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1 Introduction 

The Shire of Broome’s (the Shire) current active unlined landfill at the Buckleys Road Waste 
Management Facility is approaching the end of its operational life, with the latest survey data 
suggesting approximately three years of landfill void space remaining.  The Shire has undertaken a 
number of site selection studies over the past decade to assess options for providing long-term 
resource recovery and disposal facilities to modern best practice standards to provide these critical 
services to satisfy the needs of the Broome’s domestic and economic communities.  From the outset 
of this significant project, the Shire identified the opportunity for the project to advance the recycling 
and resource recovery initiatives as well as the standard of waste treatment services for the Shire and 
also for the wider Kimberley area.  With this the Regional Resource Recovery Park (RRRP) project was 
born.    

In November 2019, the Shire commissioned Talis Consultants Pty Ltd (Talis) to further progress the 
RRRP across two preferred sites arising from the extensive site selection works previously delivered 
by the Shire and its project partners.  The objective of the works is to assist the Shire to make an 
informed decision based on both technical and financial information on the selected site(s) to progress 
the development of the RRRP project.   

The development of the RRRP (herein referred to as the Project) will consist of either an integrated 
waste facility or a waste infrastructure network, which will depend on the Development Option 
chosen by the Shire. The two options currently being considered are: 

• Development Option 1: A fully integrated RRRP at Site D2, including a Class III landfill and 

community recycling centre (CRC); or 

• Development Option 2: A waste infrastructure network over two sites consisting of: 

o Class III landfill at Site G1; and 

o CRC at Site D2. 

As outlined above the Shire proposes to develop the CRC at Site D2 for a variety of key reasons 
including its close proximity to the Town centre and its supportive site attributes.   

The works completed so far encompassed the development of a Master Plan for both Development 
Options being considered. These works were conducted over several months and supported by a 
series of workshops with the Shire to ensure that the final designs satisfied the long-term 
requirements of the Project, and that it aligns with modern best practice design principles. Based on 
the designs for the facility, Talis has led the delivery of a range of site investigations including: 

• Flora and Fauna Investigations delivered by Spectrum Ecology; 

• Geotechnical and Hydrogeological Investigations delivered by Talis; and 

• Hydrology (Flood) Modelling Assessment delivered by Talis. 

Utilising the information gathered from these investigations as well as public data collected from a 
range of government agencies, Talis has assessed the suitability of both Sites for the development of 
the Project, particularly the landfill.  Talis has also utilised this information to undertake a site 
comparison from a technical perspective.  

Talis has also been tasked with assessing the financial implications over a 40 year and 70 year 
timeframe of the two development options to assist the Shire to make an informed decision with due 
consideration of this critical aspects of the Project and the costs to the ratepayers.   

This Site Comparison Report has been prepared to summarise the findings of the extensive works 
completed across both sites over 12 months.  The report aims to compare the technical and financial 
aspects of each Development Option in order to assist the Shire with making an informed decision on 
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which Development option to progress with. Based on the findings, Talis has provided a 
recommendation on the Selected Site.   

 Objectives 

The objectives of this Site Comparison Report are to: 

• Provide an outline of the RRRP development; 

• Summarise and compare the technical aspects of both sites including both environmental 

and social factors; 

• Identify any fatal flaws that may hinder the development of the site(s); 

• To compare the financial cost of each Development Option; and 

• Talis to provide a recommendation on the Development Option and the therefore the 

Selected Site(s). 
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2 Background 

The Shire currently operates the Buckleys Road Waste Management Facility (Buckleys Road WMF) at 
164 Buckleys Road, Waterbank. The Buckleys Road WMF contains an unlined landfill and a community 
drop off area. Just over 500 metres (m) south of this site is Lot 400 on Buckleys Road (Lot 400). This 
site is held under Management Order from DevelopmentWA and is currently used as a process and 
storage facility for inert waste, green waste, tyres and other bulky waste streams. The Shire has been 
aware that the Buckleys Road Facility is approaching the end of its operational life and therefore the 
Shire has undertaken a large range of site selection, site investigations, tenure and development 
studies over the last decade to assess options for providing a long-term resource recovery and disposal 
facility to modern best practice standards for its community and ratepayers. 

The siting of waste management facilities, particularly landfills, can be a complex process with the 
requirement for the assessment of a variety of factors including environmental, social and financial 
aspects, as well as seasonality changes to values. An extensive site selection study has been 
undertaken since 2014 using desktop analyses to identify Areas of Interest, Sites of Interest and 
Preferred Sites within a 60km radius of the Broome townsite that warranted further consideration. 
This process commenced with wider stakeholder consultation to assist in the establishment of Site 
Selection Criteria. Based on the adopted Site Selection Criteria, a geospatial model was prepared 
based on in excess of 100 governmental datasets covering all the key factors across the environmental 
and social aspects.  A key finding arising from the geospatial model was that the Shire is a highly 
constrained location for the development of a RRRP, particularly a landfill, due to the lack of land 
arising from its peninsular formation and the very high heritage, environmental and social values 
across the region.  However, a range of Areas of Interest and Sites of Interests were identified and 
assessed by the Shire over the years including intrusive investigations on a number of Preferred Sites.  
However, the Shire has yet to determine a Selected Site for the RRRP that would allow the Project 
progress to the next phase, which is the approvals process. 

In November 2019, the Shire commissioned Talis Consultants Pty Ltd (Talis) to further progress the 

site selection works for the RRRP by undertaking detailed investigations for two Preferred Sites (Site 

G1 and Site D2) arising from the previous decade of work on the siting study. The locality of each site 

is shown in Figure 2. 

• Site D2: occupies an area of approximately 119 hectare (ha) located over two lots, the 
northern section of Lot 990 on DP 414194 Broome Road and the northern section of Lot 593 
on DP71791 Broome – Cape Leveque Road. Site D2 is located 12km northeast of the Broome 
town centre and 5.5km northeast of the Buckleys Road WMF.  

• Site G1:  is located on the Great Northern Highway, Roebuck WA, 6725, approximately 38 km 
north-east of the town centre and 31km east of the current Buckleys Road WMF. Site G1 
comprises of an area of approximately 98 ha in size. Site G1 is immediately north of Great 
Northern Highway with the surrounding land being uncleared bushland. 

Each site has been subject to a range of investigations and surveys including a topographic survey, 
flora and fauna surveys, heritage surveys, hydrological assessments, geotechnical and hydrogeological 
surveys to confirm their suitability for the development of the Project. The outcome of these 
investigations will help the Shire make an informed decision on the Selected Site(s) to progress the 
development of the Project.  

 Waste Disposal Strategy 

In 2018, the Shire prepared a Waste Disposal Strategy that assessed a variety of options to satisfy the 
critical long term disposal needs for both the domestic and commercial communities of Broome.  As 
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part of these works, Talis assessed a variety of alternative short term disposal options available to the 
Shire to allow the Shire to continue to proceed with the RRRP as a long-term disposal option.  

The Waste Disposal Strategy provided key findings, the most significant of which was the need to 
relocate the Shire’s current CRC to allow the current landfill to expand into this area. Furthermore, 
the report highlighted the potential financial implications of not doing so, and instead transporting 
the Shire’s waste to alternative landfill facilities.  

While the next closest landfill facility that could potentially accept the Shire’s waste for disposal is the 
Town of Port Hedland’s South Hedland Landfill facility, the City of Karratha’s Seven Mile Landfill was 
instead chosen as the appropriate facility.  The Town of Port Hedland’s South Hedland landfill is 
approaching the end of its operational life.  Therefore, in the near future the Town of Port Hedland 
may decide not to accept the Shire’s waste to conserve its valuable void space to service its own 
domestic and commercial communities. 

The City of Karratha’s Seven Mile Landfill facility has significant void space after recently developing 
two Class III landfill cells.  However, the distance to the City of Karratha’s Seven Mile Landfill is 835km.  
This is an additional 236km beyond Port Hedland’s facility and therefore, significantly increases the 
cost.   

With this in mind, it was anticipated that the transportation of waste to an alternative disposal facility 
would require a capital investment of the Shire of between $2M and $3.5M to deliver a waste transfer 
station to consolidate the waste prior to shipment.  The waste transfer station would also have an 
operational cost of approximately $3.5M per annum. This investment would be a short-term solution 
as this facility would only aid in giving the Shire additional time to find a suitable location for the RRRP.  

Arising from the Waste Disposal Strategy, it is clear that the Shire must deliver the RRRP project, which 
would include a modern best practice Class III landfill, to ensure that cost effective waste services can 
be provided to the current and future communities of Broome.  It is also recognised that providing 
this facility is critical to the future growth of the town.  
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3 RRRP Infrastructure  

As outlined previously, the Shire wishes to make a decision between two potential development 
options for the RRRP, consisting of: 

• Development Option 1: A fully integrated RRRP at Site D2, including a Class III landfill and 

community recycling centre (CRC); or 

• Development Option 2: A waste infrastructure network over two sites, including: 

o Class III landfill at Site G1; and 

o CRC at Site D2. 

As reflected in the above Development Options, the Selected Site for the CRC is proposed to be on 
Site D2.  There are a variety of key reasons for this including the suitability of the site for the 
establishment and operation of the CRC, as well as the need for a CRC to be located within a 
reasonable distance to the Shire’s town centre for easy and convenient access for the community and 
other users. 

The following sections provides an overview of the various infrastructure elements for each 
Development Options arising from the Master Planning works undertaken by Talis and the Shire. 

 Community Recycling Centre 

The following section provides a description of the CRC and its key design elements including: 

• Entrance; 

• Community Recycling Areas; 

o Reuse Shop; 

o Education and Admin Area; 

o Greenwaste Drop Off and Mulch Collection Area; 

o Household Hazardous Waste; 

o On-Ground Recycling Drop Off 

• Weighbridge; 

• Refuse Drop Off Facility; and 

• Stockpile and Processing Areas.  

The proposed layout of the facility as shown in APPENDIX A considered a range of aspects to ensure 
the efficient operation, future expansion and alignment with the Waste Hierarchy i.e. reuse, recycle, 
recover and disposal.  

It should be noted that the CRC Conceptual Design is consistent for both development options, with 
all activities to remain on Site D2 regardless of which development option is chosen by the Shire for 
its preferred long term disposal service (i.e. whether the landfill is developed at Site D2 or G1). 
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Plates 3-1: CRC Visualisation 
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 Entrance  

Entrance to the CRC facility will be via Broome-Cape Leveque Road, approximately 750m south of the 
intersection of Broome-Cape Leveque Road and McGuigan Road. All vehicles will enter the facility via 
this entrance. All light vehicles (both domestic and commercial) will be directed to the Community 
Reuse and Recyclables Drop Off Areas before reaching the weighbridge and gatehouse, after which 
they can proceed the Refuse Drop Off facility to dispose of mixed waste. This will encourage all users 
to source separate their waste to maximise the diversion of waste from landfill. 

Large commercial vehicles entering Site D2 will proceed directly to the weighbridge/gatehouse once 
they have entered the facility. These vehicles will be directed to the appropriate 
processing/stockpiling area or the landfill. Shire employees will have the ability to bypass the 
weighbridge/gatehouse and proceed to the Shire’s offices/workshop. 

 Community Recycling Areas 

Upon entrance into Site D2, domestic users will be directed to the Community Reuse and Recycling 
Areas that will run parallel to the main road leading to the weighbridge. This area will provide the 
following advantages to both the Shire and domestic users: 

• Optimisation of traffic over the weighbridge/gatehouse; 

• Increased source separation; 

• Separation of light and heavy vehicles as early as possible; and 

• Clear separation of front and back of house operations. 

The Community Recycling Area comprises of a variety of facilities focused on the higher level of the 
waste hierarchy to divert these materials from landfill. 

