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Executive Summary 

Talis Consultants Pty Ltd (Talis) was commissioned by the Eastern Metropolitan Regional Council 
(EMRC) to undertake a hydrogeological risk assessment (HRA) for disposal of treated Air Pollution 
Control Residue (APCr) at its Red Hill Waste Management Facility (RHWMF). 

Following treatment by immobilisation, the APCr requires appropriate disposal. The Project Team 
which consists of the EMRC, Avertas, Ramboll and Talis Consultants (Talis), has collaborated to 
determine the best solution for the disposal of treated APCr. A range of factors including best practice 
standards, existing environment, environmental risks, time constraints, logistics, and costs were 
considered. Following this assessment, the preferred approach at the time for the disposal of treated 
APCr required a two-stage approach: 

• Interim Solution – disposal of the treated APCr within the eastern cell of the Stage 2 Class IV 
landfill cell for a period of approximately 2 years (to provide sufficient time for the Dedicated 
Solution to be delivered); and 

• Dedicated Solution – disposal of treated APCr within a new modern, best practice Class IV 
APCr monocell to be constructed at the RHWMF. 

This report presents the results of a desktop study, development of Conceptual Site Model and results 
of fate and transport numerical modelling to assess the associated risk to human health and the 
environment associated with the disposal of treated APCr to the proposed Class IV APCr monocell 
(Dedicated Solution). 

The anticipated volume of raw APCr is between 20,000 tonnes per annum (tpa) to 40,000tpa 
producing approximately 25,000 to 50,000 tpa of treated APCr requiring disposal.  

Bench scale waste characterisation studies on analog samples obtained from a facility in Denmark 
were completed by Ramboll Australia during 2020 and 2021. Laboratory analysis for total and 
leachable fractions were completed with results showing treated APCr is likely to meet WA 
Department of Water and Environmental Regulation (DWER), Landfill Waste Classification and Waste 
Definitions 1996 (as amended 2019) Class IV landfill guideline levels. The leachate studies were 
completed using standard methods including: 

• Australian Standard Leaching Procedure (ASLP) (AS 4439:2019); and 

• Leaching Environmental Assessment Framework (LEAF) (USEPA 2014). 

The HRA was undertaken using conservative assumptions e.g. single liner system and source term 
concentrations derived from the leachate studies completed on treated APCr. Based on the results of 
the HRA it is concluded the Class IV Monocell presents a low risk to the surrounding environment for 
the following reasons. 

• The Site has supportive geotechnical characteristics including a separation distance of over 
2m to the groundwater table. 

• No adverse reactions are expected in the Class IV APCr monocell. 

• The nearest down hydraulic gradient receptor is Susannah Brook which is approximately 0.8-
1.2km from the Class IV APCr monocell. Based on the calculated seepage velocity for the site 
of 30m/yr the travel time of an un-retarded contaminant to the receptor is estimated to be 
25-40 years. 

• The result of the LandSim modelling using conservative assumptions has shown that the 
predicted concentration of the non-hazardous contaminants at the 95th percentiles do not 
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exceed the relevant guidelines or background concentrations during the operational and 
post closure managed phases of the facility, while concentrations were also shown to remain 
within or near background ranges for the duration of the modelling (20,000 years). 

• In accordance with the regulatory requirements, a comprehensive environmental 
monitoring regime will be required. This is to include boreholes strategically located 
immediately up and down hydraulic gradient of the Class IV APCr monocell and other 
contained infrastructure and further down hydraulic gradient along the groundwater flow 
path. The monitoring network should include new monitoring bores to be located adjacent 
to the Class IV APCr monocell and at suitable locations down inferred hydraulic gradient. 

To achieve compliance with the Best Practice Landfill Standards, leachate levels need to be controlled 
with extracted leachate managed via onsite evaporation ponds and leak detection sump monitored. 

Following completion of disposal of treated APCr to the Class IV APCr monocell, it should be capped 
with a minimum 0.5m engineered clay attenuation layer. The capping layer must be designed to 
achieve the following: 

• A landfill cap of sufficient standard to limit infiltration and leachate generation; 

• Third party independent Construction Quality Assurance (CQA) Supervision and 
Verification/Validation;  

• Maintenance of leachate elevation to within the heads specified within this assessment; and  

• A risk-based programme of leachate and groundwater monitoring to ensure compliance with 
adopted ‘control and compliance limits’.  

Subject to the maintenance of leachate elevation/heads as specified within this assessment, and 
implementation of Best Practice Landfill Standards and operational procedures, the proposed disposal 
of treated APCr to the Class IV APCr monocell meets the objective ‘to protect the environment by 
managing environmental risks’.   

