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Report on Geotechnical Assessment 

 

Longwalls W1 and W2, Picton 

 

 

 

1. Introduction 

This report presents the results of a geotechnical assessment undertaken for the Extraction Plan 

prepared for Longwalls (LW) West 1 (W1) and West 2 (W2).  The report provides a high level slope 

stability risk assessment and outlines the monitoring program for the surface features within the area of 

study.  The investigation was commissioned in an email dated 16 May 2019 by Ron Bush of Tahmoor 

Coal Pty Ltd (Tahmoor Coal) and was undertaken in accordance with Douglas Partners' proposal 

WOL190014.P.003 dated 11/05/2019.  It is understood that this information is required by Tahmoor Coal 

as part of application for the Extraction Plan for LW W1 and W2.  

 

It is understood that the development of roadways along LW W1 has commenced and it is proposed to 

commence longwall mining of LW W1 in October 2019.  LW W1 and W2 panels are in the Western 

Domain of Tahmoor Mine   

 

It is anticipated that the site will be subjected to surface subsidence caused by the longwall mining that 

may have impacts on the surface features lying within the Study Area, as outlined on Figure 1.  

 

The purpose of this assessment is to identify and assess the surface features such as clifflines, steep 

slopes and farm dams, which may be influenced by the longwall mining.  A risk assessment of these 

features along with a monitoring program and Trigger Action Response Plan (TARP) are discussed in 

the document. 

 

This report is based on a high-level study conducted for the area; and a detailed assessment will be 

required to be undertaken in future to evaluate the features which are currently inaccessible. 

 

 

 

2. Scope of work 

The aim of this Geotechnical Assessment for LW W1 and W2 was to assess the potential risks to 

identified land features and recommend monitoring programs to manage these features during the 

mining of LW W1 and W2.  The study is divided into following parts: 

• Summarise the geology and geomorphology; 

• Review the studies related to subsidence and its impact on surface features for LW W1 and W2; 

• Identify and classify the landform features based on failure potential; 

• Conduct a risk assessment of these features and identify the likely consequence of such instability; 

and 

• Outline a monitoring program and TARP. 

 



 Page 2    

 

 

  

Geotechnical Assessment 89541.00.R.001.Rev0 
Longwalls W1 and W2, Picton July 2019 

 

This study is applicable to identified surface features such as steep slopes, cliff line features and farm 

dams within the Study Area.  The Study Area is demarcated as the surface area located within the 

20 mm predicted subsidence contour and/or 350 angle of draw from the extents of LW W1 and W2 

(Figure 1).  

 

 

 Figure 1: Study Area for subsidence effect on land features 

 

The site contains the Picton – Mittagong heritage railway loop line that is the subject of a separate 

geotechnical assessment. 
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3. Site Location 

The Tahmoor Mine is located approximately 75 km south of Sydney in the Township of Tahmoor, New 

South Wales (NSW).  The LW W1 and W2 are located to the north of Tahmoor.  The Tahmoor Mine is 

operated by Tahmoor Coal and produces a primary hard coking coal product and a secondary higher 

ash coking coal product that are used predominantly for steel production.  The mine has used longwall 

mining methods since 1987. 

 

Tahmoor Coal has mined 31 longwall panels in the area and is in the process of extraction of LW32 in 

accordance with Development Consent (DA 67/98) and Subsidence Management Plan Approvals. 

 

Tahmoor Coal proposes to extend underground coal mining to the north-west of the Main Southern 

Railway at Picton and Thirlmere into the Western Domain and are preparing an Extraction Plan for the 

extraction of LW W1 and W2.  These longwall panels are located between Matthews, Cedar and 

Stonequarry Creeks in the western and northern side, respectively.  The panels are planned to the west 

of Picton township (Figure 2).   

 

 

3.1 Mining Geometry and Topography 

The foot print of LW W1 and W2 is shown in Figure 2.  Both the longwalls are 283 m wide (including 

workings) with a 39 m wide chain pillar in between.  The total length of each longwall is 1875 m and 

1685 m for LW W1 and W2, respectively, and extracting the Bulli Seam from north to south.  The 

extraction height is proposed to be 2.1 m.  The Bulli Seam dips towards the north east with an average 

gradient of 5% across the mining area.  Based on the seam floor contours as shown in Figure 3, the 

lowest level is around -310 m AHD.  The depth of cover directly above the proposed longwall varies 

between a minimum of 455 m above the commencing end of LW W1 and a maximum of 535 m on the 

eastern edge of LW W2. 

 

The surface level contours of the study area indicate that the highest point of topography is 286 m above 

Australian Height Datum (m AHD) at the southernmost corner (Figure 4).  The surface topography is 

moderately hilly with valleys and ridges with the lowest level being 166 m AHD at Stonequarry Creek 

towards the north.  The surface area is primarily used for rural residential and residential development 

with properties used for housing, pet farms, stock grazing and orchards.  Water is obtained generally 

from the town water supply and to a degree from farm dams or groundwater bores. 
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 Figure 2: Location of Longwall panels LW W1 and W2 (Courtesy MSEC report, 2019) 
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 Figure 3: Bulli seam floor contours (Courtesy MSEC report, 2019) 

 

283 m  
283 m  
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 Figure 4: Surface topography contours and farm dams (Courtesy MSEC report, 2019) 

 

 

3.2 Geological Setting 

The Permo-Triassic Sydney Coal basin extends roughly 300 km along the coast of New South Wales 

and inland for a distance of up to 200 km.  The principal coal-bearing sequence in the Southern Coal 

Field of the Sydney Basin is the Illawarra Coal Measures which consist of four coal seams.  The 

uppermost seam is the Bulli Seam which has been extensively mined in the northern part of the coalfield. 
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The Bulli Seam is immediately overlain by the Narrabeen Group which consists of a series of major 

sandstone and shale units.  The Wombarra Shale and Coal Cliff Sandstone form the immediate and 

main roof, respectively.  The Wombarra Shale consists of siltstones and form the thin interbeds of fine-

grained sandstone.  The Coal Cliff Sandstone comprises medium grained sandstone with thin beds of 

grey shale and shaly sandstone.  Overlying the Narrabeen Group is the Hawkesbury Sandstone, a 

series of bedded sandstone units which date from the Middle Triassic and which has a thickness of up 

to 185 m.  Much of the ground surface is underlain by Ashfield Shale of the Wianamatta Group having 

thickness of a few tens of metres.  The Wianamatta Group is underlain by the Mittagong Formation 

which consists of interbedded shale, laminite and fine grained sandstone underlain by medium grained 

Hawkesbury Sandstone.  These crops out along the incised and downstream sections of the creeks.  

The typical stratigraphic section in the study area is shown in Figure 5. 

 

The Ashfield Shale forms the upper surface of the study area, which is deeply dissected by numerous 

streams exposing sandstone of Hawkesbury Sandstone formation.  Incision tends to follow the dominant 

joint directions in the rock, i.e., northwest and northeast, and it is possible that this influences the 

orientation of the long axis of the valley in which the creeks are found.  The sandstone rocks tend to 

break up into large blocks due to weathering along the joint planes and sub-horizontal bedding planes. 

 

 
Figure 5: Typical Geological stratification at Tahmoor (Courtesy MSEC report, 2019) 
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4. Relevant Data Available for Review 

4.1 Reports, Drawings and Data bases 

Tahmoor Coal provided copies of reports and data from a number of previous investigations, conducted 

as part of the ongoing planning and operation of the longwall panels. These include: 

• GeoTerra report titled “Longwall Panels 31 to 37 - Streams, Dams & Groundwater Assessment”; 

• WRM Water & Environment Pty Ltd report titled “Matthews Creek Catchment Flood Impact Study 

for LW W1-W2”;  

• GHD report titled “Landslide risk assessment of identified ‘steep slopes’ principally affected by 

retreat of LW 28”;  

• GHD report titled “Landslide risk assessment of identified ‘steep slopes’ specific properties in 

environs of LW 32”; 

• Glencore report titled “Tahmoor Colliery – Longwall 30 – First 300 m of extraction, Management 

Plan for Potential Impacts on Dam at No. 2990 Remembrance Drive”; 

• HEC Pty Ltd titled “Tahmoor Mine Extraction Plan LW W1 – W2 – Surface Water Technical Report”; 

• GHD report titled “Tahmoor Colliery Subsidence impact upon ‘steep slopes’ over LW 24 to LW26”;  

• SCT report titled “Tahmoor Coal – Investigation into the Potential impact on the Nepean Fault on 

Subsidence adjacent to LW 32; and 

• MSEC report entitled “Subsidence Predictions and Impact Assessments for Natural and Built 

Features due to the extraction of the Proposed Longwalls W1 and W2 in support for the Extraction 

Plan Application”. 