 

 

Plates 3-2: Community Recycling Area Visualisation 

 Reuse Shop 

The Reuse Shop will be located at the front of the community area aligning with the Waste 
Management Hierarchy and provide efficient public access. The activities at the Reuse Shop will 
include acceptance, inspection, and the preparation for sale of items collected at the drop-off areas. 
This would primarily involve the cleaning of and potentially making repairs to reusable items as well 
as separating materials to be recycled or disposed of. 
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The Reuse Shop includes a Reuse Shed, a two-lane drive through forecourt and drop-off area for the 
collection, repair and sale of used goods back to the community. There are 20 car parking bays 
proposed for the Reuse Shop as well as 4 extended parking bays for car and trailer configurations.  

The Reuse Shop has been designed to cover an area of approximately 375 square metres (m2). The 
hard-standing area adjacent to the Reuse Shop provides an area of approximately 375m2 for the 
storage of materials that can be exposed to the elements. There will be a drive through forecourt area 
opposite the reuse shed of approximately 200 m2.  Site staff will sort through the drop-off items to 
determine where they should be placed. The forecourt canopy will also provide visitors and Site staff 
protection from the elements.   

 

Plates 3-3: Reuse Shop and Education/Admin Centre Visualisation 

 Education Centre and Admin Area 

Waste education is a key element of a successful waste management system with the best performing 
waste management systems supported by strong waste education programs. The provisions of waste 
education will help to support the resource recovery and waste services offered across the facility and 
the Shire as a whole. It will be used to explain the important ‘why the community should participate’ 
and the ‘how the community should interact’ with the various services offered by the Shire. Waste 
education focuses on initiatives at the top of the Waste Management Hierarchy (avoid, reduce, reuse 
and recycle) as well as creating awareness of the sustainability challenges associated with current 
consumption and waste management habits. 

An Education Centre is proposed as part of the CRC development to assist with improving community 
awareness of sustainable waste management practices, as well as educating the community on the 
use of the facility. It is currently proposed that the Education Centre will be located adjacent to the 
reuse shop. The centre will include a classroom with displays, IT equipment for presentations and 
associated parking for visitors and school bus tours. A bus parking bay has been proposed on the main 
entrance road with a pedestrian pathway allowing access from the bus parking bay to the education 
centre. It proposed that the education centre and administration area would be co-located within this 
building, covering an area of 160m2.  



Site Comparison Report 
Broome Regional Resource Recovery Park 
Shire of Broome   

TW19104 - Site Comparison Report - 1.3  Page | 14 

 Green waste Drop Off and Mulch Collection Area 

The green waste stockpile area has been designed to allow light vehicles to safely and efficiently drop 
off green waste directly into the green waste windrows but separate to the drop off areas for heavy 
vehicles. By providing the community and commercial customers with direct access to the stockpiles 
will eliminate the need for double handling of this high volume material (especially pre and post 
cyclone events). 

Domestic users will be directed to drop off these materials within the green waste stockpile areas 
outside the Community Recycling Areas. A gated entry point will be installed between the Community 
Recycling Area and stockpile areas. It is anticipated that mobile bollards and cones will be used to 
direct traffic to the appropriate windrow(s) and maintain clear separation of the front-of-house and 
back-of-house operations. Site staff will manage and supervise this activity to ensure that community 
only have access to windrows that have been designated for community access and that all users 
safely enter and leave the green waste drop off area. 

A Mulch Collection area has been located within the green waste drop off area to continue the Shire’s 
current mulch collection service.  It is anticipated that at designated times a site staff member will 
operate a front-end loader to allow for the loading of mulch onto vehicles and trailers. 

 

Plates 3-4: Reuse Shop and Education/Admin Centre Visualisation 

 Hazardous Household Waste  

A fully enclosed Hazardous Household Waste (HHW) shed will be development at the CRC for the safe 
acceptance and storage of hazardous materials such as oil, paint, batteries, fluorescent tubes and 
globes, aerosols and pesticides etc. The shed will be fully enclosed with appropriate bunding to contain 
any leaks or spills as well as designated storage areas for each waste type to ensure source separation. 
This facility will provide domestic users a free and safe drop-off facility for these problematic wastes 
for the community and therefore ensure that these materials are treated appropriately and diverted 
from landfill. The HHW will be located adjacent to the Reuse Shop to allow site staff to supervise and 
manage both activities simultaneously. 

 On-Ground Recycling Drop Off Area 

The on-ground drop-off area for recyclables and bulk waste, including white goods, mattresses and 
tyres, have been amalgamated into one laydown area, measuring 1,000m2, with a small canopy over 
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parts of the area to protect some materials from the elements. The community vehicles parallel park 
alongside the laydown area to place their bulk waste items on the floor. This area is serviced from the 
opposite side with mobile bollards used to maintain clear separation of the front-of-house and back-
of-house operations. 

Half of this area will be allocated to on-ground receptacles or hook lift bins for source separated 
recyclables. These waste streams may include cardboard, scrap metal and commingled recyclables. It 
is anticipated that front lift or hook-lift bins will be provided to cater for these materials. The 15m3 
hook lift bins allow the community to drop waste into an open top bin to dispose of their materials 
while the 30m3 bins can include specialist openings to allow materials to be deposited. The concept is 
to generate clean streams of these materials to maximise future reprocessing opportunities. 

 

 

Plates 3-5: Recycling Drop-off Receptacles 

 Weighbridge 

All large vehicles, and light vehicles disposing of refuse, will pass over the weighbridge where each 
load will be inspected and directed to the appropriate stockpile/drop off area. Tip passes or financial 
transitions will occur at this point. Due to the low volume of traffic at the site, a single dual access 
weighbridge, with a bypass lanes has been proposed at this stage. 

  Refuse Drop-off Facility 

All light vehicles (domestics and commercial) with mixed waste will be directed to the Refuse (mixed 
waste) Drop Off Facility for safe disposal of their waste. The facility will be covered by a canopy and 
contain 12 reverse parking bays which align with 6 hook lift bins. The hook lift bins are located on the 
lower ground of the facility and a safety wall will be installed to protect customers while depositing 
materials. This facility will also include edge protection for to limit the proximity of cars to the wall.  
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Plates 3-6: Refuse Drop Off Area 

 Stockpile and Processing Areas 

Stockpile and Processing areas have been located south of the CRC area and will contain the back-of-
house operations of the facility. Access to this area will be limited to commercial vehicles, with the 
majority of users being heavy commercial vehicles and Shire’s operators. Domestic users will have no 
access to these areas, with the exception of the green waste areas located adjacent to the community 
recycling area. These areas have been strategically located to provide logical linkages between the 
acceptance and processing areas for these key materials and to minimise the internal travel distances. 
Table 3-1 summarises the stockpile/processing areas allocated to each waste stream. 

Table 3-1: Stockpile Processing Areas   

Waste Stream Stockpile/Processing Area (m2) 

Green waste 31,500 

Scrap Metal / Vehicles 3,950 

C&D 8,550 

Glass 3,000 

Clean Fill 1,800 

 Liquid Waste Facility 

Most major regional centres within WA have liquid waste facilities for the treatment of domestic and 
commercial liquid waste generate within the communities they service.  Due to the favourable climatic 
conditions within WA, the preferred treatment method is evaporation. The Liquid Waste Facility 
consists of three ponds (two receival ponds and one evaporation pond). The receival ponds will consist 
of concrete ponds with a capacity of approximately 12m3 each. The evaporation pond is much larger 
approximately 245m3 and will be lined with high-density polyethylene (HDPE). 

Liquid wastes will be transferred from liquid waste tankers via pipes into one of the receival ponds. 
Liquid waste tankers will reverse into the disposal location until they reach a wheel stop, at which 
point they will be directed to discharge the liquid waste into the required receival ponds via pipes with 
shut off valves. The solid constituents of the waste will settle in the receival ponds and the remaining 
liquid will be directed by gravity into an evaporation pond. Sunlight and oxygen naturally biodegrade 
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the incoming organic matter and evaporation reduces the volume of liquid waste in the pond. The 
solid content will be removed from the ponds and placed in the Class III landfill, as required.  

The types of liquid waste to be accepted at a liquid waste facility is approved by the DWER who issue 
the licence to operate the facilities. It is anticipated that liquid wastes that will be accepted at the 
facility will be similar to the City of Karratha’s liquid waste treatment facility at its Seven Mile Landfill. 
Examples of liquid wastes that may be accepted include: 

• Waste oil, oily wastes (e.g. from oil filters) and oily water; 

• Car and truck wash waters from wash down bays; 

• Industrial wash waters, including those originating from cooling towers, industrial plants, 
ports, landfills, textile effluent and residues, and other industrial processes;  

• Saline water; 

• Brake fluid, coolant, ethylene glycol (antifreeze), propylene glycol, radiator fluid;  

• Surfactants and detergents;  

• Scrubber sludge, industrial waste treatment sludges and residues;  

• Aqueous and solvent based wastes from the production, formulation and use of inks, dyes, 
pigments, paints, lacquers, varnishes, resins, latex, plasticisers, glues and adhesives; and 

• Biological waste (septage and grease trap waste only).  

 Class III Landfill Design  

The Shire is committed to adhering to, and where possible, exceeding the Best Practice Landfill 
Standards for the siting design and construction of the Broome RRRP Landfill. There is no current WA 
specific landfill guideline and the industry and approval authorities generally adopt the Victorian 
Environmental Protection Authority (2015) Best Practice Environmental Management – Siting, Design, 
Operation and Rehabilitation of Landfills (BPEM Guideline).   

Unlike the current Buckleys Road landfill, the RRRP Class III landfill will be a fully engineered landfill to 
minimise the potential for uncontrolled emissions to the environment.  The key design aspects of the 
Class III landfill includes the following: 

• Engineered Composite Basal Lining System (in order of construction/installation): 

o 500mm engineered in-situ soils attenuation layer; 

o Geosynthetic clay liner (GCL); 

o 2mm double textured (HDPE) geomembrane; 

o Cushion/protection geotextile; 

• Environmental Controls: 

o Leachate collection and management system incorporating 300mm aggregate drainage 

layer and a primary and secondary collection pipe network, as well as evaporation ponds 

o Landfill gas management system incorporating gas wells, pipes and vents; 

o Surface water management system consisting of open channel drains and siltation ponds; 

• Engineered Landfill Capping System (in order of construction/installation): 

o Geosynthetic cap including linear low-density polyethylene (LLDPE) or GCL 

o Restoration subsoils of 1m; and  

o Topsoil/growth medium of 200mm. 

 Lining and Capping Systems 

The composite basal lining system will be installed at the bottom of the landfill with the primary role 
of protect the soil and groundwater beneath the facility.  All leachate generated within the landfill 
cells will be collected on the basal lining system and then pumped to the surface for treatment in the 
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leachate pond.  The various layers of the basal lining system is illustrated within Plate 3-7 with their 
function summarised within Table 3-2.    

Table 3-2: Description of Basal Lining System 

Basal Lining System Layers 

(Descending Order) 
Function 

Gravel Leachate Collection 
Layer 

The gravel drainage layer is constructed at the base of the landfill to 
collect leachate draining from the waste. Leachate drains to a 
network of perforated leachate collection pipes installed within the 
gravel layer. 

Leachate Collection Pipe 
The perforated leachate collection pipes transmit leachate towards 
the leachate sump at the lowest part of the landfill cell where it is 
extracted for treatment. 

Cushion/Protection 
Geotextile 

The cushion / protection geotextile provides protection to the HDPE 
lining from the strains imposed by the overlying gravel drainage layer 
which will be under load from the waste placed in the landfill. 

High Density Polyethylene 
(HDPE) Geomembrane 
Liner 

The High Density Polyethylene geomembrane is an impermeable 
barrier that acts as the primary sealing layer to prevent landfill 
leachate leaking into the groundwater environment. 

Geosynthetic Clay Liner 

The Geosynthetic Clay Liner (GCL) is a further impermeable barrier 
that acts as the secondary sealing layer to provide an additional level 
of protection from any damage which may occur to the overlying 
HDPE lining. If the HDPE is damaged, the bentonite clay within the 
underlying GCL lining material becomes hydrated and swells to seal 
the perforation in the HDPE by creating a low permeability clay 
barrier between the landfill and the underlying engineered 
attenuation layer. 