  



Hydrogeological Risk Assessment 
Air Pollution Control Residue – Class IV Monocell 
Eastern Metropolitan Regional Council   

TW21053_05-APCr_Monocell_Phase 2 Hydrogeological Risk Assessment-2.1   Page | iv  

Table of Contents 

1 Introduction ......................................................................................................................... 1 

 Background and Purpose ...................................................................................................... 1 

 Regulatory Consultation ....................................................................................................... 1 

 Objective ............................................................................................................................... 2 

 Scope of Work ....................................................................................................................... 2 

2 Proposal Overview ............................................................................................................... 3 

 Estimated Volumes ............................................................................................................... 3 

 APCr Treatment..................................................................................................................... 3 

 Disposal Location .................................................................................................................. 3 

 Liner System .......................................................................................................................... 3 

 Filling Plan ............................................................................................................................. 4 

 Landfill Capping ..................................................................................................................... 5 

3 Environmental Setting .......................................................................................................... 6 

 Separation Distances............................................................................................................. 6 

 Climate .................................................................................................................................. 6 

 Topography ........................................................................................................................... 7 

 Hydrology .............................................................................................................................. 7 

 Geology and Structure .......................................................................................................... 8 

 Hydrogeology ........................................................................................................................ 8 

 Hydraulic Conductivity ............................................................................................. 9 

 Regional Groundwater Flow .................................................................................... 9 

 Groundwater Beneficial Use / Environmental Value ............................................................ 9 

4 Groundwater Levels and Flow ............................................................................................. 11 

 Groundwater Levels ............................................................................................................ 11 

 Groundwater Flow .............................................................................................................. 11 

 Seepage Velocity ................................................................................................................. 12 

5 Treated APCr Waste Characterisation .................................................................................. 13 

 ASLP Results ........................................................................................................................ 13 

 LEAF Results ........................................................................................................................ 14 

6 Conceptual Site Model ........................................................................................................ 16 

 Contaminant Source ........................................................................................................... 16 

 Receptors ............................................................................................................................ 16 

 Transportation Mechanisms ............................................................................................... 17 



Hydrogeological Risk Assessment 
Air Pollution Control Residue – Class IV Monocell 
Eastern Metropolitan Regional Council   

TW21053_05-APCr_Monocell_Phase 2 Hydrogeological Risk Assessment-2.1   Page | v  

 Exposure Pathways ............................................................................................................. 17 

 Hydrogeological Qualitative Risk Assessment .................................................................... 17 

7 Numerical Modelling .......................................................................................................... 20 

 Chemical Composition of Leachate..................................................................................... 20 

 Environmental Guidelines ................................................................................................... 22 

 Model Parameterisation ..................................................................................................... 23 

 Compliance Point ................................................................................................................ 23 

 Emission to Groundwater ................................................................................................... 24 

 Non-Hazardous Pollutants ..................................................................................... 24 

 Hazardous Pollutants ............................................................................................. 24 

 Sensitivity Analysis .............................................................................................................. 24 

 Model Calibration ............................................................................................................... 26 

 Essential and Technical Precautions ................................................................................... 26 

 Capping................................................................................................................... 26 

 Liner System ........................................................................................................... 26 

 Leachate Control .................................................................................................... 26 

 Groundwater Management ................................................................................... 27 

 Leak Detection System ........................................................................................... 27 

 Hydrogeological Completion Criteria .................................................................................. 27 

8 Conclusion .......................................................................................................................... 28 

 Risk Rating ........................................................................................................................... 28 

 Compliance with Best Practice Landfill Standards .............................................................. 28 

9 References ......................................................................................................................... 30 

 

 

Tables 

Table 3-1: Class IV Monocell Separation Distance to Environmentally Sensitive Receptors .................. 6 

Table 3-2: Climate statistics summary .................................................................................................... 7 

Table 3-3: Aquifer Properties .................................................................................................................. 9 

Table 5-1: Major Ions in APCr Leachate ................................................................................................ 14 

Table 6-1: Risk Assessment - Consequences ......................................................................................... 18 

Table 6-2: Risk Assessment - Likelihood ............................................................................................... 18 

Table 6-3: CSM Risk Assessment ........................................................................................................... 19 

Table 7-1: Leachate Concentrations ..................................................................................................... 21 



Hydrogeological Risk Assessment 
Air Pollution Control Residue – Class IV Monocell 
Eastern Metropolitan Regional Council   

TW21053_05-APCr_Monocell_Phase 2 Hydrogeological Risk Assessment-2.1   Page | vi  

Table 7-2: Environmental Guidelines .................................................................................................... 22 

Table 7-3: Sensitivity Analysis ............................................................................................................... 25 

 

Figures 

Figure 1: Site Locality Plan .................................................................................................................... 32 

Figure 2: Topography ............................................................................................................................ 32 

Figure 3: Surface Geology ..................................................................................................................... 32 

Figure 4: Sample Locations ................................................................................................................... 32 

Figure 5: Groundwater Contour Plan .................................................................................................... 32 

Figure 6: Conceptual Site Model ........................................................................................................... 32 

 

 

Appendices 

 Surface Drainage 

 LandSim – Model Input Files 

 LandSim – Results 

 LandSim - Sensitivity Analysis Results 

 WIR Registered Sites 

 



Hydrogeological Risk Assessment 
Air Pollution Control Residue – Class IV Monocell 
Eastern Metropolitan Regional Council   

TW21053_05-APCr_Monocell_Phase 2 Hydrogeological Risk Assessment-2.1  Page |1 

1 Introduction 

Talis Consultants Pty Ltd (Talis) was commissioned by the Eastern Metropolitan Regional Council 
(EMRC) to undertake a hydrogeological risk assessment (HRA) for disposal of treated Air Pollution 
Control Residue (APCr) at its Red Hill Waste Management Facility (RHWMF). 