 

 

4.2 Survey 

Tahmoor Coal have undertaken a LIDAR survey of the Study Area to identify various surface features.  

The topographical as well as subsidence contour profiles for the planned and adjacent longwall panels 

discussed in this report are based on the information in the reports provided by Tahmoor Coal and 

MSEC. 

 

 

4.3 Summary of Data reviewed 

The following comments are based on the data review with regards to subsidence: 

 

• The predicted subsidence results due to extraction of LW W1 and W2 (studies on calibrated 

numerical model by MSEC) are reported in Table 1. 
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 Table 1: Predicted subsidence details for LW W1 and W2 (MSEC report, 2019) 

Longwall 

Maximum 

predicted total 

subsidence 

 (mm) 

Maximum 

predicted total 

tilt 

(mm/m) 

Maximum predicted 

total hogging 

curvature 

(km-1) 

Maximum predicted 

total sagging 

curvature 

(km-1) 

LW W1 475 3.0 0.03 0.06 

LW W2 750 5.5 0.06 0.11 

 

• Gale and Sheppard (2011) reported significantly higher displacements (nearly twice) than the 

predicted subsidence results in Longwall 24A.  This abnormality was suggested to be due to the 

weakening of rock material due to weathering, causing reduction in spanning capacity of the 

weathered section. 

• The predicted maximum total strains in the study area likely to be experienced at any time during 

mining are given in Table 2.  

 

 Table 2: Details of predicted maximum strains for survey bays during extraction of LW W1 

and W2 (MSEC report, 2019) 

Longwall 

Above goaf Above solid coal 

Compressive 

strain (mm/m) 

Tensile Strain 

(mm/m) 

Compressive 

strain (mm/m) 

Tensile Strain 

(mm/m) 

95% confidence 

level 
1.8 1.0 0.7 0.5 

99% confidence 

level 
3.4 1.6 1.0 0.8 

 

• There are no rivers within the study area. The closest river is situated more than 3 km south-east 

of LW W1-W2, beyond the zone of subsidence influence  

• The NSW Government’s Strategic Review (DoP, 2008) recommended that risk management zones 

(RMZs) be applied to all streams of third order or above, in the Strahler stream classification.  Three 

creeks, i.e., Matthews, Cedar and Stonequarry Creeks are partly located within the study area.  The 

details of these creeks are given in Table 3. 

 

 Table 3: Details of the Creek 

Water body 
Strahler stream order 

within study area 

Total length within 

the study Area (km) 

Matthews Creek Third and fourth order 1.14 

Cedar Creek Fourth and fifth order 1.30 

Stonequarry Creek Fourth and fifth order 0.93 

 

• These creeks are predicted to undergo low-levels of vertical subsidence, but are not expected to 

experience measurable conventional tilts, curvatures or strains.  The predicted effects of subsidence 

on the creeks are shown in Table 4: 
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 Table 4: Details of the Creek (MSEC, 2019) 

Water body Longwall 

Maximum 

predicted total 

subsidence 

(mm) 

Maximum 

predicted total 

upsidence 

(mm) 

Maximum predicted 

total closure 

(mm) 

Matthews 

Creek 

After LW W1 70 50 120 

After LW W2 90 90 170 

Cedar 

Creek 

After LW W1 40 90 130 

After LW W2 60 160 180 

Stonequarry 

Creek 

After LW W1 < 20 30 30 

After LW W2 60 90 60 

 

• The mining-induced changes in grade along these creeks are predicted to be negligible and unlikely to 

cause adverse impacts due to increased levels of ponding, increased levels of scouring of the banks for 

changes in stream alignment.  The maximum predicted compressive strain due to valley closure effects 

is 6 mm/m based on the 95% confidence level. 

• It is anticipated that due to the ephemeral nature of the streams and the generally low flow volumes in 

the creeks, the effects will be localised around the point of discharge and will not adversely affect the 

overall water quality discharging out of the Study Area.  Based on observations from the already mined 

out panels, it was reported that groundwater levels may reduce by up to 15 m and may stay at that 

reduced level until maximum subsidence develops at a specific location.  It is anticipated that 

groundwater levels will generally recover over a few months to a year or so as the secondary void space 

is recharged by rainfall infiltration. 

• Based on the bores in the study area, it was reported that the Hawkesbury Sandstone generally provides 

low yielding aquifers with low hydraulic conductivities, whilst the Wianamatta Shale does not provide a 

groundwater supply.  Groundwater is obtained from the Hawkesbury Sandstone with yields ranging up 

to 6.6 L/sec from aquifers located 21 m to 161 m below surface.  Permeability is more variable vertically 

than horizontally and is extremely variable in the Hawkesbury Sandstone. 

• In total 11 cliffs were identified within the study area. The cliffs and rock outcrops have predominantly 

developed in the Hawkesbury Sandstone.  The exposed rock faces demonstrate various stages of 

weathering or erosion, with many overhangs and undercuts.  The list of these cliffs and maximum 

predicted total vertical subsidence is reported in Table 5: 

 

 Table 5: Predicted subsidence on Cliff lines (MSEC, 2019) 

Reference Valley 

Maximum predicted 

total vertical subsidence 

(mm) 

Far field horizontal movements  

with 99% confidence 

(mm) 

C_M01 Matthews 

Creek 

100 200 

C_M02 80 185 

C_C01 < 20 110 
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Reference Valley 

Maximum predicted 

total vertical subsidence 

(mm) 

Far field horizontal movements  

with 99% confidence 

(mm) 

C_C02 

Cedar  

Creek 

< 20 115 

C_C03 40 145 

C_C04 30 140 

C_C05 40 158 

C_C06 50 172 

C_C07 30 160 

C_C08 30 157 

C_C09 < 20 167 

 

• The identified cliffs along the creeks are predicted to experience tilts up to but generally less than 

0.5 mm/m (i.e. 0.05%, or 1 in 2000).  The maximum predicted total hogging and sagging curvature was 

reported to be less than 0.01 km-1.  The cliffs and minor cliffs are located on the valley sides and, 

therefore, they are not expected to experience the upsidence or compressive strains that will occur near 

the bases of the valleys. 

• Based on 1 m surface level contours that were generated from the LIDAR survey of the area, natural 

steep slopes were reported along the banks of Matthews, Cedar and Stonequarry Creeks. Natural steep 

slopes are also located on the sides of ridges above the proposed longwalls, where the near surface 

lithology is part of the Wianamatta Shale.  Steep slopes such as dam walls, embankments and cutting 

faces were also identified by the survey. 

• Nearly 46 structures, including eleven (11) houses, twenty one (21) rural structures and thirteen (13) 

Public utilities were identified.  The maximum predicted tilt for the steep slopes within the study area was 

reported to be 5.5 mm/m (i.e. 0.55%, or 1 in 180).  The natural surface grades (1 in 3) are steeper than 

the predicted changes in grade due to mining.   No slope instabilities were reported in adjacent mining 

areas. Soil cracking up to 65 mm wide was reported on both the upper banks and flanks of Myrtle Creek 

at one location above Longwall 23B.  The cracks extended into the soil to depths of approximately 1.5 m 

to 2.0 m and over a length of approximately 40 m. 

 

 

 

5. Studies conducted 

The subsidence due to longwall mining of LW W1 and W2 could result in surface cracking, heaving, 

buckling and stepping which can influence various landscape features. DOP (2008) provided a 

comprehensive summary of the range of potential mine subsidence effects on the environmental 

management techniques.  It recommends that a subsidence RMZ be defined around sensitive features 

within the mining lease before subsidence occurs.  Out of the various features mentioned in DOP (2008), 

this study focusses on cliff lines, steep slopes and farm dams.  The location of these features is 

considered to be the first step in managing prediction uncertainties and potential impacts associated 

with subsidence.  The final step is to identify the methods of monitoring and mitigation in order to reduce 

the subsidence effect to ‘repairable level’ or to as low as practicable.  The features within the Study Area 

are assessed in the following sections of this report.  
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Due to the High Level nature of assessment, it was decided to adopt a risk management approach to 

evaluate the impact of subsidence on the features.  The features to be assessed are very distinct in 

nature and hence the approach also varied.  The cliff lines were analysed through the procedure 

presented in ACARP C9067 (Subsidence Impacts on River Valleys, cliffs, Gorges and River System).  