Thick Engineered In-Situ 
Layer 

The Engineering Attenuation Layer is the final layer in the composite 
lining system and comprises compacted in situ soils to provide a 
suitable foundation for the landfill lining system and further reduce 
the permeability of the ground beneath the landfill. 
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Plates 3-7: Cross Section of Basal Liner 

The Shire will adopt a phased approach to rehabilitation of the landfill.  This means that after each cell 
of the landfill has been filled to their designated levels, the Shire will apply a capping system. This will 
include a LLDPE or GCL along with approximately 1.2m of restoration soils graded to relevant slopes to 
ensure it is free draining. This will ensure the waste mass is fully encapsulated and can shed clean 
stormwater, which in turn will minimise leachate generation. The restoration soils will then be 
revegetated using local flora species. The various layers of the capping system is illustrated within 
Plate 3-8 with their function summarised within Table 3-3.   

Table 3-3: Description of Capping System 

Capping System Layers 

(Descending Order) 
Function 

Vegetation Layer incorporating 
hydromulch/seeding 

Stabilise the surface of the slopes, advance revegetation and 
minimise erosion. 

1000mm of Restoration Layer, 

comprising: 

• 800mm thick layer of 
site-won subsoils; and  

• 200mm thick layer of 
growing medium/mulch 

Provides long term protection to the underlying geosynthetic 
layers and provide a growing medium for revegetation. 

Geonet Drainage Layer 

Quickly and effectively transmits subsurface water away from 

the low permeability sealing layer to the perimeter 

stormwater swales. Also provides protection to the underlying 

geomembrane layer from the overlying Restoration Layer. 
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1.5mm thick double textured 
Linear Low-Density Polyethylene 
(LLDPE) Geomembrane Layer 

Provides a low permeability sealing layer (with a maximum 

saturated hydraulic conductivity of 2x10-15m/s) to prevent the 

ingress of rainfall, which would otherwise generate leachate, 

and encourage the shedding of water off the landfill cap to the 

perimeter stormwater swales. Also provides a low 

permeability layer to prevent the uncontrolled release of 

landfill gas through the surface of the landfill, by directing the 

gas to landfill gas extraction wells. 

300mm Sand Gas Collection / 
Regulating Layer 

Provides a smooth firm subgrade for the installation of the 

overlying layers of the capping system. Also provides a 

permeable layer to facilitate the effective transmission of 

landfill gas beneath the sealing layer to landfill gas wells where 

it is extracted for treatment by thermal destruction. 

 

 

Plates 3-8: Cross Section – Capping System 

 

Plates 3-9: Cross Section – Capped landfill 

 

Conceptual drawings of the landfill lining, capping system and typical cross section is shown in 
APPENDIX A. 

 Construction Quality Assurance 

Historically it was found that the vast majority of issues with lining systems occurred during 
constructions works.  Therefore, the various approval authorities now require that independent 
Construction Quality Assurance is performed during all landfill engineering works including basal and 
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capping systems.  This is undertaken by an independent engineering firm with suitable qualifications 
and experience to supervise and certify the construction works.  

The various tasks involved in the Construction Quality Assurance works include: 

• Conformance testing of the various lining and construction materials.  This includes laboratory 
testing of various materials to ensure they comply with the specification as conditioned by the 
relevant approval authority (DWER); 

• Approval of the construction methodology; 

• Full time supervision of all construction works including but not limited to earthworks, lining, 
pipe and gravel installation; 

• Supervision of all on site testing including weld tests (etch) of plastic liners, etc; 

• Supervision of independent leak detection survey of the lining system; and  

• Preparation of Construction Quality Assurance Report and Certification. 

The leak detection survey is a critical element for all basal lining systems and leachate.  This is generally 
undertaken by a specialist, independent contractor survey to ensure that there are no holes in the 
liner following the construction works.  If there are any holes in the liner, these will be detected and 
then located, and repaired prior to being retested.  This will ensure that the lining system is fully intact 
and sealed prior to the completion of the construction works. 

The Construction Quality Assurance Report and Certification is submitted to the DWER (or relevant 
approval authority) for assessment and approval prior to the commencement of landfilling activities. 

 Shire’s Landfill Design Requirements 

In addition to compliance with the BPEM Guidelines including the lining, environmental controls and 
capping with system, Talis and the Shire consulted on the key design requirements for the landfill.   

This commenced with a needs analysis to determine the Shire’s future waste disposal requirements.  
As part of this process, the current tonnage data for the Shire’s various waste streams was determined 
including the domestic and commercial collections as well as waste tonnages from surrounding 
communities (within the Shire of Broome).  Future waste projections were then modelled based on 
population and waste growth factors to determine future void space requirements up to the next 70 
years.  Based on the expected tonnages, Talis and the Shire consulted and determined the required 
design of the landfill including shape, size, depth and final height.   

At this stage it is anticipated that the landfill will be 250m wide and be divided into cells of 
approximately half this width (125m). The length of each cell will be sized to provide sufficient capacity 
to waste disposal for approximately 2-3 years.  

A critical component of the design that has been discussed with the Shire is the depth of the landfill 
cells.  It has been determined that the landfill cells will be excavated to 6 metres below ground level 
which will provide valuable void space and also ensure that sufficient materials is capture to satisfy 
the various needs for the facility including the cell engineering, operational (daily cover) and 
restoration (final capping of 1.2m with insitu soils).  In addition, the Shire has also recognised the 
opportunity to gain valuable soils that can be utilised by the Shire on other engineering projecting 
(including the potential capping of Buckley’s Road landfill).  This is result in a significant saving as the 
Shire is currently paying $18/m3 (ex GST).  Based on the current design, it is anticipated that that on 
average the last 2 metres of excavations of the cells will be surplus materials that can be used by the 
Shire for other activities. 

The anticipated final fill height the facility will be 20 above surrounding ground level.   
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The final geometry and design of the landfill will be refined and determined at a later stage during the 
further, more detailed design works.  

 Supporting Site Infrastructure 

Both the CRC and Landfill include a suite of supporting site infrastructure including: 

• Network of groundwater monitoring bores; 

• Roads – sealed and unsealed in low use areas; 

• Stormwater management systems; 

• Administration Building and Workshops;  

• Fire fighting services; 

• Solar power system; and 

• Security (fencing, gates, etc). 
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4 Environmental Setting  

The key environmental aspects for Site D2 and Site G1 that have been considered for the development 
of the RRRP include climate, topography, geology, hydrology, hydrogeology, fauna, flora and 
vegetation. Information on each of these aspects is discussed in the following sections.  

 Climate  

The climate of the Shire is considered to be semi-arid as per the Köppen classification system used by 
the Bureau of Meteorology (BoM).  The local climate is defined by distinct wet and dry seasons. Rainfall 
is distinctly erratic with the majority of rain occurring within the wet season (November to April). The 
average monthly rainfall and mean maximum/minimum temperatures from 1930 to 2020 recorded at 
Broome Airport (ID 3003) are provided in Table 4-1. 

Table 4-1: Monthly mean rainfall and temperature 1939 – 2020 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 

Mean 
Rainfall 
(mm) 

192.7 179.6 97.7 25.4 27.4 18.2 6.5 2.2 1.4 1.4 8.9 62.4 

Mean 
Max 
Temp 
(˚C) 

33.3 32.9 34 34.3 31.6 29.3 29 30.4 31.9 32.9 33.7 33.9 

Mean 
Min 
Temp 
(˚C) 

26.3 26.1 25.5 22.7 18.3 15.2 13.7 14.9 18.5 22.5 25.2 26.6 

 Topography 

A topographic survey was undertaken by RM Surveys at both sites on the 28 October 2019 using a 
combination of traditional global positioning system (GPS) survey and aerial capture. During this 
survey, it was observed that the elevation ranges from 18m Australian Height Datum (AHD) at the 
south west corner of Site G1 to 24m AHD at the eastern corner. At Site D2 it ranges from 20.5m AHD 
at the south western corner to 38.5m AHD at the north eastern corner of Site D2. The topography for 
Site D2 is shown in Figure 3 and Site G1 in Figure 4.  

 Geology 

 Regional Geology 

The geology of the Canning Basin in which the sites fall has been mapped at the 1:250,000 scale by 
Gibson (1983) and summarised in Department of Mines, Industry Regulation and Safety (DMIRS) 
geological online database (DMIRS, 2020). 

The Quaternary age Superficial formations are approximately 10m thick at both sites and comprise 
fine to medium grained sand and silt (Qz) which is probably of mixed aeolian and alluvial origin, 
colloquially known as Pindan Sand. 
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Tertiary to Quaternary laterite (Czl) overlying Broome Sandstone is exposed in the headwaters of some 
creeks reaching the coast between Coulomb Point and Carnot Bay.  

Site D2 

• Qz: Quaternary red sand, fine to medium, minor silt, ~10m thick (Pindan Sand);  

• Czl: Early Tertiary to Quaternary pisolitic and massive laterite, ~2m thick;  

• Kb: Early Cretaceous sedimentary rocks, fine to very coarse sandstone, minor conglomerate, 
280m in Broome water bore No. 2 (Broome Sandstone); 

• JKr: late Jurassic to Early Cretaceous siltstone, claystone, sandstone, glauconitic, ferruginous 
(Jarlemai Siltstone); 

• Ja: Late Jurasic interbedded fine to coarse sandstone and mudstone, pyritic, glauconitic in 
part (Alexander Formation); and 

• Jl: Early to late Jurasic sandstone; minor siltstone, coglomerate, lignite (Wallal Sandstone). 

Site G1 

• Qs: Quaternary sand, silt, minor gravel, ~10m thick (Pindan Sand);  

• Czl: Tertiary to Quaternary pisolitic and massive laterite, ~2m thick;  

• K-sz-CA: Early Cretaceous sedimentary rocks, fine to very coarse sandstone, minor 
conglomerate, 280m in Broome water bore No. 2 (Broome Sandstone); overlying 

• JKr: late Jurassic to Early Cretaceous siltstone, claystone, sandstone, glauconitic, ferruginous 
(Jarlemai Siltstone). 

The Jarlemai Siltstone separates the Alexander Formation and overlying Broome Sandstone with a 
maximum thickness of 260 m in petroleum well Barlee 1. The Jarlemai Siltstone consists of 
predominantly siltstone and claystone, with minor interbeds of sand and sandstone towards the base. 
The base of this unit is recorded to occur in the deep groundwater bores ACP 1 and Keelindi 1 beneath 
Broome townsite at depths of around -430 m AHD.  

The Cretaceous Broome Sandstone, which includes the Jowlaenga Formation as described by Towner 
and Gibson (1983), conformably overlies the Jarlemai Siltstone, and consists of mainly unconsolidated 
quartzose sandstone with minor conglomerates and beds of siltstone and claystone. The Broome 
Sandstone subcrops the entire Broome area with maximum thickness from 280 m (ACP 1) and is 
thinnest over the Barlee and Baskerville anticlines where the top of the Broome Sandstone has been 
eroded. The base of the unit is around -270 m AHD near the Broome townsite and rises towards the 
east where it rises above sea level to 34 m AHD on the Baskerville anticline. 

Laterite overlying the Broome Sandstone is exposed in the headwaters of some of the creeks north of 
the site between Coulomb Point and Carnot Bay. 