Following treatment by immobilisation, the APCr requires appropriate disposal. The Project Team 
which consists of the EMRC, Avertas Energy (Avertas), Ramboll Group (Ramboll) and Talis, has 
collaborated to determine the best solution for the disposal of treated APCr. A range of factors 
including best practice standards, existing environment, environmental risks, time constraints, 
logistics, and costs were considered. Following this assessment, the preferred approach at the time 
for the disposal of treated APCr required a two-stage approach: 

• Interim Solution – disposal of the treated APCr within the eastern cell of the Stage 2 Class IV 
landfill cell for a period of approximately 2 years (to provide sufficient time for the Dedicated 
Solution to be delivered); and 

• Dedicated Solution – disposal of treated APCr within a new modern, best practice Class IV 
APCr monocell to be constructed at the RHWMF. 

This report presents the results of a desktop study, development of Conceptual Site Model and results 
of fate and transport numerical modelling to assess the associated risk to human health and the 
environment associated with the disposal of treated APCr to a new Class IV monocell. 

 Background and Purpose 

The RHWMF is located approximately 12 kilometres (km) north-east of Midland, on the southern side 
of Toodyay Road and east of the Darling escarpment in Western Australia (WA). RHWMF is a 
Prescribed Premises operating under Licence L8889/2015/1, and is comprised of Lot 1, Lot 2, Lot 8, 
Lot 9, Lot 10, Lot 11 and Lot 12 Toodyay Road, Gidgegannup.   

The APCr will primarily be generated from the Avertas Kwinana Waste to Energy (WtE) facility which 
is under construction and is expected to commence operating in 2023. The Kwinana WtE is Australia’s 
first thermal waste to energy facility and has received funding from the Australian Renewable Energy 
Agency (ARENA) and the Clean Energy Finance Corporation (CEFC). There is a potential to source 
additional APCr from other facilities as these come on-line in the future. 

A number of detailed technical studies have been completed which support the treatment and 
disposal of APCr at RHWMF. The purpose of this HRA was to assess the risk to human health and the 
environment via the groundwater pathway from disposal of treated APCr to the proposed Class IV 
APCr monocell (Dedicated Solution) within the RHWMF. 

 Regulatory Consultation 

The Project Team have collaborated to determine the best solution for the disposal of treated APCr. 
A range of factors including best practice standards, existing environment, environmental risks, time 
constraints, logistics, and costs were considered. Following this assessment, the preferred approach 
for the disposal of treatment APCr requires a two-stage approach: 

Interim Solution – disposal of the treated APCr within the eastern cell of the Stage 2 Class IV landfill 
for a period of approximately 2 years (to provide sufficient time for the Long-Term Solution to be 
delivered); and 
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Dedicated Solution – disposal of treated APCr within a new modern, best practice Class IV APCr 
monocell to be constructed at the RHWMF. 

The two-stage disposal solution has been presented to the Environmental Protection Authority (EPA) 
and Department of Water and Environmental Regulation (DWER) who have confirmed the approach 
is satisfactory.  

 Objective 

The objective of this HRA was to assess risk to human health and the environment from groundwater 
contamination that could potentially result following disposal of treated APCr to the proposed Class 
IV APCr monocell (Dedicated Solution). 

 Scope of Work 

The scope of work included: 

1. Desktop review including results of treated APCr waste characterisation studies; 

2. Development of a Conceptual Site Model (CSM); 

3. Numerical fate and transport modelling using LandSim v2.5; and 

4. Preparation of a HRA summary report. 
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2 Proposal Overview 

The following section summarises the proposal including estimated volumes, APCr treatment, disposal 
location and filling plan and landfill capping. 

 Estimated Volumes  

The anticipated volume of raw APCr is 20,020 tonnes per annum (tpa), which when combined with 
the cement, equates to 24,024tpa. Additional volumes of APCr from other APCr generators such as 
the East Rockingham WtE facility have also been considered for acceptance at the RHWMF. The exact 
volumes are currently unknown however a design capacity for up to 50,000tpa has been proposed so 
that additional volumes of APCr can be managed appropriately. 

 APCr Treatment  

It is understood the APCr will be treated by mixing with approximately 20 per cent (%) wt/wt Low Heat 
Cement (e.g. Cockburn Cement LHC ex Kwinana). The Immobilisation Plant, located on Lot 10, will be 
constructed on a bunded 150mm thick concrete pad. Following treatment, the treated APCr will be 
conveyed into a concrete agitator truck for transport and disposal. 

 Disposal Location 

The disposal location is the proposed Class IV APCr monocell, as shown in Figure 4.  

The proposed location for the Class IV APCr monocell is at the north-eastern side of the site within Lot 
12, partially covered by MS274. It is anticipated that it will take approximately 2 years to deliver the 
proposed Class IV APCr monocell.  