The procedure recommended by Australian Geomechanics Society publication “Practice Note 

Guidelines for Landslide Risk Management 2007” (AGS 2007) was used to evaluate steep slopes.  Two 

different approaches were used since ACARP C9067 specifically provides tools to evaluate the 

influence of underground excavation, whereas, AGS 2007 focusses on the effect on slope instability on 

property and human life.  The farm dams are evaluated using the Small Dam Consequence Screening 

tool (DEPI, 2014). 

 

 

5.1 Definition of cliffs and steep slopes 

The survey and Lidar data of the surface within the study area identified site features such as water 

bodies, cliffs and steep slopes.  As per the Landslide Risk Management Guidelines prepared by the 

Australian Geomechanics Society (AGS, 2007), the definitions of cliffs and steep slopes are as under: 

• Cliff – Slope appears vertical and ranges between 64° and 84°; 

• Extreme Slope – need rope access to climb slope and ranges between 45° and 64°; 

• Very Steep Slope – Can climb by clutching at vegetation. Rocks etc and ranges between 27° 

and 45°; 

• Steep Slope - Walkable with effort and ranges between 18° and 27°; 

• Moderate Slope - Walkable and ranges between 10° and 18°; and 

• Gentle Slope - Easy walking and ranges between 0° and 10°. 

In order to incorporate the effects of mine subsidence on the landscape features and maintain 

consistency with impact assessment methodology used on cliffs and slopes,  Table 6 was adopted in 

this report based on the precedents in other coal fields with similar mining conditions and surface 

conditions.  The Study Area consists of cliffs, rock outcrops, steep slopes and is devoid of any pinnacles.  

 

Table 6: Definition of terminology used to describe surface features 

Feature Definition by geometry  Impacts due to subsidence 

Cliff 

A continuous rock face, including overhangs, 

greater than 20 m in length, a minimum 

height of 10 m and a minimum slope of 2V:1H 

(> 63.4°) 

Tilting and cracking resulting in 

collapse of overhangs, wedge and 

toppling failures; rock fall roll outs, 

felling trees and public safety hazards. 

Permanent landscape changes. 

Minor cliff 

A continuous rock face, having a minimum 

length of 20 m, heights between 5 m and 

10 m and a slope greater than 2V:1H (>63.4°) 

or a rock face having a maximum length of 

20 m and a height between 10 m and 20 m. 

Tilting and cracking resulting in 

collapse of overhangs, wedge and 

toppling failures; rock fall rollouts, 

felling trees and public safety hazards. 

Temporary landscape changes. 

Cliff 

terrace 

A combination of two to five minor cliffs in 

close proximity, which results in a stepped 

surface profile.  The average slopes between 

upper and lower cliffs range between 50° and 

60° with a cliff height of 10 m and 25 m. 

Tilting and cracking resulting in 

collapse of overhangs, wedge and 

toppling failures: rockfall outs, felling 

trees and public safety hazards. 

Temporary to permanent landscape 

changes. 
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Feature Definition by geometry  Impacts due to subsidence 

Rock 

outcrop 

A discontinuous rock face (<20 m in length) 

having heights < 5 m and slope > 63.4° 

Tilting and cracking resulting in 

collapse of overhangs, wedge and 

toppling failures: rock fallouts, felling 

trees and public safety hazards. 

Temporary landscape changes. 

Very 

Steep 

Slopes* 

An area of land having a gradient of between 

1V:1H (45°) and 2V:1H (63.4°).  This includes 

precariously located boulders fallen from 

cliffs.. 

Tilting and cracking resulting in landslip 

failures; felling trees and public safety 

hazards, Permanent to temporary 

landscape changes.  

Steep 

Slopes+ 

An area of land having natural gradient 

ranging between 18.4° and 45° (1V:3H to 

1V:1H).  This includes precariously located 

boulders fallen from cliffs. 

Tilting and cracking resulting in landslip 

failures; felling trees and public safety 

hazards. Permanent to temporary 

landscape changes. 

* Very steep slopes are generally located within cliff line terraces. 

+ Steep slopes generally exist below the cliff terraces, minor cliffs and rock outcrops and extend for 100 m or more 

 

 

5.2 Field work 

Site inspections of the landscape features within the study area were undertaken by a Principal along 

with a Senior Geotechnical Engineer on 28 May 2019 and 6 June 2019.  The team undertook a walk-

through in the Study Area for the current scope of works.  Due to the constraints of accessibility and lack 

of permissions from land owners, only parts of features were observed, and, in some areas, the 

inspection was undertaken at a distance from the feature.  The Study Area comprises cliff lines, steep 

slopes, residential structures and farm dams.  The aim of these site inspections was to become familiar 

with site conditions and identify the following:  

• Features of the cliff rock faces related to risk of boulders or rock blocks dislodging and toppling; 

• Steep slopes overlying the LW W1 and W2 panels and assessing the consequence of landslide 

on property and human life; and 

• Location of farm dams and assessing the probable impacts of dam breaks.  

 

The major natural features within the Study Area are Matthews Creek, Cedar Creek and Stonequarry 

Creek.  A walk-through along Matthews Creek, Cedar Creek and Stonequarry Creek was conducted to 

identify the potential area for rock fall and slides.  These creeks are ephemeral, meandering watercourse 

flowing from south to north and west to east located along the west and northern side of the LW W1 and 

W2 panels. These creeks appear to be third to fourth order streams.  There are few shallow ponds 

located within the creek beds on the general flood plain. A walk-through was also conducted for 

identifying houses and other structures which may be under risk due to steep slope failure.  Since the 

physical access to the residential structures and private property was not permitted, structural evaluation 

was not possible.  The information from previous survey data and LIDAR was also studied.  

 

The various features were identified and presented in the following sections.  There are a number of 

farm dams located above the mining panel.  These farm dams are basically man-made structures and 

rely on rainfall for their impoundment.  These farm dams are about 2 m to 3 m in height and appear to 
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have been constructed by forming shallow embankments across dry valleys.  Digital photographs of the 

cliffs steep slopes were recorded, and details are provided in Appendix B. 

 

There are numerous slopes overlying the LW W1 and W2 as shown in Figure 4.  There are several 

residential houses which have been constructed along the slopes at different levels.  These slopes can 

generally be classified into gentle to moderate slopes with very few slopes that would be considered as 

steep slopes.   

 

 

5.3 Assessment of subsidence impacts on Cliff lines 

Subsidence can trigger slope failure in the form of local rock face instability due to tilting and bending of 

the rock mass beds.  Overhangs and joint planes are particularly susceptible to collapse leading to rock 

falls and toppling failures.  The cliffs along Matthews Creek and Cedar Creek are susceptible to natural 

rock falls caused due to weathering by undercutting of shale beds.  Weathering of more clayey 

sandstone beds has also contributed to localised overhang development. 

 

5.3.1 Mechanism of slope instability in Cliffs 

Creeks and cliffs are formed by the process of weathering and erosion.  The cliff face contains rocks 

with differing strengths and competency.  It is well known that the horizontal stress is higher than the 

vertical stress at shallow depth in the Sydney Basin.  As cliff faces start forming, by downcutting of 

creeks, the rock dilates due to stress relief, moving towards the valley on the lower strength bedding 

planes.  This stretches the more competent rock and eventually causes it to fracture in tension.  These, 

generally vertical tension fractures, form normal to the direction of stress relief.  If the valley wall is 

uniform, the fracture pattern is usually parallel with the valley.  When side valleys intersect the main 

valley, the fracture pattern near the intersection will have a tangential direction.  The spacing of these 

fractures is a function of the competency and thickness of the beds within shales and sandstones.  The 

steeply dipping joints next to the cliff faces open up due to the expansion of rock layers under influence 

of horizontal stresses both across and parallel to the valley.  The valley wall continues to yield under 

this process, until the mass of stressed relieved rock is large enough to confine the underlying rock.  The 

stresses concentrated beneath the valley floor are relieved by bulging of the valley floor.  The possible 

failure mechanism in the bottom of a valley includes bulging, wedging and shear on low angle 

discontinuities (Hutchinson, 1987).  Horizontally bedded layers under the valley floor bend upwards and 

horizontal voids within them are filled with depositional materials (Figure 6). 

 

In more plastic, shaly rocks, the rock slowly weathers to clay. On steep slopes, practically during or 

following periods of heavy and/or continuous rainfall, the build-up of a perched water table within the 

clayey soils reduces the shear strength of the material leading to downhill creep or landsliding of the 

clay soil on either inclined planes near parallel to the slopes or on a circular failure surfaces. 