Pindan Sand, the surficial sediment cover of the Broome Peninsula, has been deposited by aeolian and 
alluvial processes (Vogwill, 2003). It has a grain size ranging from fine grained sand to silt with a deep 
red colour, with the red coloration due to the iron oxide staining of the individual grains and clay 
content. It is non-water repellent and takes its name from the unique vegetation which dominates the 
area (Vogwill, 2003). The unit is Quaternary in age and unconformably overlies the Broome Sandstone 
(Department of Water, 2012a). Intertidal and supratidal mud flats occur around inlets and bays. 
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 Site Geology 

The Department of Mines, Industry Regulation and Safety (DMIRS) geological online database 
classified the surface geology in the region as “S: Sandplain, mainly eolian including some residual 
deposits.” The Geological Survey of Western Australia Hydrogeological Series-Explanatory Notes, 
Broome, Western Australia, Department of Mines Western Australia, 1991 (DMIRS, 1991), indicates 
that most of the Broome area is covered by red sand and silt soils which are a mix of eolian and alluvial 
origin which are colloquially known as “pindan”. Pindan sand is classified as either clayey sand or silty 
sand with low density and high void ratios. Although described as collapsible silty-sand or clayey-sand 
soil it displays a self-cementation property on drying (Emery. S.J et al, 2003). Nonetheless, 
investigations conducted in the Kimberley region (Browse Liquefied Natural Gas Precinct Strategic 
Assessment Report, Government of Western Australia, 2010) have shown that the soil, prior to 
compaction and further engineering, exhibit a ‘trouble’ classification (Jennings and Knight, 1975). This 
suggests the soils at both sites may be subject to settlement issues without further engineering.   

The surface geology mapped by the Geology Survey of WA (GSWA) for the Broome-Roebuck Plains 
1:50,000 Environmental Geology Series (1988) indicates that the soils for each site are classified as: 

• Site D2: Sm10 - Silty Sand - red, fine-grained, subrounded quartz, variable silt content, 
homogeneous 

• Site G1: Qa - Sand, silt, clay; minor gravel: alluvial and lacustrine  

The geology is shown is shown in Figure 5 and Figure 6 respectively.  

To provide a more detailed understanding of geology at both sites, a Geotechnical Investigation was 
completed by Talis in November 2020 in accordance with the relevant standards.  It is important to 
note that these investigations where focused on the suitability of the sites for the development of a 
landfill facility and to assess for any potential fatal flaw in relation to the site geology that could 
prohibit or compromise such development. With this in mind, these investigations will be 
complemented with further investigations at a later stage to assist with the detailed design and 
construction data requirements.  

The Geotechnical Investigations consisted of: 

• Site D2 – 7 boreholes and 50 trial pits; and 

• Site G1 - 5 boreholes and 50 trial pits. 

D2 consisted of: 

• Silty clayey SAND – pale red sand, fine to medium grained, subangular with trace gravel 
probably of aeolian origin to between 10-15 m bgl (Pindan Plain Soil); overlying 

• SANDSTONE – pale yellow to white, very fine to medium grained, variably cemented, bedded 
to weakly bedded sandstone probably of shallow marine or tidal origin (Broome Sandstone).  

Groundwater was encountered within all boreholes at D2, at a depth of between 20 to 32 m bgl, within 
in the sandstone horizon.  At this depth, groundwater is not anticipated to be a constraint to the 
development.  

The soil profile was also easily excavated using a 20 T excavator. Based on this, all earthworks should 
be easily achievable using standard earthwork machinery.  
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G1 consisted of: 

• Silty clayey SAND – pale red sand, fine to medium grained, subangular with trace gravel 
probably of aeolian origin to between 9-16 m bgl (Pindan Plain Soil); overlying 

• SANDSTONE – pale yellow to white, very fine to medium grained, variably cemented, bedded 
to weakly bedded sandstone probably of shallow marine or tidal origin (Broome Sandstone).  

Groundwater was encountered within all boreholes at G1, at a depth of between 7.2 to 12.0 m bgl, 
within the sandstone horizon. At this depth, consideration of the vertical extent of the landfill cells 
would be required, ensuring a suitable unsaturated zone separation distance is achieved.  

Similarly to D2, the soil profile at G1 was also easily excavated using a 20 T excavator. Based on this, 
all earthworks should be easily achievable using standard earthwork machinery.  

Overall, a variety of on site and laboratory testings was undertaken on the soils across both sites which 
are all detailed within their respective Site Investigation Report. All on-site and laboratory testing have 
returned favourable results for the proposed landfill development. 

 Fault Lines 

Data sourced from the DMIRS GeoVIEW.WA online database infers that a major concealed fault 
(Fenton Fault) is located approximately 1.6km north of Site D2 and 0.1km north from G1, trending 
south east to north west. The fault is a near vertical, normal fault (Yeates et al, 1984). No information 
has been sourced on the dip and strike of the sedimentary lithologies. This is to be expected due to 
the surface covering and limited outcrop across the majority of Site G1. The fault line in relation to 
each site is shown in Figure 5 (site D2) and Figure 6 (Site G1). 

 Groundwater  

 Hydrogeology System 

The groundwater system in the Broome area can be divided into three main aquifers listed from 
bottom upwards as; the Wallal Sandstone (Jl), Alexander Formation (Ja) and the Broome Sandstone 
(Kb). The Broome Sandstone is the most utilised source of groundwater in the Broome area, is overlain 
unconformably by Quaternary deposits and separated from the underlying Wallal Sandstone (Jl), 
Alexander Formation (Ja) aquifers by the confining Jarlemai Siltstone. 

The Broome Sandstone consists of mainly unconsolidated quartzose sandstone with minor 
conglomerates and beds of siltstone and claystone. Vogwill (2003) describes two main sedimentary 
facies. The upper zone is described as layers of consolidated sands and interbedded siltstones and 
minor claystone demonstrated by higher gamma and lower resistivity logs. The lower zone is 
characterised by lower gamma and high resistivity logs with unconsolidated sands and rare beds of 
siltstone. The low resistivity zone that occurs as a thin layer at the base of the Broome Sandstone is 
interpreted as saline water that may occur as leakage from units underlying the Broome Sandstone 
aquifer. Beneath the Sites the Broome Sandstone is interpreted as having a thickness of approximately 
150-200m. 

The most utilised source of groundwater in the area is the Broome Sandstone. The unconfined aquifer 
is overlain unconformably by Quaternary deposits and separated from the underlying aquifers by the 
confining Jarlemai Siltstone. 
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It is also important to note that the hydrogeological systems in the Broome region are well understood 
with a large volume of published data available.  This information is beneficial to assist with 
determining and comparing the information gathered from the site investigations to provide multiple 
lines of evidence where possible. 

 Groundwater Proclaimed Areas 

Under the Rights in Water and Irrigation Act 1914 (RIWI Act), proclaimed groundwater areas in WA 
are areas in which licences are required to construct or alter a well and to take groundwater. Site D2 
is located in the Broome Proclaimed Groundwater Area (see Figure 7) and Site G1 is located within the 
Canning-Kimberley Proclaimed Area which was proclaimed in 1997 (see Figure 8).  If the Shire wished 
to install a production bore a licence will be required on both Sites. 

 Public Drinking Water Sources Areas  

Under the Metropolitan Water Supply, Sewerage and Drainage Act 1909 or the Country Areas Water 
Supply Act 1947 the Department of Water and Environmental Regulation (DWER) has the power 
necessary to legally define the boundaries of Public Drinking Water Source Areas (PDWSAs). These 
legally defined boundaries with varying Priority levels (P1, P2 and P3) are assigned to ensure that 
PDWSAs are managed and protected to ensure the availability of reliable, safe, good quality drinking 
water from either groundwater or surface water sources.  

Site G1 is not located within a PDWSA. The nearest PDWSA to Site G1 is approximately 8.9km to the 
north west as shown in Figure 9.  Site D2 is located immediately west of the P1 Broome Water Reserve 
as shown in Figure 8.   

From an early stage in the Site Selection process, the Shire engaged with the Water Corporation 
(WaterCorp) in regard to the Broome Town Water Supply Scheme Borefield (TWS borefield). Following 
the determination of Site D2 as a preferred location, WaterCorp prepared a Groundwater Assessment 
report to provide its comments and/or concerns on the proposed development and the Broome Town 
Water Supply Scheme Borefield. In the preparation for the Groundwater Assessment, the Watercorp 
“undertook modelling with uncertainty analysis methodologies to develop a numerical modelling 
framework. This model provided probabilistic model outputs, under an arrangement of model 
parameters to simulate future system states. The predictive modelling has focused on particle tracking 
for estimating the maximum and minimum travel distance of solutes in the groundwater with 
simulations.”  

Arising from this assessment, the key findings with respect to Site D2 were that the TWS borefield is 
up-hydraulic gradient with the nearest production bore being approximately 2 km away and therefore 
no unacceptable risk to the TWS borefield was identified (WaterCorp, 2010).    

 Groundwater Levels 

Hydrogeological Investigations have been undertaken at both sites including drilling and installation 
of seven (7) bores at Site D2 and five (5) bores at Site G1. A groundwater gauging event was 
undertaken recently during November and determined the present depth to groundwater at Site D2 
ranges from 20-32 m below ground level (bgl) and at Site G1 is comparatively less ranging from 7-12 
m bgl (Table 4-2 and Table 4-3).  The groundwater contours for Site D2 and Site G1 are shown in Figure 
11 and Figure 12 respectively. Talis has also undertaken some modelling works on the groundwater 
recharge potentials on both sites and determined the potential minimum depth to groundwater 
(discussed in the following section). 
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Table 4-2: Groundwater levels (GWL) and Depth to Groundwater (DTW) – Site D2  

Bore ID 2020 GWL (m AHD) Maximum GWL (m AHD) Minimum DTW (m bgl) 

GW1-D 5.566 6.066 19.6 

GW2-D 5.104 5.604 15.0 

GW3-D 5.796 6.296 23.9 

GW4-D 5.822 6.322 22.5 

GW5-D 5.934 6.434 27.8 

GW6-D 6.165 6.665 31.3 

GW7-D 5.759 6.259 29.0 

AVERAGE N/A N/A 24.15 

 

Table 4-3: Groundwater levels (GWL) and Depth to Groundwater (DTW) – Site G1 

Bore ID 2020 GWL (m AHD) Maximum GWL (m AHD) Minimum DTW (m bgl) 

GW1-D 12.291 14.7 6.753 

GW2-D 12.187 14.6 4.815 

GW3-D 11.788 14.45 5.991 

GW4-D 11.297 14.15 3.823 

GW5-D 11.527 14.4 9.193 

AVERAGE N/A N/A 6.12 

Groundwater level changes due to changes in aquifer storage are caused by natural climate variability 
and human abstraction (or injection) e.g. operation of the TWS borefield and horticultural irrigation. 
With respect to the latter, WaterCorp advised it intends to develop the TWS borefield to the north to 
reduce the risk of saline intrusion caused by up-coning of more dense saline water at depth due to 
over pumping. However, bores in the southern region will continue to be used for the Irrigation of 
Public Open Space (through communications with Water Corp 2020, 25 November). It is therefore 
assumed groundwater will continue to be utilised at or near current rates and consequently will have 
no significant effect on the overall water balance. 

The groundwater levels at both sites are influenced by extreme rainfall events which tend to re-set 
the aquifer storage. This is most evident in the plot showing the available groundwater level data for 
registered bores near the sites compared to monthly rainfall recorded at Broome airport. It can be 
seen following the 1997 and 2018 events the groundwater levels rise rapidly before beginning to 
decline. The annual rainfall recorded during 2018 was the highest since records commenced in 1941 
and corresponds with the maximum reported groundwater level. 

Talis has assessed the groundwater elevations recorded at the sites during November are 
approximately 2-3 m and 0.5 m below the 2019 long term maximum at Site G1 and D2 respectively as 
shown in Table 4-2 and Table 4-3, with the difference being due to position of the sites in the 
catchment. Site D2 therefore appears not to be constrained by minimum separation distance to the 
groundwater water table as the minimum depth to groundwater is expected to be between 
approximately 15-31 m bgl. The minimum depth to groundwater at Site G1, however ranges between 
approximately 3-9 m bgl.  
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Graph 4-1: Rainfall versus Groundwater Levels 

 

Source: Annual rainfall for Broome Airport  (BoM site 3003) and groundwater levels  for WIN Site 80119404 
(Horticultural Lots Brme - HCL 3). 

