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 EXECUTIVE SUMMARY 
This report has been prepared for the City of Fremantle with solutions for the 
structural stabilisation of the cliffs and walls at Arthur Head Reserve in 
Fremantle. Following visual investigations our assessment is there is no 
generic solution for the entire cliff face to stop or mitigate erosion and 
rockfall. Some faces have a similar condition while others need to be 
treated in a specific way to cater for their condition and location.  

The recommended interventions for the cliffs are: 

 Revegetation (only on ground level, not on cliff faces or cliff edges) 
 Limestone masonry repair  
 Installation of new limestone masonry (not retaining) 
 Prevention of access to the cliff face  
 Rockfall fencing installation 

Where a more visible strategy is required for mitigating erosion and rockfall 
risk the following is recommended: 

 Concealed cliff support solution (concrete arch)  
 Canopy shelter 

Some current day remediation strategies have not been considered further 
due to their intrusive nature to the representation of the cliff or their 
inadequacy as appropriate solutions, for the reasons identified herein in 
Section 3.2. These strategies are:  

 Reshaping / profiling the cliffs 
 Rock bolting / pinning 
 Reinforced geogrid 
 Rockfall nets / mesh 
 Chemical grout injection 
 Chemical sealers 
 Visible shotcrete application to cliff face 
 Improvement to site drainage  
 Concrete retaining wall structures 

 
Consideration should be given to the recommendations for Areas 7 and 8. 
There is an opportunity to not only mitigate erosion and rockfall risk but to 
also design and install a unique structure that interprets the heritage 
significance of the place and fits into the art precinct of Bather’s Beach.  

 INTRODUCTION 

 Scope of Works Summary 
Hocking Heritage Studio has been engaged by the City of Fremantle (‘The 
Principal’, ‘The City’, ‘The Client’) to assess the structural integrity and 
stability of the natural cliff faces and man-made walls at Arthur Head 
Reserve in Fremantle, as well as design and documentation for 
recommended works.  

The main objective is to eliminate or reduce as much as possible the erosion 
of the cliff faces and walls at Arthur Head in a manner that is sympathetic of 
their heritage significance whilst improving access and safety for visitors to 
the site. In addition, a recommendation to the remediation of the walls and 

roof surfaces of the Secret Tunnel linking the Gunner’s Cottage to the 
Whaler’s Tunnel is desired.  

This report clearly identifies its findings and provides specific 
recommendations by the Consultancy team. Items which require further 
input from the Client are detailed herein in order to assist with the delivery of 
a successful project which surpasses expected outcomes.  

 The Site 
The site is located at Lot 2015 Phillimore Street, Fremantle. It is wholly 
contained with Reserve 21563, the Arthur Head Reserve. 

The extent of works is contained within the area outlined by the dashed red 
line in the aerial photo below.  

There have been conservation and structural stabilisation works to the cliffs 
and Round House in 2001 and 2004. Additional surveys and remediation 
works have been undertaken in 2005, 2009 and 2018. A Conservation 
Management Plan (CMP) for the area was prepared in 2011.  

 
Extent of the area of study at Arthur Head Reserve, Fremantle 

 

 Background  
Arthur Head Reserve is a limestone outcrop located on the most western 
portion of the Fremantle townsite and is a prominent feature elevated 
above the surrounding landscape.  Prior to the Swan River Colony 
settlement all of the headland west of the railway line was of roughly a 
similar height to the current reserve and formed a rocky cliff face along the 
coast line.  The headland is named ‘Manjaree’ by the Whadjuk Noongar 
language group. 

From the earliest days of settlement, limestone was quarried from the 
headland for public and private works.  The first public building in the colony 
the public jail (now the Round House) built in 1830/1, was constructed from 
limestone quarried on the site.  The Fremantle Whalers Company, one of the 
first industries in the colony established their trade on what is now Bathers 
Beach.  The company quarried the limestone cliffs to create a rubble jetty, 
or the Whalers Jetty out from Bathers Beach and also dug the tunnel under 
the Round House in 1837.   Later, substantial amounts of limestone were 
quarried to construct major public works, the nearby Inner Harbour (1892-
1897) and South Mole (1894).  The headland subsequently became a busy 
shipyard managed by the Fremantle Harbour Trust requiring a relatively flat 
site and accessibility to the water.  The last major works removing a portion 
of the raised limestone headland was in the 1960s when the sheds now 
known as J Shed were relocated to this site. 

The original cliff face on the eastern side is partially supported by a 
limestone block wall, probably built during the 1960s when the railway line 
was extended.  The cliff faces of the Arthur Head Reserve to the north, south 
and west are surfaces left by the action of quarrying, not a result of natural 
forces.   

Since quarrying has ceased, the exposure to the aggressive coastal 
environment and vegetation roots forcing through the base rock, has 
resulted in considerable erosion and weakening of the quarried cliff faces.  
Consequently there are now many loose areas in the natural faces which 
pose a significant risk of injury to persons at the site.   

In November 1982, Reserve 21563 was vested in the City of Fremantle “in 
trust for the purpose of preservation and protection of the Round House and 
other buildings”.  The Round House and Arthur Head Reserve were one of 
the first places included on the State Register of Heritage Places in 1993. 

The site continues to be maintained by the City of Fremantle and the Round 
House is a tourist destination operated by volunteer guides.  The nearby 
Kidogo Art House, J Shed Artist Studio and other commercial attractions 
have contributed to the popularity of this precinct.  
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 Heritage Listings 
State Register Place 0896 
Round House and Arthur Head Reserve 

Permanent 19 Nov 1993 

Municipal Inventory Adopted 18 Sep 2000 

Heritage List Included 8 Mar 2007 

Register of the National Estate Permanent 21 Mar 1978 

National Trust (WA) Classified 2 Nov 1967 

Department of Aboriginal Affairs  
Registered Site 

------------- -------------- 

Department of Aboriginal Affairs  
Heritage Places 3421; 3774 

Recorded 20 Sept 1999 
4 Dec 1999 

 

A meeting with the Department of Planning, Lands and Heritage (DPLH), 
Heritage Services was arranged, where the scope of project works was 
explained and findings and remediation recommendations of each area 
were presented. There was no objection from DPLH in principle however 
formal commentary from the Development Committee is still pending at the 
time of this report. Documentation has been lodged for the committee 
meeting end of November 2018.  

 

 Statement of Significance 
The following statement is taken from the Register Entry for Place 0896 
Round House and Arthur Head Reserve prepared in 1992.  It is noted that 
there is no reference to the cliffs in this statement. 

The Round House is of exceptional cultural significance for the 
following:  

It is the first permanent public building, and the oldest extant 
(European) building, in Western Australia; 

It has a close association with, and is a demonstration of, the 
colonial system of law and order; and  

It is one of only two extant buildings by H.W. Reveley, the first 
colonial engineer in the Swan River Colony (Western Australia). 

 

The Conservation Management Plan (CMP) prepared by Philip Griffith 
Architects in 2011 outlines the following Policies for the place:  

“Items of exceptional significance include landscape features 
consisting of: The geological features of Arthur Head and the 
plateau on which the Round House stands; the cliff faces and 
revetments on all faces; ... “ 

“[Policy 1] The fabric of spaces or elements of exceptional 
significance must be preserved or restored in such way as to 
demonstrate their significance.” 

“Archaeological areas of considerable significance include: The 
plateau around the Round House including … the Signal Station  

 

 

and Observation Post, and Signal Mast 1905; the western cliff face 
and caves; … “ 

“[Policy 2] The significant fabric of spaces or elements of 
considerable significance should be preserved, restored or 
reconstructed as appropriate.” 

Areas of little significance include landscape features consisting of: 
the landscape area between the south eastern revetment wall and 
railway tracks, … the steps leading from the southern Round House 
lawn to the lower paths; … and, pathway materials generally. “ 

“[Policy 4] The fabric of spaces or elements of little significance 
contributes to the significance of the place, but not to the same 
extent as authentic fabric does. Where fabric of little significance 
has deteriorated consideration might be given to reinstatement, 
adaptation, removal or replacement in a manner that allows 
continuity of interpretive meaning and to suit contemporary 
requirements. Fabric of little significance should not be summarily 
dismissed as not being important.” 

 

 

 Project Description 
The brief for the project is as follows: 

 Assess the existing limestone cliffs and man-made wall/infill 
conditions  

 Assess the Secret Tunnel condition;   
 Categorise the risk for each finding; 
 Propose and describe remediation options.  
 Undertake an aesthetic weighting 
 Undertake a cost benefit analysis 

The option proposals have to consider the relationship with the site, the 
context, materiality, high visual aesthetic and heritage significance. Safety-
in-Design, current statutory regulations and the City’s ‘One Planet Program’ 
are acknowledged as part of the design process. “Green’ and ‘Grey’ 
stabilisation technics are amongst the research for relevant modern day 
methodologies.   

The proposed options have to provide a comprehensive overview of the 
necessary remediation works to enable the Principal to schedule and 
budget for the necessary undertakings.  

 

 

 

 

 

 Project Team 
The team of specialist consultants and engineers involved in the project are 
listed below: 

 Heritage Architect – Hocking Heritage Studio  

 Geotechnical Engineer – CMW Geosciences 

 Structural Engineer – Atelier JV  

 Model & Surveying Engineer – Monaghan Mapping & Surveying 

 Quantity Surveying - RBB 

The contribution of all of the above is acknowledged in the collation of this 
report. 

 

 Project Status 
The project has reached the end of Schematic Design.  

The following tasks have been undertaken and completed: 

1 Visual site survey of the site  
2 Desktop review of the following provided reports: 

 Roundhouse Conservation Plans dated July 2002 
 Arthur Head Limestone Cliffs Report dated June 2005 
 Arthur Head Geotechnical Survey dated December 2009 
 Conservation Management Plan dated 2011  
 Visual Inspection Report dated February 2018 

3 Review of the policies in the Arthur Head Reserve Conservation Plan 
from 1999 to ensure that the cultural heritage significance of the place 
is maintained and enhanced 

4 Feature and contour survey of the area 
5 Geotechnical investigations by CMW Geosciences 
6 Research current day remediation technics 
7 Remediation option workshop with the consultant team evaluating 

mitigation technics and options 
8 High level cost benefit analysis 
9 Risk analysis 

 

Schematic 
Design 

Design 
Development

Contract 
Documentation
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 GEOTECHNICAL CLIFF AND 
RETAINING WALL INSPECTION 

 

 Arthur Head Geological Setting and 
Natural and Anthropogenic Processes 

The references listed in Section 3.0 were used in the preparation of this 
section of the report.  Refer Figure 1 for layout of features and the eleven 
Areas described in the text. 

 Background 

The limestone from which Arthur Head Reserve is formed is part of the 
Tamala Limestone Formation. It is primarily a calcarenite formed from 
calcium carbonate rich wind-blown dune sands that have become lithified. 
The subsequent leaching and weathering that has and continues to take 
place have resulted in rock and soil that is highly variable in strength, density 
and form.  It is variable to the extent that some materials are very high 
strength rocks and others are very loose sand yet both exist in very close 
association.    This variability can occur across centimetres.  Anthropogenic 
influences have also shaped the current Arthur Head and contributed to 
the features and in some cases the geotechnical hazards that are present.  

The outcrop of limestone forming the Arthur Head Reserve and on which the 
Roundhouse now stands was once a prominent headland which together 
with a separate smaller limestone headland (Rous Head) once formed low 
cliffs either side of the entrance to the Swan River.  Arthur Head forming the 
southern rocky headland and Rous head the northern rocky headland. 

 

 

Both headlands were significantly reduced in size through quarrying to 
facilitate the construction of a number of the early town buildings and in the 
case of Arthur Head to also provide stone to armour the South Mole.   As a 
result, the outcrop of limestone on which the present day Arthur Head 
Reserve stands is a remnant of a larger headland and most sides of the 
present day reserve are quarried faces. 

The cliff faces along the western (J Shed and Bather’s Beach) side of the 
reserve in particular, are remnant quarried faces and are sub-vertical.   

 

The Whalers Tunnel, some 73 m long and 3.6 m wide and high, was built 
connecting Bather’s Beach with the western end of Fremantle High Street. 
Originally stairs connecting the Roundhouse with the High Street descended 
each side of the tunnel portal. These stairs were realigned in the past to 
accommodate the construction of a railway line running parallel to Cliff 
Street.   At that time it would appear that, at that time, the quarried faces 
on the eastern side were also modified and trimmed to make room for the 
railway and the retaining walls now present along this part of the reserve 
were presumably built to protect and support the steepened rock face 
along this side of the reserve. A small (1.2 m wide 1.8 m high) inclined tunnel, 
called the Secret Tunnel, was built in 1938 to connect houses in the northern 
Arthur Head area with the Whalers Tunnel.     

 The Limestone in Arthur Head   

The Tamala Limestone in Fremantle is generally less than 120,000 years old 
and extends to depth of about 30 m below sea-level under most of 
Fremantle, except where it has been removed by a deep palaeo-channel.   

The exposed limestone at Fremantle is an aeolianite (a dune deposit) but it 
has been modified through post-depositional processes and now presents 
as three distinct lithologies. Indeed, three distinct geotechnical units (units 
defined by their engineering characteristics and mechanical behaviour) 
are evident.   These distinct units are caprock, zone of roots and cross-
bedded aeolianite.     The presence or absence of one or more units has a 
major influence on the rate of erosion, potential for undercutting, and the 
overall stability of cliffs and risk to people and property. 

 

Caprock 

The uppermost lithological unit is a caprock, typically about 1.5 m thick.  The 
caprock can be seen in the cliff faces.  Progressing clockwise around the 
reserve commencing at Area 1 caprock can be seen below the barrier wall 
at the top of the cliff, in Area 3 above the top of the retaining wall.   It is 
largely absent in area 4, presents as a caprock pavement at the top of the 
Area 5 cliffs (southern end) It can clearly be seen dipping from north to 
south in Areas 6 and 7 and is present at the top of the cliff faces in Areas 8 
and 9.  The same caprock layer also forms a number of the pavements 
within the reserve itself, in particular on the south and west side of the round 
house in the path from the public toilets south to the Roundhouse and 
around the cannon and time-ball platform. 

Caprock is very much stronger and less permeable than some of the other 
Tamala Limestone lithologies and typically has a rock strength of High to 
Very High.   It does however contain holes typically about 0.2 m, but 
occasionally up to about 0.5 m, in diameter formed by tree roots.   The 
caprock was formed by calcium carbonate enrichment the result of rainfall 
(carbonic acid) percolating into the aeolianite, dissolving calcium 
carbonate (calcite) depleting the limestone of its cementing agent. Then, 
through the warming and drying action of the sun, the calcite is drawn 
upwards by capillary action where the calcite precipitates to form an 
enriched zone, namely the caprock. 

 

Zone of Roots 

In forming a caprock the limestone immediately beneath it is depleted of 
calcite and as a result is highly prone to weathering and erosion.   Where 
this material is exposed in cliff faces, wind and rain have resulted in large 
undercuts, cavities and has created an overall vuggy texture to the 
limestone.  Much of this erosion has taken place since quarrying ceased 
and as such the larger cavities have occurred in the last 100-150 years.   The 
situation at Arthur Head is therefore dynamic and conditions will continue to 
change in even a short time frame.    

The calcite depleted zone is further complicated by thin tubular 
cementation that has resulted through the action of tree roots.  
Occasionally a large root, likely the tap root of a Jarrah or Tuart tree, forms a 
calcite lined tube and when exposed this becomes a calcrete lithified 
column as can be seen in the cave in Area 6.      These columns are 
sometimes hollow where the original root has rotted or the calcretised 
solution tube can become infilled with sand or terra rosa soil washed down 
from above.  Smaller tubes generally less than 200 mm diameter can 
completely fill with high strength calcrete.  The presence of these cemented 
roots or annuli around larger roots is usually in concert with the removal of 
the calcite cementing agent from the surrounding rock mass often leaching 
it completely and leaving only a soil.     The lithified roots are referred to as 
Rhizocretions and the zone beneath the caprock through which roots 
penetrate below the original ground surface is referred to as the ‘zone of 
roots’.     

Coastline of Fremantle prior to the construction of Fremantle Harbour 
(after Tutton 2003) 
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The zone of roots is typically between about 4 and 6 m thick at Arthur Head 
and dips with the caprock towards the south.   

The strength of material in the zone of roots varies from very high strength 
rock to loose sands and voids (where leached sands have been eroded 
out).  The volume of the rock strength lithified rocks is however relatively 
small as a percentage of the total zone and as such the rock mass is weak 
and subject to erosion when exposed.   These characteristics make the 
‘zone of roots’ a geotechnically problematic strata with respect to cliff 
stability, rockfall risk and the control of erosion. 

  

 

Cross Bedded Aeolianite 

The lower part of the cliffs around the western tunnel portal and Areas 9 and 
10 are aeolianites that have been unaffected by caprock formation or the 
variable lithification associated with the ‘zone of roots’ and calcite 
depletion.  The aeolianite displays distinct cross-bedding.   The cross-
bedding, reflects the original dune system and although more competent 
than the overlying “zone of roots” still display variable leaching.  Typically 

beds of sand are cemented with calcite to form low to medium strength 
limestone separated from adjacent beds by weaker leached beds which 
are occasionally completely uncemented.   Thus thin “slates” of rock can 
occur. 

Cross bedded aeolianite is less prolific in the southern part of the reserve as 
the caprock and zone of roots dip towards the south and are present at 
lower elevations.   Nonetheless, the zone of cross-bedded aeolianite are 
present at the level of the base of the cliffs around the southern part of the 
reserve.  

 

Weathering, leaching and erosion 

The weathering process of limestone is referred to as leaching and involves 
the dissolution and removal of calcium carbonate (Calcite). The result is a 
loss of material strength and density, the creation of pitted surfaces, vughs, 
voids and solution features (tubes/pipes etc). A colour change can also 
occur.  Lighter straw-white colours are associated with leached materials 
whilst unleached limestone not exposed to the atmosphere is whitish and 
where exposed it commonly becomes grey through a process called case 
hardening.  Entirely leached limestone becomes a sand and if the sand 
erodes away a void is left behind.   The heavily leached limestone or sand is 
highly vulnerable to erosion.    