 

During the extraction of longwall panels, the immediate roof collapses into the goaf, forming a zone of 

collapse (highly fractured) above the extracted area.  This zone extends up to a height of about 5 times 

the seam thickness above the seam in the case of competent strata.  Above this collapse zone, a 

fractured zone characterised by significant cracking and bed separation is formed.  The fractured zone 

can extend up to about 20 times the seam thickness in a competent rock mass.  Above this zone, the 

rock mass beds are in compression, devoid of large scale cracks.  The rock mass permeability in 

different zones varies as per the development of cracks, with insignificant change in permeability in the 

compression zone.  There is a possibility of surface strata cracking due to subsidence induced bending 
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strains which tend to increase the permeability of the surface strata in the tensile zone.  Bed separation 

may occur at some locations causing dilation of the strata, which could link to drainage paths. 

 

 
Figure 6: Development of valley structures due to high in situ horizontal stress  

 

 

The high in-situ horizontal stress in the surface strata tends to close tension cracks, occurring due to 

subsidence induced movements and reduce the impact on the structure.  The movements along cliffs 

and slopes can be a combination of following components: 

• Normal mining-induced horizontal movements on the surface, around an extracted panel, as 

subsidence occurs towards the centre of the extracted goaf area; 

• Upsidence and closure of creeks due to valley bulging, caused by redistribution of in-situ stress 

as mine subsidence occurs; 

• Horizontal displacements of surface strata due to release and redistribution of pre-existing 

regional in situ stress as goaf area increases in size; and, 

• Slippage movement in a downhill direction due to topographic factors. 

 

5.3.2 Identification of structures 

There was no line of sight to the cliffs and steep slopes along the creeks from roads.  No dwellings or 

man-build structures were present along these creeks.  On the day of inspection, Matthews Creek, 

Cedar Creek and Stonequarry Creek had recorded very shallow levels of surface water. 

 

Aerial laser scanning (LIDAR survey) data was used to develop a visual digital terrain model (DTM) of 

the topography and landscape features in the underground mining area.  The Matthews Creek, Cedar 

Creek and Stonequarry Creek extend for an approximate length of 3 km lying to the west and north of 

the proposed longwalls.  The surface topography along Stonequarry Creek classifies as steep to very 

steep slopes with few outcrops whereas cliffs having face angles of between 65° and 80° and heights 

up to 30 m were observed in Matthews and Cedar Creek.  These cliffs generally consist of blocky to 

thinly bedded Hawkesbury Sandstone of medium to high strength.  The exposed rock faces are variably 

weathered with many overhangs and undercuts. 
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Bedrock is exposed at a number of places along the water courses.  The outcrops are jointed.  The 

hydrology of the creek is controlled by both overland flow and inflow from ground water.  Should 

subsidence cause surface cracks within the creek bed, it could change flow paths and potentially cause 

local loss of surface flows.  However, the mining has been laid out to prevent extraction from directly 

below these creeks. 

 

The summary of cliffs located in the Study Area is given in Table 7 and their locations are shown on 

Figure 7.  Reference structures C_C01 and C_C02 are located beyond the Study Area but are located 

within the 600 m zone and have been included within Table 7. 

 

Table 7: Details of Cliffs along Matthews Creek and Cedar Creek (MSEC report, 2019) 

Reference Valley 

Distance from 

panels 

(m) 

Maximum 

height 

(m) 

Overall 

length 

(m) 

Maximum predicted 

total vertical subsidence  

(mm) 

C_M01 Matthews 

Creek 

100 10 21 100 

C_M02 145 10 23 80 

C_C01 

Cedar 

Creek 

535 13 57 < 20 

C_C02 515 16 33 < 20 

C_C03 315 11 35 40 

C_C04 335 15 73 30 

C_C05 260 11 24 40 

C_C06 205 12 49 50 

C_C07 250 11 24 30 

C_C08 260 12 29 30 

C_C09 210 12 55 < 20 
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 Figure 7: Location of cliffs and structures in the study area (MSEC report, 2019) 

 

5.3.3 Risk assessment 

ACARP (2002) rating and ranking system is an empirical model that was developed based on similar 

assessment methods used by the Roads and Maritime Services (RMS) for managing man-made and 

natural slopes.   The model was developed to provide a holistic approach to the response of cliff faces 
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to mine subsidence.  The method was developed for cliffs up to heights of 150 m. It includes the following 

three impact categories: 

a. The impacts of mining induced deformation (i.e. expressed in terms of the % length of cliff line 

affected by rock falls);  

b. Exposure of the public (and mining personnel) to rock falls and the potential loss of aesthetic 

appeal of the cliffs; and 

c. The contribution of the natural instability of the cliffs (i.e. the ongoing weathering and cliff 

adjustment process). 

 

Impacts from each of the above categories are assigned a score according to various factors.  These 

scores are multiplied by a weighting value and ranked as a proportion of the maximum possible score 

for each category.  It is not possible in every assessment to have all the factors catered for before mining 

activity, hence any attempt to assess the likelihood of a cliff collapse or rock fall at a particular location 

is not possible.  The predicted % length of cliff line affected by rock falls due to mining are worst case 

values and also include rock falls due to weathering process.  Furthermore, ACARP 2002 was 

developed for aesthetically pleasing cliff lines in the southern and western coalfields of NSW.  

 

The predicted subsidence along Matthews Creek and Cedar Creek is presented in Table 8 (MSEC, 

2019). 

 

Table 8: Predicted subsidence along Matthews Creek and Cedar Creek (MSEC report, 2019) 

Reference Valley 

Maximum 

predicted 

total vertical 

subsidence  

(mm) 

Maximum 

Predicted 

total tilt  

(mm/m) 

Maximum 

predicted total 

hogging 

curvature (km-1) 

Maximum 

predicted total 

sagging 

curvature (km-1) 

C_M01 Matthews 

Creek 

100 0.5 < 0.01 < 0.01 

C_M02 80 0.5 < 0.01 < 0.01 

C_C01 

Cedar 

Creek 

< 20 < 0.5 < 0.01 < 0.01 

C_C02 < 20 < 0.5 < 0.01 < 0.01 

C_C03 40 < 0.5 < 0.01 < 0.01 

C_C04 30 < 0.5 < 0.01 < 0.01 

C_C05 40 < 0.5 < 0.01 < 0.01 

C_C06 50 < 0.5 < 0.01 < 0.01 

C_C07 30 < 0.5 < 0.01 < 0.01 

C_C08 30 < 0.5 < 0.01 < 0.01 

C_C09 < 20 < 0.5 < 0.01 < 0.01 

 

Based on the field inspection and data from the LIDAR map, the assessment of subsidence impacts on 

cliff lines was conducted in accordance with the procedure given in ACARP C9067.  The details of the 

assessment are presented in Table 9.  In general, the cliffs in the Study Area can be categorised as 

“Insignificant” and less than 3% of the cliff lines are predicted to be damaged.  The stretch of Cedar 

Creek closer to the north west edge of LW W1 may experience destressing and possible toppling of 

minor sections of the cliffs due to mining activity.  
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Table 9: Assessment of Cliffs as per ACARP C9087  

Reference 
Aesthetic 

Quality 

Natural 

instability 

Mining 

Impact 

Mining 

impact 

proportion 

Overall 

assessment 

% Rock 

falls 

C_M01 Insignificant low Insignificant 0.08 Insignificant 3% 

C_M02 Insignificant low Insignificant 0.08 Insignificant 3% 

C_C01 Insignificant low Insignificant 0.08 Insignificant 3% 

C_C02 Insignificant low Insignificant 0.08 Insignificant 3% 

C_C03 Insignificant low Insignificant 0.08 Insignificant 3% 

C_C04 Insignificant low Insignificant 0.08 Insignificant 3% 

C_C05 Insignificant low Insignificant 0.08 Insignificant 3% 

C_C06 Insignificant low Insignificant 0.08 Insignificant 3% 

C_C07 Insignificant low Insignificant 0.08 Insignificant 3% 

C_C08 Insignificant low Insignificant 0.08 Insignificant 3% 

C_C09 Insignificant low Insignificant 0.08 Insignificant 3% 

 

 

5.4 Assessment of steep slopes 

As discussed in Section 5.1, steep slopes are defined as an area of land having a natural slope angle 

of between 18.4° and 45°.  The 1 m surface level contours, generated from the LIDAR survey of the 

area, provided information regarding the steep slopes in the Study Area.  The Study Area above LW W1 

and W2 consists of numerous steep slopes on the side of ridges with shallow residual soil cover 

underlain by Ashfield Shale.  In this section, assessment of steep slopes is discussed with reference to 

the presence of structures and human life near the slopes.  Residential structures constructed along the 

steep slopes were identified during the walk-through as well from the LIDAR data.   Natural steep slopes 

have been identified along the banks of Matthews, Cedar and Stonequarry Creeks where the near 

surface lithology is part of the Hawkesbury Sandstone formation.  No structures are reported along these 

creeks and accessibility to creeks is restricted.   