The eastern edge of the proposed Class IV APCr monocell is adjacent to the 500m internal buffer from 
the eastern boundary of the RHWMF and the site’s closest residential premises, noting that no waste 
disposal activities will occur within the 500m buffer. The separation distance to the nearest sensitive 
receptor from the Class IV APCr monocell is approximately 520m. 

 Liner System 

Consistent with international standards for hazardous waste containment cells, the Class IV APCr 
monocell will have a double composite basal and side wall lining system consisting of the following 
key elements in ascending order: 

1. Attenuation layer - Compacted in-situ clay material 500mm minimum thickness 
constructed on the base and side slopes of the landfill to form an engineered attenuation 
layer above the naturally occurring in situ attenuation soils. The key purpose is to provide a 
level of natural attenuation and a suitable engineered surface for the placement of the 
landfill lining system; 

2. High Density Polyethylene (HDPE) - HDPE is welded together to form a solid artificial 
barrier to allow the direction of leachate towards the leachate extraction point; 

3. Geotextile filter - a non-woven cushion/protection geotextile layer which provides 
protection for the lining system; 
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4. Geonet – is a secondary leachate drainage layer to encourage flow of leachate to the 
leachate collection sump.  (Layers 2, 3 and 4 are regarded as the containment elements of 
the leak detection layer of the double composite lining system); 

5. Geosynthetic Clay Liner (GCL) - A low permeability Geosynthetic Clay Liner (GCL) consisting 
of layer of bentonite needle punched between two layers of geotextile. This materials 
swells with contact with moisture to block any holes in the overlying layer; 

6. High Density Polyethylene (HDPE) - HDPE is welded together to form a solid artificial 
barrier to allow the direction of leachate towards the leachate extraction point; 

7. Leachate Drainage Layer – consists of Atlantis® drainage membrane which is a 
predominantly polypropylene layer that directs leachate to the leachate collection system; 

8. Geotextile filter - a non-woven cushion/protection geotextile layer which provides 
protection for the lining system. (Layers 5, 6, 7 and 8 are the containment elements for the 
primary liner of the double composite lining system); and 

9. Sandy soil cover - (300mm thickness) lining system protection layer. This layer separates 
the first layer of waste form the lining system. 

The order of these materials in the base and side wall lining system is shown in the following images. 

Diagram 2-1: APCr Monocel Liner System 

 Filling Plan 

The treated APCr will be transferred to the Class IV APCr monocell in an agitator truck from the 
treatment plant located on the RHWMF. 

The agitator truck will empty the treated APCr into the Class IV landfill into designated filling areas. 
Filling will start 1m from the intercell bund dividing both the western and eastern cells. Along the side 
walls of the cell, the treated APCr will be placed against the 300mm soil layer that protects the lining 
system. Prior to commencing of the first lift, the EMRC will prepare the surface to ensure that it drains 
to the sump area of the cell which is in the southern corner adjacent to the access ramp. Each lift of 
the treated APCr will be formed to promote drainage to the sump area. The treated APCr will not be 
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filled over the designated sump area to ensure that leachate can continue to circulate through the 
landfill and be actively extracted from the cell.   

The treated APCr will be transferred from the agitator truck into the Class IV APCr monocell in 
accordance with best practice standards and an appropriate filling plan that will be submitted to the 
DWER alongside the application for a Works Approval in early 2023. The agitator truck will empty the 
treated APCr into the Class IV APCr monocell into designated filling areas in a similar manner to 
disposal into the Stage 2 Class IV cell. Prior to commencing of the first lift, the EMRC will prepare the 
surface to ensure that it drains into the leachate collection system. Each lift of the treated APCr will 
be formed to promote drainage to the sump area. The treated APCr will not be filled over the 
designated sump area to ensure that leachate can continue to circulate through the landfill and be 
actively extracted from the cell. 

The treated APCr will be disposed in the cell in a manner that minimises the surface area to volume 
ratio, thereby reducing the surface area of treated APCr exposure to the elements. As outlined 
previously, the slump tests undertaken by Ramboll has produced favourable results, as discussed in 
Section 5.5 of the Additional APCr Treatment Trials (Ramboll 2021), which minimises the flow of the 
treated APCr and therefore minimises the surface areas of the disposed material. If there are any 
issues with the deposited materials, such as too much surface area or cracking of the exposed surfaces, 
the EMRC will apply an appropriate cover, such as soil or cement, to contain the material.   

If required, fibre reinforcement maybe added to the treated APCr to increase its structural integrity. 
Fibres will be added to the cement within the agitator truck to provide random orientation and 
uniform distribution throughout the cement. Synthetic fibres such as polyester, polyethylene or glass 
fibre is preferred over steel fibre to limit corrosion. The dosage rate is around 0.1 – 1% of cement 
volume and the fibres are typically about 30mm long and 0.3mm thick.   