The following erosion mechanisms are observed at the Arthur Head Reserve:   

1) Wind and rain blowing or washing away sand and friable limestone.   This 
can isolate more competent materials that then falls or topples under 
gravity.    

2) Erosion by wind and wind driven rain and salt spray occurring in the zone 
of roots to form undercut tabular slabs. 

3) Water can also percolate down tubes within the caprock pavement. 

4) Water flowing over the edge of the cliffs. 

5) Root wedging by trees and shrubs 

Another leaching mechanism which is relatively common is referred to by 
Gordon (2012) as soil slotting.   It is the minor undercutting of the cliffs and 
main made limestone walls in the splash zone where rainwater strikes the 
ground and splashes against the adjacent limestone. 

 

 

Case Hardening 

Many of the rock faces and masonry walls around Arthur Head display case 
hardening.  It is important to understand the significance of case hardening 
and the need to protect it from damage as far a practical. 

 

Case hardening is the induration or strengthening of limestone surfaces that 
have been relatively recently exposed.  It takes the forms the form of a grey 
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coloured crust or rock armour that is formed by the sun’s heat pulling out 
capillary water saturated by bicarbonate to the surface where the water 
evaporates.  The hardened surface typically takes about 5 years to form 
(Gordon 2012).    It is however important to note that this indurated crust is 
only a few millimetres in thickness and it forms by depleting the limestone of 
its cementing agent in the zone immediately behind the crust.  Thus, when 
the crust is disturbed or removed by erosion or engineering works, the 
material behind is exposed and will be particularly vulnerable to erosion until 
such time that a new crust develops.   In some instance the rates of erosion 
exceed that of the case hardening process and the crust never re-
establishes.   There are examples of this around the cliffs and walls around 
Arthur Head, and also areas where overhangs have developed or facing 
work using limestone blocks and mortar have been used to protect the 
exposed and eroding faces. 

 Available Remediation Methods 
As part of the study a desk study was undertaken of available remediation 
techniques namely “green” and “grey” techniques. 

Green Techniques: 

Green techniques commonly refer to techniques that are concealed or 
involve stabilisation using natural products or vegetation. 

Green techniques might include the following: 

 Use of vegetation 
 Seeded erosion protection mattresses 
 Use of earthen structures reinforced with HDPE geogrids or 

geotextiles (with a vegetation cover) to buttress or reinforce slopes 
 Improvement to site drainage 
 Use of Calcite In-situ Precipitation Systems (CIPS) 
 Use of limestone masonry with lime mortar joints  
 Use of chemical stone (limestone) sealers 

Vegetation to stabilise limestone cliffs subject to erosion is not a suitable 
technique.  This includes the use of HDPE geogrids with vegetation cover. It 
is in fact detrimental for the following reasons: 

1) It detracts from the original limestone cliff face 
2) May involve earthen support (as in the case of mechanically 

stabilised earth) to buttress the unstable faces therefore removing 
the original amenity 

3) Shrubs and trees have a root system that will penetrate the 
limestone and tend to cause root wedging levering out blocks or 
rock 

4) Vegetation introduces acids that have a tendency to dissolve 
calcareous material resulting in leaching 

5) Fertilisers and reticulated water (uric and carbonic acids) can 
cause further and accelerated dissolution of weakly cemented 
limestone 

As a result, no planting of vegetation on or on top of cliff faces is 
recommended as a stabilisation measure.   In fact, as a general 
recommendation all shrubs and trees growing out of cliff faces or growing 
on top of the cliffs within 2 m of the cliff crest should be carefully removed. 

There is one exception where vegetation is beneficial.   Trees and shrubs at 
the base of the cliffs but no closer than 3 m have the tendency to protect 

the cliffs from the worst of wind driven rain and salt spray.  Therefore, the 
buffer of shrubs between the western side of Arthur Head and Bather’s 
beach should be preserved. 

Ensuring storm run-off does not directly discharge over and onto cliff faces 
(Improvement to site drainage) is an erosion and rockfall mitigation strategy.  
Generally, the site drainage was noted to be good and no location of 
concentrated discharge over the crest of cliffs was noted and as such this 
option has not been pursued. 

There are several locations where limestone masonry, in keeping with the 
existing in situ limestone, provides benefit for the following reasons: 

1) prevent erosion of a heavily leached area 
2) to support a face as a retaining wall 
3) to underpin an overhang 

Repair of existing masonry and installation of new masonry walls is a primary 
form of recommended remediation. 

Widespread use of stone sealers is not considered beneficial as these 
products are designed to limit water penetration.  In the case of in situ 
Tamala Limestone the free passage of water into and out of the face is the 
mechanism that allows case hardening to occur. 

Calcite In-situ Precipitation Systems (CIPS) 

There is a system for re-cementing limestones that have weathered to sand 
or improving the cementation of limestones.   This system is called a Calcite 
In-situ Precipitation System (CIPS).  It had been commercialized but 
unfortunately no contractors currently hold a license.  We have contacted 
the patent holders and licenses can still be sold to interested parties 

CIPS is a permeation grouting system that delivers ‘liquid’ calcite into a 
permeable and porous material such as sand or limestone. 

When injected into homogeneous ground through grouting spears it can 
form spheres (if injected from a point source) or cylinders (if injected at 
multiple elevations).  Overlapping cylinders can be used to form grouted 
wall.   Although CIPS will have similar material appearance to in situ 
limestone the spherical or cylindrical form of the grouted columns would 
have a distinctly man-made appearance when facing material drops 
away.  The photo below shows an example of cementation from a point 
source in sand 

 

Furthermore, the limestone at Arthur Head is not homogenous as it contains 
voids and cavities at different scales (mm, cm etc.), root tubes etc.   Unlike 
conventional cementitious grouting which is designed to infill voids, CIPS is 
injected as a non-viscous liquid and works by creating cementitious bonds 
at existing material contacts and not by infilling voids.  For these reasons it is 
not considered an appropriate retaining system for the Arthur Head 
limestone cliffs.   CIPS may however be suitable as a mechanism for slowing 
down the rate of erosion when applied to the friable and fretting cliff face.  

Where the case hardening on limestone faces has been damaged through 
man-made or natural causes, CIPS could be used to rebuild the 
cementitious contacts on the leached surface creating a cementitious 
veneer (a few millimeters thick) that would slow down or prevent erosion 
until future damage occurs.   Application of CIPS in this context would not 
physically prevent cobbles and pinnacles of rock falling from the faces.  It 
could however reduce the likelihood of such occurrences, by slowing down 
the amount of day to day erosion and fretting of sandy material, which 
otherwise would ultimately undermine pinnacles and blocks of limestone.  
CIPS used in this context would be applied as a surface coating and it is 
understood this application of CIPS was used as part of the 2001 restoration 
works of the Whalers Tunnel. 

It is not known how successful such an application would be when applied 
to the exposed vertical faces of Arthur Head and several applications 
(possibly 5-10) are likely to be required to make a tangible improvement to 
the outermost few millimeters of the leached and eroded cliff faces.  It is 
also uncertain whether the application of CIPS will noticeably change the 
appearance of the treated limestone and how it will weather relative to 
untreated adjacent sections.      For these reasons it is recommended that a 
trial be carried out on a small section of a non-visually prominent and 
weathered cliff face so that both the physical and aesthetic aspect of the 
CIPS application can be assessed.  To enable a trial, and if successful 
subsequent use of this product, a contractor would need to purchase a 
CIPS license. 

Grey Techniques 

These is a plethora of available grey techniques, including but not limited to 
the following: 

 Rockbolts 
 Rock fall netting (rockbolted in place) 
 Mesh and shotcrete (anchored in place with rock bolts) 
 Grouting 
 Concrete retaining walls 

Rockbolts can have a use but given the friable nature of the aeolianite and 
zone of roots, there is a risk of any post tension in the bolt crushing the rock 
and rock might even crack during the process of installation.  Rock bolts 
therefore have limited use in isolation but would need to be used to secure 
masonry veneers, mesh and shotcrete or anchored (non-gravity) retaining 
walls. 

Rockfall netting without the use of shotcrete removes some of the rockfall 
risk.   The limestone, especially the cross-bedded aeolianite and the zone of 
roots however tends to break down into particles that would pass through 
the aperture of the mesh.   Whilst the main rockfall hazard is mitigated the 
mesh does not prevent erosion and so deterioration of rock faces may still 
occur with time.  Mesh is also considered too visually obtrusive. 
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Mesh and shotcrete held in place with rock bolts provide a sound and 
practical cliff stabilisation measure and, in most cases, could achieve the 
required level of stabilisation and rockfall risk reduction.  It has not been 
recommended however due to damage it would do to the fabric of the 
amenity and the loss in heritage value that would result. 

Grouting using cementitious grouts to penetrate the limestone is not 
considered a practical option.   Whilst grouted blocks and retaining walls 
can be successfully constructed the exposed grouted limestone will not be 
attractive.  Furthermore, putting aesthetics aside, it is not considered a 
feasible engineering option due to the significant variation in void size and 
permeability within the limestone which would result in significant grout 
volumes and loss of control of where grout flows and uncontrolled issues of 
grout from faces would almost certainly occur. 

Concrete retaining walls could be used to achieve required stabilisation but 
would clearly result in loss of heritage value and are not considered further. 

Allowing the natural faces to Case Harden 

In many instances the natural process of case hardening has been affected 
by outside disturbance such a vegetation wearing against the cliff faces, 
past trimming of unstable faces, water erosion etc.  CIPs can be used to 
encourage case hardening, if a commercial operator can be found.  Even 
without CIPs faces should be left to find equilibrium and with time (if 
undisturbed) the exposed surfaces should develop a case-hardened face 
Gordon (2003) cites a period of about 5 years for a case-hardened face to 
develop on material that is not actively eroding. 

 

 Site Observations, Qualitative Evaluation of 
Risk and Mitigation Options 

 Methodology - Risk Assessment Basis 

A framework for assessing the existing risk to people visiting Arthur Head and 
the risk following remedial improvement (residual risk) is used throughout the 
study.  The residual risk is equivalent to a safety in design risk assessment. 

The Australian Geomechanics Society, under funding provided by the 
National Disaster Funding Program (NDMP), produced Landslide Risk 
Management Guidelines and have developed Landslide Risk Management 
Practice Notes.  The guidelines and practice notes known collectively as 
AGS2007 have been used extensively here to evaluate the quantitatively risk 
to life described in this report.   The quantitative risk assessment is presented 
in Appendix 3.   

Assessment of risk is highly subjective.  It involves estimation of the likelihood 
and severity of the event which are both highly subjective.  It also involves 
an assessment of likely exposure and numbers of people traversing areas 
and for how long.  Estimates of risk must therefore be considered as 
indicative and approximate. 

The recommended remedial/risk mitigation option for each area is 
highlighted in Appendix 3. 

The quantitative risk designation adopted in Appendix 3 was used in a 
simplified form (i.e. very high, high, medium and low) as a basis for a cost 
benefit analyses (CBA).  The CBA is presented in Appendix 4 and shows the 

cost benefit as a function of the reduction in the risk level to people any 
improvement or deterioration in aesthetic value of the amenity and 
anticipated magnitude of costs resulting from the proposed remedial 
option. 

The CBA is subjective and approximate both in equally weighting of change 
in risk level and change in aesthetic value but also in the relative estimation 
of cost. 

 Site Observations 

The site inspection was undertaken on 8 October 2018 by Matthew Tutton a 
Senior Principal Engineering Geologist and Jit Lim a Project Geotechnical 
Engineer of CMW Geosciences Pty Ltd (CMW). 

An 18 m cherry picker was used to facilitate inspection in some of the higher 
and unstable cliff areas and to observe cavity and niches within the cliff 
face that were not apparent from ground level and well as to get a close-
up view of cracks etc. 

Protection of the public and close by vegetation (pine trees etc.) during the 
assessment was considered and undertaken. No damage caused by the 
works was envisaged.  

The cliff and retaining walls around the Arthur Head reserve form part of the 
inspection in addition to the Secret Tunnel.   The Whalers Tunnel, 
Roundhouse and walls to buildings within the reserve complex were not part 
of the brief and were not inspected.  Masonry walls forming a barrier around 
the reserve were also not part of the brief although comment is made in this 
report because these walls sit close to the cliff edge and at some locations 
could be affected by cliff instability. Similarly, loose blocks and mortar 
present a rockfall hazard at locations where the wall is located directly 
against the edge of cliff faces. 

It was noted that certain sections of the cliffs display common 
characteristics and for this reason the observations at each of these areas 
are grouped and are discussed collectively.  Photographs relating to each 
area are presented in APPENDIX 2 together with some general photographs 
of the reserve.  All the photos in APPENDIX 2 are numbered for reference in 
the text.  Additional photographs illustrating specific features are included in 
the text.  

Reference is made to eleven areas of noted rockfall or landslide risk.  For the 
remaining parts of the perimeter of Arthur Head there are low (0-4 m high) 
shallow sloped (<45º) limestone batter faces where the level of rockfall risk 
was observed to be low or negligible and therefore further comment is not 
made.   Similarly, there is an undercut in a low 2 m high limestone bank 
behind a cottage in the northern part of the reserve (see photo below).   
The level of risk 
is considered 
low due to the 
nature of the 
caprock and in 
the low 
frequency of 
people likely 
being present 
in this area.  

 

Each of the eleven areas is described consecutively in a clockwise 
direction commencing in the northern part of the reserve as shown on the 
map on the next page.  

Appropriate mitigation options are listed for each area in a comprehensive 
table.  

Some key notes:   

 The ratings in the table are to be understood as general weighting 
only.  

 The Safety Improvement Factor is a result of ‘Current Risk’ plus/minus 
‘Residual Risk’.  

  The Aesthetic Weighting is based on visual impact of the mitigation 
strategy including considerations of historic, social, rarity and 
representative significance of the place.  

 The Benefit is a result of ‘Safety Improvement Factor’ plus/minus 
‘Aesthetic Weighting’.  

  The Cost/Benefit rating is based on ‘Benefit’ rating divided by 
‘Cost’ rating.  
 

 

Observation … 

Risk Category Very High – High – Medium - Low 

Mitigation 
Options 

Current 
Risk 

Assumptions 
Residual Risk 
(say in 10 years) 

Safety 
Improvement 
Factor 

Aesthetic 
Weighting 

Assumption Benefit Cost Benefit/ 
cost 

Cost 
Estimate 

AUD 

1, … 

4 Highest 

1 Lowest Comments 

4 Highest 

1 Lowest 

3 Highest 

-3 Lowest 

3 Highest 

-3 Lowest Comments 

3 Highest 

-3 Lowest 

8 Highest 

1 Lowest 

2 Highest 

-2 Lowest 

Amount  
ex GST 
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 Qualitative and Quantitative Risk Assessment 

The Australia Geomechnics Society   2007 publication (AGS2007) sets out a 
procedure for assessment of landslide or rockfall risk which has because an 
industry standard.   For each of the following areas risk was considered in 
terms of the risk to an individual’s life.  Account is taken of: 

 the type of rockfall or landslide hazards,  
 the assessed annual probability of occurrence,  
 the spatial probability of the event impact an area that people 

frequent 
 the spatial/temporal probability of a person being in the impact 

zone at the time of impact 
 and, should an impact occur the severity of impact (vulnerability of 

the individual). 

All these factors are used to assess the risk of a person being killed by a 
rockfall.  The results of the quantitative risk assessment are provided in 
Appendix 3, for: 

 the prevailing condition 
 the recommended remediation/risk mitigation option 
 alternative remediation/risk mitigation options 

Risk values suggested as being tolerable in AGS2007 are provided in 
Appendix 3.   A qualitative risk term is also provided in the table and this 
term is used in the description below and used in the cost benefit analysis 
provided in Appendix 4. 

The following definitions apply: 

 Very high or high risk (considered an intolerable level of risk 
according to AGS2007 and risk level must be reduced 

 Medium (considered a tolerable level of risk in limited 
circumstances (AGS2007))  Risk mitigation required 

 Low (considered a tolerable level of risk (AGS 2007). 

Therefore, all recommendations made below are made (sometimes in 
concert) to bring the level of risk to low. 
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 Area 1 – Limestone Quarried Face with Masonry infilling 

Observations 

Observation Small trees are growing out of the cliff face, 
rock fall hazard  

Risk Category Medium - Low 

 

Area 1 comprises a near vertical cliff face 4 to 5 metres in height.   The cliff is 
not natural but has been created by quarrying stone.  The face is a mixture 
of natural limestone and masonry infill and dentistry work.  The relative 
proportions of in situ limestone to masonry exposed on the face are about 
50/50 with the masonry comprising irregular shaped and poorly 
coursed/bonded blocks.   Caprock in present towards the top of the face 
and the cliff/wall is capped by a masonry boundary wall set hard against 
the edge of the cutting.   It would appear that the masonry infill panels 
have been added in an ad hoc manner likely over multiple repair 
campaigns (refer Photos 5 and 6). 

Multiple hazards are observed primarily associated with the deterioration of 
the masonry where blocks are weathering, mortar is dropping out and there 
is loose material at risk of dropping out onto the carpark below as illustrated 
in the photograph below. 

Risks 

The wall on top of the Area 
1 cliff face is in a poor state 
of repair on its outer face 
and there is a risk to 
people and cars if pieces 
of mortar or rubble from 
this wall were to fall.   
Furthermore, several small 
trees are growing out of 
the cliff face, mainly 
towards the top of the cliff.  
The tree roots are wedging 
out blocks and a cobble 
sized fragment of limestone 
was noted wedge behind 
the trunk of a small tree.   It 
is possible that this block 
will fall if the tree sways in 
high winds. 

The following photograph 
illustrates the outer face of 

the barrier wall on top of the cliff which is in a poor state of repair. 