 

The soils in the Study Area may be differentiated in terms of the parent material from which they are 

derived.  On the one hand are the residual soils on the shale ridge-tops and on the other, weakly 

developed soils in the colluvial material of the lower slopes and the alluvial material within the creeks.  

The ridge-top soils appear to be generally shallow (20 - 300 mm) and undifferentiated into horizons, 

except for the accumulation of organic matter at the surface. 

 

The landslide risk assessment conducted for this study involved the following steps:  

• Identify the landslide processes occurring, factors contributing to instability, and likely triggers 

to future instability;  

• Assess the likelihood that these landslide hazards or events will occur in the future; 

• Assess the potential consequences in terms of potential damage to property;  

• Combine the estimates of likelihood and consequence to derive an assessed risk of slope 

instability in the pre-mining state;  
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• Review the estimated subsidence effects on the LW W1 and W2 Study Area; and  

• In light of the above, assess the risk of slope instability post-mining. 

 

The slope risk assessment was undertaken in accordance with the methods and principles presented 

in the Australian Geomechanics Society publication “Practice Note Guidelines for Landslide Risk 

Management 2007” (AGS, 2007).  The risk assessment takes into account the current site surface 

conditions and potential effects of future mining.  Future changes to the surface profile due to building 

development and site excavations are not considered in this risk assessment.  Each of the sites was 

assessed on the basis of the estimated likelihood and extent of landsliding in relation to infrastructure 

that was able to be identified from aerial photographs and from the site walkover assessment.  Due to 

the non- accessibility of the properties, the specifics of impacts like cracking is beyond the scope of the 

assessment.  The structures considered in the assessment include assets identified in the MSEC (2019) 

subsidence assessment report. 

 

5.4.1 Definitions 

The qualitative terminology for use in assessing risk to property in the report is as follows: 

• 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 and consequence.  However, 

a more general interpretation of risk involves a comparison of the probability and consequences 

in a non-product form. 

• Acceptable Risk – A risk which, for the purposes of life or work, society is prepared to accept 

as is with no regard to its management.  Society does not generally consider expenditure 

justifiable in further reducing such risks. 

• Annual Exceedance Probability (AEP) – The estimated probability that an event of specified 

magnitude will be exceeded in any one 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. 

• Danger – The natural phenomenon that could lead to damage, described in terms of its 

geometry, mechanical and other characteristics.  The danger can be an existing one (such as 

a creeping slope) or a potential one (such as a rock fall).  

• 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.  

• Hazard – A condition with the potential for causing an undesirable consequence.  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 probability 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 pattern of life that might subject 

him or her to the consequences of the landslide. 
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• 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 Susceptibility – A quantitative or qualitative assessment of the classification, volume 

(or area) and spatial distribution of landslides which exist or potentially may occur in an area. 

Susceptibility may also include a description of the velocity and intensity of the existing or 

potential landslide. 

• 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. 

• 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. 

• 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. 

• Zoning: The division of land into homogeneous areas or domains and their ranking according 

to degrees of actual or potential landslide susceptibility, hazard or risk. 

 
AGS (2007a) recommends a series of descriptors to evaluate the Landslide hazard perception. The 

recommended descriptors are outlined in Tables 10 to 13. 
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Table 10: Landslide Hazard Descriptor 

Hazard 
Descriptor 

Rock falls from 
natural cliffs or 
rock cut slope 

Slides of cuts and 
fills on roads or 

railways 

Small landslides 
on natural slopes 

Individual 
landslides on 
natural slopes 

Number/annum/
km 

of cliff or rock 
cut slope 

Number/annum/km 
of cut of fill 

Number/square 
km/annum 

Annual 
probability of 
active sliding 

Very High > 10 > 10 > 10 10-1 

High 1 to 10 1 to 10 1 to 10 10-2 

Moderate 0.1 to 1 0.1 to 1 0.1 to 1 10-2 to 10-4 

Low 0.01 to 0.1 0.01 to 0.1 0.01 to 0.1 10-5 

Very Low <0.01 <0.01 <0.01 10-8 

 
 

Table 11: Descriptor for risk zoning using life loss criteria  

Annual probability of death of the person 
most at risk in the zone 

Risk zoning descriptors 

> 10-3/annum Very High 

10-4 to10-3/annum High 

10-5  to 10-4 /annum Moderate 

10-6  to 10-5 /annum Low 

< 10-6/annum Very Low 

 
 
Table 12: Descriptor for risk zoning using property loss criteria  

Likelihood 
Consequences to property 

(with indicative approximate cost of damage as a percentage 
of the replacement cost) 

 

Indicative 
value of 

approximate 
annual 

probability 

1 
Catastrop

hic 
200% 

2 
Major 
60% 

3 
Medium 

20% 

4 
Minor 

5% 

5 
Insignifica

nt 0.5% 

A. Almost 
certain 

10-1 VH 
VH VH 

H M or L 

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 
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Table 13: Slope gradient descriptor 

Appearance Slope angle Slope characteristics 

Gentle 0° to 10° Easy walking 

Moderate 10° to 18° 
Walkable. Can drive and manoeuvre a 

car on driveway 

Steep 18° to 27° 

Walkable with effort. Possible to drive 
straight up or down roughened concrete 

driveway 

Very Steep 27° to 45° 
Can only climb slope by clutching at 

vegetation, rocks etc. 

Extreme 45° to 64° Need rope access to climb slope 

Cliff 64° to 84° Appears vertical 

Overhangs 84° to +/-90° Appears to overhang 

 

AGS (2007b) (Table C1 in Reference 25) outlines acceptable and tolerable risk to life criteria for various 

international and Australian organizations.  These risk levels vary from 10-3 per annum to 10-7 per 

annum.  The AGS guidelines for risk management (2007) suggest a tolerable risk to life for the person 

most at risk from instability of existing slopes of 10-4.  This level has been adopted for the purposes of 

risk calculations in this study. 

 

5.4.2 Structures at risk 

Based on the MSEC report and the site walk-through, a total of 46 structures were identified in the 

vicinity of steep slopes (Table 14).  These structures are concentrated along the areas west of 

Stonequarry Creek Road, north and east of Thirlmere Way and a few other individual locations. 

(Figure 7).  The details of the topography in these regions are presented in Table 15. 

 

Table 14: Details of structures in the Study Area 

Description Numbers 

Houses 11 

Pool 1 

Rural structures 21 

Public utilities 13 
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Table 15: Details of areas containing structures at risk in the Study Area 

Region 

Details of the slope 

Height of the slope 
(m) 

Horizontal extent 
of the slope 

(m) 

Maximum 
elevation of 

slope 
(RL m) 

Minimum 
elevation of slope 

(RL m) 

1 280 240 40 38 

2 232 220 12 6 

3 286 270 16 6.5 

4 260 252 8 4 

5 202 184 18 10 

 
 

5.4.3 Factors affecting Landslide 

Slope instability is governed by slope angle, soil strength, and concentrations of water within the 

potentially unstable soil or rock mass.  Instability within the LW W1 and W2 Study Area may occur in a 

variety of forms and incorporate varying proportions of soil, rock, and water. Based on the field 

observation and understanding of the area, the types of slope instability that the identified steep slopes 

may undergo is described as follows: 

 

• Type 1 – Toppling of rock blocks associated with rockmass degradation and cliff line regression 

due to erosion, and undercutting or softening of low strength bedding planes beneath prominent 

sandstone blocks; 

• Type 2 – Translational soil slides occurring over low angle failure planes, typically occurring on 

low strength relict bedding planes or where water concentrates on the soil/rock interface; 

• Type 3 – Debris flows associated with downslope movement of material disturbed by 

translational slides as outlined above; and 

• Type 4 – Mass soil creep in accumulated colluvium triggered by saturation, prolonged 

waterlogging, erosion, and progressive strength loss of soils; 

 

Type 1 instability can be associated to the cliff lines along Matthews, Cedar and Stonequarry Creeks.  

Since there are no structures and access is restricted to these areas, the potential for loss of property 

or life is very low.  All the regions identified in previous section have potential slope instability Types 2,3 

and 4.  The trigger for such failures can be major rainfall or earthquake events. 