 Landfill Capping 

Following the filling of the Class IV APCr monocell, the cell will be capped in accordance with best 
practice standards. The sooner the Class IV APCr monocell can be filled and capped the better the 
environmental outcome as the cap will inhibit the infiltration of rainfall into the waste mass. In turn, 
this will eliminate the source of future leachate generation from the Class IV APCr monocell. Once the 
cell is capped, leachate will continue to be extracted until such time that leachate volumes presenting 
at the sump are negligible and the waste mass will be, and remain, relatively dry. The adoption of 
these measures will ensure that leachate generation is eliminate over time at the Class IV APCr 
monocell and thereby reduce the long-term environmental risks. The timeframe for the capping of 
the Class IV APCr monocell is dependent on the receival of the Class IV materials, however. As evident 
from the LandSim modelling works, the sooner that Class IV APCr monocell can be capped and closed, 
the better the environmental outcome.   

The EMRC is committed to preparing a Closure Plan for the Class IV APCr monocell which will include 
a capping system that complies with the BPEM Guidelines. The potential seepage through the capping 
system will be modelled using the Hydrologic Evaluation of Landfill Performance (HELP 3.95D) model. 
The BPEM Guidelines require that the best available technology be used to control seepage to an 
amount not exceeding 10L/ha/day through the basal liner, and 75% of this value through the 
rehabilitated landfill cap (7.5L/ha/day). To achieve this, it is anticipated that a geosynthetic barrier 
incorporating a Linear Low-Density Polyethylene (LLDPE) Geomembrane will be required as a 
minimum. The sealing layer shall be protected by a restoration soil layer, typically 1.2m thick and 
graded between 5% and 20% slopes, which will incorporate a sub-surface drainage layer to manage 
hydraulic head above the liner and shed surface and sub-surface water to perimeter drainage swales. 
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3 Environmental Setting 

The following subsections present the environmental setting of the Class IV APCr monocell.  

 Separation Distances 

The separation distances to the nearest known environmentally sensitive receptors from the 
boundaries of key infrastructure are shown in Table 3-1Error! Reference source not found.. 

Table 3-1: Class IV Monocell Separation Distance to Environmentally Sensitive Receptors 

Type /Classification  Receptors 
Distance from Class IV 
APCr Monocell 

Environmentally 
Sensitive Areas  

John Forrest National Park – Register of the 
National Estate 

3.75km south  

Threatened Ecological 
Communities 

Threatened and Priority Ecological Community 2.5km west 

Threatened and/or 
priority fauna 

One occurrence of specially protected species, 
two occurrences of threatened species, six 
occurrences of Priority 4 

0.5km east 

Threatened and/or 
priority flora 

Priority 4 3.55km north-west 

Aboriginal and other 
heritage sites  

Registered site DPLH 3721 (Red Hill) 1.35km west 

Public drinking water 
source areas  

Priority 3 public drinking water source area 8.75km south 

Rivers, lakes, oceans, 
and other bodies of 
surface water, etc. 

Christmas Tree Creek (minor watercourse) 

Susannah Brook (minor watercourse) 

1.18km south 

1.08km north-west 

 Climate 

Climatic data (rainfall and evaporation) was sourced from the Bureau of Meteorology (BoM) for the 
period 1944-2021 for Perth Airport (station No. 9021) located 6.2 km from the Site is summarised in 
Table 3-2. Graph 3-1 presents the summary of rainfall and pan evaporation.  

The Site experiences a sub-tropical climate with hot dry summers and mild wet winters. The annual 
average rainfall is 760.4mm with rainfall in the area falling mostly between May-August. The mean 
annual pan evaporation rate is approximately 2m/yr, with evaporation exceeding rainfall in most 
months. 
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Table 3-2: Climate statistics summary  

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

Average 10.8 15.1 16.4 39.6 97.8 154.5 155.5 117.8 72.3 42.6 26.3 11.1 760.4 

90th 
Percentile 

27.7 33.9 43.3 76.5 166.4 232.1 217.6 162.3 108.1 76.6 54.5 25.4 951.1 

Average 
Evap. 

316.2 268.8 238.7 150 93 66 65.1 80.6 111 167.4 228 282.1 2080.5 

Graph 3-1: Rainfall and Evaporation 

 

 Topography 

The Site is situated at the margin of the Darling plateau near the top of the escarpment which borders 
the Swan Coastal Plain further to the west (Figure 2). The topography of the area is characterised by 
gentle to moderate slopes. There is approximately 70m relief from a topographical high point of 305m 
Australian Height Datum (AHD) across the central north-east (NE) portion of the RHWMF generally to 
the south-west (SW).  

To the west and southwest of the RHWMF, within the John Forest National Park (JFNP), the slopes 
steepen forming narrow, shallow valley floors which grade into deep valley floors with sharp breaks 
of slope. 

 Hydrology 

The natural drainage, prior to development, is expected to follow the topographic contour and is likely 
to have been to the south toward Christmas Tree Creek. The creek, and others in the area including 
Strelley Brook to the north, are small ephemeral (June to December) tributaries of Jane Brook (DoW 
2016). A small weir along Christmas Tree Creek restricts flows along the creek.  
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 Geology and Structure 

The Geological Survey of Western Australia (GSWA), 1:50,000 Environmental Geology Series 
(Mundaring, Sheet No. 2134) is presented in Figure 3 and indicates the majority of the surface geology 
across the RHWMF comprises: 

• Laterite (LA1) – massive, hard, cemented, vuggy and pisolitic; up to 4m thick, overlain by and 
associated with gravels of residual origin; and 

• Gravel (G2) – yellow-brown to reddish brown, loose, fine to coarse, ferruginous pisolites, poorly 
sorted; variable amounts of sand and silt in matrix, minor re-cementation; of colluvial origin. 