 

 

Overall the rockfall hazard along Area 1 is considered to be low to medium 
for both body work damage to cars and with respect to injury or fatality to 
people.   

Mitigation Measures 

Removal of trees and vegetation growing out of the cliff face, replacement 
of badly weathered blocks and careful pointing and re-bonding of the 
masonry both within the cutting face and in the wall at the crest should 
substantially lower the risk.   It is recommended that some weepholes be 
installed as protection against build-up of water pressure behind the wall 
during heavy rainfall.   It is noted that there is an above ground water 
hydrant at the crest of this cliff.  Should this hydrant be left to discharge onto 
the ground the risk of local instability would be very significantly increased.   
It is recommended that the management of this hydrant is reviewed to 
prevent inadvertent discharge.

 

 

Mitigation 
Option 

Current 
Risk 

Assumptions 
Residual Risk 

(say in 10 
years) 

Safety 
Improvement 

Factor 

Aesthetic 
Weighting 

Assumption Benefit Cost Benefit/ 
cost 

Cost 
estimate 

AUD 

Remove trees, 
point and 

rebond masonry 2 

hazards will be 
substantially 

removed 1 1 1 
appearance will 

improve 2 2 1.00 

 

$115,000 
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 Area 2 – Main Stairs – Masonry and Brickwork covered in 
Render 

Observations 

Observation Render cracking caused by tree roof 
wedging or thermal expansion 

Risk Category Low 

Two staircases originally ascended parallel to the tunnel and oalong either 
side of the eastern tunnel portal.  The staircases however were realigned in 
1897 to make room from the new railway line.   Two rendered panels can still 
be seen either side of the portal (refer Photo 7, Appendix A) which 
presumably show where the original stairs were cut away from the structure 
and a single new staircase running parallel to the cliff face was built (refer 
Photo 9).   The large crack seen in Photos 8 and 10 may be a function of the 
slow rotation of the additional structure (the new stairs) away from the 
original structure. 

Much of the cracking on the right hand side of Photo 9 is the result of root 
wedging.   The offending tree has been removed but the large root remains 
as can be seen in the photo below. 

 

Risks and Mitigation measures 

Kinematically there appears to be little risk of collapse and any repairs to 
the render would be more for aesthetic reasons than to restore stability.   

Removing the cement render has the potential to reveal unstable limestone 
material underneath which will need to be assessed and conserved. 
Depending on the level of deterioration the walls along the staircase will 
need to be finished with limewash or lime water to seal the limestone along 
the trafficable area.  Any areas to be re-rendered should be done using a 
lime based mortar after carbonation.  

 

 

 

 

 

 

 

View of staircase c.1928 

 

Mitigation 
Option 

Current 
Risk 

Assumptions 
Residual 

Risk (say in 
10 years) 

Safety 
Improvement 

Factor 

Aesthetic 
Weighting 

Assumption Benefit Cost Benefit/ 
cost 

Cost 
estimate 

AUD 

Remove 
trees, repair 

render 1 --- 1 0 1 
appearance will 

improve 1 1 1.00 $50,000 
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Area 3 – High masonry retaining wall along railway reserve 

Observations 

Observation Material falling from the crest where root 
wedging is occurring 

Risk Category Medium 

 

A large masonry wall runs north to south along the eastern boundary of the 
reserve.   The wall is about 4.5 m high at its northern end and increases to a 
height of about 8 m that the southern end.  It has a battered face at 
approximately 75º.   At the northern (tunnel) end of the wall there is a bench 
at the top of the wall with a small cliff of limestone.  This bench is nominally 
2.5 m wide at the northern end and would be sufficient to catch any rock 
falling from the small cliff at its crest.   

We could not inspect the cliff behind a tree at the crest (refer Photo7) but 
would expect the bench to be insufficient in width to catch any material 
falling from the micro cliff at this location.   Furthermore, the tree is causing 
some wedging of the masonry at the top of the wall as shown in the photo 
below. 

 

Overall the masonry in Area 3 is in relatively good condition and is 
reasonably well pointed.   The wall is not cracked and does not appear to 
be bulging or showing distress.   A few mortar courses are eroded and 
weathered, particularly at the northern end of the wall. 

Risks and Mitigation measures 

The wall appears to be in reasonably good condition although there is a 
medium risk to users of the footpath - cycle path associated with material 
falling from the crest where root wedging is occurring.   This risk can be 
mitigated by the removal of the trees, securing and rebonding/pointing 
loose masonry and by the inspection of the micro-cliff behind the tree at the 
crest of the wall, if necessary following the inspection, securing (likely by 
blockwork) or removing by hand scaling any lose material in the micro-cliff. 

It would be prudent to install weepholes in this masonry wall to allow 
drainage of water following repairs and repointing works. 

Note there is a high risk to the public at the southern end of the wall where 
the transition into unsupported ground occurs.   However, this area is 
discussed under Area 4. 

 

 

 

 Mitigation 
Option 

Current 
Risk 

Assumptions 
Residual 

Risk (say in 
10 years) 

Safety 
Improvement 

Factor 

Aesthetic 
Weighting 

Assumption Benefit Cost Benefit/ 
cost 

Cost 
estimate 

AUD 

Remove 
trees, point 
and rebond 

masonry 2 

hazards will be 
substantially 

removed 1 1 1 
appearance 
will improve 2 2 1.00 $70,000 
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 Area 4 – Weak leached cliff close to rail reserve 

Observations 

Observation unsupported section, risk of unbound material 
falling, weak rock/soil mass dilates away from 
face, general fretting and ravelling of the 
face 

Risk Category High 

 

The unsupported section above the southern end of the Area 3 retaining 
wall and further south presents a risk to the public using the north to south 
footpath/cycleway running along the eastern side of the reserve.  The 
extent of this area of risk coincides with the extent of Area 4 (see Figure 1) 
and is also depicted in Photo 12.   

The upper part of the face along Area 4 comprises a highly leached 
limestone with the properties of a sand.   The faces stand near vertical 
because of weak cementation.  This cementation however also provides a 
mechanism for tension cracks to develop as the weak rock/soil mass dilates 
away from the face.  It is possible that large blocks (volumes > 1 m3) of this 
weakly cemented sand could collapse from the face with little warning, 
particularly during or following periods of heavy rainfall if water was to enter 
the narrow tension cracks within the rock/soil mass. 

Slightly further south, in Area 5, cracks are appearing in similar highly 
leached material.  The example from Area 5 illustrated below serves as an 
analogue for Area 4. 

 

In addition to a large fall of earth, general fretting and ravelling of the face 
is observed is be occurring as evident from the accumulation of sand and 
gravel at the base of the cliff. A falling cobble from this face would present 
a risk of injury to any person in its trajectory when a fall occurs.  The following 
photo illustrates the weak friable nature of this face and the proximity of the 
footpath/cycleway. 

 

Risks and Mitigation measures 

There is a high risk of loose and unbound material or weakly cemented 
material falling from the cliff.     The risk has been partially mitigated by the 
closure of the path along the base of this cliff that connects the railway 
reserve footpath with the southern stairs to Arthur Head.  However, at the 
junction of the closed and open paths, the path closure has not fully 
mitigated the risk.  A likelihood remains of material falling from the upper 
part of the face that could spill out onto the north south cycleway/footpath 
which has not been closed (see Photo above).   As the consequences of 
this hazard occurring could be a serious injury or even a fatality we consider 
the risk to be high.  Remedial measures that support this face, at least across 
the distance where a collapse could reach the main path, are therefore 
required.   

The most effective support measures would: 

1) Extending the existing masonry wall by about 6m and designing the 
extended wall as a retaining structure, designed to visually match 
the existing.  

2) Installing a 900mm high wire fence adjacent to the extended 
masonry wall to 1.) prevent material falling from the cliff to roll onto 
the footpath and 2.) prevent the public to enter the area 
immediately beside the cliff at Area 5.  

The following possible options are not recommended because they are 
considered less effective and would only partially mitigate the risks, or would 
impact negatively on the significance of the place as per the CMP. 

1) Re-calcify the face using a Calcite In situ Precipitation System 
(CIPS). This system is limited by how effectively the solutions 
associated with CIPS can be introduced into the face.   

3) Mesh the face, secured with soil nails and use CIPS applied to 
surface to mitigate against material eroding through the aperture in 
the mesh.  

4) Build another type of retaining structure e.g. a soil nail wall involving 
soil nails, mesh and shotcrete.  

Until a permanent retaining option is carried out it will be necessary to 
mitigate the existing risk to the public traversing the north south 
footpath/cycleway.   One of the following measures is recommended: 

a) Full closure of the rail reserve cycle/footpath where it passes the 
hazard 

b) Erection of a temporary support tunnel across the path design to 
retain earth falls hitting the side of the structure or rock striking the 
sides or top of the structure. 

c) Part closure of the path by narrowing the path and building a 
temporary barrier /fence capable of catching falling rock/earth. 
 
 

 

Area 4: Sketch illustrating the recommended cliff façade extend to be 
covered by the masonry wall (blue) and by a 900mm high fence (yellow). 
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Area 4:  Mitigation sketch – Section of masonry extension. 

 

Area 4 and 5:  Proposed wall extension, new fence location and upper 
plateau balustrade relocation. 

 

 

Mitigation 
Option 

Current Risk Assumptions 
Residual 

Risk (say in 
10 years) 

Safety 
Improvement 

Factor 

Aesthetic 
Weighting 

Assumption Benefit Cost Benefit/ 
cost 

Cost 
estimate 

AUD 

Extend existing 
adjacent 

masonry wall 3 

will stop 
deterioration and 

support face 1 2 2 

appearance 
improves 

significantly 4 8 0.50 $90,000 

Canopy over protect public 

could be 
designed to look 

attractive 
although rock 

face will 
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 Area 5 – Weak cliff of leached limestone and cross bedded 
aeolianite 

Observations 

Observation Shallow undercuts, limestone balustrade close 
to cliff edge 

Risk Category High - Medium 

 

The conditions in Area 5 are similar to those in Area 4 with a covering of 
loose sand at the top a low, 5 to 6-metre-high, cliff underlain by highly 
leached limestone with soil like properties in turn further underlain by 
leached and friable cross-bedded aeolianite (refer Photos 15, 16, 17 and 19. 

Towards the southern end of Area 5 the capping of soil gives way to a 
caprock surface down which a path descends at the southern end of the 
elevated part of the reserve.  A masonry wall is built on top of the cliff and 
at its southern end this wall is within about 1 metre of the cliff edge.   This 
wall appears to be founded on sand and the southern end of the wall is at 
risk of being undercut should a cliff edge collapse occur. 

Beneath the caprock at the southern end are several shallow undercuts 
which do not appear to present a risk of collapsing from under the path 
above due to the competency of the caprock.   The situation should 
however continue to be monitored for changing conditions.  There is a cave 
that appears to have been used as a storeroom in the past.  It has been 
boarded up (refer Photo 18). By viewing through the bars to the barrier 
(Photo 18) it appears to be quite extensive and no doubt extends under the 
footpath that descends from the southern part of the reserve. 

Risk and Mitigation Measures 

There is a risk of collapse to sections of the cliff.  This would present a high risk 
to path users if the footpath (currently closed) that skirts around the base of 
this cliff was to be reopened.   It is recommended that this path remains 
permanently closed unless a retaining structure is built to support the faces, 
or at least the path is realigned so it is located beyond the path of falling 
debris. 

At cliff crest level it is possible that some of the weakly cemented leached 
material falling from the cliff could cut back to and destroy a short section 
of the masonry barrier wall.   To mitigate this risk one of the following could 
be undertaken. 

1) Allow the cliff to find equilibrium (get case hardening after time 
being exposed to weathering) and relocate an about 8m long 
section of the upper plateau balustrade wall to avoid the retreating 
cliff edge.  Prevent the public to get close to the cliff face by 
installing a 900mm high fence.  

2) Build a cliff retention structure with mesh/shotcrete and soil nails.  

It is possible the currently boarded up cave (Photo18) presents a risk of 
crowning upwards to the surface and undermining the path.  Surface cover 
might only be about 2 m. 

The stability of the cave could be investigated by removing the barrier to 
grant access and by a detailed level survey, so the plan area of the cave 
and the cave soffit elevations can be compared with ground levels.  At the 
same time the roof of the cave can be visually inspected, and the quality of 
cover materials could also be evaluated by shallow boreholes drilled from 
above.     Depending on the heritage value of the cave, an easy and 
reliable remedial measure is to build a shutter across the cave entrance and 
backfill the cave with flowable concrete thus negating the need for 
investigation and removing any residual risk.   

 

 

 

 

Mitigation 
Option 

Current 
Risk 

Assumptions 
Residual Risk 

(say in 10 
years) 

Safety 
Improvement 

Factor 

Aesthetic 
Weighting 

Assumption Benefit Cost Benefit/ 
cost 

Cost 
estimate 

AUD 

Prevent public 
getting close to cliff 
face and relocate 

part of upper 
plateau balustrade 

wall 3 

Current risk based  
path being currently 

operational 1 2 1 
no change in 
appearance 3 2 1.50 $75,000 

Open path at cliff 
face and cover cliff 
in mesh/shotcrete 

and soil nails 3 
path around base 

operational 1 2 -3 

appearance with 
look temporary 
and have poor 

aesthetics -1 7 -0.14 $175,000 
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 Area 6 – Vertical face of caprock over zone of roots and 
cross-bedded aeolianite with undercuts 

Observations 

Observation caves and undercuts beneath the caprock, 
rock fall, cracked columns in cave 

Risk Category High - Medium 

 

Area 6 is a near vertical cliff of limestone about 9 metres high at its northern 
most end tapering to about 3 m high at its southern end.   The cliff displays 
all three of the geotechnical units.   The caprock at the higher most level is 
competent and intact and can be seen in plan as a pavement and also in 
section at the top of the cliffs.  It is underlain by the “zone of roots” which 
has been eroded at many locations creating caves and undercuts beneath 
the caprock.  The cross-bedded aeolianite form a stratum that is more 
competent than the zone of roots and is present towards the base of the 
cliff (refer Photos 21 to 27). 

There is a cave towards the southern end of the cliff face.   The cave 
displays a fine example of a large calcretised column formed by a taproot 
of a eucalypt tree.   The column supports a large slab of caprock 
approximately 1.5 m thick.  An adjacent fallen column shows the typical 
hollow structure of these large Rhizocretions (refer Photo 27).   The standing 
column is also hollow as can be seen in Photo 26 and is cracked across its 
full width towards its base (refer Photos 26 and 27). 

Generally, the caprock appears to be sufficiently competent to bridge the 
undercuts and cavities that have developed in the underlying zone of roots.   
However, from time to time a collapse of the edge of the caprock occurs as 
noted in the photograph below where a former rock bolt has been 
exposed.  

 

A diagonal crack can be seen in the northern part of the Area 6 face.    This 
appears to be a natural joint (refer Photo below) and although mentioned 
in earlier surveys does not appear to be developing. 

 

The path along the base of this cliff was closed to the public at the time of 
the inspection and as such fallen rocks likely do not get cleared away very 
frequently.  Several rocks were noted on or adjacent to the path during our 
inspection and are testament that the weathering and erosion of the 
limestone, especially the zone of roots units creating a mechanism to 
dislodge blocks.   Examples of fallen rocks can be seen in Photos 22, 23 and 
24. 

Risk and Mitigation Measures 

Risks to users of the lower path along the base of the cliff due to the hazard 
from rockfall are considered Medium to High if the path was to be re-
opened.  

The risk of a larger collapse bringing down a slab of caprock is considered 
relatively low and the risk of a slab of caprock collapsing and impacting the 
public area behind the barrier walls on top of the cliff are considered low to 
very low.  

It is recommended that the path remain closed to manage the risk to 
people at the base of the cliff.  It is also recommended that the calcretised 
column which might be partially supporting the cave (refer Photos 26 and 
27) be reinforced at its base by constructing a jacket of concrete around 
the column to just above the level of the crack.   The concrete jacket could 
be faced with limestone to conceal the concrete and blend in with the 
surroundings. 

Mitigation 
Option 

Current 
Risk 

Assumptions 
Residual Risk 

(say in 10 
years) 

Safety 
Improvement 

Factor 

Aesthetic 
Weighting 

Assumption Benefit Cost Benefit/ 
cost 

Cost 
estimate 

AUD 

Permanently 
close path 

beside cliff face 
and reinforce 

base of column 
in cave 3 

Current risk based  
path being 

currently 
operational 1 2 1 

existing appearance is 
maintained 3 2 1.50 $50,000 

Mesh and 
shotcrete face 
and open path 

to public 3 

Current risk based  
path being 

currently 
operational 1 2 -3 

affect appearance of 
face and destroy the 

cave -1 8 -0.13 $155,000 
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 Area 7 – Vertical Face over western tunnel portal 

Observations 

Observation Dysfunctional rock bolts, cracking, no 
structural support to the tunnel portal 

Risk Category High 

 

Area 7 is a near vertical cliff of limestone about 10 metres high at the 
northern end of Area 6 and directly over the western portal of the Whalers 
Tunnel.  The face was inspected using a cherry picker (refer Photos 29 to 39). 

The face displays a limestone caprock, an undercut and fretted section 
within the ‘zone of roots’ about 5 m thick.   The undercuts are up to about 
1 m deep and the face beneath the undercut caprock is not smooth but 
comprises a series of niches and columns.  This irregularity in the face is hard 
to appreciate from ground level. 

Immediately above the tunnel portal and the faces each side of the portal 
comprises limestone belonging to the cross-bedded aeolianite unit. 

It should be noted that there is evidence of several defunct cable bolts.   
Two functioning rock bolts can also be seen in the face.  These rock bolts 
appear to have been installed to secure pinnacles of limestone.  The 
presence of the bolts appears however to have resulted in the cracking of 
the friable pinnacles and the southern most of the two rock bolts can be 
seen daylighting behind the pinnacle before penetrating the main face 
(see Photo below). 

 

These bolts (without mesh and/or shotcrete) are providing little support to 
the face with respect to preventing cobble sized falls of rock. 