 

5.4.4 Mine subsidence effect on the landslide risk 

The potential increased risk of slope stability associated with the expected mine subsidence impacts 

can be caused due to following conditions: 

• Tilting – During the subsidence, minor tilts may alter the angle of potential slide planes. In situations 

where sliding could occur on low angle slide planes, such as Type 2 slides, sliding can be triggered 

where tilts increases the angle of the slide planes in the down-slope direction.  In the identified area, 

Type 2 sliding is likely to occur on the soil-rock interface or along the bedding planes.  The predicted 

tilts are less than 5 mm/m at the identified locations within the Study Area (Table 16).  These tilt 

movements are not expected to be sufficient to trigger soil movement or a landslide, although low 

shear strength on some bedding planes could make them sensitive to some movement in 

combination with other contributing factors such as undercutting, or prolonged rainfall events; 
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Table 16: Predicted effects of subsidence after mining 

Maximum 
tilt 

(mm/m) 

Number of 
houses 

 
Mean tensile 

strain (mm/m) 
Number of 

houses 
 

Mean 
compressive 
strain (mm/m) 

Number of 
houses 

0 – 1 28  0 – 0.25 27  0 – 0.25 49 

1 – 2 15  0.25 – 0.5 32  0.25 – 0.5 8 

2 – 3 11  0.5 – 0.75 3  0.5 – 0.75 5 

3 – 4 8  0.75 – 1 0  0.75 – 1 0 

4 – 5 0  1 – 1.25 0  1 – 1.25 0 

• Reduced Shear strength – Subsidence movements can reduce the shear strength of a slope or rock 

mass by introducing cracking.  Tensile cracks can form in bulged areas.  Also, differential movement 

along low angle bedding planes, which can occur during relaxation of the ground towards a 

subsidence bowl, can introduce shearing along the plane.  These shear movements reduce the 

available shear strength of the plane and can contribute to slope failure.  The expected subsidence 

effects on the potential instability for identified within this study area are minor and are not expected 

to produce significant cracking or differential lateral movements (Table 16);  

• Water concentration – The cracks developed due to tensile or shear failures can allow ingress of 

water into a slope.  This can potentially trigger instability due to loss of cohesion due to piping effects.  

The water in these cracks may also apply additional pressure to potential failure planes and increase 

the size of the cracks.  The estimated subsidence movements on the surface within the study area 

are unlikely to produce cracking of significant dimension in the identified regions except in Region 1.  

In the case of non-systematic (down slope) movements, there is potential for increased tension and 

cracking at the tops of slopes which, if not mitigated, could increase water infiltration and associated 

increase in pore water pressures, which could potentially lead to landslips. 

 

Subsidence predictions for the site indicate maximum subsidence of the order of 425 mm to 750 mm 

through the central part of the LW W1 and W2.  Subsidence will take place over a broad subsidence 

bowl such that incrementally the changes in relief across the area will be minor.  Most of slope instability 

incidents may occur in the area where subsidence is expected to be up to 425 mm for LW W1.  During 

the mining of LW W2, the full subsidence bowl is expected to expand into this area up to a maximum of 

750 mm.  The subsidence study conducted by MSEC (2019) indicated that the tilting or changes in slope 

angle would be less than 5 mm/m in the identified areas.  There are other possible mechanisms that 

may affect landslide risk due to mine subsidence such as curvature, stress and strains, however tilt (or 

slope change) was considered more likely to influence landslide risk rather than these other 

mechanisms.  The structures directly above the longwall excavation could experience cracking and 

damage.  The subsidence effects could take place over a broad area, and due to the depth of mining 

(greater than 450 m), and localised changes in slope, such damage is likely to vary between insignificant 

to minor, as defined in Table 17.  The identified Region 1 could experience mass soil movements due 

to subsidence.   If this was to occur it is anticipated that surface expressions of systematic subsidence, 

in the form of cracking or similar, would be minor.  However, non-systematic movements such as down 

slope movements could result in increased tension and cracking at the tops of ridges.  The risk 

assessment of identified regions from a landslide event is presented in Table 17. Based on the high-

level desktop study, it is recommended that more detailed investigation be carried out, including 

structural inspections of the structures in Region 1 as the potential for landslide in this region can be 

categorised as medium.
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Table 17: Assessment of steep slope failures on structures 

Region 
Geotechnical 

Landslide Hazard 

Before Mining Post Mining 

Likelihood of 

hazard occurring 
Consequence to the property 

Assessed risk 

to the property 
Likelihood 

Assessed risk 

to the property 

1 

Toppling of rock block Unlikely 

Houses close to cliff. 
Ongoing regression 

will eventually reach 

property. 

Minor Low Unlikely Low 

Translational soil slides Likely 

Likely to come to rest on 
slopes above 

developed areas 
Insignificant Low Likely Moderate 

Mass soil movement Unlikely 

Likely to come to rest on 
slopes above 

developed areas - some 
debris may reach 

residence and cause minor 

damage 

Minor Low Likely Moderate 

2 Translational soil slides Unlikely 

Likely to come to rest on 
slopes above 

developed areas - some 
debris may reach 

residence and cause minor 

damage 

Insignificant Low Unlikely Low 

3 Translational soil slides Unlikely 

Likely to come to rest on 
slopes above 

developed areas - some 
debris may reach 

residence and cause minor 

damage 

Insignificant Low Unlikely Low 
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Region 
Geotechnical 

Landslide Hazard 

Before Mining Post Mining 

Likelihood of 

hazard occurring 
Consequence to the property 

Assessed risk 

to the property 
Likelihood 

Assessed risk 

to the property 

4 Translational soil slides Unlikely 

Likely to come to rest on 
slopes above 

developed areas - some 
debris may reach 

residence and cause minor 

damage 

Insignificant Low Unlikely Low 

5 Translational soil slides Unlikely 

Likely to come to rest on 
slopes above 

developed areas - some 
debris may reach 

residence and cause minor 

damage 

Insignificant Low Unlikely Low 
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5.5 Assessment of Farm Dams 

Site inspection of the farm dams was not possible as they are located in private properties.  The following 

information was obtained by a walk-through along public roads, the LIDAR survey, Google Maps, 

contour and topographic maps.  

 

In total, nineteen (19) small farm dams are located within the study area of LW W1 and W2 (Figure 8). 

According to the ANCOLD, a small dam refers to a dam that does not meet the ANCOLD definition of a 

large dam having a volume of greater than 500 ML.  The characteristics of these farm dams are given 

in Table 18. The farm dam capacities vary from about 0.02 ML to 30.76 ML.  The topography around 

the identified farm dams can be classified as steep, however, most of the dams are situated at the toe 

of the slope.  The predicted subsidence that the farm dams located above the longwall panels will be 

subjected to is in the range of 450 mm to 750 mm.  The dams are typically of earth fill construction and 

have been established by localised cut and fill operations within valley floors.  The farm dams are shallow 

with the wall heights being up to about 2 m. MSEC (2019) indicates that the farm dams within the Study 

Area are predicted to experience total tensile strains of between 0.3 mm/m and 1.1 mm/m and total 

compressive strains of between 0.2 mm/m and based on a 95% confidence levels.  The predicted mean 

values range between 0.2 mm/m and 0.8 mm/m tensile and compressive strain.  The predicted changes 

in freeboard were reported as varying from 20 mm to 140 mm. 

 

Table 18: Details of farm dams  

General 
Reference 

Reference Northing Easting 
Surface area 

(m2) 
Volume 

(m3) 
Volume 

(ML) 

PSC_004_d01 FD-10 277590 6214768 460 909 0.91 

PSC_019_d01 FD-5 277857 6215418 3670 7340 7.34 

PSC_080_d01 FD-6 278221 6215832 1380 2760 2.75 

PSC_090_d01 FD-7 278513 6216093 5670 1140 11.34 

PSC_100_d01 FD-11 277570 6214996 200 390 0.39 

PSR_010_d03 FD-8 278740 6215573 150 2960 2.96 

PTH_031_d01 FD-12 278350 6214905 3130 6270 6.27 

PTH_031_d02 FD-2 278390 6214848 130 250 0.25 

PTH_055_d01 FD-4 278547 6215155 3830 7670 7.67 

PTH_080_d01 FD-1 278583 6214761 15040 30080 30.08 

PTH_105_d01 FD-3 278720 6215094 7280 14560 14.56 

TAD_005_d01 FD-9 277334 6215659 1900 3790 3.79 

V04ax FD-13 277913 6214240 15 30 0.03 

V04ay FD-14 277900 6214265 36 70 0.07 

V04az FD-15 277878 6214309 38 80 0.08 

V04ba FD-16 277787 6214438 100 190 0.19 

V04bd FD-17 277758 6214505 480 970 0.97 

V04be FD-18 277727 6214523 90 180 0.18 

V06f FD-19 278188 6214326 300 600 0.59 
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Figure 8: Location of farm dams in the study area 

 

Australian National Committee on Large Dams (ANCOLD) Guidelines on the Consequence Categories 

for Dams (2012) defines the consequences of dam failure as ‘the outcome or result of a dam failure in 
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terms of loss of life and damage to property and/or services, as well as environmental damage’.  In this 

study, a consequence screening tool was used to arrive at the impact of subsidence on the farm dams.  