Clayey gravelly sand (Sgc) to silty sand (Smg) colluvium and clayey sandy silt (Msc2) alluvium occurs 
along drainage lines at the north-western corner of the RHWMF associated with Strelley Brook and 
within the JFNP, further off-site to the west and south-west associated with Christmas Tree Creek. 

The laterite profile comprises fresh bedrock, grading upwards into saprock and saprolite, commonly 
bleached towards the top (pallid zone). This is overlain by a clay-rich and/or quatz rich zone, a mottled 
zone and a ferruginous, bauxitic or siliceous upper zone including pisolitic gravels and duricrust.  The 
Archaean granites and gneisses have been intruded by numerous dolerite dykes which are indicated 
on the mapsheet. The dykes of the southwestern Yilgarn Craton are vertical or subvertical and range 
in thickness from less than 1m to over 200m, averaging approximately 10m (Anand and Paine, 2002).  

Numerous boreholes have been drilled in the general area around the Class IV APCr monocell with 
these indicating a lithological profile comprising a thin layer of topsoil, overlying 4-6m of lateritic 
duricrust and gravel over 6-20m of mottled and pallid zone clays and saprolite above the bedrock as 
shown below. Dolerite dykes (not shown) have also been reported.  

Generalised lithological profile

 

Source: (Crisalis & MSGM, 2012) 

 Hydrogeology 

A Conceptual Site Model has been developed which indicates shallow groundwater or interflow occurs 
as a result of extreme anisotropy whereby rainfall rapidly infiltrates through relatively higher 
permeable laterite and is retarded above lower permeable clay rich saprolite (Bonsor, 2014; 
McFarlane 1976, IN: Grigg 2020). Based on the available data the shallow groundwater resource 
appears to be in thin horizons of developed secondary porosity at the base of the laterite and in clay 
and is inferred to be ephemeral, occurring after rainfall and drying up during summer. Permanent 
groundwater is encountered at a greater depth in saprolite and fractures in the bedrock.  
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 Hydraulic Conductivity 

Aquifer testing has been completed on bores screened in saprolite and weathered granite bedrock by 
single well slug tests and analysis of drawdown and recovery curves using Bouwer and Rice (1976) and 
Hvorslev (1951) methods. These determined the hydraulic conductivity (k) was in the range 1.627 x 
10-7 to 3.954 x 10-9 m/s (MSGM, 2021).  

Numerical modelling completed by Crisalis International and MS Groundwater Management (2012) 
used k values in the range 1-15 x 10-7 in the laterite and clay with extremely variable k in the saprolite, 
including much higher hydraulic conductivity, of 1.1x10-4 up to 4.4x10-2 m/s and basement granite up 
to 1x10-4 m/s as shown in Table 3-3.  

Table 3-3: Aquifer Properties 

Layer  Aquifer  
Thickness 
(m) 

Horizontal Hydraulic 
Conductivity 
(m/s) 

Vertical Hydraulic 
Conductivity 
(m/s) 

1 
Lateritic 
gravels 

3  0.015X10-4  0.015X10-5 

2 Laterite  2  0.001 X10-4  0.001 X10-5 

3 Lateritic clay  6  0.001 X 10-4  0.001 X 10-5 

4 
Kaolinitic 
clay 

16  0.001 X 10-4  0.001 X 10-5 

5 Saprolite  6  4.4X10-2 – 1.1X10-4  
4.4X10-3 
1.1X10-5 

6 
Basement 
(granite) 

20  1.0 X 10-4  1.0 X 10-5 

 Regional Groundwater Flow 

The regional groundwater contours and groundwater flow direction at the RHWMF site generally 
follows the topography and is dominated by a groundwater divide which extends across the central 
northern part of the site, trending approximately West North-West (WNW). To the north of the divide, 
groundwater flows are generally to the north and west except near the Class IV APCr monocell the 
groundwater flows are to the east and then north. To south of the divide flows are southwest to 
southerly within the region of Lot 1, and south to south-westerly in Lot 11 and into the John Forrest 
National Park (Figure 5).  

 Groundwater Beneficial Use / Environmental Value 

The Water Information Reporting (WIR) on-line database indicates there are no groundwater 
production bores within the RHWMF or the JFNP (Appendix G). The nearest registered bores include 
stock water supplies (borehole or soak) located 1-1.5km to the north-east of the RHWMF. Bore yields 
are described as low to very low and groundwater salinity is variable with total dissolved solids (TDS) 
ranging from 86-3,829 mg/L (fresh to brackish) with fresh groundwater reported only for bores 
installed in alluvium within drainage channels. 

