 
land between the property and the development), its title is directly affected by the development 
as it has a Right of Way over land on 305 and 307 Port Road. We believe the owners should 
have been notified at the same time as other affected landowners and that the process for 
advertising the development application is faulty. 
 
If the Geotechnical Report was unavailable on line and the owners of 317 Port Road were not 
notified of the development application at the same time as the adjoining land owners does this 
mean the advertising process was faulty and the development application needs to be 
advertised again? 
 
Reticulation of Electricity. 
The application says some parts of the electricity scheme would be underground as per the 
planning scheme requirements but are asking that other areas should be allowed to be 
overhead. 
We believe that all new developments should have their electricity supplied by underground 
cables as per the planning scheme.  
Overhead power lines spoil the landscape and take away from the amenity of Boat Harbour 
Beach in general. 
It is proposed that the six dwellings in front of our residence will have overhead power lines to 
them. This will certainly have a detrimental effect on the view from our property, our neighbours 



and for the new owners of the blocks, and will detract from the general amenity of Boat Harbour 
Beach.  
 
The application states that the developers would be able to use existing infrastructure. At least 
one of the poles servicing the now small motel has been removed.  
Another of the poles that supplied electricity to the old motel is situated in the centre of the right 
of way to our neighbors property at 317 Port Road. An electricity cable crossed our driveway 
from the pole to the motel. This limited the height of vehicles that could use our driveway. The 
cable has been removed and we would object strongly to having it replaced with another to any 
new blocks on the subdivision, especially when the planning scheme requirement is for 
underground supply. 
 
In the previous, almost identical, development application (SD 20480) for this site by these 
developers, Council voted for underground supply as required by the planning scheme. It is 
disappointing that this development application has not taken councils previous decision into 
consideration.  
 
Size of blocks in low density residential zone. 
The planning scheme for low density residential zone states that block size should be larger 
than in a normal residential zone. 
Thirteen of the proposed nineteen blocks are 700m2 or smaller. (The majority of the 
development). 
Eight of the nineteen proposed blocks are 600m2 or under. (Just under half of the 
development). 
These block sizes fit more with normal density residential zoning and do not fit the larger than 
normal block size as required by the zoning.  
 
 
E10.6 .1 
Modified Creek. 
Whilst the waterway, modified creek coming down the escarpment creek has been considered 
in the application the fact that it has flooded areas of the proposed development (blocks 19, 16 
and 17)  has not been addressed. 
 
The previous Development Application for this site SD 2048 had a Landslide and Dam Hazard 
Assessment included in its documentation.  
In this report it was stated that during a large flood, flood waters will spill out and sheet flow 
through a number of properties. These properties would include blocks 16,17 and 19 of the 
proposed subdivision.  
In the four years we have lived here we have seen the creek overflow and flood those properties 
twice.  
 



David Gray, from the Voss group has acknowledged this and has proposed that the company 
replace the four culverts with larger pipes to overcome the problem. We have an email from him 
to this effect. We believe this should be part of the proposed development plan and be a 
requirement for the subdivision.  
 
In the previous development application (SD 2048) by these developers for this site, I brought 
up the issue of the creek flooding and it was addressed in the officers report and requirements 
placed on the developers to address the issue. The officers response to my raising of the issue 
is below. 

 
The officers report noted that the developers were aware of the problem of flooding and had 
walked over the area and discussed the need and methods to address the issue.  
Disappointingly, although they have acknowledged there is an issue with flooding for the sites 
being developed, it is not mentioned in this development application. 
 
Pedestrian activity. 
The traffic report 4:4 states pedestrians are well catered for in the area. At the point where the 
driveway to  301 Port Road and the right of way to 317 Port Road joins Port Road there is no 
safe pedestrian access for a short distance. There is scrub beside the roadside and the edge of 
the roadway is less than a metre wide at this point on the northern side of Port Road and 
virtually non existent on the southern side as there is a drain. The boundary of blocks 9 and 10 
is approximately 760mm from the bitumen at this point.This forces pedestrians to use the 
narrow roadway which is on a bend that limits the line of sight for oncoming traffic from either 
direction. 
This is not a safe pedestrian access for people (particularly families) walking to and from the 
beach who live, or park their cars on Port Road west of Moore Street.  



School Children also use this route to catch and return home from the school bus. 
 
As pedestrians with small children we find this area is not safe now and extra traffic generated 
from the six extra blocks will only make the situation worse. 
 
Pedestrian access along Port Road should be addressed as part of this development 
application.  
 
Block 1. 
The reduction of width of the right of way on block 1 from 12.9 metres to 6 metres has not been 
finalised. Until it is finalised this will reduce the ability to utilise the site to build a dwelling that 
meets council standards. If the reduction does not go ahead this will adversely affect the use of 
the block and it will not fit council guidelines. Should the development application go ahead with 
this pending?  
 
Height of Dwellings  
We note that the developers are limiting the height of dwellings on some of their blocks so as 
not to diminish the view from other blocks in their development. We ask the same consideration 
be given to other blocks behind their development and that building heights be limited to one or 
two story dwellings. 
 
Clearance of vegetation for driveways  
The distance between the roadway and the boundary of blocks 16 and 17 is quite large. The 
area close to the the boundary has a large tree fern and other vegetation. We understand that 
the driveways need clear line of sight for egress and access but believe there would still be 
enough clear line of sight if vegetation such as the fern was left close to the boundary line. 
There would be more line of sight than for most suburban driveways and we believe all 
vegetation needs to be removed. 
 
Easement / Right of way. 
The development application 12:4:1 is as below 

 
We do not believe this is accurate on two accounts.  
We believe the easement on lot 1 is a Right of Way for 301 Port Road and is in fact the only 
access to Port Road from the site. There is a residence on the site and the right of way is used 
on a daily basis by the occupants. 
It is also a Right of Way for 317 Port Road which does have alternative access to Port Road. 
We believe others, including ourselves,  are also allowed to use the Right of Way. 



 
We do not believe Lot 1 is the only lot with an easement of access to other land on it. 
The Right Of Way from Port Road to 317 Port Road should also be on lots 14,16 and 17 as is 
shown on the planning diagrams.  
 
Will the Right of Way and benefiting titles be on the new titles of lot 1, 14, 16 and 17? 
 
Council has a Planning Scheme that has been established for the good of the community and 
we believe developers applications should be in accordance with the planning scheme and the 
council as the planning authority should ensure development applications adhere to the 
scheme. 
 
 
 
Peter F Gaylard.  
 
Acting on behalf of:    P. and C. Gaylard, and B. and N. Murphy 
                                   Owners - 315 Port Road, Boat Harbour Beach. 
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