The tool is broadly consistent with the Initial Consequence Assessment level of ANCOLD (2012).  The 

screening tool identifies the consequence of a dam breakage and provides a preliminary basis for 

determining dam safety management requirements.  It covers the aspects such as surveillance and 

monitoring; emergency preparedness and response; operational procedures, requirement of additional 

investigation and dam safety improvement works. 

 

The key inputs for assessment of farm dams are listed as following: 

• Dam volume; 

• Downstream topography; 

• Extent of downstream impact; 

• Population at Risk (PAR); and 

• Location of PAR. 

 

The PAR includes all people who would be directly exposed to flood waters assuming they took no 

action to evacuate.  The PAR should be assessed using demographic data including dwelling occupancy 

rates, school populations, work sites and other places where people assemble (eg industrial, hospital, 

commercial and retail areas).  The PAR may vary according to time of day, day of week and season.  

The framework of screening of ANCOLD Consequence Categories for small dams is made as per 

following steps: 

1. Assess the inundation area by estimating downstream extent of dam break impact and PAR within 

the downstream extent; 

2. Initial screening based on PAR and assessing the proximity of PAR to the dam; and 

3. Establishing consequence category for each dam under very low to low; significant or above. 

 

In the present study, farm dams having capacity of 1 ML or more have been considered for analysis 

based on the volume that could have a significant impact (Table 19).  There are private residential 

structures in close proximity to the farm dams.  The locations of these structures with reference to the 

dams are presented in Figures 9 to 11.  The farm dams FD-2, FD-5 and FD-6 lie directly above the 

longwall panels where the predicted subsidence varies between 450 mm to 750 mm after the extraction 

of LW W1 and W2.  Similarly, the farm dams FD-1, FD-3, FD-8 and FD-9 may experience subsidence 

of up to 20 mm to 50 mm.  The farm dams are land locked, ie the dams are located in the valley.  It is 

considered that there is no possibility of development of a flood wave due to topographical features.  

Cracking of the top surface may cause breaching of the dam and eventually loss of water pondage.  

However, there is only a low chance of water flooding the nearby houses due to dam breach as the 

houses are situated at a higher elevation than the farm dams.  The structures in the vicinity are located 

on the upstream of the dams (except FD-5), hence the possibility of inundation due to dam break is 

minimal.  As per the ANCOLD Consequence Categories for small dams, the consequence of farm dam 

break can be categorised as Very Low for all the dams except for FD-5 (Table 20).  The structures 

around FD-5 are potentially at risk as there is very little difference in elevation levels.  However, the 

topography is gentle, and PAR was estimated as 1 to 10. 

 

Farm dams are constructed with clay material which can absorb conventional cracking.  Localised 

cracking and deformations may occur which may require remediation.  The three farm dams, FD-2, FD-
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5 and FD-6, could potentially experience cracking due to mining induced subsidence, which may cause 

loss in the water storage capacity.  The stored water volume in these dams should be reduced during 

the mining subsidence period. 

 

Remediation may be required to restore any affected dam to its pre-mining condition.    The dams may 

require periodic surveillance with regards to water level and visual inspection for crack development. 

 

The dams should be inspected by a geotechnical engineer when site access is available prior to mining 

to allow re-assessment of the advice in this report. 

 

Table 19: Distance of farm dams from the structures  

General 
Reference 

Dam ID 
Volume 

(ML) 

Distance from 
the closest 
structure 

(m) 

Dam elevation 
(RL m) 

Structure 
elevation 

(m) 

PSC_019_d01 FD-5 7.34 34 224 226 

PSC_080_d01 FD-6 2.75 - 208 - 

PSC_090_d01 FD-7 11.34 37 196 206 

PSR_010_d03 FD-8 2.96 - 234 - 

PTH_031_d01 FD-2 6.27 128 234 258 

PTH_055_d01 FD-4 7.67 123 228 258 

PTH_080_d01 FD-1 30.08 115 226 252 

PTH_105_d01 FD-3 14.56 148 224 252 

TAD_005_d01 FD-9 3.79 34 222 224 
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Figure 9: Location of Farm Dams, FD-1, FD-2, FD-3 and FD-4 with respect to the closest 
structures 

 

 

Figure 10: Location of Farm Dams (FD-5) with respect to the closest structures 

Structure 

Structures 

Structure 
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Figure 11: Location of Farm Dams (FD-6, FD-7 AND FD-8) with respect to the closest structures 

 

Table 20: Assessment of farm dams  

General 
Reference 

Dam ID 
Volume 

(ML) 
Downstream 
Topography 

Population 
at risk 

Consequence 

PSC_019_d01 FD-5 7.34 Gentle slope ≥1 to 10 Significant 

PSC_080_d01 FD-6 2.75 Gentle slope < 1 Very Low 

PSC_090_d01 FD-7 11.34 Gentle slope < 1 Very Low 

PSR_010_d03 FD-8 2.96 Gentle slope < 1 Very Low 

PTH_031_d01 FD-2 6.27 Gentle slope < 1 Very Low 

PTH_055_d01 FD-4 7.67 Gentle slope < 1 Very Low 

PTH_080_d01 FD-1 30.08 Gentle slope < 1 Very Low 

PTH_105_d01 FD-3 14.56 Gentle slope < 1 Very Low 

TAD_005_d01 FD-9 3.79 Gentle slope < 1 Very Low 

Structure 
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6. Monitoring Plan 

The Monitoring Plan outlined within Table 21 has been developed to assess the subsidence impacts on 

geotechnical features that can occur due to extraction of LW W1 and W2.  The monitoring plan includes 

the following components: 

• Cliff face monitoring; 

• Steep slope monitoring; and 

• Farm dam monitoring. 

 

6.1 Trigger Action Response Plan  

A contingency plan has been developed in the form of a Trigger Action Response Plan, as outlined on 

Table 21.  The measures developed within the TARP are to address any potential significant subsidence 

related impacts and include cliff lines, steep slopes, surface cracking and farm dams. 
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Table 20: Monitoring Program for Geotechnical Features 

 

 

Table 21 Trigger Action Response Plan for Landscape Features 

Feature 
Monitoring Component / 
Location 

Monitoring 

Prior to Mining During Mining Post Mining 

Cliffs 
Identified rock outcrops along 
cliff lines within the Study 
Area.   

Visual Inspection baseline 1 
month before active 
subsidence period by 
geotechnical engineer. 

Monthly visual inspection during 
active subsidence period by 
geotechnical engineer. 

Quarterly visual inspection for 12 
month following active subsidence 
period by geotechnical engineer. 

Steep 
Slopes 

Identified steep slopes within 
the Study Area.   

Visual Inspection baseline 1 
month before active 
subsidence period by 
geotechnical engineer. 

Monthly visual inspection during 
active subsidence period by 
geotechnical engineer. 

Quarterly visual inspection for 12 
month following active subsidence 
period by geotechnical engineer. 

Farm Dams 
Identified farm dams within 
the Study Area.   

Dam embankment integrity 
and water level observation 
every month for at least two 
months immediately prior to 
undermining using fixed 
location photo points. 

Dam embankment integrity and 
water level observation every 
week during active subsidence 
period using fixed location photo 
points. 

Dam embankment integrity and water 
level observation 3-monthly for 
minimum of 12 months post mining 
using fixed location photo points. 