Immediately above the western portal cracking can be seen as noted in 
the Photo below.   Other cracks are present in the area above the portal 
and the limestone does not form a smooth arch as can be seen in Photo 38. 

    

It was also noted that there is no structural support to the tunnel portal.   The 
cable bolts reinforcing the crown of the tunnel installed in 2001 stop a few 
metres short of the portal and the steel arched canopy (refer Photos 38 and 
39) would only be able protect the public from small cobble sized rocks 
falling from the face above the portal.   

It is visually apparent that this canopy is not able to support the portal as it is 
not in contact with the crown of the tunnel nor does it extend into the 
tunnel a sufficient distance to provide the necessary support.   

 

Area 7: Sketch illustrating 1.) The recommended canopy extension and 2.) 
the recommended structural fill between the steel canopy and rock tunnel 
roof.  

 

Risk and Mitigation Measures 

The rock bolts above the portal secure individual pinnacles.  These 
pinnacles show some level of distress and the risk of them falling from the 
face has not been entirely negated by the installation of the rock bolt.  If a 
fall of an individual pinnacle was to occur it is likely that the existing steel 
rockfall canopy and temporary scaffold would reduce the risk to injury to 
people to low with respect to rockfalls of less than about 0.5 m3.   There is 
however a possibility of the falling pinnacles or other pieces of rock 
triggering a larger collapse that brings down the tunnel roof around the 
portal for about 1 m into the tunnel and extending upwards possibly even as 
far as the caprock pavement.  If this was to occur rocks would end up on 
the floor of the tunnel and the steel rockfall canopy would likely collapse as 
the rock into which it is anchors collapses.   Should this event occur, fatalities 
could result if people were in the vicinity of the portal at the time of 
collapse. 

To significantly reduce the risk of the portal collapse occurring, a structural 
arch would need to be designed and installed beneath the portal and 
extending into the tunnel by about 1 m.  The space between the structural 
arch and the tunnel roof and sides would need to be packed with concrete 
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to provide support with minimum movement. Aesthetically we propose to 
clad the concrete arch with corten steel to all three faces to match the 
existing design language of the place.  Such a structural arch would reduce 
the risk of a catastrophic portal failure to very low.    

 

 

 Area 7:  Mitigation sketch – Long section of proposed arch supporting the 
cracking rock portal.  

 

 

Area 7:  Mitigation sketch – Cross section of proposed arch supporting the 
cracking rock portal.  

 

However, the rockfall risk resulting from the face above the portal would 
need to be addressed.  This could be done with extensive rockfall netting 
across the cliff face used in conjunction with a rockfall canopy similar to the 
current canopy. This solution would be detrimental to the representation of 
the cliff face.  The preferred mitigation strategy for this highly public location 
is therefore a combination of four elements:  

1. A larger rockfall canopy designed and constructed extending 
about 6 m out from the tunnel portal. The exact size of the rockfall 
canopy is a function of the rockfall risk in Area 7, but also addresses 
the risk from the adjacent Area 8 and the works undertaken there 
to mitigate that risk.  

2. Application of the CIPS system to pockets of friable material across 
the cliff to address erosion.  

3. A rockfall fence extending out from the canopy structure, which will 
be explained in further detail in 0 Area 8.  

4. Soil and ground covering plants (coastal succulents) to an area 
between the rockfall fence and the cliff face to mitigate the 
bounce of falling rocks.   

 

Rockfall Canopy – Option 1 

Because of the exceptional significance of the Whaler’s tunnel entry based 
on its historic value we do not recommend a masonry mitigation strategy to 
this area such as that proposed for Area 4. The rockfall canopy would be 
the solution addressing the risk of falling material. 

Rockfall analyses indicate that a canopy extending 6 m from the tunnel 
portal is required assuming, this also connects with a 0.9 m high 10 kJ rockfall 
fence to intercept any rebounding rocks falling from Area 8.  

Following the existing shape of the tunnel, we propose a canopy extension 
of around 6m long, 4 m high and 4 m wide made from steel suitable for the 
coastal location and clad with corten steel. The canopy roof must be solid 
but the aides can be open or clad with perforated steel panel.  

Because of its location within Fremantle’s “art precinct” (J-Shed, Kidogo 
Arthouse etc.), there is potential for the canopy steel cladding to be an 
interpretive artwork of the heritage significance of the place. Opportunities 
for interpretation can be creatively designed to inform visitors to the site 
such as using an interpretive perforation showing the Whaling or shipbuilding 
history. 

If feasible the existing canopy and steel gate could be retained and 
reinstalled. This is subject to further intrusive investigation. 

The design of steel members is driven by the potential impact forces of 
fallen material. To avoid a “bulky” construction, the installation of springs 
under the canopy columns is recommended allowing a more slender steel 
member design.  

 

 

 

Area 7:  Rockfall canopy – Visualisation of proposed rockfall canopy and 
rockfall fence at Whalers tunnel entry (Bather’s Beach side) – Option 1 

 

 

Area 7:  Rockfall canopy – Sections 
of proposed rockfall canopy at 
Whalers tunnel entry (Bather’s 
Beach side) – Option 1 
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Area 7:  Exploded image of spring proposed for canopy column base.    

Area 7:  Rockfall canopy - Section sketch and site plan – Option 1 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Mitigation 
Option 

Current 
Risk 

Assumptions 
Residual 

Risk (say in 
10 years) 

Safety 
Improvement 

Factor 

Aesthetic 
Weighting 

Assumption Benefit Cost Benefit/ 
cost 

Cost 
estimate 

AUD 

Build support for 
portal in form of 

arch 3 
 

1 2 1 

support would barely be 
visual from outside the 

tunnel visual 3 5 0.60 $285,000 

Extend rockfall 
canopy by 6m 

(Option 1) and do 
not treat face 3 

 
1 2 -1 

extension of existing could 
be designed to 

complement surrounding 1 5 0.20 $145,000 

Install rockfall 
netting to cliff 

face 3 
 

1 2 -3 
Netting would significantly 

affect appearance -1 4 -0.25 $115,000 
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Rockfall Canopy – Option 2 

With reference to the history of Bather’s Beach as a Whaling and 
shipbuilding location during early settlements, we propose an interpretive 
design to the canopy shelter. Beside proper ships they were certainly using 
small rowing boats which usually got stored on the beach in a flipside 
position.  

This is what Option 2 picks up upon. The design interprets the hull of a flip 
sided boat. Steel members get installed as the keel and frame, a concrete 
strip footing follows the curved form of the boat. Suitable steel panel infills 
provide the necessary shelter function.  

 

Area 7:  Rockfall canopy – Simplified visualisation – Option 2 

 

 

 

 

 

 
Area 7:  Rockfall canopy – Visualisation – Option 2 
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 Area 8 – High face beneath time ball and signal cannon 
platform 

Observations 

Observation Extensive cliff erosion, friable surfaces, 
corroded masonry ties, rock fall hazards 

Risk Category High 

 

Area 8 comprising a near-vertical cliff about 12 m high is located 
immediately south of the signal cannon and time ball platforms and close to 
the western portal of the Whalers Tunnel.   Photos 39 to 47 illustrate the cliff 
face conditions at Area 8.   The geotechnical units comprise a caprock 
between about 0.5 and 1.5 m thick at the top, underlain by a fretted and 
highly eroded “zone of roots” which is further underlain by the cross bedded 
aeolianite.  At some time in the past a panel of limestone masonry 
approximately 5 m wide by 4 m high was constructed, presumably to slow 
down erosion within the ‘zone of roots’.   This was presumably considered 
important for safety as this part of the wall is located directly above the 
tunnel portal.  It is apparent that in the past this masonry wall was tied back 
into the cliff by at least 20 rock bolts, and steel straps approximately 50 mm 
wide were arranged vertically in four rows.  The anchors have all but 
completely corroded away and only a rusty piece of strapping remains (see 
photo below).   The wall sits upon a concrete footing that can also be seen 
in the photo below. 

 

The masonry itself is in very poor condition as can be seen in the photo 
below. 

 

Next to this masonry wall is an area where shotcrete has been applied in the 
in an apparent attempt to prevent the erosion and fretting of the upper 
part of the cliff within the ‘zone of roots.’  The shotcrete does not appear to 
have adhered well to the sandy friable surface of the limestone and cracks 
can be seen (see photo below).  Pieces of shotcrete now present a rockfall 
hazard. 

 

 Further west the ‘zone of roots’ section of the face is particularly friable and 
it is from this section that a large pinnacle of material (approx. 100 kg) 

dropped and was noted and photographed in the Gordon Geological 
Consultants site inspection report of 2009. The following photo shows the 
area from which that pinnacle fell. 

 

The strength of the face is highly variable with highly leached zones 
adjacent to more competent materials (refer the following two photos). 
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Risk and Mitigation Measures 

There are significant risks relating to the cliff at Area 8 in its current condition.   
Without the tie-back system and in it is current state of repair there is 
possibility to likelihood of the masonry wall collapsing.   If the situation is not 
improved the likelihood of collapse will increase further.  The scaffold 
canopy at the base of this part of the cliff partially mitigates the risk.   
Depending on the size of the fall there is a risk that some falling debris could 
smash through the plywood cover to the scaffold or enter the canopy 
structure from the side.  The risk of a fall is considered high but the risk of 
falling material breaking into the canopy and causing an injury is 
considered low to medium.  

Similarly, if the masonry wall was to collapse en masse there is a low to 
medium risk of the caprock pavement immediately behind the wall 
collapsing and affecting public safety in the vicinity of the time-ball 
platform.   Thus, whilst path closures or canopies can protect the public at 
the base of the cliff, some form of retention works are required to stabilise 
the wall to mitigate risk at the top of the cliff. 

The retention options are: 

1) Masonry repairs, mortar repairs, new pointing and installation of 
rockbolts /soil nails and steel straps both vertically and horizontally 
like the original anchoring and strapping applied to this wall. 

2) Masonry repairs, mortar repairs, new pointing and installation of a 
high strength rockfall mesh/netting secured and anchored in place 
with rock bolts/soil nails 

5) Installation of a high strength rockfall mesh/netting secured and 
anchored in place with rock bolts/soil nails across the face of the 
masonry wall and a layer of shotcrete. Not recommended for 
aesthetic and Heritage purposes.  

Option1 would result in a similar level of improvement in stability to the other 
options and would not significantly change the appearance of the existing 
wall/cliff face. 

West of the wall in the area where a pinnacle has previous fallen, the risk of 
a rockfall or minor cliff collapse affecting public safety at the signal cannon 
platform is considered low as the setback of the platform from the cliff edge 
is greater at this location than at the location of the masonry wall. 

There are however fewer options to reduce risk at this location.  

 Trimming of the face is discounted as it will remove case hardened 
material and expose the slope to erosion. 

 A pinned rockfall net/mesh would likely not be effective due to 
some extremely friable material towards the top of cliff that would 
fret and wash through the netting apertures and a loss of tension in 
the net could be expected as material drops out. 

 A rock bolted/ soil nailed mesh with an application of shotcrete 
would improve overall stability and significantly mitigate rockfall risk.  
Due to the highly irregular surface of the cliff face a shotcrete 
thickness more than 0.5 m in places could be expected in order to 
provide cover to the reinforcing mesh.   Not recommended for 
aesthetic and Heritage purposes. 

 A more aesthetically pleasing option might be to leave the cliff 
untreated and instead invest in keeping the public out of the 
impact zone of falling material.  This could be achieved by a 
combination of: 

 Rockfall shelter / canopy (close to the tunnel portal,  
 A rockfall energy absorbing fence barrier where the 

distance is such that impact from the hazard is from a 
sideways trajectory (i.e. bouncing rock)  

 Re-routing footpath to keep them out of the rockfall   
impact, bounce and roll zone.   

A surface application of CIPS could be applied to the cliff face to try to slow 
down the rate of erosion, but this method is unlikely to have sufficient 
penetration to substantial reduce the risk of rockfall or to improve overall 
stability.   

 

The current risk if the public were to enter the currently cordoned off zone is 
very high.  These risks could be reduced to low by either the shotcrete 
option or measures to keep the public protected through distance, fencing 
and canopies. 

Rockfall Fence 

A 600mm to 900mm high rockfall fence is proposed to be installed below 
this location able to withstand a 10kJ force of rebounding rocks falling from 
the cliff, cabling and posts  bolt anchored in concrete as per example 
image on the next page.   

 

 

Area 8: Sketch illustrating 1.) the recommended canopy extension and 2.) 
the recommended rockfall fence location re-routing the public away from 
the cliff face.  

Mitigation 
Option 

Current 
Risk 

Assumptions 
Residual Risk 

(say in 10 
years) 

Safety 
Improvement 

Factor 

Aesthetic 
Weighting 

Assumption Benefit Cost Benefit/ 
cost 

Cost 
estimate 

AUD 

Repair masonry 
wall, install new 

ties, install 
rockfall fences 
and re-route 

paths 4 

assuming temporary 
path closures and 
scaffold canopy 
were removed 1 3 1 

existing appearance is 
maintained 4 5 0.80 $50,000 

Cover face in 
mesh rock 

bolted in place 4 

assuming temporary 
path closures and 

scaffold canopy are 
removed 2 2 -2 

appearance will 
deteriorate due to 

mesh 0 5 0.00 $115,000 
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 Area 9 – Steeply inclined cliff 

Observations 

Observation Rock fall, overhangs 

Risk Category Medium 

 

Area 9 is the westernmost edge of the promontory forming the signal 
cannon platform.   It is a face up to 11 m high and is inclined at 
approximately 65-70º.  Overall the face appears more stable than the 
adjacent southern facing cut face (Area 8).    The face is covered with case 
hardened calcrete.   The host units appear primarily to be the cross-bedded 
aeolianite with a cover of caprock at the summit. The geotechnically 
problematic zone of roots appears largely absent at this location.  There is a 
small area of infilled blockwork dentistry (refer Photo 48) which appears to 
have been undertaken to repair an area where case hardening has been 
lost.  Some remnants of a long abandoned and partially dismantled 
staircase remain on the face (refer Photos 48 and 50).   

Risk and Mitigation Measures 

The clean nature of this face and the extensive case hardening decreases 
the likelihood of small pieces falling from the face, although a hazard is 
present.  There is also the risk of collateral damage to this face should 
material fall from the southerly facing rock face in Area 8.    For this reason, it 
is recommended that the footpath be locally realigned, so the edge is at 
least 6 m from the cliff face and a catch fence be constructed to contain 
any falling material that might bounce, roll or slide beyond the exclusion 
zone and onto the path. 

An alternative to relocating the path would be to pin a rockfall netting to 
the face with soil nails/rock bolts.  As the case hardening is largely intact on 
this face the anchored rockfall netting would be effective in containing 
and/or preventing falling material, however if the case hardening becomes 
damaged, the application of shotcrete would become necessary to 
prevent smaller material from ravelling/washing out through the net 
apertures. 

It is recommended that the hazards associated with the overhanging step 
illustrated in Photo 50 be removed by removing the step and other man-
made debris from the area. 

 

Area 10 – Inclined cliff face behind J shed 

Observations 

Observation Vegetation overhang, little rock fall risk 

Risk Category Low 

 

Area 10 comprising a 45 to 60º case hardened limestone batter some 4 to 6 
m in height.   The principal unit exposed is the cross-bedded aeolianite (refer 
Photo 56) and extensive case hardening has resulted in a well cemented 
and apparently stable face.   There are some Rhizocretions in the form of 
calcified taproots at the northern end of the cutting (refer Photos 51 and 
52).   

Risk and Mitigation Measures 

Overall the risk of material falling from this face and striking pedestrians, 
parked cars etc. is considered low.  No mitigations measures are considered 
necessary other than to keep vegetation trimmed so that trees do not grow 
and start to wedge blocks of rock by root wedging. 

 

 

 

Area 8: Sketch illustrating the recommended rockfall fence system.  

 

 

 

Area 8: Example image of the recommended rockfall fence 

Mitigation 
Option 

Current 
Risk 

Assumptions 
Residual 

Risk (say in 
10 years) 

Safety 
Improvement 

Factor 

Aesthetic 
Weighting 

Assumption Benefit Cost Benefit/ 
cost 

Cost 
estimate 

AUD 

Re-route path 
away from face 2 

 
1 1 1 

existing appearance is 
maintained 2 2 1.00 $15,000 

Rock bolt and 
mesh face 2 

 
1 1 -2 

appearance will 
deteriorate due to mesh -1 4 -0.25 $50,000 

 

Mitigation 
Option 

Current 
Risk 

Assumptions 
Residual 

Risk (say in 
10 years) 

Safety 
Improvement 

Factor 

Aesthetic 
Weighting 

Assumption Benefit Cost Benefit/ 
cost 

Cost 
estimate 

AUD 

Trimming of 
vegetation to 

avoid wedging 1 
 

1 0 1 
appearance will 

benefit 1 1 1.00 $50,000 
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 Area 11- Man made retaining wall between CGI shed and 
Time ball Platform 

Observations 

Observation Retaining wall in unstable condition 

Risk Category High 

 

A small buttress like promontory of limestone projects northwards from the 
northern side of the time-ball and cannon signal platforms.  In the past it has 
clearly been modified by the addition of an irregular masonry wall.  This 
feature can be seen in Photos 57 to 60.  

According to the CMP, this ‘outcrop’ was most likely the base of a former 
2nd signal mast from about 1905 – 1929 (pg72 item 21 in CMP). It lists the 
signal mast area as archeologically “considerable significant”.  

It is however now outside of the masonry barrier wall that surrounds the 
cannon and time-ball platforms so cannot be accessed by the public.  It is 
currently in an unstable condition with the foundation rock on which the 
masonry wall is built being vughy and containing large voids.   

Risk and Mitigation Measures 

A brittle failure of a beam of vughy in situ limestone on which the wall stands 
would result in a collapse of the wall mobilising a large volume of earth, rock 
and stonework possibly 20+ m3.  See Photo below.  