 Groundwater Flow Direction and Receptors 

The groundwater flow direction, based on accurately surveyed groundwater levels, is toward the 
south-west at D2 and toward the south at G1 as indicated in Figure 9 and Figure 10. As mentioned 
previously, the Broome Water Reserve borefield is to the east of Site D2 and has been assessed by the 
WaterCorp to not be at risk from a landfill at Site D2 because there is no potentially complete exposure 
pathway via groundwater.   

The potential receptors via the groundwater flow path for Site D2 have been assessed to include, from 
closest to furthest, Waterbank Government Well No.1, a private residence, Buckley’s Plain (supratidal 
mudflats), and private bores at Cable Beach North, and the Indian Ocean further to the west. The 
nearest of these, Waterbank Government Well No. 1 is 1.4 km from Site D2 with the next closest being 
the private residence located off McGuigan Road located 3.8 km from Site D2.  

Coconut Well is much further to the north and therefore not a downstream receptor as there is no 
potentially complete exposure pathway via groundwater. 

Potential receptors via the groundwater flow path for Site G1 include Roebuck Plains/Roebuck Bay 
system which is comprises a Ramsar Convention wetland of international significance, as shown in 
Figure 11. This has not been deemed as a critical flaw in the assessment of Site G1 as it is deemed to 
have a very low environmental risk. This is discussed further in Section 4.4.6.  
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 Seepage Velocity 

Based on the information collected on site and published data on the Broome sandstone aquifer, the 
calculated seepage velocity beneath Site D2 and Site G1 is similar being approximately 10-20 and 12-
25 m/year respectively.  This is consistent with WaterCorp modelling in 2010 which showed a seepage 
velocity of 10-13 m/year (WaterCorp, 2010).  

The travel time of a potential contaminant front moving through the aquifer can be estimated from 
the seepage velocity which in this case would require over 100 years to reach the nearest sensitive 
receptors not taking into consideration any dilution, attenuation and/or hydrodynamic dispersion 
which would tend to reduce contaminant concentrations along the flow path to negligible levels.   

Table 4-4 Seepage Risk Level 

Site  # 
Downstream 

receptors 

Distance 

from Site  
Travel Time  

Risk 

Level 
Comment 

D2 

1 Govt Well 1 
1.5 km south 

west 
72 Years Very Low 

Government Well that is used 

for stock water. 

2 Buckleys Plain 2.4 km west 115 Years  Very Low 
Buckleys Plain is a seasonal 

wetland  

3 Single Dwelling  3.7 km west 177 Years Very Low 

Single dwell located on the 

eastern edge of Buckleys Plain. 

Based on aerial imagery it is 

assumed that groundwater is 

extracted from a small lake on 

site 

G1 1 
Roebuck Plains 

System 
4 km south 2,000 Years Very Low 

Roebuck floodplain including 

RAMSAR wetlands 

 Groundwater Chemistry 

Groundwater sampling events to confirm the baseline conditions prior to development have been 
completed at both sites. The investigations show groundwater at the water table is fresh based on 
total dissolved solids (TDS) concentrations ranging between 210 milligrams per litre (mg/L) and 990 
mg/L (average 421 mg/L at D2 and 528 mg/L at G1) and slightly acidic pH ranging from 4.88 to 6.56 
(average 5.9 at D2 and 6.1 at G1). Groundwater chemistry, major ions analysis indicated the 
groundwater was Na:Cl type reflective of recharge from rainfall and passage through siliclastic aquifer 
with minor residual carbonate. No groundwater contamination was identified. 

 On Going Investigations 

The Shire and Talis will continue to collect further information on the hydrogeological systems below 
the various sites including on-going groundwater level to determine depths to groundwater as well 
groundwater quality data.  
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 Hydrology  

 Catchments 

NationalMap is an online map-based tool to allow easy access to spatial data from Australian 
government agencies. Data sourced from NationalMap indicates that both sites are located within 
Hydrographic Catchment Division - Timor Sea and Hydrographic Catchment Basin - Cape Leveque 
Coast. Site G1 is also located within the Ramsar Wetlands Upstream Catchment – Roebuck Bay.  

 Flood Plains  

The DWER prepares floodplain mapping (FPM) to indicate the extent of flooding associated with 
Average Recurrence Interval (ARI) 100-year flood events. The ARI 100-year flood event is a statistical 
estimate of the average period in years between the occurrences of a flood of a given size and is 
roughly equal to a 1% probability of occurring in any given year. The nearest FPM is 2.4km west from 
Site D2 and 3.4km south from Site G1.The FPM areas are shown in Figure 13 and Figure 14.  

 Flood Modelling 

To further understand the surface water flows in the region and the potential impacts of flooding for 
each site, modelling was completed for flood events up to the 2% Annual Exceedance Probability (AEP) 
event, or the 500-year Average Recurrence Interval (ARI) flood. Using regional topographic data, the 
catchment area for each site was identified. The catchment for Site D2 covers 5km2 and 197km2 for 
G1 (inclusive of the sites) as shown below. 

Site D2 has a relatively small contributing catchment area with no concentrated flow channels 
discernible in the available terrain mapping.  

Plates 4-1: Site D2 Modelled Flood Depths for 1-in-a-500 year event 
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Based on the modelling works, Site D2 will require a 1.3m levees along the northern, eastern and 
southern boundaries.  Sheet flow will be collected through the levee system from around Site’s 
eastern boundary and conveyed through a drain along the southern boundary with a maximum depth 
of 2 metres, bounded by levees with a maximum height of 1.3 metre and a total length of 3,300 
metres. The recommended top width is 2 metres, with side slopes not to exceed 3H:1V. No armour 
rock is required for the levee; however, the placement of coarser material such as Class A or B1 rock 
is recommended for approximately 50 metres of the southern levee in the immediate vicinity of the 
channel bend at the southeast corner of the site.   

Site G1 requires a levee with a maximum height of 2.8 metres extending over a length of 
approximately 3,400 metres around the whole of Site G1. The recommended top width is 2 metres, 
with side slopes not to exceed 3H:1V. No armour rock is required for the levee; however, the 
placement of coarser material such as Class A or B1 rock is recommended for approximately 50 metres 
of the levee near the northwest corner of the site.    

Plates 4-2: Site G1 Modelled Flood Depths for 1-in-a-500 year event 

 

The results of the hydraulic modelling assessment at Site G1 indicated that some erosion is likely to 
occur at the northwest corner around the toe of the levee. Although rock armour is below the required 
for velocities >2m/s some Facing Class rock may be warranted in this area to reduce scour.  

The hydrology modelling indicates that surface water for each site can be adequately managed 
although significantly more flood engineering is required at Site G1 to mitigate the larger flood risk in 
that area.  

The specifications for the surface water management system, including flood defences, will be 
determined during the detailed design stage of the project.  It is also important to note that the levee 
(bunds) can be vegetated and form visual screens to the surrounding areas.  This approach has been 
adopted on a range of waste management facilities across Western Australia. 



Site Comparison Report 
Broome Regional Resource Recovery Park 
Shire of Broome   

TW19104 - Site Comparison Report - 1.3  Page | 33 

 Wetlands and Rivers 

In WA, the term 'wetland' generally refers to a natural or artificially made basin or flat wetland that is 
permanently, seasonally or intermittently waterlogged or inundated with water that may be fresh, 
saline (salty), flowing or static. There are no waterbodies or wetlands located within Site G1 or Site 
D2. An unnamed minor water course is located to the west of Site G1 as shown in Figure 15 which 
feeds into land subject to inundation and contains three nationally important wetlands of the Roebuck 
Plains System.    

 Directory of Important Wetlands in Australia  

A list of nationally important wetlands in Australia was established in 1993. Nationally important 
wetlands meet one of more of the following criteria: 

• It is a good example of a wetland type occurring within a biogeographic region in Australia. 

• It is a wetland which plays an important ecological or hydrological role in the natural 
functioning of a major wetland system/complex. 

• It is a wetland which is important as the habitat for animal taxa at a vulnerable stage in their 
life cycles, or provides a refuge when adverse conditions such as drought prevail. 

• The wetland supports 1% or more of the national populations of any native plant or animal 
taxa. 

• The wetland supports native plant or animal taxa or communities which are considered 
endangered or vulnerable at the national level. 

• The wetland is of outstanding historical or cultural significance. 

Three nationally important wetlands referred to as the Roebuck Plains System are located down 
hydraulic gradient approximately 5.41km to the south of the Site G1 as shown in Figure 14. The 
Roebuck Plains although excluded from the Roebuck Bay Ramsar site “are contiguous with the Bay 
and hydrologically connected” (Bennelongia, 2009).  

Roebuck Bay which is also a nationally important wetland is located approximately 5.46km south of 
Site D2.  However based on the published literature and site investigations, this is not down hydraulic 
gradient of the Site D2.  In other words, the groundwater below Site D2 flows in a south westerly 
direction away and discharges to the wetlands immediately north of the current Buckleys Road Landfill 
facility.  Therefore, the groundwater from below Site D2 does not flow towards Roebuck Bay See 
Figure 11 

 Ramsar Wetlands 

The Ramsar Convention is an intergovernmental treaty that provides the framework to allow for the 
conservation of wetland habitats. Ramsar wetlands are those recognised as wetlands of international 
importance.  

No Ramsar wetlands are located within either site however, the nearest Ramsar wetland; Roebuck 
Bay is located approximately 11.5km to the south east of Site D2 as shown in Figure 11 and 20.4km 
south west of Site G1. The Roebuck Bay Ramsar site is approximately 34,119 hectares (Bennelongia, 
2009). The Ramsar site is located down hydraulic gradient of Site G1 and within the Ramsar Wetlands 
Upstream Catchment, but does not appear to be down hydraulic gradient to Site D2.  

Roebuck Bay was designated a Ramsar wetland in 1990 and is described as “a tropical marine 
embayment with extensive, biologically diverse, intertidal mudflats. The site is internationally 
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important for at least 20 species of migratory shorebirds with total numbers of waders using the site 
each year estimated at over 300,000. This makes Roebuck Bay one of the most important sites for 
shorebird conservation in the East Asian-Australasian Flyway” (CALM, 2003).  

 Fauna, Flora and Vegetation 

Spectrum Ecology completed the following flora and fauna surveys on both sites: 

• Reconnaissance Flora & Level 1 Fauna Survey;   

• Detailed Flora & Vegetation Assessment; and 

• Level 2 Fauna Assessment. 

The finding of these surveys is outlined in the following subsections.  

 Vegetation Unit and Condition  

The vegetation unit within both sites was recorded by Spectrum Ecology (2020b) as Corymbia 
greeniana low open woodland with Acacia eriopoda and Bauhinia cunninghamii tall open shrubland, 
over Triodia schinzii and Triodia caelestialis low sparse hummock grassland and Chrysopogon pallidus 
and Sorghum plumosum low sparse tussock grassland. The vegetation unit was considered to have 
low regional and local significance as the distribution was not restricted within the bioregion and did 
not provide habitat for restricted significant flora. Spectrum Ecology (2020b) assessed the condition 
of the vegetation unit within both sites as Excellent (100%) which the Environmental Protection 
Authority (EPA) (2016) describe as “Pristine or nearly so, no obvious signs of damage caused by human 
activities since European settlement.”  

 Threatened and Priority Ecological Communities  

In Western Australia (WA) ‘Threatened Ecological Communities’ (TECs) are defined by the WA 
Threatened Ecological Communities Scientific Advisory Committee (within DBCA) and are assigned to 
one of four categories (Presumed Totally Destroyed, Critically Endangered, Endangered, Vulnerable).  
While they are not afforded direct statutory protection at a State level (unlike Declared Rare Flora 
under the Wildlife Conservation Act 1950) their significance is acknowledged through other State 
environmental approval processes (i.e. Environmental Impact Assessment process pursuant to Part IV 
of the Environmental Protection Act 1986). Priority Ecological Communities (PECs) are ecological 
communities that are under consideration for listing as a TEC, but do not yet meet the criteria.  The 
PEC is placed into a Priority Rating between 1-5 that ranks the PEC based on known occurrences, 
threats and management of the community. 