Feature 
Management 

Trigger Action 

Cliff Line Damage or 
Instability 

Normal 

Surface cracking < 5 cm wide on top of cliff line, minor visible 
cracking on cliff face, or rock fall of isolated blocks 

Monthly monitoring by geotechnical engineer during 
active subsidence period 

Within Prediction 

Surface cracking 5 – 10 cm wide on top of cliff line, substantial 
visible cracking on rock face, , or rock fall of isolated blocks 

Monthly monitoring by geotechnical engineer during 
active subsidence period  
Erect warning signs and danger tape in immediate area. 
Geotechnical engineer inspection to determine need for 
further action/investigation 

Exceeds Prediction 

Surface cracking > 10cm wide, major damage to cliff face or rock 
fall of > 100m3 

Weekly monitoring by geotechnical engineer during active 
subsidence period  
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Erect warning signs and danger tape in immediate area. 
Geotechnical engineer inspection to determine need for 
further action/investigation 
Notify Regulator and other stakeholders 

Steep Slope Damage 
or Instability 

Normal 

Surface cracking < 5 cm wide on slope, or rock fall of isolated 
blocks 

Monthly monitoring by geotechnical engineer during 
active subsidence period 

Within Prediction 

Surface cracking 5 – 10 cm wide on slope, small rock fall 

Monthly monitoring by geotechnical engineer during 
active subsidence period 
Repair cracks at the completion of the active subsidence 
period. 
Erect warning signs and danger tape where necessary 

Exceeds Prediction 

Surface cracking > 10 cm wide, substantial rock fall, tree fall 

Weekly monitoring by geotechnical engineer during active 
subsidence period 
Repair cracks at the completion of the active subsidence 
period. 
Erect warning signs and danger tape where necessary  
Geotechnical engineer inspection to determine need for 
further action/investigation 
Notify Regulator and other stakeholders 

Surface cracking 

Normal 

Surface cracking < 5 cm 

Monthly monitoring by geotechnical engineer during 
active subsidence period 
Repair cracks at the completion of the active subsidence 
period. 

Within Prediction 

Surface cracking 5 – 10 cm 

Monthly monitoring by geotechnical engineer during 
active subsidence period 
Repair cracks at the completion of the active subsidence 
period. 
Erect warning signs where necessary  

Exceeds Prediction 

Surface cracking > 10 cm 
Weekly monitoring by geotechnical engineer during active 
subsidence period 
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Repair cracks at the completion of the active subsidence 
period. 
Erect warning signs where necessary  
Geotechnical engineer inspection to determine need for 
further action/investigation 
Notify Regulator and other stakeholders 
Repair cracks > 10 cm in width with excavation, grouting 
and re-compaction where practical 

Farm dams 

Normal 

No cracks developed within dam wall. 

Monthly monitoring by geotechnical engineer during 
active subsidence period 
Repair cracks at the completion of the active subsidence 
period. 

Within Prediction 

Small isolated cracks developed within dam wall (cracks <5 cm). 
Monthly monitoring by geotechnical engineer during 
active subsidence period 
 

Exceeds Prediction 

Development of cracking within dam wall > 5 cm and non-isolated 
in nature 

Weekly monitoring by geotechnical engineer during active 
subsidence period 
Erect warning signs where necessary  
Reduce dam water level by at least half dam volume. 
Notify Regulator and other stakeholders 
Repair cracks at the completion of the active subsidence 
period with excavation, grouting and re-compaction where 
practical 
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7. Comments 
 

A high-level Geotechnical Assessment was conducted on the land features within the study area of 

LW W1 and W2.  The Geotechnical Assessment included risk based assessments of cliffs, steep slopes 

and farm dams. A monitoring plan and TARP have been developed.  The Geotechnical Assessment 

was based on the mine inputs received from Tahmoor Coal and the subsidence prediction report by 

MSEC.  Walk-throughs along the Matthews, Cedar and Stonequarry Creeks were conducted for 

identifying the critical cliffs and outcrops.  Similarly, walk-throughs were conducted adjacent to steep 

slopes and farm dams along Stonequarry Road and other areas.  Site inspection of houses were not 

conducted as there was no permission for this from the private landowners. 

 

The risk assessment of the cliffs was conducted using the procedure presented in ACARP C9067 

(Subsidence Impacts on River Valleys, cliffs, Gorges and River System).  Steep slopes were evaluated 

by the procedure recommended by Australian Geomechanics Society publication “Practice Note 

Guidelines for Landslide Risk Management 2007” (AGS 2007).  The Small Dam Consequence 

Screening Tool (DEPI, 2014) was used to analyse farm dams. 

 

The study revealed that the impact of subsidence on the identified cliffs can be classified as insignificant 

with a probability that less than 3% of cliff lines will be influenced by the extraction of LW W1 and W2.  

This can be attributed to the fact that the cliffs are not directly above the proposed extraction panels as 

well as that the access to these creeks and cliffs is difficult and restricted.  There is a possibility of 

dislodgement, toppling and rolling of failed rocks due to weathering and tilting, but no harm to any 

property or human is foreseen.  Toppling of cliffs and valley closure due to destressing is possible along 

the stretch of Cedar Creek close to northwest corner of LW W1. 

 

The risk assessment of steep slopes indicated that landsliding is unlikely in identified Regions 2, 3, 4 

and 5 and the impact of landslide in these regions was categorised as Low.  However, the subsidence 

in Region 1 was reported to be between 425 mm to 750 mm, which is expected to influence the landform 

with possible local cracking and soil mass slides.  Region 1 is categorised as having a Moderate risk to 

property from landsliding. 

 

The consequence of farm dam failure on property or human lives were found to be Low in all the farm 

dams.  Most of the farm dams were classified as being Low risk except for FD-5, which lies directly 

above the LW W1.  This farm dam is located in close to structures.  There could be cracking of some 

farm dams leading to loss of water and pondage.  Remedial measures can be carried out to address 

these dams. 

 

It is recommended that a monitoring program be undertaken to monitor movements which may indicate 

any rock/soil mass movements.  The monitoring program as part of the TARP has been presented in 

the report.  Periodic inspections and visual observations are key identify signs of distress.  In the event 

that monitoring indicates the measured parameters are exceeding predicted values, the TARP 

measures need to be implemented.  Remediation of cracks and unstable slopes can prevent cascading 

effects on the structures.  The subsidence control measures and crack filling works may be required to 

minimise the potential for long term instability of steep slopes and cliffs. 
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9. Limitations 

Douglas Partners (DP) has prepared this report for this project at LW W1 and W2, Picton in accordance 

with DP’s proposal WOL190014.P.003.Rev0 dated 11 June 2019 and acceptance received from 

Tahmoor Coal Pty Ltd dated 16 May 2019.  The work was carried out under DP’s Conditions of 

Engagement.  This report is provided for the exclusive use of Tahmoor Coal Pty Ltd for this project only 

and for the purposes as described in the report.  It should not be used by or be relied upon for other 

projects or purposes on the same or another site or by a third party.  Any party so relying upon this 

report beyond its exclusive use and purpose as stated above, and without the express written consent 

of DP, does so entirely at its own risk and without recourse to DP for any loss or damage.  In preparing 

this report DP has necessarily relied upon information provided by the client and/or their agents.  

 

DP’s advice is based upon the conditions encountered during this assessment.  The accuracy of the 

advice provided by DP in this report may be affected by undetected variations in ground conditions 

across the site.  Sub-surface conditions can change abruptly due to variable geological processes and 

also as a result of human influences.  Such changes may occur after DP’s inspections were completed.   

 

This report must be read in conjunction with all of the attached and should be kept in its entirety without 

separation of individual pages or sections.  DP cannot be held responsible for interpretations or 

conclusions made by others unless they are supported by an expressed statement, interpretation, 

outcome or conclusion stated in this report.  

 

This report, or sections from this report, should not be used as part of a specification for a project, without 

review and agreement by DP.  This is because this report has been written as advice and opinion rather 

than instructions for construction. 

 

The contents of this report do not constitute formal design components such as are required, by Health 

and Safety Legislation and Regulations, to be included in a Safety Report specifying the hazards likely 

to be encountered during construction of all works (not just geotechnical components) and the controls 

required to mitigate risk.  This report does, however, identify hazards associated with the geotechnical 

aspects of development and presents the results of risk assessment associated with the management 



 Page 42 of 40    

Geotechnical Assessment, Geotechnical Land Management Plan 89541.00.R.001.Rev0 89541.00.R.001.Rev0 

Longwalls W1 and W2, Picton July 2019 June  2019 

 

of these hazards.  It is suggested that the developer’s principal design company may wish to include the 

geotechnical hazards and risk assessment information contained in this report, in their own Safety 

Report.  If the principal design company, in the preparation of its project Design Report, wishes to 

undertake such inclusion by use of specific extracts from this subject DP report, rather than by 

appending the complete report, then such inclusion of extracts should only be undertaken with DP’s 

express agreement, following DP’s review of how any such extracts are to be utilised in the context of 

the project Safety Report.  Any such review shall be undertaken either as an extension to contract for 

the works associated with this subject DP report or under additional conditions of engagement, with 

either option subject to agreement between DP and the payee. 

 

 

 

 

Douglas Partners Pty Ltd 

 


