There is a strong likelihood of a collapse occurring within the next 10 years.  
The consequences of the collapse would likely be damage to the green 
steel CGI shed (refer Photos 58, 59 and 60.  The risk with respect to damage 
to the building is considered high, whilst the risk to people is considered low, 
solely because of the unlikelihood of anyone being in the line of fire (namely 
being behind the shed or outside of the barrier wall at the crest) at the time 
of collapse. The Heritage significance of this buttress needs to be looked at 
in further detail.  

To significantly reduce the risk of collapse, and therefore damage to the 
building, it is recommended that the area illustrated in the above photo is 
carefully dismantled, loose rock removed and voids at foundation level 
infilled with mass concrete or limestone masonry infill before rebuilding the 
wall to match the existing.     

 

 

 

Mitigation 
Option 

Current 
Risk 

Assumptions 
Residual Risk 

(say in 10 
years) 

Safety 
Improvement 

Factor 

Aesthetic 
Weighting 

Assumption Benefit Cost Benefit/ 
cost 

Cost 
estimate 

AUD 

Demolish and 
rebuild unstable 

retaining wall 3 
 

1 2 1 
existing appearance 

is maintained 3 5 0.60 $75,000 
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 Area 12 – Underpinning works behind Old Laboratory 

Observation Overhanging caprock 

Risk Category Very Low 

 

A small undercut approx. 12m2 in size exists behind the Old Laboratory, 
overhung by stable caprock.  

 

Risk and Mitigation Measures 

Carefully clean loose sand from undercut. Carefully excavate base to 
sound limestone and level to lay first limestone block on bed of lime mortar 
up to 80 mm thick. Limestone blocks shall be natural limestone and have 
minimum density of 1200 kg/m3and minimum compressive strength of 2.2 
MPa (wet) and 2.5 MPa (dry). All mortar shall be lime mortar in accordance 
with specification. Cut 500 x 350x 150 mm natural limestone blocks to suit 
recess/undercut requiring underpinning. Pack gaps behind blockwork with 
lime mortar so no gaps are left. Wall shall be formed 900 mm off face of 
existing laboratory wall. Finish top of wall with fillet of mortar to shed water. 
Blocks to be stretcher bond, 150 mm between courses with mortar beds 20 
mm thick.  

 

 

 

 

 

 

Mitigation 
Option 

Current 
Risk 

Assumptions 
Residual Risk 

(say in 10 
years) 

Safety 
Improvement 

Factor 

Aesthetic 
Weighting 

Assumption Benefit Cost Benefit/ 
cost 

Cost 
estimate 

AUD 

Underpinning 
works 

1  1 0 -1  1 2 0.50 $19,930 
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 Secret Tunnel 

Observations 

Observation Friable ceiling material, rock fall 

Risk Category Very High (if opened to public) 

 

It is likely that the Secret Tunnel had not be entered for some time prior to 
our inspection as indicated by the accumulation of debris across the locked 
gate at the northern end which had to be cleared to allow access. 

The tunnel measures nominally 1.2 m width and 1.8 m high.   It is 
unsupported/ unlined and has been formed in limestone with an arched 
roof, vertical walls and a flat floor. 

The tunnel descends on an incline to intercept the Whalers tunnel about 1.5 
m above invert of that tunnel. 

The long section presented below is after Gordon (2003).  It shows the 
geometry and geology of the Secret Tunnel.   This interpretation largely 
agrees with our observations, although we infer that the ‘zone of roots’ 
extends into the tunnel crown in some areas. 

 

Some key observations from our inspection are listed below: 

1) A large amount of very loose sand has accumulated in the floor of 
the tunnel.   It is apparent that this sand has largely not been 
washed into the cave but instead has fallen from the walls and 
ceiling of the tunnel to form a fine-grained and very loose layer of 
sand.   This can clearly be seen in Photo 61.   Accumulation on 
some but not all of the fallen rocks in Photo 63 support this 
observation.  The large rock in the photo without a drape of sand is 
presumably a recent fall. 

2) A rockfall was observed about 2 metres from the Whalers Tunnel 
portal.  This is not the zone of roof collapse described in Gordon 
2003 and illustrated in the sketch above.  Instead it appears to 
have been triggered by the installation of one of the radial cable 
anchors installed during the 2001 remedial works to the main 
Whalers Tunnel.   The photo above illustrates the ribbed duct 
around the cable anchor that has been exposed in the roof of the 
Secret Tunnel. 

 
3) Much of the Secret Tunnel is within the cross-bedded aeolianite but 

the ‘zone of roots’ is exposed in the tunnel roof and is friable in 
nature.   Loss of material has occurred in the crown of the tunnel 
exposing a number of calcretised root filaments (see Photo below).   
The roof is thus very friable and a small impact when traversing the 
tunnel was noted to bring down small pieces of rock and sand. 
 

Risks and Risk Mitigation Measures 

The tunnel presents an extreme risk for any public access.  Even for 
occasional inspections, the risk of a rockfall injuring personnel is high and 
entry should only be made by a geotechnical professional who is able to 
access the risk of each section before entry.   For this reason, it is 
recommended that the tunnel is permanently closed, and entry permitted 
only under a properly planned and managed inspection regime. 

The only safe way of allowing public entry to the tunnel would be to provide 
a fully lined/supported system likely involving a fibre-reinforced shotcrete.  

 

Due to the friable and loose nature of the tunnel the ceiling and walls                          
material is likely to fret and fall during the application of the shotcrete. 

Alternatively, the CIPS system might assist in binding the friable material 
stabilising the surface. The public safety however wouldn’t be significantly 
improved. Once the surface gets mechanically impacted, the protecting 
CIPS layer would brake easily and erosion or rockfall might occur.  

Whilst there is a significant risk of small quantities of material falling from the 
tunnel crown, the risk of a rockfall enlarging and emerging at ground level 
above, as a crown hole, is considered to be low.  The tunnel width is only 1.2 
m and a cover of between 5 and 6 m of limestone exists above the tunnel 
except near the northern portal.  There is a caprock pavement over the 
tunnel and this pavement can be visually inspected at ground level.  The 
caprock pavement is of high to very high rock strength and would likely be 

Recommended 
Mitigation 

Option 

Current 
Risk 

Assumptions 
Residual 

Risk (say in 
10 years) 

Safety 
Improvement 

Factor 

Aesthetic 
Weighting 

Assumption Benefit Cost Benefit/ 
cost 

Cost 
estimate 

AUD 

CIPS 
application 

4 Stabilizes erosion 3 1 1 
Limited 

improvement to 
safety 

1 1 1.00 $85,925 

Install full lining 
system 4 

 
1 3 -3 

no longer the 
original tunnel 0 8 0.00 $145,000 
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able bridge any void that developed beneath it due to a collapsing tunnel 
soffit.   The risk of crown hole development to the surface is therefore 
considered low.    

The only conceivable risk of a void daylighting to the surface would be if 
sand in a solution tube was to wash down into the tunnel.   Whilst possible, 
this hazard is considered relatively minor as it is constrained by the diameter 
of the solution tube.  Most solution tubes are under 25 cm in diameter and 
the resultant hole at ground level could be easily plugged if it was to occur. 

 

 

 Retaining Walls 
Stability calculation has not been conducted for the existing retaining walls 
around the Arthur Head reserve.  This is because it is not readily apparent as 
to which walls if any are in fact retaining and supporting a load or pressure 
imposed on them from the earth behind.  Instead it would appear that 
many of the walls function as erosion protection coverings to prevent the 
fretting, and removal of leached limestone. By controlling this erosion, the 
undercutting and progressive deterioration of the cliff face is arrested or at 
least slowed down and the risk of undercutting of parts of the cliff 
significantly reduced. 

Without undertaking extensive and invasive investigation techniques to drill 
and probe the thickness of the retaining walls and to also evaluate where 
the material behind walls is capable of self-support or requires retention, it is 
not possible to back-analyse the walls to establish the factor of safety 
against the various mechanism of instability (sliding, foundation failure, 
overturning, etc.).  Instead an observational approach to their stability has 
been undertaken.   This approach involves observing the wall for signs of 
movement such as bulging that might suggest meta-stability.  Similarly, it is 
recognised that the future stability of the walls depends on ensuring that 
their condition does not deteriorate and that new disturbing agents are not 
introduced.   Such new disturbing agents could be; water discharging into 
the ground behind the wall from a tap or hydrant left on, broken reticulation 
piping, new soak-wells placed close to the back of the wall, modified 
surface drainage.   It is also essential that the overall structural integrity of 
the wall is maintained, e.g. masonry blocks that have lost mass and strength 
through weathering and leaching are cut out and replaced, leached and 
fretted mortar is raked out and replaced and the walls are kept well 
pointed and in an overall good state of repair.  Similarly, where sections of 
wall such as the panel of masonry in Area 8, beneath the Cannon platform, 
were previously tied back to the cliff face with steel anchors and supported 
with straps between the anchors this tie back system requires replacement 
as it has deteriorated and is clearly no longer functioning.  As such this 
section of wall could collapse without warning most likely during adverse 
load conditions such as heavy rain and high winds.  

 

 Recommendations and Alternative 
Options 

A quantitative risk analysis of the prevailing risk assuming restored public 
access and alternative remedial or risk mitigation strategies is 
recommended.  It should be noted that where the option is to close an 
area to the public the risk still has to be considered based on one of the 
following: 

 Trespassers sleeping in the cave on average 30 days a year 
 City of Fremantle Workers entering closed off areas for 

maintenance purposes and picking up litter etc. 
 Occasional inspections (as in the case of the Secret Tunnel).  

However, it should be noted that assessment of risk is highly subjective.   It 
involves estimation of the likelihood and severity of the event which is very 
subjective and assessment of likely exposure and numbers traversing areas.    
Estimates of risk must therefore be considered as approximate calculations. 

The recommended remedial/risk mitigation option is highlighted in 
Appendix .  

A Schedule of Recommendations is attached in Appendix .  

 

 

 Cost Benefit Analysis 
A cost benefit analysis (CBA) is provided in Appendix .   This CBA was used 
to inform the recommended option.   Both improvement in safety/risk and 
aesthetics were weighted equally and a scaled value of benefit divided by 
cost to give a value of benefit/unit cost against which options can be 
compared.   Note this CBA is subjective both in the equal weighting of 
improvement in risk level and loss of aesthetic value but also in the relative 
estimation of cost. 
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 CONCLUSION 
The condition of the cliffs at Arthur Head Reserve in Fremantle ranges from 
good to poor. Some areas are in reasonable condition and only need minor 
repairs, re-pointing of man-made masonry or vegetation removal and 
maintenance.  

Other areas, especially Areas 4, 7, 8 and 11 are currently poor and a 
considerable risk to the public due to their degradation and potential 
collapse close to frequently used pathways or buildings. We emphasise that 
timely remedial action is needed to address the hazards and minimise the 
erosion of the cliffs on this historic site with natural and manmade features.  

The secret tunnel is currently structurally unsafe and should remain blocked 
off. It should be noted that the methods of repair for the tunnel are outside 
the scope of this report. 

The preliminary drawings were reviewed by DPLH Heritage Services after 
their Development Committee meeting at the end of November 2018 with 
their comments incorporated in the Contract Documentation. This included 
the completion of an Interpretation Strategy for the place.  

Tender documents and specifications have been prepared following the 
advice of the consultants and acknowledgement of the City of Fremantle. 
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 APPENDIX 1 

 Contour and Feature Plan 
Prepared by Monaghan Mapping & Surveying 
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 APPENDIX 3 

 Minutes of Meeting with Department of 
Planning, Lands and Heritage (DPLH), 
Heritage Services 
Prepared by Hocking Heritage Studio



Page 1 of 1 
 
 
 
 

 
Attendees 
Name Organisation Email Address Discipline 

Janine Symons 
(JS) 
Dinah Mujati 
(DM) 
Timo Bleeker 
(TB) 

DPLH 
 
Hocking Heritage Studio (HHS) 
 
Hocking Heritage Studio (HHS) 

janine.symons@dplh.wa.gov.au 
 
dinah@hockingheritagestudio.com.au 
 
timo@hockingheritagestudio.com.au 

Heritage Services 
 
Architect 
 
Architect 

    
    
    
Apologies 
Name Organisation Email Address Discipline 
Keith Fragomeli City of Fremantle  KEITHF@fremantle.wa.gov.au Client 
    
 
Ref Number Discussion Action by Date 
1.0  Scope of project works was mentioned. Findings and 

remediation recommendations of Area 1-11 and Secret Tunnel 
were presented, concentrating on the most intrusive areas as 
follows: 

Note  

1.1 Area 4: Extension of existing masonry wall to cover friable 
material of cliff face close to public footpath.  

Note  

1.2 Area 5: Redirection of balustrade wall to upper level plateau 
close to steps at southern end. 

Note  

1.3 Area 6: Base strengthening of the limestone column in the cave Note  

1.3 Area 7/8: Arch construction to support Whalers tunnel entry 
portal; canopy extension up to 6m; rockfall fencing; keeping 
public away from the cliff face 

Note  

1.4 Area 11: Demolition and reinstalment of natural stone man-made 
wall to circular promontory 

Note  

2.0 No objection from JS in principle, however, commentary from the 
Development Committee is required on the discussed items.  

Note  

2.1 Post meeting note: Lodgement of documentation to DPLH 
required by 9th Nov for inclusion in Committee meeting on 27th 
Nov 

HHS 9.11. 

    
    
    
 Meeting closed at 2.30pm   
 

 

 

 

MEETING MINUTES  
Project: Arthur Head Cliff Stabilisation  
Project No: 2018-55 
Subject: Meeting with DPLH, Heritage Services  
Venue: 491 Wellington Street, Perth Date: 31 October 2018, 2pm 
Distribution: All attendees and apologies below  File Note 001 
From: 
 

Timo Bleeker (HHS) Pages  1 
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 APPENDIX 4 

 Advisory letter by the Development 
Committee of Department of Planning, 
Lands and Heritage (DPLH), Heritage 
Services 
Prepared by DPLH



 

 

 
5 December 2018   

P0896/44854 

Janine Symons (08) 6552 4167 
  
 
 
  

Mr Timo Bleeker 
Hocking Heritage Studio 
  
 
By email: timo@hockingheritagestudio.com.au 
 
 
 
Dear Sir 
 
ROUND HOUSE AND ARTHUR HEAD RESERVE 
Cliff Stabilisation 
 
Thank you for your email of 9 November 2018 regarding the following proposed 
development at: 
 
Place Number  P0896 
Place Name   Round House and Arthur Head Reserve  
Street Address  Lot 2051 Phillimore Street, Fremantle 
Development Description Cliff Stabilisation 

We received the following report, prepared by Hocking Heritage Studio, dated 9 
November 2018: 

     Heritage Impact Statement for Arthur Head Reserve Cliff Stabilisation, Rev. A 

The Development Committee resolved to advise Hocking Heritage Studio that the 
matter has been considered in the context of the identified cultural significance of 
the place, and the following advice is given: 

Findings 

1. Arthur Head is a remnant original coastal limestone feature, greatly 
diminished by post-settlement quarrying for harbour works. 

2. The place has considerable significance as a focal point in the design and 
layout of the City of Fremantle, as a dominant landmark, and visual 
termination of High Street. 

3. Arthur Head is not mentioned in Heritage Council documentation which 
discusses built structures. 

4. The proposal is for a program of stabilisation works to the Head, following on 
from urgent stabilisation works supported by the Development Committee 
(April 2018 meeting). 

5. Subsequent to those works, a further geotechnical investigation was 
commissioned and carried out on 8 October 2018. This referral 
encompasses the recommendations of that report. 

 

If archaeological material or features are encountered during the works to Arthur 
Head, works shall cease and Heritage Services, Department of Planning, Lands 
and Heritage shall be notified immediately in order that consultation with an 
appropriately qualified historic and/or indigenous archaeologist can be 
undertaken to assess the finds and provide advice on an appropriate course of 
action. 
 
Should you have any queries regarding this advice please contact Janine Symons 
at janine.symons@dplh.wa.gov.au or on 6552 4167. 
 
Yours faithfully 
 

 
 
Anne Arnold 
CHAIR 
DEVELOPMENT COMMITTEE 

Advice 

The proposed development, in accordance with the plans submitted, is 
supported, subject to the following conditions: 

1. Testing of mortars to be carried out prior to works being undertaken. 
New mortars to match existing. 

2. Replacement stone to match existing, and reconstructed masonry infill 
to match existing. 

3. Detail of the following to be provided to the satisfaction of the Director 
Heritage Operation, Heritage Services: 

a. Detail of proposed arch and canopy to Tunnel, noting that new 
interventions should complement the existing canopy and the 
rugged nature of the Head. 

b. Detail of proposed rock fall fences, noting that new interventions 
should complement the existing canopy and the rugged nature 
of the Head. 

c. Interpretation strategy to explain the history and extent of 
development at Arthur Head. 

d. Detail of proposed relocation of cliff top balustrade, Area 5, 
noting that existing fabric should be used where possible. 
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 APPENDIX 5 

 Structural engineer sketches 
Prepared by Atelier JV
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 APPENDIX 6 

 Quantitative Risk of Existing Hazards and 
Proposed and Alternative Remediation 
Works (using AGS2007 Guidelines) 
Prepared by CMW



Appendix 5  Quantative Risk of Existing Hazards and Proposed and Alternative Remdiation Works (using AGS2007 Guidelines)
In most case a person is likely to be struck when standing with a rock falling from above.   The approximate plan area of the person has been assumed to be 0.5 x 0.5 m.  The abbreviation ppl for people is used in the following table.