During the Detailed Flora and Vegetation Assessment (Spectrum Ecology, 2020b) the desktop 
assessment found the Mangarr (Minyjuru) (P1) Priority Ecological Community (PEC) was present in 
northeast corner of Site D2 (as shown in Figure 15). Scattered Sersalisia sericea (Minyjuru) trees were 
recorded in Site D2 outside the current PEC; however, it is unlikely that these individuals indicate the 
presence of the Mangarr PEC. The Corymbia paractia (P1) PEC was likely recorded at Site D2 based on 
the known distribution of C. paractia, abundance recorded in the survey, and the location of the site. 
No TECs were recorded within Site D2. 

A single Sersalisia sericea tree was recorded at Site G1 however, this does not represent the Mangarr 
PEC as there were no frequent mature individuals recorded. No TECs were recorded within Site G1. 
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 Threatened and Priority Flora  

Spectrum Ecology (2020b) recorded three Priority flora taxa within both sites: Corymbia paractia 
(Priority 1), Jacquemontia sp. Broome (A.A. Mitchell 3028) (Priority 1), and Terminalia kumpaja 
(Priority 3). The occurrence of these Priority Flora was determined to have low local and regional 
significance. No Threatened Flora were recorded within Site G1 or Site D2. Although not recorded in 
the survey, Threatened Flora Seringia exastia was assessed as having a medium likelihood of 
occurrence at both sites. The location of the Priority Flora is shown in Figure 15 and Figure 16. 

 Introduced Flora  

Three introduced flora were recorded within and immediately outside to the west of Site G1: Lolium 
perenne, Conyza bonariensis, and Stylosanthes hamata. Two introduced flora were recorded within 
and immediately outside to the east of Site D2: Stylosanthes hamata and Stylosanthes scabra. None 
of the introduced flora are listed as Declared Pests in Western Australia (Spectrum Ecology, 2020b). 

 Fauna  

Systematic trapping and opportunistic foraging undertaken by Spectrum Ecology (2020a) identified a 
total of thirty eight (38) vertebrate fauna species within G1; seventeen (17) bird species, three (3) non-
volant mammal species (two introduced), two (2) bat species (with a further three possible species) 
and sixteen (16) reptile species. 

Within Site D2 a total of thirty one (31) vertebrate fauna species were recorded; ten (10) bird species, 
four (4) non-volant mammal species (three introduced), three (3) bat species (with a further three 
possible species) and fourteen (14) reptile species. 

 Threatened and Priority Fauna  

The DBCA Priority 1 listed Northern Coastal Free-tailed Bat (Ozimops cobourgianus) was detected 
Spectrum Ecology (2020a) multiple times via ultrasonic recorder within both sites during the Level 2 
Terrestrial Fauna Assessment. No other Priority Fauna or Threatened Fauna were recorded within 
either site.  

 Fauna Habitat  

The fauna habitat recorded within both sites is the Pindan shrubland habitat which consists of open 
to sparse Acacia sp. shrubland over tussock grassland, which is mostly homogenous with a natural 
patchiness in tree, shrub and grass density. The habitat is homogenous and the microhabitats present 
are not thought likely to support SRE invertebrate species. The Pindan Shrubland habitat occurs across 
a large continuous extend across the Dampier Peninsula, which indicates that there is a low likelihood 
that the habitat supports any taxa with a distribution restricted the sites (Spectrum Ecology (2020a). 

 Short Range Endemics 

Spectrum Ecology (2020a) collected two species of Short Range Endemic (SRE) taxa from dry pitfall 
traps during the systematic trapping survey completed for the Terrestrial Fauna Assessment. Genetic 
sequencing and morphological analysis identified the specimens as previously undescribed species 
Lychas ‘BSCO048’ and Aname ‘BMYG165’. Lychas ‘BSCO048’ was recorded within Site D2 (see Figure 
15) and both species were recorded within Site G1 (see Figure 16).  
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 Environmentally Sensitive Areas 

Environmentally Sensitive Areas (ESAs) are declared in Environmental Protection (Clearing of Native 
Vegetation) Regulations 2004 as areas that cover any and/or all of the following conservation 
significant areas:  

a) a declared World Heritage property as defined in s 13 of the Environment Protection and 
Biodiversity Conservation Act 1999  

b) an area that is included on the Register of the National Estate, because of its natural heritage 
value under the Australian Heritage Council Act 2003  

c) a defined wetland and the area within 50 metres of the wetland  

d) the area covered by vegetation within 50 metres of rare (threatened) flora, to the extent to 
which the vegetation is continuous with the vegetation in which the rare (threatened) flora is 
located  

e) the area covered by a TEC  

f) a Bush Forever site listed in “Bush Forever” Volumes 1 and 2 (2000), published by the Western 
Australia Planning Commission, except to the extent to which the site is approved to be 
developed by the Western Australia Planning Commission  

g) the areas covered by the following policies: 

i. the Environmental Protection (Gnangara Mound Crown Land) Policy 1992 - available 
from EPA website. This policy has been repealed. 

ii. the Environmental Protection (Western Swamp Tortoise) Policy 2002 - refer to the 
“EPP 2003 Western Swamp Tortoise Policy Boundary” 

h) the areas covered by the lakes to which the Environmental Protection (Swan Coastal Plain 
Lakes) Policy 1992 applies. This policy has been repealed. 

i) protected wetlands as defined in the Environmental Protection (South West Agricultural Zone 
Wetlands) Policy 1998. This policy has been repealed. 

j) areas of fringing native vegetation in the policy area as defined in the Environmental 
Protection (Swan and Canning Rivers) Policy 1998. This policy has been repealed. 

Both sites are not located in an ESA. The nearest ESA is a TEC located 598m to the south of Site D2. A 
Register of the National Estate, Natural Class, “Roebuck Bay Area including Roebuck Plains and Lake 
Eda” is located 4.05km from the Site G1 development footprint and 3.12km from the site boundary.   

 Bushfire Prone Areas 

The Department of Fire and Emergency Services (DFES) manages a Bushfire Prone Areas geospatial 
dataset. This dataset maps bushfire prone areas which are subject to, or likely to be subject to, 
bushfire attack. These bushfire prone areas are identified by the presence of and proximity to bushfire 
prone vegetation and a 100 metre buffer zone immediately surrounding it. Where a bushfire prone 
area cuts across a portion of a parcel of land, the entire parcel is considered bushfire prone. Both sites 
are located in a designated Bushfire Prone area therefore additional planning and building 
requirements may apply.  A Bushfire Management Plan will be required for both site is development 
is proceed. 
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5 Social Setting  

 Zoning 

Under the Shire’s Local Planning Scheme (LPS) No. 6 (currently under review by the Shire) Site G1 and 
surrounding area is zoned ‘General Agriculture’ with the exception of nearby roads. Site D2 is reserved 
‘Public Purposes: Water Supply’ and is located in the outer portion of the Special Control Area (SCA) 2 
assigned for the future Broome International Airport. The boundary of Site D2 is located 
approximately 3 kilometres from the proposed airport footprint which satisfies the required 
separation distance for landfills and airports. As stipulated in the BPEM Landfill Guideline, which are 
currently adopted by the WA industry.  The zoning for Site D2 is shown in Figure 17 and Figure 18 for 
Site G1.  

The development of Waste infrastructure inclusive of landfill by a Local Government is a ‘Public Work’ 
and therefore under the Planning and Development Act 2005, is exempt from development approval. 

 Surrounding Land Uses 

Land located north and east of Site D2 is also reserved ‘Public Purposes: Water Supply’ with 
management vested in the Water Corporation and consisting of native vegetation. Immediately 
surrounding Site D2 on the southern border is a combination of land reserved for ‘Public Purposes’, 
majority of it being for ‘Motor Sport’ and the remaining as ‘Water Supply’. Surrounding the western 
border of Site D2 is land zoned for ‘Culture and Natural Resource Use’ and is governed by Native Title.  

Site G1 is surrounded by land zoned ‘Public Purposes: General Agriculture.’   

 Aboriginal Heritage 

Aboriginal Heritage sites (registered or not) are protected under the Aboriginal Heritage Act 1972 (AH 
Act). An Aboriginal Heritage Site under Section 5 of the AH Act is defined as: 

(a) any place of importance and significance where persons of Aboriginal descent have, or 
appear to have, left any object, natural or artificial, used for, or made or adapted for use for, 
any purpose connected with the traditional cultural life of the Aboriginal people, past or 
present; 

(b) any sacred, ritual or ceremonial site, which is of importance and special significance to 
persons of Aboriginal descent; 

(c) any place which, in the opinion of the Committee, is or was associated with the Aboriginal 
people and which is of historical, anthropological, archaeological or ethnographical interest 
and should be preserved because of its importance and significance to the cultural heritage of 
the State; 

(d) any place where objects to which this Act applies are traditionally stored, or to which, under 
the provisions of this Act, such objects have been taken or removed. 

A Heritage Survey was conducted across both sites in late February and early March 2020 by Nyamba 
Buru Yawuru Pty Ltd (Yawuru) and Kimberley Land Council (KLC). The survey team did not identify 
anything of cultural heritage value within the development footprints for both Site D2 and Site G1.  
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However, it was found that the development footprint of Site G1 encompassed a seasonal creek line 
which may have high heritage values. In consultation with the Shire, it was agreed that the area 
encompassing the creek line should be removed from the proposed development area of G1. This 
decreased the development envelope on Site G1 from 125 ha to 98 ha (which was adopted from all 
works going forward).  

Numerous registered Aboriginal Sites are located to the west of Site D2 and are shown in Figure 19. 

 Native Title 

Under Australian Law, Native Title is a form of land title that recognises the unique connections 
Aboriginal groups have to the land. Native title exists where Aboriginal people have maintained a 
traditional connection to their land and waters, since sovereignty, and where acts of government have 
not removed it. Site G2 is located within a Native Title determination area ‘Ruibibi Community’ which 
is held by the Yawuru Community (Figure 19). The Shire have consulted with the Yawuru throughout 
the development of the Project and obtained conditional approval to further investigate the 
development of the RRRP at Site G1. 

 European Heritage  

To protect cultural heritage places in WA, the Heritage Council maintain a list of places that are either 
‘Statutory Listings’ or ‘Other Listings and Surveys’. Statutory Listings are heritage places that can affect 
or may affect the use and development of land and buildings and Other Listings and Surveys lists 
heritage places that do not have any effect on the use and development of land and buildings (HC, 
2017). No European Heritage sites are located within either site.  

 Mining Tenements  

Site D2 is located within a live Exploration Licence E40/2357 held by Gundara Enterprises Pty Ltd and 
Petroleum Exploration Permit EP 436 (Buru Energy Pty Ltd). The Exploration Licence was granted on 
the 19 July 2019 and expires on the 18 July 2024. The Shire has held discussions with the tenement 
holder and will continue to liaise with them throughout the advancement of the project.  

Site G1 is not located in a mining tenement. The tenement boundary for E40/2357 is shown in Figure 
20. 

 Industry Separation Distances  

The WA Environmental Protection Authorities (EPA’s) Guidance Statement No. 3 – Separation 
Distances between Industrial and Sensitive Land Uses (2005) contains the recommended minimum 
separation distances between industrial activities, including waste management facilities and sensitive 
land uses.  

Sensitive land uses are defined as those that are sensitive to industrial emissions and include 
residential developments, schools, hospitals, shopping centres and other public areas and buildings. 
The recommended minimum separation distances between sensitive land uses and the industry 
activity is shown in Table 5-1. 
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Table 5-1:  Recommended separation distances from the proposed industry activities  

Guidance Industry 
Impacts 

Recommended 
separation 
distance (m) 

Noise Dust Odour Risk 

Separation 
Distances 
between 
Industrial 
and 
Sensitive 
Land Uses 
(2005) 

Putrescible landfill site 
(Class II and III) 

✓ ✓ ✓  

500 for 
sensitive land 
uses, 150 for 
single 
residences. 