Environmental values include a potential for groundwater discharge to surface water within the JFNP 
with the proposed Class IV APCr monocell site being within the Susannah Brook sub-catchment and 



Hydrogeological Risk Assessment 
Air Pollution Control Residue – Class IV Monocell 
Eastern Metropolitan Regional Council   

TW21053_05-APCr_Monocell_Phase 2 Hydrogeological Risk Assessment-2.1  Page |10 

situated approximately 0.8-1.2km to the closest branch of the brook. Groundwater and surface water 
interactions are complex, however where groundwater could potentially discharge to surface water 
then there is a potential for stygofauna in creek sediments.   

Environmental values also include a potential for plant roots to utilise the shallow ephemeral 
groundwater resource. 
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4 Groundwater Levels and Flow 

The groundwater monitoring network near the Class IV APCr monocell is shown in Figure 4. The 
monitoring network incorporates both shallow wells, screened across the water table, and deep wells 
which have been screened generally below the water table.  

 Groundwater Levels 

Groundwater levels (GWL) near the Class IV APCr monocell have been recorded at monitoring bore 
FMB8 since 2010 are presented in Graph 4-1 together with rainfall departure from mean (DFM).  The 
data indicates minimum and maximum levels are typically recorded during April and November 
respectively which is consistent with seasonal fluctuation following rainfall. Occasionally groundwater 
levels increase for relatively short periods following periods of well above average rainfall. Overall, the 
average maximum groundwater level recorded at FMB8 is approximately 286m AHD.  

The minimum separation distance between the base of the landfill and the highest groundwater level 
will be 2m, as required by the DWER. 

Graph 4-1: Groundwater Level and Rainfall Departure from the Mean (DFM) 

 

 Groundwater Flow 

Groundwater flow direction across the RHWMF and surrounds has been assessed using the November 
2020 data which was reasonably complete and is presented in Figure 5. Overall, groundwater flow is 
generally toward the east in the vicinity of the Class IV APCr Monocell. 
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 Seepage Velocity 

The seepage velocity (Vs) for groundwater flow beneath the site has been calculated using Darcy’s 
Law describing the flow of fluid through a porous medium as follows. 

𝑉𝑠 = 𝑘𝑖/𝑛 

Vs = Seepage velocity  

k = Hydraulic Conductivity (m/day) 

i = Hydraulic gradient 

n = Effective Porosity,  

The hydraulic gradient (i), which is the change in hydraulic head per unit of distance in a given 
direction, has been calculated as follows: 

𝑖 = 𝑑ℎ/𝑑𝑙 

i = hydraulic gradient (unit less) 

dh = hydraulic head (h1) minus hydraulic head (h2) 

dl = Distance between the two measured points (flow path length) 

The hydraulic gradient (i) in the vicinity of the Class IV APCr monocell is approximately 0.03 with a 
gradual decreasing gradient further downslope. Based on an average hydraulic conductivity (k) of 
approximately 1x10-5m/s and hydraulic gradient (i) of 0.03 and assuming an effective porosity of 0.3, 
the seepage velocity (Vs) is ~30 m/yr. A relatively higher seepage velocity is likely to occur in 
ephemeral shallow groundwater as interflow. 
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5 Treated APCr Waste Characterisation 

Two types of ash are collected from WtE facilities: incinerator bottom ash (IBA) from the furnace and 
fly ash from air pollution control equipment (USEPA, 1995). The IBA is re-used, however the fly ash (or 
APCr) is generally required to be disposed to landfill.  

The APCr comprises an approximately 30:70 mixture of Boiler Ash (BA) and Flue Gas Treatment 
Residues (FGTr) and contains basic salts from the addition of lime required for scrubbing of acid flue 
gases e.g. sulfur dioxide (Stegemann, 2014). 

Generally, APCr is considered hazardous due to high pH, metals and presence of persistent organic 
pollutants (POPs) and contains high levels of soluble salts. Disposal to landfill therefore requires 
consideration of the potential risk associated with leachate impact on the environment including 
current, and future potential beneficial use of the groundwater resource as well as groundwater 
interaction with surface water. 

Bench scale waste characterisation studies on analog samples obtained from a facility in Denmark 
were completed by Ramboll Australia during 2020 to 2021. Laboratory analysis for total and leachable 
fractions were completed with results showing treated APCr is likely to meet Class IV Landfill guideline 
levels. The leachate studies were completed using the following standard methods and are discussed 
below. 

• Australian Standard Leaching Procedure (ASLP) (AS 4439:2019); and 

• Leaching Environmental Assessment Framework (LEAF) (USEPA 2014). 

 ASLP Results 

Sample preparation included crushing the approximately 4 kilogram (kg) cemented sample blocks to 
less than 2.4mm and then bottle leaching by agitation with leaching fluids including using pH 5 (acetate 
buffer) and pH 7 (reagent water). Tests were undertaken on a range of APCr: concrete mixtures 
including three samples using the planned 20% cement mixture.  

The final pH, following leaching, in all cases was 11 to 12 with high alkalinity due to the presence of 
calcium hydroxide in the cement treatment, and the untreated APCr buffering the pH. 

Laboratory analysis of the leachate included extended metals suites, PAH, BTEX, poly-chlorinated 
biphenyl (PCB), organochlorine pesticide (OCP), chlorinated hydrocarbon (CHC), dioxins and furans, 
Per- and Polyfluoroalkyl Substances (PFAS) in addition to anions and cations and physico-chemical 
parameters pH, electrical conductivity (EC) and TDS.  