Area Observation Option Hazard P(H) Assumption P(S:H) Assumption P(T:S) Assumption V(D:T) Assumption R(LoL) Qualitative Risk

1
Small trees are growing out of the 

cliff face, rock fall hazard
Prevailing Risk 

Rock or blockwork infill falls and 

hits a person at carpark or footpath
1

1 x 15kg rockfall per 

year
0.003333333

target area (person) 0.5m x 

0.5m; hazardous zone area 

50m x 1.5m

0.138888889
average 200 ppl/day; 

average 1 min/ppl
0.15

impact to head fatal 

Probability of head impact 

approx 15%

6.94E-05 medium

1a Remove trees, point and repair
Rock or blockwork infill falls and 

hits a person at carpark or footpath
0.1

1 x 15kg rockfall per 

5 years
0.003333333

target area (person)  0.5m x 

0.5m; hazardous zone area 

50m x 1.5m

0.138888889
average 200 ppl/day; 

average 1 min/ppl
0.15

impact to head fatal 

Probability of head impact 

approx 15%

6.94E-06 low

3
Material falling from the crest 

where root wedging is occurring
Prevailing Risk 

Rock or blockwork infill falls and 

hits a person at footpath
0.2

1 x 15kg rockfall per 

5 years
0.004761905

target area (person)  0.5m x 

0.5m; hazardous zone area 

35m x 1.5m

0.347222222
average 1000 ppl/day; 

average 0.5 min/ppl
0.15

impact to head fatal 

Probability of head impact 

approx 15%

4.96E-05 medium

2a Remove trees, point and repair
Rock or blockwork infill falls and 

hits a person at footpath
0.02

1 x 15kg rockfall per 

50 years
0.004761905

target area (person)  0.5m x 

0.5m; hazardous zone area 

35m x 1.5m

0.347222222
average 1000 ppl/day; 

average0.5 min/ppl
0.15

impact to head fatal 

Probability of head impact 

approx 15%

4.96E-06 low

4

Unsupported section, risk of 

unbound material falling, weak 

rock/soil mass dilates away from 

face, general fretting and ravelling 

of the face

Prevailing Risk 
Rock/soil mass collapses and hits a 

person at footpath
0.5

1 x 250kg rockfall 

per 2 years
0.023809524

target area (person)  0.5m x 

0.5m; hazardous zone area 

7m x 1.5m

0.069444444
average 1000 ppl/day; 

average 0.15 min/ppl
0.9 impact likely fatal 7.44E-04 high

4a

Masonry wall and fence to 

prevent access to Area 4/5 cliff 

base

Rock/soil mass collapses and hits a 

person at footpath
0.02

1 x 15kg rockfall per 

50 years
0.023809524

target area (person) 0.5m x 

0.5m; hazardous zone area 

7m x 1.5m

0.069444444
average 1000 ppl/day; 

average 0.15 min/ppl
0.15

impact to head fatal 

Probability of head impact 

approx 15%

4.96E-06 low

4b

Shotcrete and nail wall and 

fence to prevent access to Area 

4/5 cliff base

Rock/soil mass collapses and hits a 

person at footpath
0.02

1 x 15kg rockfall per 

50 years
0.023809524

target area (person) 0.5m x 

0.5m; hazardous zone area 

7m x 1.5m

0.069444444
average 1000 ppl/day; 

average 0.15 min/ppl
0.15

impact to head fatal 

Probability of head impact 

approx 15%

4.96E-06 low

4c

Canopy over cycleway and fence 

to prevent access to Area 4/5 

cliff base

Rock/soil mass collapses and hits a 

person at footpath
0.5

1 x 250kg rockfall 

per 2 years
0.023809524

target area (person) 0.5m x 

0.5m; hazardous zone area 

7m x 1.5m

0.069444444
average 1000 ppl/day; 

average 0.15 min/ppl
0.01

canopy design to 

withstand rock fall
8.27E-06 low

5
Shallow undercuts, limestone 

balustrade close to cliff edge
Prevailing Risk 

Overhang limestone falls and hits a 

person on footpath (assume path is 

re-opened without remediation)

0.2
1 x 250kg rockfall 

per 5 years
0.004761905

target area (person) 0.5m x 

0.5m; hazardous zone area 

35m x 1.5m

0.173611111
average 500 ppl/day; 

average 0.5 m/ppl
0.7

high likelihood of impact 

causing fatality
1.16E-04 high

5a

Permenantly close path at base 

and rebuild part of balustrade 

wall at top

Overhang limestone falls and hits a 

trespasser on closed footpath
0.2

2 x 250kg rockfall 

per 5 years
0.004761905

target area (person) 0.5m x 

0.5m; hazardous zone area 

35m x 1.5m

0.013888889

average 1 ppl/day; 

average 5 min/ppl (for 

maintenance)

0.7
high likelihood of impact 

causing fatality
9.26E-06 low

5b
Open path and cover rock face in 

mesh/shotcrete and soil nails

Overhang limestone falls and hits a 

person at footpath
0.02

1 x 15 kg rockfall per 

50 years
0.004761905

target area (person) 0.5m x 

0.5m; hazardous zone area 

35m x 1.5m

0.173611111
average 500 ppl/day; 

average 0.5 m/ppl
0.15

impact to head fatal 

Probability of head impact 

approx 15%

2.48E-06 low

6

Caves and undercuts beneath the 

caprock, rock fall, cracked columns 

in cave

Prevailing Risk 

Overhang limestone falls and hits a 

person on footpath (assume path is 

re-opened without remediation)

4
4 x 15kg rockfall per 

year
0.002564103

target area (person) 0.5m x 

0.5m; hazardous zone 

area65m x 1.5m

0.347222222
average 500 ppl/day; 

average 1 min/ppl
0.15

impact to head fatal 

Probability of head impact 

approx 15%

5.34E-04 high

6a
Permanently close path and 

reinforce base of column in cave
Cave collapses and hits a trespasser 0.01

1 x 2000kg rockfall 

per100 years
1

collapse would affect whole 

zone
0.01369863

assume person sleeps in 

cave for 240 hrs/year 

(say 15 nights/year)

0.99 rock fall impact fatal 1.36E-04 medium

6b
Mesh and shotcrete face and 

open path to public
Rockfall hits a person on footpath 0.02

1 x 15kg rockfall per 

50 years
0.002564103

target area (person) 0.5m x 

0.5m; hazardous zone area 

65m x 1.5m

0.173611111
average 500 ppl/day; 

average0.5min/ppl
0.15

impact to head fatal 

Probability of head impact 

approx 15%

1.34E-06 low

7

Dysfunctional rock bolts, cracking, 

no structural support to the tunnel 

portal

Prevailing Risk 
Portal collpases on people walking 

through tunnel
0.05

1 x 2000kg rockfall 

per 20 years
1

collapse would affect whole 

zone
0.034722222

average 1000 ppl/day; 

average 0.05 min/ppl to 

traverse hazard zone

0.99 rock fall impact fatal 1.72E-03 high

7a
Build support for portal in form 

of arch

Portal collpases on people walking 

through tunnel
0.002

1 x 2000kg rockfall 

per 500 years
1

collapse would affect whole 

zone
0.034722222

average 1000 ppl/day; 

average 0.05 min/ppl to 

traverse hazard zone

0.01
portal would be designed 

to prevent collpase
6.94E-07 low

7b
Do nothing to support arch and 

close tunnel

Portal collpases on people walking 

through tunnel
0.05

1 x 2000kg rockfall 

per 20 years
1

collapse would affect whole 

zone
6.94444E-05

average 2 ppl/day; 

average 0.05 min/ppl to 

access tunnel for 

cleaning only

0.99 rock fall impact fatal 3.44E-06 low

7c
Build rockfall shelter and do not 

treat face

Pinnacle falls and hits a person 

walking through tunnel
0.2

1 x 500kg rockfall 

per 5 years
0.020833333

target area (person) 0.5m x 

0.5m; hazardous zone area 

4m x 3m

0.034722222
average 1000 ppl/day; 

average 0.05 min/ppl
0.01

canopy design to 

withstand rock fall
1.45E-06 low

7d

Treat face with shotcrete and 

mesh and do not build rockfall 

canopy

Pinnacle falls and hits a person 

walking through tunnel
0.02

1 x 15kg rockfall per 

50 years
0.020833333

target area (person) 0.5m x 

0.5m; hazardous zone area 

4m x 3m

0.034722222
average 1000 ppl/day; 

average 0.05 min/ppl
0.15

impact to head fatal 

Probability of head impact 

approx 15%

2.17E-06 low



8

Extensive cliff erosion, friable 

surfaces, corroded masonry ties, 

rock fall hazards

Prevailing Risk 
Mason panel or rocks drop out and 

hit people
1

1x100 kg rockfall 

per1 year
0.00462963

target area (person) 0.5m x 

0.5m; hazardous zone area 

18 m x 3 m

0.173611111

average 1000 ppl/day; 

average 0.25 min/ppl 

(assumes access is 

restored without 

remedial works)

0.99 rock fall impact fatal 7.96E-04 very high

8a

Repair masonary wall and install 

new ties, build canopy, rockfall 

fences and re-route paths

Rock falls and hits a person at 

footpath
0.05

1 x 15kg rockfall per 

20 years
0.00462963

target area (person) 0.5m x 

0.5m; hazardous zone area 

18 m x 3 m

0.013888889

average 1 ppl/day; 

average 20 min/ppl 

(only CoF maintance 

staff would enter 

hazardous zone

0.15

impact to head fatal 

Probability of head impact 

approx 15%

4.82E-07 low

8b

Cover face in shotcrete and 

mesh negating need for path re-

routing and fences

Rock falls and hits a person at 

footpath
0.02

1 x 15kg rockfall per 

50 year
0.00462963

target area (person) 0.5m x 

0.5m; hazardous zone area 

18 m x 3 m

0.173611111
average 1000 ppl/day; 

average 0.25 min/ppl 
0.15

impact to head fatal 

Probability of head impact 

approx 15%

2.41E-06 low

8c
Cover face in mesh and rock 

bolted in place

Rock falls and hits a person at 

footpath
10

10 x 1kg rockfall per 

1 year
0.00462963

target area (person) 0.5m x 

0.5m; hazardous zone area 

18 m x 3 m

0.173611111
average 1000 ppl/day; 

average 0.25 min/ppl 
0.05

small rock will fall through 

mesh and could still cause 

injury

4.02E-04 medium

9 Rock fall, overhangs Prevailing Risk 
Rock falls and hits a person at 

footpath
0.5

1 x 15kg rockfall per 

2 years
0.006944444

target area (person) 0.5m x 

0.5m; hazardous zone area  

12m x 3m

0.138888889
average 1000 ppl/day; 

average 0.2 min/ppl
0.15

impact to head fatal 

Probability of head impact 

approx 15%

7.23E-05 medium

9a Re-route path away from face
Rock falls and hits a person at 

footpath
0.5

1 x 15kg rockfall per 

2 year
0.006944444

target area (person) 0.5m x 

0.5m; hazardous zone area  

12m x 3m

0.003472222

average 1 ppl/day; 

average 5 min/ppl for 

maintance purposes 

only

0.15

impact to head fatal 

Probability of head impact 

approx 15%

1.81E-06 low

9b Rock bolt and mesh face
Rock falls and hits a person at 

footpath
1

1 x 1kg rockfall per 1 

year
0.013888889

target area (person) 0.5m x 

0.5m; hazardous zone area 

12m x 1.5m

0.138888889
average 1000 ppl/day; 

average 0.2 min/ppl
0.05

small rock will fall through 

mesh and could still cause 

injury

9.65E-05 medium

9c
Rock bolt, mesh and shotcrete 

face

Rock falls and hits a person at 

footpath
0.02

1 x 15kg rockfall per 

50 year
0.013888889

target area (person) 0.5m x 

0.5m; hazardous zone area 

12m x 1.5m

0.138888889
average 1000 ppl/day; 

average 0.2 min/ppl
0.15

impact to head fatal 

Probability of head impact 

approx 15%

5.79E-06 low

11
Retaining wall in unstable 

condition
Prevailing Risk Wall collapses and hits a person 0.05

1 x 2000kg rockfall 

say in 20 years
1

collpase would affect whole 

zone
0.006944444

average 1 ppl/day; 

average 10 min/ppl (say 

1 worker  at rear of 

shed)

0.9 impact likely fatal 3.13E-04 high

11a
Demolish and rebuild unstable 

retaining wall

Isolated rock drops out and hits a 

person
0.05

1 x 15kg rockfall per 

20 years
0.027777778

target area (person) 0.5m x 

0.5m; hazardous zone area 

6m x 1.5m

0.006944444

average 1 ppl/day; 

average 10 min/ppl (say 

1 worker  at rear of 

shed)

0.15

impact to head fatal 

Probability of head impact 

approx 15%

1.45E-06 low

ST Friable ceiling material, rock fall Prevailing Risk 

Rock falls and hits a person in the 

tunnel (assumed opened to special 

user groups)

50
50 x 5kg rockfalsl 

per  year
0.069444444

target area (person) 0.5m x 

0.5m; hazardous zone area 

30m x 1.2m but increased 

due to people likely to 

trigger rockfalls

0.028538813
average 500 ppl for 30 

minutes/ year
0.05

fatal head injury likelihod 

reduced due to likely use 

of cavers helmets (say 5%)

4.95E-03 very high

Sta Do nothing and keep closed

Rock falls and hits a person in the 

tunnel (assumed close and 

inspected once a year)

2
2 x 5kg rockfall per 1 

years
0.006944444

target area (person) 0.5m x 

0.5m; hazardous zone area 

30m x 1.2m

0.000114155 average 1 hr/yr 0.05

fatal head injury likelihod 

reduced due to likely use 

of cavers helmets (say 5%)

7.93E-08 low

STb Install full lining system
Rock falls and hits a person in the 

tunnel (assumed open to public)
0.01

1 x 10kg rockfall per 

100 years
0.006944444

target area (person) 0.5m x 

0.5m; hazardous zone area 

30m x 1.2m

0.007534247
average 200 ppl for 20 

minutes/ year
0.7

high likelihood of impact 

causing fatality
3.66E-07 low

LEGEND
P(H) is the annual propbability of the landslide or rockfall

P(S:H) is the probability of spatial impact of landslide or rockfall with an area where people may be present

P(T:S) is the temporal spatial probability of the impact zone being occupied by a person

V(D:T) is the vulnerability of the individual (probability of loss of life of the individual in the event of being impacted by rockfall or landslide)

R(LoL)=P(H)*P(S:H)*P(T:S)*V(D:T) Is the risk (annual propobability of loss of life (death) of an indivdual)

Rows coloured grey indicate the existing risks

Rows coloured green indicate residual risks following execution of recommneded risk mitigation works

AGS Suggested Tollerable loss of life individual risk 

10 -4 /annum

10
-5

/annum

Qualatative Risk defined as follows:

Low Quantative Risk(loss of life) <10 -5 /annum

Medium Quantative Risk (loss of life) >10 -5 /annum and <10 -4 /annum

High Quantative Risk (loss of life) >10 -4 /annum and <5 x 10 -4 /annum 

Very High Quantative Risk (loss of life) >5 x 10 -4 /annum 

Existing slopes/developmentsNew constructed slopes /new developments/existing 

landslides
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 APPENDIX 7 

 Cost Benefit Analysis of the possible 
remedial options 
Prepared by CMW



PER2018-0305 Arthur Head Remedial Work Cost Benefit Analysis

Location Option Current Risk Assumptions

Residual Risk (say 

in 10 years)

Benefit - Safety 

Improvement 

Factor Benefit - Aesthetic WeightingAssumption Combined Benefit (raw)

Relative  Unit 

Cost Benefit/unit cost

Area 1

Remove trees, 

point and repair 2

hazards will be 

substantially 

removed 1 1 1

appearance will 

improve 2 2 2.5

Area 2

Remove trees, re-

render 1 --- 1 0 1

appearance will 

improve 1 1 1.0

Area 3

Remove trees, 

point and repair 2

hazards will be 

substantially 

removed 1 1 1

appearance will 

improve 2 2 2.5

Area 4 Masonry wall 3

will stop 

deterioration and 

support face 1 2 2

appearance 

improves 

significantly 4 8 0.9

Area 4

Shotcrete and nail 

wall 3

will stop 

deterioration and 

support face 1 2 -3

appearance will 

look temporary 

and have poor 

aesthetics -1 6 0.3

Area 4

Canopy over 

cycleway 3

designed to 

protect public if 

cliff collpase 

occurs 1 2 -2

could be designed 

to look attractive 

although rock face 

will deteriorate 0 4 0.8

Area 5

Permanently 

closed path and 

rebuild part of 

barrier wall 3

Current risk 

assume path 

(currently closed) 

is operational 1 2 1

no change in 

appearance 3 2 3.0

Area 5

Open path and 

cover in 

mesh/shotcrete 

and soil nails 3

Current risk 

assume path 

(currently closed) 

is operational 1 2 -3

appearance will 

look temporary 

and have poor 

aesthetics -1 7 0.3

Area 6

Permanently close 

path and reinforce 

base of column in 

cave 3

Current risk 

assume path 

(currently closed) 

is operational 1 2 1

existing 

appearance is 

maintained 3 2 3.0

Area 6

Mesh and 

shotcrete face and 

open path to 

public 3

Current risk 

assume path 

(currently closed) 

is operational 1 2 -3

shotcrete would 

negatively affect 

the appearance of 

face and the cave -1 8 0.3

Area 7

Build support for 

portal in form of 

arch 3 1 2 1

arch would barely 

be visible from 

outside the tunnel 3 5 1.2

Area 7

Build rockfall 

canopy and do 

not treat face 3 1 2 -1

extension of 

existing could be 

designed to 

compliment 

surrounding 1 5 0.8

Area 7

Treat face with 

shotcrete and 

mesh only 3 1 2 -3

would 

substantially 

affect appearance 

of the cliff face -1 6 0.3

Area 8

Repair masonry 

wall and install 

new rockbolts and 

straps, rockfall 

fences and re-

route paths 4

assuming 

temporary path 

closures and 

scaffold canopy 

currently in place 

were removed 1 3 1

existing 

appearance is 

maintained 4 5 1.4

Area 8

Cover face in 

shotcrete and 

mesh negating 

need for path re-

routing and fences 4

assuming 

temporary path 

closures and 

scaffold canopy 

currently in place 

were removed 1 3 -4

entire west face of 

Arthur Head 

would be a mass 

of shotcrete -1 8 0.3

Area 8

Cover face in 

mesh rock bolted 

in place 4

assuming 

temporary path 

closures and 

scaffold canopy 

currently in place 

were removed 2 2 -2

appearance will 

deteriorate due to 

mesh 0 5 0.6

Area 9

Re-route path 

away from face 2 1 1 1

existing 

appearance is 

maintained 2 2 2.5

Area 9

Rock bolt and 

mesh face 2 1 1 -2

appearance will 

deteriorate due to 

mesh -1 4 0.5

Area 9

Rock bolt, mesh 

and shotcrete face 2 1 1 -4

entire west face of 

Arthur Head 

would be covered 

in shotcrete -3 6 0.0

Area 10

Trimming of 

vegetation to 

avoid wedging 1 1 0 1

appearance will 

benefit 1 1 1.0

Area 11

Demolish and 

rebuild unstable 

retaining wall 3 1 2 1

existing 

appearance is 

maintained 3 5 1.2

Secret Tunnel

Do nothing and 

keep closed 

(annual 

inspections) 4 4 0 1 1 1 4.0

Secret Tunnel

Install full lining 

system 4 1 3 -3

no longer the 

original tunnel 0 8 0.4



Comments

Risk

Aesthetic 

weighting Benefit Relative Unit Cost Benefit/Unit Cost

Very High 4

Face completely 

cover in shotcrete 

(large area) -4

Changes in level of 

risk and aesthetics 

areweighted 

equally

Broad 

approximate 

relative ranking to 

rank one option 

against another.  <0.6

High 3

Face completely 

cover in shotcrete 

(medium area) -3

Cost of annual 

inspection only 1 0.6 to 0.8

Medium 2

Significant 

collapse that 

cannot be readily 

repaired without 

loss of aesthetics 

or faces covered 

in mesh -2 Low relative costs 2 and 3 0.9-1.5

Low and Very Low 

=1 1

Rockfall Fences 

and rockfall 

shelters -1

Medium relative 

costs 4 and 5 >1.5

No change 1 High relative costs 6 to 8

Do nothing as an option is only included where this is Only credible options included
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 APPENDIX 9 