Solid waste depot ✓ ✓ ✓  200 

Crushing of building 
material 

✓ ✓   1,000 

Used tyre storage  ✓  ✓ 
100-200 
depending on 
size 

Industrial liquid waste ✓  ✓  case by case 

The nearest sensitive receptor is an isolated residence approximately 3.4km south of Site D2 and 
2.5km to Site G1. Therefore, both sites far exceed the recommended separation distances for the 
proposed activities.  
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6  Site Suitability and Comparisons  

The following section forms the technical assessment of the various Development Options which for 
ease of reference are repeated below: 

• Development Option 1: A fully integrated RRRP at Site D2, including a Class III landfill and 

community recycling centre (CRC); or 

• Development Option 2: A waste infrastructure network over two sites consisting of: 

o Class III landfill at Site G1; and 

o CRC at Site D2. 

As outlined above the Shire proposes to develop the CRC at Site D2 for a variety of key reasons 
including its close proximity to the Town centre and its supportive site attributes for the proposed 
development.   

Therefore, the key element remaining in assessing the Preferred Development Option is the Selected 
Site for the location of the landfill facility. 

To assess and compare the suitability of the sites for landfilling activities the environmental and social 
aspects of each site were assessed against a variety of criteria devised from the Shire’s requirements 
as well as the following guidelines and guidance from various government bodies:  

• Environmental Protection Authority Victoria 2015 Best Practice Environmental Management 
- Siting, Design, Operation and Rehabilitation of Landfills (BPEM Guideline); 

• Environmental Protection Authority WA Draft Guidance Statement: Separation Distances 
(2015) (Draft Guidance Statement); and 

• Industry standards from the Waste Management Branch of the DWER. 

Although the BPEM Landfill Guideline is a Victorian EPA document, the guideline contains the highest 
landfill standards available within Australia. Its use for assessing metropolitan and major regional 
centre landfills throughout WA is well accepted by the DWER. The BPEM Landfill Guideline aims to 
“provide existing and future operators of landfills, planning authorities and regulating bodies with: 

• Information on the potential impact of landfills on the environment and how this is to be 
assessed; 

• A clear statement of environmental performance objectives of each segment of the 
environment; and 

• Information on how to avoid or minimise environmental impacts, including suggested Best 
Practice Landfill Guidelines measures, to assist them to meet the objectives.” 

The WA EPA Draft Guideline Statement on Separation Distances was released for stakeholder and 
public comments in October 2015. Although still in draft format, the Guidance Statement has been 
adopted for this study has it contains the most stringent requirements for separation distances for 
landfills and associated waste infrastructure within WA. Sensitive land uses are those which are 
sensitive to emissions from industrial and similar activities, and include residential developments, 
hospitals, schools, shopping centres and some public buildings (EPA, 2015b). Separation distance 
between sensitive receptors and sites used for waste management purposes varies according to the 
type of waste received and the activities occurring. 

The DWER’s Waste Industry licensing branch administrate the approvals for waste facilities across the 
State. The DWER has adopted requirements for future landfills and cells to achieve a separation 
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distance of 3 m from the lowest point of the basal cell and the highest groundwater level ever 
recorded.  This exceeds the BPEM Guidelines which is specified as 2 m groundwater separation 
distance.  Talis is aware that in some circumstance, the DWER has approved recent landfill facilities 
with 2 m groundwater separation.  

Another key factors associated with the assessment of the suitability of each site is its ability to deliver 
upon the Shire’s Landfill Design Requirements (as stipulated within Section 3.3.3).  A key component 
of this is for the Site to facilitate 6 m excavations while maintaining the DWER 3 m groundwater 
separation distance.   

The recommendations from these various sources have been adopted for assessing each site across 
the following key environmental and social aspects:  

• Buffer and separation distances; 

• Topography; 

• Soils; 

• Flora and Fauna; 

• Surface water; and 

• Groundwater. 

Site D2 and G1 were assessed to determine the compliance with relevant criteria as determined by 
the relevant government agencies and complimented by some key factors relevant to the Shire.  This 
allowed for a comparison of the both sites across a range of set criterion to highlight the technical 
strengths and weaknesses as well as points of difference between each other. For illustrative purposes 
a traffic light system has been utilises for this assessment with scores allocated based on the following 
logic: 

Green The Site has desirable and/or supportive characteristics that meet or exceed 
requirements for this criteria 

Orange The Site has acceptable characteristics to this criteria 

Dark Orange The Site has non-desirable and/or non-supportive characteristics to this 
criteria. 

It is important to note that a dark orange allocation does not suggest a fatal flaw for this Site but less 
favourable characteristics which may result in greater investigations, construction and management 
during the life of the project.  Generally dark orange allocations mean additional costs to the project 
in comparison to more favourable characteristics. 

The results of the assessment are presented in Table 6-1.  
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Table 6-1: Assessment of Site D2 and Site G1 Attributes With Guideline Recommendations 

Aspect 
Guideline/ 
Agency  

Criterion D2  Comments G1 Comments 

Buffer and 
Separation 
Distances 

Draft 
Guidance 
Statement 

1km from residential dwelling 
(or sensitive receptor) 

YES The nearest residential subdivision is located 3.4km YES 
The nearest single isolated residence is approximately 2.5km to the 
west. 

Draft 
Guidance 
Statement 

1500m from piston-engine 
propeller-driven aircraft 
aerodromes 

YES 
The nearest aircraft aerodrome is Broome Airport which is 9.5km 
south west from Site D2 as shown in Figure 21 
The boundary is located approximately 3 kilometres from the 
proposed airport footprint which still meets the required 
separation distance for landfills and airports 

YES 
The current Broome Airport is is 33.5km from the site and the new 
proposed airport is 25km away.  Draft 

Guidance 
Statement 

3000m from jet aircraft 
aerodromes 

YES YES 

Draft 
Guidance 
Statement 

100m from a fault line YES 
A inferred major concealed fault (Fenton Fault) is located 
approximately 1.6km north as shown in Figure 21  

MAYBE 

An inferred major concealed fault (Fenton Fault) is located 
approximately 0.1km north of the Site boundary.  Further geotechnical 
investigations (such as geophysical survey) may be required by the 
approval authorities to confirm the exact location of the fault line. 

Draft 
Guidance 
Statement 

100m from surface water 
body 

YES 
The nearest surface water body is the Indian Ocean located 
5.5km to west  

YES 
The nearest surface water body is located 12.1km to the south east 
(Lake Eda).  A seasonal  

Topography 
BPEM 
Guideline 

Consider natural features 
which will reduce the visual 
impact of the landfill 

YES 
A vegetation buffer will be established and maintained to provide 
suitable screening. The development footprint is set back 
approximately 90m from Broome- Cape Leveque Road.  

YES 
A vegetation buffer will be maintained help maintain visual amenity. 
The development footprint is set back approximately 950m from Great 
Northern Highway. 

Groundwater 

BPEM 
Guideline 

Should not be located in areas 
of potable groundwater 

YES 

The nearest PDWSA is approximately 0.39km east of the Site. 
Watercorp has confirmed that Site D2 is down hydraulic gradient 
of the Broome Town Water Supply Scheme Borefield and 
therefore supportive of the project.  

YES 
The nearest PDWSA (Broome Water Reserve) is approximately 9.5km 
north west. 

DWER  
DWER recommends a 3m 
separation distance from 
groundwater  

YES 

The range of depth to groundwater across the Site varies from 
15m bgl to 31m bgl. Based on a 6m excavation depth for the 
landfill, the average depth to groundwater from the base of the 
landfill is 14m. 
 
A minimum separation distance of 3m can be achieved at all 
locations, furthermore the large depth to groundwater can allow 
for a more conservative separation distance to groundwater, if 
required. 

NO 

The range of depth to groundwater across the Site varies from 3.8m to 
9m bgl. 
 
Based on the current landfill design, a separation distance of 3m cannot 
be achieved in all locations.  Therefore, the base of the landfill cells in 
certain area will need to increase however this will have financial 
implications and also result in the loss of void space. 

Shire’s Design 
Requirements 

Maximise the separation 
distance from Groundwater 

YES 
Assuming 6m excavation, the average thickness of soils in the 
unsaturated zones are 14m.  This is the larger attenuation zone 
of both sites. 

NO 
Due to the high water levels across the site, there will be minimal 
separation distance to groundwater. 

Soils 
BPEM 
Guideline 

Prefer sites with naturally 
attenuating soils, such as sites 
in clayey areas, than those in 
sandy areas.  Highly 
attenuating soils minimise the 
impacts of leachate on the soil 
and groundwater below the 
landfill. 

YES 
The Pindan Sands have clayey content which will assist in the 
natural attention of any potential emissions to groundwater. 

YES 
The Pindan Sands have clayey content which will assist in the natural 
attention of any potential emissions to groundwater. 
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Aspect 
Guideline/ 
Agency  

Criterion D2  Comments G1 Comments 

Shire’s Design 
Requirements 

Allow for 4 m of excavation 
into the ground to achieve a 
material balance (provide 
sufficient engineering, 
operational and rehabilitation 
soils) 

YES 
Depth to groundwater across the site ranges from 15 -31m.  
Therefore the site can achieve a material balance from the 
landfill excavation works.  

NO 
The range of depth to groundwater across the Site varies from 3.8m to 
9m.  Therefore, the site cannot achieve 4 metre excavation in all 
locations. 

Shire’s Design 
Requirements 

Allow for 6 m of excavation to 
provide surplus engineering 
materials for us in the Shire’s 
construction projects. 

YES 

Assuming 6m excavation, the average thickness of soils in the 
unsaturated zones are 14m.  Therefore, the Shire could excavate 
further into the site if desired to generate further engineering 
material 

NO 

Due to the high groundwater table at the Site, the average depth to 
groundwater from the base of the landfill is 3.7m.  Therefore, the is 
insufficient depth of soils to facilitate the excavation of additional 
engineering materials 

BPEM 
Guideline 

Avoid soils and sediments 
exhibiting Acid Sulfate Soils 
(ASS) characteristics (DWER’s 
Identification and 
investigation of acid sulfate 
soils and acidic landscapes) 

YES No acid sulphate soils present at the site.  YES No acid sulphate soils present at the site. 

Flora and 
Fauna 
 

BPEM 
Guideline 

Should not be located in 
Critical habitats of taxa and 
communities of flora and 
fauna. 

MAYBE 

The development footprint is not located within a TEC or PEC. A 
Mangarr (Minyjuru) P1 PEC is present in northeast corner outside 
the development footprint.  However, if the PEC is present, 
approvals can be obtained to clear the land. 

YES The development footprint is not located within a TEC or PEC.  

BPEM 
Guideline 

Areas where landfilling is likely 
to have a significant impact on 
threatened species and 
ecological communities as 
identified in the 
Environmental Protection and 
Biodiversity Conservation Act 
1999, except with the 
approval of the 
Commonwealth Environment 
Minister. 

YES 
Development footprint does not contain such species or 
communities. 

YES Development footprint does not contain such species or communities. 

Surface Water 

BPEM 
Guideline 

Should not be located 
wetlands protected under 
RAMSAR and JAMBA/CAMBA 
treaties. 

YES 
The nearest Ramsar wetland is Roebuck Bay approximately 
20.4km south is not down gradient of the site. 

YES 

The nearest Ramsar wetland is Roebuck Bay approximately 11.4km 
south west from Site G1. Although not located within or close to the 
Ramsar wetland the site is located within the Ramsar Wetlands 
Upstream Catchment – Roebuck Bay. 

BPEM 
Guideline 

Not within a 1-in-100 year 
floodplain (unless it can be 
demonstrated that the facility 
will be protected from 
flooding and erosion by flood 
waters) 

YES The nearest floodplain is located 2.4km west  YES The nearest floodplain is located 4km south 

Shire Design 
Requirement 

Reduced flooding and long 
term maintenance 
requirements 

YES 
The flood modelling indicated that there is a lower level of risk of 
flooding and therefore less engineering and maintenance 
requirements at the site. 

NO 
The flood modelling indicated that there is a higher level of risk of 
flooding and therefore greater engineering and maintenance 
requirements at the site. 
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As shown in Table 6-1, the environmental and social attributes of each site were assessed against the 
Shire’s landfill design requirements and the various best practice landfill criterion as specified by the 
relevant approval authorities and government agencies. It should be noted that no critical or fatal 
flaws were found on either of the sites.  A summary of the traffic light scoring awarded to each site is 
summarised below in Table 6-1. 

 

Sites Scoring 

D2 17 1 0 

G1 11 2 5 

 

As outlined above, Site D2 is the most preferred site for the following key technical reasons: 

• Greater separation to ground water which will ensure compliance with the 3m separation 
distance from groundwater; 

• Provides greater amount of soils (on average 14m) below the landfill for natural attenuation 
to reduce the risk to groundwater; 

• The site can satisfy the Shire desires to achieve a material balance and excavate surplus pindan 
soils for engineering purposes; 

• The site is located in a smaller surface water catchment area which results in: 

o Less risk of flooding; 

o Will requiring less engineering and maintenance requirements to mitigate flooding 
risks; 

• Meets all recommended separation distances to sensitive receptors.  

• A vegetation buffer can be maintained to maintain visual amenity. 

Site G1 is the least preferred site for the following key technical reasons: 

• Failure to meet the recommended groundwater separation distance based on the current 
landfill design. This will result in alteration to the landfill design and a lifting of the basal cell 
floor in Cells 6 and 8 to ensure the separation distance are achieved.  However, this will reduce 
the void space in these cells; 

• Provide less amount of soils below the landfill for natural attenuation; 

• Failure to satisfy the Shire’s landfill design requirements including achieve a material balance 
or provide surplus engineering materials for the Shire’s construction works; 

• Proximity to the inferred location for the fault line is extremely close to the Site northern 
boundary. Although it meets the recommended separation distance, the exact location of the 
fault line is unknown and the approval authorities may request for the Shire to confirm its 
location; 

• The site is located toward the end of a large surface water catchment area which: 

o Increases the risk of flooding at the site;  

o Will requiring greater engineering and maintenance requirements to mitigate 
flooding risks; and 

• The site is located within the Ramsar Wetlands Upstream Catchment – Roebuck Bay. 
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7 Financial Assessment  

The objective of the financial assessment is to determine the financial implications associated with 
the two Development Options and the points of difference. To undertake the financial modelling 
works, Talis has prepared a range of cost estimates including Capital, Operational and Logistics, and 
has prepared a financial model covering the whole of life costs over a 40 and 70 year period.  

 Assumptions 

The financial modelling was undertaken based on the following key assumptions: 

• A landfill compaction rate of 0.75 tonnes/m3 which is achieved via the use of a landfill 
compactor; 

• The volume of daily cover was assumed to be 15% of the total landfill void space; 

• Quantities shown reflect the assumptions made throughout the conceptual design stage and 
may change during the detailed design 

• Rates shown are based off Talis’ experience with similar projects and input from the Shire, 
but these may vary depending on market conditions; 

• Transport costs to or from the landfill the landfill by the Shire have not been included within 
the financial modelling, except in the logistical model which estimates the difference in 
transport costs between the two Development Options; 

• Total capital and operational costs are based on current day costs with an escalation of 2% 
per annum assumed as the CPI; 

• Costs for the closure of the existing landfill are not included; 

• Contingency of 20% has been added to the capital and operational costs; 

• GST is not included in any of the estimates. 

 Capital Costs 

Capital cost estimates for the two Development Options have been prepared based on the Conceptual 
Design prepared to date. The capital costs represent all expenses relating to the establishment of 
physical infrastructure such as road works, hardstands earthworks, landfill cells and capping along 
with relevant site structures. The capital cost estimates have been generated utilising Talis’ internal 
database of unit costs for both civil and structural works based on similar waste projects completed. 
These have been supplemented with rates from the Shire and also Rawlinsons Australian Construction 
Handbook Edition 33, 2015 (Rawlinsons). It is important to note that Rawlinsons figures tend to 
represent high end market rates. A contingency of 20% has been incorporated into the capital cost 
estimate model as well as a Professional Services loading of 8% to cater for design, approvals, project 
management, contract administration and construction superintendent activities. The CRC is to only 
be constructed at Site D2 and the preferred location for the Class III landfill (either co-located at D2 or 
at Site G1), will not alter the proposed design of the CRC.  Therefore, the capital costs estimate for the 
CRC to be established at D2 will have the same capital costs for both Development Option 1 and 2.   

 Operational Cost Estimates 

The operational cost estimates were generated utilising a range of datasets including input from the 
Shire, operational waste budgets from similar projects and general industry knowledge/experience. 
This included obtaining costs for labour, consumables, machinery and vehicle amortisation, utility 
services along with additional operating expenditure. 
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The operational costs for have been calculated for both the landfill and CRC. However, as will be shown 
below, there is a significant costs difference between the Development Option 1 with the collocation 
of the RRRP at Site D2 as opposed to splitting the facilities over Sites D2 and G1. Therefore, the 
operational costs have been presented as per the various Development Options. 

 Staffing and Plant Requirements 

A most significant costs associated with the operation of waste facilities are the staffing and plant 
levels and there is significant difference between Development Option 1 and 2 associated with the 
collocation of the various waste facilities opposed to having separate facilities over multiple sites.  
Therefore, Talis has modelled the various staffing and plant required for both Development Options 
which are illustrated in the following tables.  

Table 7-1: Staffing Requirements 

Labour (FTE) 
Development Option 1 Development Option 2 

Landfill CRC Landfill CRC 

Weighbridge Attendant 1 0.50 0.50 0.20  

Waste Compactor Operator 0.50  0.67  

Dump Truck Driver 0.50  0.67  

Front End Loader Operator 0.30 0.70 0.25  

Utility Vehicle + Water Cart Driver 1 0.25 0.25 0.67  

Site Coordinator 0.50 0.50 0.30 0.70 

Weighbridge Attendant 2    1.00 

Utility Vehicle + Water Cart Driver 2    0.25 

Front End Loader Operator 2    1.00 

General Operative 1   0.50  0.50 

General Operative 2  1.00  1.00 

General Operative 3  1.00  1.00 

General Operative 4  1.00  1.00 

Total 8.00 9.20 

Table 7-2: Plant Requirements 

 Development Option 1 Development Option 2 

Plant Landfill CRC Total Landfill CRC Total 

Weighbridge  0.5 0.5 1 1   1 

Waste Compactor 1   1 1   1 

Dump Truck  1   1 1   1 

Front End Loader  0.3 0.7 1 1   1 

Utility Vehicle + Water Cart 0.5 0.5 1 1   1 

Weighbridge 2     0   1 1 

Utility Vehicle + Water Cart     0   1 1 

Front End Loader      0   1 1 

Total 5.00 8.00 
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As shown above, the collocation of both facilities at D2 results in the Shire requiring 8 staff FTE and 5 
items of plant while the splitting of facilities results in 9.20 staff FTE and 8 items of plant. The big 
difference is the duplication of additional plant at Site G1 as opposed to Development Options 1 where 
the plant can be utilised on both the CRC and landfill facility at Site D2. 

 Logistics  

A critical aspect in the financial assessment to assist in determining the cost difference between the 
Development Options is the differences in the logistical cost between the two. Waste management 
service is recognised as a large logistical exercise particularly focused around the kerbside collection 
services provided to rates payers and delivery of the designated disposal location.   

The purpose of the modelling works was to assess the difference in the logistics costs between 
Development Option 1 and 2. Therefore, the additional costs of hauling various relevant waste 
streams from Site D2 to Site G1 has been assessed including: 

• Shire Haulage: 

o Kerbside Refuse Collections 

o Refuse drop off from at the CRC at Site D2 which we have assumed will be transported 
to Site G1 via hook lift truck 

• Commercial and Other Sources: 

o All other waste generated from commercial and other sources within the LGA.  This cost 
is important as these costs will need to be covered by the various commercial 
communities of Broome. 

To commence with the financial assessment, the logistical arrangement was modelled to determine 
the additional truck movements associated with the difference to haulage the various waste streams 
between Site D2 and G1. 

 Financial Results and Findings 

As outlined previously, the various capital, operational and logistical costs across the 40 and 70 year 
lifespans for Development Option 1 and 2 have been modelled. Table 7-3 summarises the total costs 
and Net Present Value costs associated with the various options along with the differences. 
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Table 7-3: Total Cost and NPV Findings 

Aspect 

40 Year Model 70 Year Model 

Development 

Option 1 

Development 

Option 2 

Additional Cost of 

Development Option 2 

Development 

Option 1 

Development 

Option 2 

Additional Cost of 

Development Option 2 

Capital 

Cost 

Landfill $55.67M $63.79M $8.13M $135.52M $171.15M $35.63M 

CRC $15.67M $15.67M $0.00M $15.67M $15.67M $0.00M 

Operational Costs $260.36M $294.78M $34.42M $668.52M $756.57M $88.05M 

Logistics $0.00M $11.77M $11.77M $0.00M $16.99M $16.99M 

Land Acquisition Cost $0.00M $3.37M $3.37M $0.00M $3.37M $3.37M 

Pindan Revenue -$4.32M $0.00M $4.32M -$10.56M $0.00M $10.56M 

TOTAL $327.37M $389.39M $62.02M $809.14M $963.75M $154.61 

Average Cost Per Annum $8.18M $9.73M $1.55 M $11.56M $13.77M $2.21M 

NPV $100.50M $122.37M $21.87M $113.61M $136.02M $22.4M 
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As detailed above, Development Option 2 incurs an additional $62.02M over the 40 years of the model 
which equates to an annual average cost difference of approximately $1.55M. Over the 70 year model 
the additional cost of Development Option 2 increased to $154.61M which averages out to an annual 
increase of approximately $2.21M. 

It is important to note that Table 7-3 only considers the Shire’s direct haulage costs which include the 
kerbside refuse collections and the refuse dropped off by the community at the CRC. If the haulage of 
commercial waste streams is included with the Shire’s waste stream, to understand the additional 
costs to the wider Broome community, Development Option 2 is $6.2M more expensive over the 40 
year (or $18.6M over the 70 year model) increasing the costs difference to $62.1M (or $173.2M over 
the 70 year model). 



Site Comparison Report 
Broome Regional Resource Recovery Park 
Shire of Broome   

TW19104 - Site Comparison Report - 1.3  Page | 45 

8 Preferred Development Option 

As outlined within Section 6, Site D2 is a far superior site from a technical perspective for the 
development of a landfill facility in comparison to Site G1. The key findings supporting this conclusion 
are as follows: 

• Greater depth to groundwater and soils underlying provide natural attenuation reducing the 
risk to groundwater;  

• Ability of the site to deliver upon the Shire’s Landfill Design Requirements including materials 
requirements; 

• Reduced risk of flooding; and 

• Very low risk to downstream receptors. 

As outlined within Section 7, Development Option 1 is a far more cost effective solution for the 
delivery of the Shire’s waste management services.  Over the 40 year financial modelling works 
undertaken, Development Option results in a cost saving of $55.5M (NPV $20.3M).  The key reasons 
associated with the cost savings are: 

• the large capital investment required for the landfill at Site G1; 

• Less void space gain across the landfill resulting in the requirement to develop additional 
landfill cells earlier than Site D2; 

• No soils revenue generation due to the low separation distance to groundwater; 

• Additional labour and plant requirements due to the requirement to have two isolated 
facilities; and 

• Additional haulage costs associated with the 29km additional distance to Site G1. 

Based on the findings of the technical and financial assessment, Talis recommends that the Shire 
proceed with Development Option 1 and the establishment of the Community Recycling Centre and 
Landfill at Site D2.
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Figure 23 – Landfill Preliminary Conceptual Site Model 
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