 Cost Estimate 
Prepared by RBB 



Item 

No
Description

 PTE Estimate 

(Excl GST) 

 SD Estimate 

(Excl GST) 

PR Preliminaries  Incl  Incl 

1 Area 1  - Refurbishment 90,620.00$                90,620.00$                

2 Area 2 - Main stairs - Masonry and Brickwork covered in Render 38,410.00$                38,410.00$                

3 Area 3 - High masonry retaining wall along railway reserve 50,600.00$                56,350.00$                

4 Area 4 - Weak leached cliff close to rail reserve 198,639.50$              68,540.00$                

5 Area 5 - Weak cliff of leached limestone and cross bedded aeolianite 15,053.50$                58,006.00$                

6 Area 6 - Vertical face of caprock over zone of roots and cross-bedded aeolianite 

with undercuts
121,900.00$              121,900.00$              

7 Area 7 - Vertical Face over western tunnel portal 603,698.40$              341,112.50$              

8 Area 8 - High face beneath time ball and signal cannon platform 88,952.50$                40,595.00$                

9 Area 9 - Steeply inclined cliff 20,700.00$                11,500.00$                

10 Area 10 - Inclined cliff face behind J shed 40,135.00$                40,135.00$                

11

Area 11 - Man made retaining wall between CG1 shed and Time ball Platform 
78,154.00$                60,835.00$                

12 Secret Tunnel 68,740.00$                116,580.00$              

13 Underpinning to Old Laboratory 19,930.00$                -$                            

Total Estimate (Excl GST) 1,435,532.90$          1,044,583.50$          

Con Contingency (25%) 358,883.23$              261,145.88$              
Total Estimate incl contingency (Excl GST) 1,794,416.13$          1,305,729.38$          

GST not included $176,404.11



Item 

No
Description

Unit

Work 

Required 

Qty

Total 

Qty
Rate  Subtotal  Contingency - 25%  Total (Excl GST) 

Area 1 - Limestone Quarried Face with Masonry 

infilling

1.1 Preliminaries and margin Item 11,820.00$                 2,955.00$                    14,775.00$                  

1.2 Allow for barricades and protection for 

pedestrians and vehicles
Item 4,500.00$                   1,125.00$                    5,625.00$                    

1.3 Allow for erection of scaffolding for inspection and 

carry out proposed works 
m2 240 65 15,600.00$                 3,900.00$                    19,500.00$                  

1.4 Remove existing trees, bushes, roots, like and 

apply necessary treatments to prevent re-growth 

as required 

m2 240 25 6,000.00$                   1,500.00$                    7,500.00$                    

1.5 Repair and make good existing barrier wall top 

which are in poor state
m 50 390 19,500.00$                 4,875.00$                    24,375.00$                  

1.6 Repair and make good existing vertical cracks 

along the limestone and masonry walls  - allowed 

for 4 vertical cracks

m 20 650 13,000.00$                 3,250.00$                    16,250.00$                  

1.7 Point and re-bond masonry to match existing m2 240 55 13,200.00$                 3,300.00$                    16,500.00$                  

1.8 Allow for providing few weep holes as protection 

for water pressure during heavy rain falls - allowed 

5no

No 5 400 2,000.00$                   500.00$                       2,500.00$                    

1.9 Sundry works Item 5,000.00$                   1,250.00$                    6,250.00$                    

Sub Total 90,620.00$                 22,655.00$                  113,275.00$                

-$                              -$                              

Area 2 - Main stairs - Masonry and Brickwork 

covered in Render
-$                              -$                              

2.1 Preliminaries and margin Item 5,010.00$                   1,252.50$                    6,262.50$                    

2.2 Allow for barricades and protection for 

pedestrians and vehicles
Item 4,500.00$                   1,125.00$                    5,625.00$                    

2.3 Allow for erection of scaffolding for inspection and 

carry out proposed works 
m2 100 65 6,500.00$                   1,625.00$                    8,125.00$                    

2.4 Remove existing trees, bushes, roots, like and 

apply necessary treatments to prevent re-growth 

as required 

m2 70 70 4,900.00$                   1,225.00$                    6,125.00$                    

2.5 Repair and make good existing stair guard wall top 

and sides including new render patching - up 

works, as required (approx. area)

m2 90 65 5,850.00$                   1,462.50$                    7,312.50$                    

2.6 Repair and make good existing stair façade 

including new render patching - up works, as 

required (approx. area)

m2 80 65 5,200.00$                   1,300.00$                    6,500.00$                    

2.7
Point and re-bond masonry to match existing m2 30 65 1,950.00$                   487.50$                       2,437.50$                    

2.8
Repair and make good existing vertical cracks 

along stair guard wall including new render 

patching-up works, etc as required (approx. 3m)

Item 2,000.00$                   500.00$                       2,500.00$                    

2.9 Sundry works Item 2,500.00$                   625.00$                       3,125.00$                    

Sub Total 38,410.00$                 9,602.50$                    48,012.50$                  

-$                              -$                              

Area 3 - High masonry retaining wall along 

railway reserve
-$                              -$                              

3.1 Preliminaries and margin 6,600.00$                   1,650.00$                    8,250.00$                    

3.2 Allow for barricades and protection for 

pedestrians and vehicles
Item 4,500.00$                   1,125.00$                    5,625.00$                    

3.3 Allow for erection of scaffolding for inspection and 

carry out proposed works 
m2 240 65 15,600.00$                 3,900.00$                    19,500.00$                  

3.4 Remove existing trees, bushes, roots, like and 

apply necessary treatments to prevent re-growth 

as required 

m2 240 10 2,400.00$                   600.00$                       3,000.00$                    

3.5 Repair and make good existing loosen wall top 

blocks 
m2 40 200 8,000.00$                   2,000.00$                    10,000.00$                  

3.6 Re-point and rebond existing loose masonry  after 

removal of trees and roots
m2 140 50 7,000.00$                   1,750.00$                    8,750.00$                    

3.7 Allow for providing few weep holes as protection 

for water drainage during re-pointing works - 

allowed 10no

No 5 400 2,000.00$                   500.00$                       2,500.00$                    

3.8 Sundry works Item 4,500.00$                   1,125.00$                    5,625.00$                    

Sub Total 50,600.00$                 12,650.00$                  63,250.00$                  

-$                              -$                              

Area 4 - Weak leached cliff close to rail reserve
-$                              -$                              

4.1 Preliminaries and margin Item 25,909.50$                 6,477.38$                    32,386.88$                  



4.2 Allow for barricades and protection for 

pedestrians and vehicles
Item 4,500.00$                   1,125.00$                    5,625.00$                    

4.3 Allow for erection of scaffolding for inspection and 

carry out proposed works 
m2 100 80 8,000.00$                   2,000.00$                    10,000.00$                  

4.4 Reinforced concrete strip footing with fibre r/f 

bars, formwork etc
m3 4 1250 5,000.00$                   1,250.00$                    6,250.00$                    

4.5 Reinforced concrete cliff stabilizing fill (N25 grade) 

including staging pours (7 pours)
m3 30 450 13,500.00$                 3,375.00$                    16,875.00$                  

4.6 '1000/500L x 350 wide natural limestone block 

retaining wall including bridging, ties to concrete 

stabilizing wall at every course

m2 90 450 40,500.00$                 10,125.00$                  50,625.00$                  

4.7 '1000/500L x 350 wide natural limestone block 

retaining capping course - approx. 1m wide
m2 16 500 8,000.00$                   2,000.00$                    10,000.00$                  

4.8 '900 High heavy duty chain link fence m 25 150 3,750.00$                   937.50$                       4,687.50$                    

4.9 Allow for remove vegetation / cut back from the 

face before building the retaining wall
m2 100 25 2,500.00$                   625.00$                       3,125.00$                    

4.10 Excavation limestone for concrete footing m3 5 150 750.00$                       187.50$                       937.50$                       

4.11 Reinstate existing bitumen foot path to match 

existing including 150 compacted road base
m2 16 250 4,000.00$                   1,000.00$                    5,000.00$                    

4.12 32 PVC weep holes and geotextile wrap to footing - 

500 high
no 18 85 1,530.00$                   382.50$                       1,912.50$                    

4.13

 4000 Long x 100 dia.  drilling to rock anchors 

including N20 galvanised bar and plate (approx. 

12kg), 40 Mpa grout (0.03m3), all complete

no 21 3000 63,000.00$                 15,750.00$                  78,750.00$                  

4.14
Form joint between existing and new retaining 

walls including cutting 3no existing blocks
m 12 250 3,000.00$                   750.00$                       3,750.00$                    

4.15

'12 Dia. fibre reinforced plastic (GFRP) bars at 200 

centres each way with stabilizing concrete fill

m2 90 80 7,200.00$                   1,800.00$                    9,000.00$                    

4.16 Sundry works Item 7,500.00$                   1,875.00$                    9,375.00$                    

Sub Total 198,639.50$               49,659.88$                  248,299.38$                

-$                              -$                              

Area 5 - Weal cliff of leached limestone and cross 

bedded aeolianite
-$                              -$                              

6.1 Preliminaries and margin Item 1,963.50$                   490.88$                       2,454.38$                    

5.1 New fencing - Lower level m 12 160 1,920.00$                   480.00$                       2,400.00$                    

5.2 New fencing - Upper Level m 27 160 4,320.00$                   1,080.00$                    5,400.00$                    

5.3 New single gate to fence no 1 1250 1,250.00$                   312.50$                       1,562.50$                    

5.4 Remove existing turf and replace with ground 

covering vegetation and mulch
m2 24 150 3,600.00$                   900.00$                       4,500.00$                    

5.5 Sundry works Item 2,000.00$                   500.00$                       2,500.00$                    

Sub Total 15,053.50$                 3,763.38$                    18,816.88$                  

-$                              -$                              

Area 6 - Vertical face of caprock over zone of 

roots and cross-bedded aeolianite with 

undercuts

-$                              -$                              

6.1 Preliminaries and margin Item 15,900.00$                 3,975.00$                    19,875.00$                  

6.2 Allow for barricades and protection for general 

public 
Item 5,000.00$                   1,250.00$                    6,250.00$                    

6.3 Allow for erection of scaffolding for inspection and 

carry out proposed works 
m2 400 65 26,000.00$                 6,500.00$                    32,500.00$                  

6.4 Reinforce concrete base to existing column (500 

dia.) base in cave and cover concrete base with 

limestone boulders

No 1 5000 5,000.00$                   1,250.00$                    6,250.00$                    

6.5 Mesh and shotcrete face of vertical cliff face 

(allowance 50% only)
m2 200 325 65,000.00$                 16,250.00$                  81,250.00$                  

6.6 Sundry works Item 5,000.00$                   1,250.00$                    6,250.00$                    

Sub Total 121,900.00$               30,475.00$                  152,375.00$                

-$                              -$                              

Area 7 - Vertical Face over western tunnel portal
-$                              -$                              

7.1 Preliminaries and margin Item 44,718.40$                 11,179.60$                  55,898.00$                  

7.2 Allow for barricades and protection for general 

public 
Item 4,500.00$                   1,125.00$                    5,625.00$                    

7.3 Allow for erection of scaffolding for inspection and 

carry out proposed works 
m2 90 65 5,850.00$                   1,462.50$                    7,312.50$                    

7.4 Build support for existing portal in form of arch 

including corten (inside tunnel)
m2 64 2344 150,000.00$               37,500.00$                  187,500.00$                

Demolition to Existing Canopy

7.5 Cut, seal and remove existing electrical services 

to tunnel entry
Item 1,500.00$                   375.00$                       1,875.00$                    



7.6
Remove existing steel canopy section to entrance 

including steel 150 x 50 RHS post. footings etc to 

receive new concrete casing (plan area measured)

m2 10 120 1,200.00$                   300.00$                       1,500.00$                    

7.7 Remove existing perspex ceiling and cladding 

including framing to entrance soffit to receive  

new concrete casing 

m2 6 80 480.00$                       120.00$                       600.00$                       

Concrete Portal - Tunnel Entrance

7.8 N50 Concrete to Tunnel base including reo/fm 

wk/excavation etc
m3 4 650 2,600.00$                   650.00$                       3,250.00$                    

7.9 N50 Concrete to tunnel walls and soffit including 

reo/fm wk/excavation etc
m3 7 1250 8,750.00$                   2,187.50$                    10,937.50$                  

7.10 Sundry works - Water stops, construction joints, 

etc
Item 1,100.00$                   275.00$                       1,375.00$                    

New Design - Cuved double lined hydraulic buffer 

steel canopy

7.11 RCC footing m3 8 750 6,000.00$                   1,500.00$                    7,500.00$                    

7.12 Sundry base plates, bolts, etc Item -$                             -$                              -$                              

Framing

7.13 150 UC t 1.34 8000 10,720.00$                 2,680.00$                    13,400.00$                  

7.14 150 UC - curved t 1.08 14000 15,120.00$                 3,780.00$                    18,900.00$                  

7.15 300 PFC t 2.33 8000 18,640.00$                 4,660.00$                    23,300.00$                  

7.16 300 PFC - curved t 2.41 14000 33,740.00$                 8,435.00$                    42,175.00$                  

7.17 250 x 150 RHS t 4.98 8000 39,840.00$                 9,960.00$                    49,800.00$                  

7.18 400 x 200 RHS- Mid beam t 0.47 7500 3,525.00$                   881.25$                       4,406.25$                    

7.19 Steel truss(s) to link modules Item 65,000.00$                 16,250.00$                  81,250.00$                  

7.20 '1200 High industrial hydraulic buffer post 

including base plates, fixing bolts, fixing to 

structural framework, etc (0.70t each)

no 12 5750 69,000.00$                 17,250.00$                  86,250.00$                  

Sheets

7.21 3 thick corten sheets to steel frame t 1.71 11000 18,810.00$                 4,702.50$                    23,512.50$                  

7.22 3 thick corten sheets to steel frame - curved t 2.92 14500 42,340.00$                 10,585.00$                  52,925.00$                  

7.23 '10 thick 300 wide (approx.) corten steel plate 

welded between curved canopy sections
Note Excluded Excluded

7.23a Extra over corten for 5mm thick Item 15,000.00$                 3,750.00$                    18,750.00$                  

Sundries

7.24 Allow welding and cap plates t 2.7 10000 27,000.00$                 6,750.00$                    33,750.00$                  

7.25 Allow connection to tunnel entry (approx. girth 

11m)
Item 1,265.00$                   316.25$                       1,581.25$                    

7.26 Modify / refix existing steel gate as required Item 4,500.00$                   1,125.00$                    5,625.00$                    

7.26A PROVISIONAL SUM - Sealer System to Corten 10,000.00$                 2,500.00$                    12,500.00$                  

7.27 Sundries Item 2,500.00$                   625.00$                       3,125.00$                    

Sub Total 603,698.40$               150,924.60$                754,623.00$                

Area 8 - High face beneath time ball and signal 

cannon platform 

Arrea 7 .8 & 9 - Fencing & Paving

Preliminaries and margin Item 6,757.50$                   1,689.38$                    8,446.88$                    

Remove existing  kerb m 30 80 2,400.00$                   600.00$                       3,000.00$                    

New fence m 50 150 7,500.00$                   1,875.00$                    9,375.00$                    

New timber sleeper kerb m 50 200 10,000.00$                 2,500.00$                    12,500.00$                  

Limecrete paving m2 150 95 14,250.00$                 3,562.50$                    17,812.50$                  

Compacted crushed limestone paving m2 20 65 1,300.00$                   325.00$                       1,625.00$                    

Vegetation to rock fall area m2 120 80 9,600.00$                   2,400.00$                    12,000.00$                  

Sub Total 51,807.50$                 12,951.88$                  64,759.38$                  

Option 1

8.1 Preliminaries and margin Item 4,845.00$                   1,211.25$                    6,056.25$                    

8.2 Allow for barricades and protection for general 

public 
4,500.00$                   1,125.00$                    5,625.00$                    

8.3 Allow for erection of scaffolding for inspection and 

carry out proposed works 
m2 220 65 14,300.00$                 3,575.00$                    17,875.00$                  

8.4 Repair, re-point recently constructed limestone 

masonry wall section  
m2 20 120 2,400.00$                   600.00$                       3,000.00$                    

8.5 Replace missing or corroded  anchor points on 

recently constructed limestone wall section
No 20 200 4,000.00$                   1,000.00$                    5,000.00$                    

8.7 Re-route existing path m2 36 100 3,600.00$                   900.00$                       4,500.00$                    

8.9 Sundry works Item 3,500.00$                   875.00$                       4,375.00$                    

Sub Total 37,145.00$                 9,286.25$                    46,431.25$                  

-$                              -$                              

Area 9 - Steeply inclined cliff -$                              -$                              

Option 1 -$                              -$                              



9.1 Preliminaries and margin Item 2,700.00$                   675.00$                       3,375.00$                    

9.2 Re-route existing path m2 80 200 16,000.00$                 4,000.00$                    20,000.00$                  

9.3 Sundry works Item 2,000.00$                   500.00$                       2,500.00$                    

Sub Total 20,700.00$                 5,175.00$                    25,875.00$                  

-$                              -$                              

Area 10 - Inclined cliff face behind J shed -$                              -$                              

10.1 Preliminaries and margin Item 5,235.00$                   1,308.75$                    6,543.75$                    

10.2 Allow for erection of scaffolding for inspection and 

carry out proposed works 
m2 360 65 23,400.00$                 5,850.00$                    29,250.00$                  

10.3 Remove existing trees, bushes, roots, like and 

apply necessary treatments to prevent re-growth 

as required 

m2 360 15 5,400.00$                   1,350.00$                    6,750.00$                    

10.4 Repair and make good  to existing cliff face, where 

trees and roots are removed as required - assume 

20%     
m2 72 50 3,600.00$                   900.00$                       4,500.00$                    

Sundry works 2,500.00$                   625.00$                       3,125.00$                    

Sub Total 40,135.00$                 10,033.75$                  50,168.75$                  

Area 11 - Man made retaining wall between CG1 

shed and Time ball Platform 

11.1 Preliminaries and margin Item 10,194.00$                 2,548.50$                    12,742.50$                  

11.2 Allow for erection of scaffolding for inspection and 

carry out proposed works 
m2 60 65 3,900.00$                   975.00$                       4,875.00$                    

11.3 Careful removal of existing limestone 

cladding/retaining wall to reuse as required 

(approx. area)

m2 30 300 9,000.00$                   2,250.00$                    11,250.00$                  

11.4

Excavate, drill, cut and remove existing limestone 

bed to receive new concrete footings

m2 14 750 10,500.00$                 2,625.00$                    13,125.00$                  

11.5 Concrete mass filling to make up levels to receive 

new footing bed (approx. quantity)
m3 6 1000 6,000.00$                   1,500.00$                    7,500.00$                    

11.6 Reinforced concrete strip footing with fibre r/f 

bars, form work, etc
m3 4 850 3,400.00$                   850.00$                       4,250.00$                    

11.7
190 Reinforced core filled block work including 

350 long fiber reinforced plastic wall ties etc
m2 16 350 5,600.00$                   1,400.00$                    7,000.00$                    

11.8 300 Wide (approx.) Random rubble limestone 

facing wall to match existing sizes and pattern
m3 24 500 12,000.00$                 3,000.00$                    15,000.00$                  

11.9 Lime stabilized sand back fill m3 14 200 2,800.00$                   700.00$                       3,500.00$                    

11.10 300 thick top soil fill m3 4 80 320.00$                       80.00$                          400.00$                       

11.11 600 long x 32  dia. drainage pipe to retaining wall 

base
no 12 250 3,000.00$                   750.00$                       3,750.00$                    

11.12 Low profile salt resistant landscape planting m2 12 120 1,440.00$                   360.00$                       1,800.00$                    

11.13 Sundry works 10,000.00$                 2,500.00$                    12,500.00$                  

Sub Total 78,154.00$                 19,538.50$                  97,692.50$                  

-$                              -$                              

Underpinning to Old Laboratory -$                              -$                              

12.1 Preliminaries and margin Item 1,680.00$                   420.00$                       2,100.00$                    

12.2 Underpinning works m2 14 800 11,200.00$                 2,800.00$                    14,000.00$                  

12.3 Footing m2 13 350 4,550.00$                   1,137.50$                    5,687.50$                    

12.4 Sundry works 2,500.00$                   625.00$                       3,125.00$                    

Sub Total 19,930.00$                 4,982.50$                    24,912.50$                  

Secret Tunnel - If Required -$                              -$                              

13.1 Preliminaries and margin Item 8,640.00$                   2,160.00$                    10,800.00$                  

13.2

Careful removal of existing loose sand around 

tunnel and make good to receive new lining 

m2 96 200 19,200.00$                 4,800.00$                    24,000.00$                  

13.3 New lining system to existing secret tunnel CIPS 

System
m 96 400 38,400.00$                 9,600.00$                    48,000.00$                  

13.4 Sundry works 2,500.00$                   625.00$                       3,125.00$                    

Sub Total 68,740.00$                 17,185.00$                  85,925.00$                  

1,450,586.40$           362,646.60$                1,813,233.00$            
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HOCKING HERITAGE STUDIO 
This report is provided to comply with applicable legislative requirements. All buildings 
and/or structures present potential hazards during construction, during operation, in their 
maintenance and in demolition. This report assumes that all parties act reasonably, 
understand the normal risks in and around buildings and take all reasonable care and 
precautions in what they do.  
 
This report is prepared by us in our capacity as architects involved in the project.  We are 
not experts in risk assessment nor hazard management and this report should not be 
relied upon as though it had been prepared by such experts.  
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1. INTRODUCTION 
 

 Relevant WA legislation  and Codes of Practice designed to assist compliance with the relevant 
legislation (together referred to as the Legislative Regime), set  out requirements for safe 
construction and safe working. 

 Relevantly to this Report, the Legislative Regime requires that if work to be carried out on a 

then a person involved in the design of that work (or a part of it) has obligations to identify and 
eliminate or reduce hazards arising from the design and provide a written report to the client on that 
issue.  

 This report considers hazards arising from design (and construction methodologies) and considers 
control measures in that context.  We assume that widely known construction hazards (such as 
working at heights, working below cranes, working near openings and changes of levels, working 
with materials containing solvents or other toxins and so on) will be identified, controlled and 
managed by those in control of the workplace at the time. This is not the architect.  This applies 
equally to the contractor or builder constructing the project and to the future occupants of the 
building and their maintenance teams.  As such, we do not draw particular attention to those 
hazards in this report. 

 This Report is only applicable to the extent that it applies to works  within Western Australia. 

2. SCOPE 
Hocking Heritage Studio was commissioned by the City of Fremantle as lead consultant and Architect 
for the Arthur Head Reserve Cliff Stabilisation Survey.  

The subject of this review is: 

 Arthur Head Reserve natural limestone cliffs and their man-made retaining walls and infills 

  

The scope of services is as follows: 

 Assessment of the structural integrity and stability of the natural cliff faces and man-made walls 
 Eliminating or reducing erosion of the cliff faces and walls  
 Assessment of the Secret Tunnel condition;   

 Categorising the risk for each finding; 

 Proposing and describing remediation options.  

3. REFERENCED DOCUMENTS 
The following documents have been referenced as part of this review: 

Building Code of Australia (part of National Construction Code). 

Code of Practice  Safe Design of Buildings and Structures issued by WorkSafe WA 

National Standard For Construction Work, Guidance for Designers issued by WorkSafe WA 

Initial Report from 26th October 2018 by Hocking Heritage Studio 

Final Report from 19th November 2018 by Hocking Heritage Studio 

P01 Area 4 Elevations 

P02 South East Elevations 

P03 Area 4 Details 

P04 Area 11 North West Wall 

P05 Area 11 North West Wall 

P06 Area 8 Whalers Tunnel 
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4. DESIGN ASSUMPTIONS/PARTICULAR ASPECTS OF DESIGN 
The following assumptions have been made as part of this review. 

 This report considers hazards arising from design (and construction methodologies) and considers 
control measures in that context. Standard hazards (working at heights, working below cranes, 
working near openings, edges and changes of levels, working with materials containing solvents or 
other toxins, UV protection and so on) will be controlled and managed by those in control of the 
workplace at the time. This is not the architect. This applies equally to the contractor or builder 
constructing the project and to the future occupants of the building/structure and their maintenance 
teams 

 A competent and appropriately licensed and qualified contractor will be engaged to carry out the 
Works. 

 This risk assessment is based on current good industry practice and knowledge. 

 This report is limited to consideration of any hazards from a design perspective being those that 
can, where reasonably practicable, be identified and then removed or mitigated through the design 
process for which the author of this report is responsible 

 The Works will be constructed in accordance with all applicable legislative requirements. 

 This report is a summary of the process followed and some of the risk identification.  It is assumed, 
and required, that the entirety of this report (including all appendices) will be read together with the 
completed Hazard Identification Register  

 A risk assessment from a Geotechnical perspective has been undertaken separate to this report.  
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5. REVIEW METHODOLOGY 
Hazard Identification 

A Hazard Identification Checklist and Register was utilised to record the findings of the review. A copy of 
the completed Register is attached to this report. 

For each area/location of risk exposure the review described: 

 Area of Risk, specific hazard identified  

 Estimation of Probability that harm may occur (Risk Assessment Matrix) 

 Estimation of Consequence of harm that may occur (Risk Assessment Matrix) 

 Estimation of Risk Level (Probability x Consequence = Risk) (Risk Assessment Matrix) 

 Control options considered 

 Controls implemented 
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Summary of Risk Assessment Matrix Used 
matrix was utilized to estimate the level of risk associated with a specific hazard (risk is the probability of harm 

multiplied by the consequence of harm). 
 

A. Identify potential hazards associated with the activity through the use of the Hazard Identification Checklist  
B. Perform a risk assessment for the hazards identified by: 
(i) Determining the consequences (refer Table 1); 
(ii) Determining the probability of the event occurring (refer Table 2); 
(iii) Applying the values obtained from Tables 1 & 2 to the Qualitative Risk Matrix (Table 3) to obtain the resultant Risk 
Score and Level. 
 

TABLE 1  CONSEQUENCE TABLE  
 
 

TABLE 2  PROBABILITY TABLE 

Given that the event occurs, what is the likely outcome? How likely is it, that the event will occur? 

LEVEL DESCRIPTOR CONSEQUENCE 

 

LEVEL DESCRIPTOR DESCRIPTION 
1 Insignificant No injury 1 Rare The event may occur only 

in exceptional 
circumstances 

2 Minor First Aid treatment 2 Unlikely The event may occur at 
some stage 

3 Moderate Medical treatment 
required 

3 Moderate The event should occur at 
some stage 

4 Serious Extensive injuries 4 Likely Event will probably occur in 
most circumstances 

5 Disaster Death 5 Almost Certain Event expected to occur in 
most circumstances 

TABLE 3  QUALITATIVE RISK ASSESSMENT MATRIX  RISK LEVEL 

 CONSEQUENCE   

PROBABILITY 
1 

Insignificant 
2 

Minor 
3 

Moderate 
4 

Serious 
5 

Disaster 

  
High 

(18 - 25) 
1 

Rare 1 3 6 10 15 
  

Significant 
(10-17) 

2 
Unlikely 2 5 9 14 19 

  Moderate 
(6 - 9) 

3 
Moderate 4 8 13 18 22 

 
Low Risk 

(1 - 5) 
4 

Likely 7 12 17 21 24 
 

5 
Almost 
Certain 

11 16 20 23 25 



7 

 
Only applicable to works in Western Australia 
 

6. REVIEW RESULTS 
Uncontrolled Risks  

The risk assessment forming part of this safety in design review identified that the hazard(s) summarised 
below are uncontrolled risks (ie no controls have been implemented), and/or remain as High Risks or 
Significant Risks, even after steps have been taken to reduce them.  

All other risks were rated as being MODERATE  or LOW and can be reviewed in the Register attached to 
this report.  

 

RISK ITEM 1 

 

Area of Risk All areas 

Description of Hazard  Dropping of loose material from cliff face during Works 

Risk level (i.e. Probability x 
Consequence = Risk level) 

Moderate / Moderate = 13 

Control Options  Temporary netting installed 

  

RISK ITEM 2 

 

Area of Risk Area 4,5,7,8 

Description of Hazard  Part collapse of cliff face areas during Works 

Risk level (i.e. Probability x 
Consequence = Risk level) 

Rare / Disaster = 15 

Control Options  Monitoring of cliff face by an experiences Geotechnical 
professional 

  

RISK ITEM 3 

 

Area of Risk All areas 

Description of Hazard  Physical injury due to cutting and removal of plant material 
(bushes, trees etc.) at heights 

Risk level (i.e. Probability x 
Consequence = Risk level) 

Moderate / Minor = 8 

Control Options  Temporary netting installed, Safe work practices 

  

RISK ITEM 4 

 

Area of Risk All areas 

Description of Hazard  Site access and site location adjacent to frequented public 
pathways 

Risk level (i.e. Probability x 
Consequence = Risk level) 

Likely / Serious = 21 

Control Options  Clear visible signage to the public, appropriate fencing 
and/or netting,  

8 
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 Active site access management 

RISK ITEM 5 

 

Area of Risk Area 4, 

Description of Hazard  Manual handling of large size limestone blockwork, physical 
injury from lifting large or heavy objects 

Risk level (i.e. Probability x 
Consequence = Risk level) 

Moderate / Serious = 18 

Control Options  Safe work practices, First aid kit, emergency action 
procedure induction 

 Minimise prefabricated size and weight of elements 

RISK ITEM 6 

 

Area of Risk Area 7 

Description of Hazard  Manual handling of prefabricated elements on site, physical 
injury from lifting large or heavy objects 

Risk level (i.e. Probability x 
Consequence = Risk level) 

Moderate / Serious = 18 

Control Options  Safe work practices, First aid kit, emergency action 
procedure induction 

 Minimise prefabricated size and weight of elements 

RISK ITEM 7 

 

Area of Risk All areas 

Description of Hazard  Restricted transport options for material to and from site 

Risk level (i.e. Probability x 
Consequence = Risk level) 

Likely / Minor = 12 

Control Options  Active site access management planning 

  

RISK ITEM 8 

 

Area of Risk All aeras 

Description of Hazard  
Working off power grid, fuel of generator could ignite 

Risk level (i.e. Probability x 
Consequence = Risk level) 

Unlikely / Serious = 14 

Control Options  Sealed fuel container 

  

RISK ITEM 9 

 

Area of Risk Area 7 

Description of Hazard  Physical harm due to cutting and removal of steel elements 
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on site 

Risk level (i.e. Probability x 
Consequence = Risk level) 

Moderate / Serious = 18 

Control Options  Safe work practices, First aid kit, emergency action 
procedure induction 

  

RISK ITEM 10 

 

Area of Risk All areas 

Description of Hazard  Loading/Unloading of vehicle, risk of injury to personnel 
during loading/unloading of vehicle due to difficulty of 
operation & limited situational awareness  

Risk level (i.e. Probability x 
Consequence = Risk level) 

Moderate / Moderate = 13 

Control Options  Safe work practices Contra
policy 

 Enforce strict controls limiting personnel in vicinity of 
-  

 
operators of hazards to personnel 

  

RISK ITEM 11 

 

Area of Risk All areas 

Description of Hazard  Physical injury from using rock breaking or drilling 
machinery 

Risk level (i.e. Probability x 
Consequence = Risk level) 

Moderate / Serious = 18 

Control Options  Safe work practices, First aid kit, emergency action 
procedure induction 

  

RISK ITEM 12 

 

Area of Risk Area 11 

Description of Hazard  Physical injury from removal of limestone blockwork 

Risk level (i.e. Probability x 
Consequence = Risk level) 

Moderate / Serious = 18 

Control Options  Safe work practices, First aid kit, emergency action 
procedure induction 

  

RISK ITEM 13 

 

Area of Risk Secret Tunnel 
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Description of Hazard  Physical injury from partly collapsing tunnel roof  

Risk level (i.e. Probability x 
Consequence = Risk level) 

Almost certain / Serious = 23 

Control Options  Safe work practices, First aid kit, emergency action 
procedure induction 

 Access only with an experiences Geotechnical professional 

 Active work stage planning before commencing works on 
site. supervise 

RISK ITEM 14 

 

Area of Risk All areas 

Description of Hazard  Working in proximity of cliff edges 

Risk level (i.e. Probability x 
Consequence = Risk level) 

Likely / Serious = 21 

Control Options  Safe work practices, First aid kit, emergency action 
procedure induction 

  

RISK ITEM 15 

 

Area of Risk All areaas 

Description of Hazard  Chemicals used in workplace 

Risk level (i.e. Probability x 
Consequence = Risk level) 

Moderate / Serious = 18 

Control Options  Safe work practices, First aid kit, dedicated cleaning station. 
emergency action procedure induction 

  

RISK ITEM 16 

 

Area of Risk  

Description of Hazard   

Risk level (i.e. Probability x 
Consequence = Risk level) 

 

Control Options   

  

 

 

7. CONCLUSION 

This Safety in Design review has sought, so far as reasonably practicable, to involve the participation of 
relevant project participants, including clients, to mitigate or eliminate hazards through design where 
possible and draw attention to those which remain as High Risks, Significant Risks or risks for which no 
controls have been applied 
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For any ensuing design it is strongly recommended that this Safety in Design review be reviewed and 
revised as required to reflect any changes to the defined or assumed design. 

The review is current as at the date of issue of this report.  Any change to design after this date may have 
an impact on safety.  If such changes are made, they should be referred back to the architect.  Any 
changes made to a design without the architect s knowledge removes ability to consider the 
risk issues further. The Safety in Design review is based on design scope which is 
control.  
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