The treated APCr contained no detectable PFAS, and only very low levels of perfluorohexanoic acid 
were detected in the leachate (0.03µg/L- PFHxA). There was no BTEX, PAH, PCB, OCP, dioxins and 
furans, or CHC detected above LOR. 

Following extensive analysis, the contaminants of potential concern (COPC) are considered limited to 
Pb and soluble salts including sulfate (SO4), Cl and barium (Ba). In all tests undertaken the level of 
leachable lead decreased and was detected at well under 10mg/L-Pb which is the Leachable 
Concentration ASLP4 value stipulated in the Landfill Waste Classification and Waste Definitions 1986 
(as amended 2019) and generally under the ASLP3 (Class 3 limit value) as indicated in Figure 7-1.  
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Figure 7-1: Concentration of lead in treated APCr leachate 

 

Source: Ramboll, 2021 

Table 5-1: Major Ions in APCr Leachate 

Analyte 
Concentration 

(mg/L) 

Chloride 3000 

Sulfate 540 

Bicarbonate <LOR 

Hydroxide 300 

Magnesium <LOR 

Sodium 910 

Potassium 780 

Calcium 220,000 

 LEAF Results 

Additional leaching tests were completed using the USEPA (2017) LEAF including: 

• Method 1313 – Liquid‐Solid Partitioning as a Function of Extract pH using a Parallel Batch 
Extraction Procedure; 

• Method 1315 – Mass Transfer Rates in Monolithic and Compacted Granular Materials using 
a Semi‐Dynamic Tank Leaching Procedure; and 

• Method 1316 – Liquid‐Solid Partitioning as a Function of Liquid‐Solid Ratio in Solid Materials 
using a Parallel Batch Extraction Procedure. 

The results of Method 1316 reported maximum leachate concentrations occur at a liquid-to-solid (L/S) 
ratio around 1-2mL/g. Exceptions to this include chromium (Cr) (total), hexavalent chromium CrVI, 
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vadium (V), silicon (Si), fluorine (F), and sulfate (SO4) which recorded a maximum at the higher value 
of 5-10mL/g, and sodium (Na) which recorded a maximum at the lower value of 0.2mL/g. However, 
generally the leachability of metals is considered to be controlled by ionic effects. 

The results of Method 1313 reported available metals (maximum leachable concentration) occurs 
under strongly acidic conditions (pH 2), except for Cr and molybdenum (Mo) which occur under 
alkaline (pH 9) and slightly-moderately acidic conditions (pH 5.5) respectively. The result tends to 
indicate ionic effects control metals dissolution. As indicated in Figure 7-1, at pH 8-13 the leachable 
metals concentration is generally orders of magnitude lower than the available concentration.   

The leachability of salts of Cl, sulfate (SO4), barium (Ba) and Na appears relatively unaffected by pH 
with the available content of these in treated APCr appearing to be the limiting factor.  
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6 Conceptual Site Model 

The development of a CSM is a dynamic and iterative process and it is important that all the 
information and data from each stage of an assessment are reviewed in an integrated manner (using 
a multiple-lines-of-evidence approach where appropriate) to refine the CSM and used to inform 
subsequent decisions on whether further investigation or management is necessary.  

In this case the CSM development has focused on characterising the hydrogeological model for 
groundwater beneath the Site, both during the landfill operation, and post closure (capping) phases 
and is based on information presented in the preceding sections. The essential elements of CSM are: 

• Known and potential sources of contamination and contaminants of concern including the 
mechanism(s) of contamination (e.g. ‘top down’ spill or sub-surface release from corroded 
tank or pipe); 

• Potentially affected media (soil, sediment, groundwater, surface water, indoor and ambient 
air); 

• Human and ecological receptors; and 

• Potential and complete exposure pathways. 

The CSM identifies any complete and potential pathways between the known or potential source(s) 
and the receptor(s). Where the pathway between a source and a receptor is incomplete, the exposure 
to chemical substances via that pathway cannot occur but the potential for that pathway to be 
completed (for example, by abstraction of groundwater or a change in land use) should be considered 
in the assessment (ASC NEPM Volume 3: Schedule B2).  

The following structured process has been followed with a schematic representation of the CSM 
presented in Figure 6. 

 Contaminant Source 

The primary contaminant source is considered to be leachable heavy metals including Pb and soluble 
salts of Cl and SO4 from treated APCr disposed to the Class IV APCr monocell. The results of leachate 
studies demonstrated under laboratory bench scale testing that metals leach at only very low 
concentrations from the treated APCr.  

 Receptors 

Based on review of the environmental setting, the following sensitive receptors are identified: 

• Site workers and visitors; 

• Groundwater users; 

• Surface water ecologies; and 

• Terrestrial flora and fauna including nearby vegetation and stygofauna communities in 
hyporheic zones beneath creeks assuming groundwater discharges to the water bodies near 
the RHWMF. 



Hydrogeological Risk Assessment 
Air Pollution Control Residue – Class IV Monocell 
Eastern Metropolitan Regional Council   

TW21053_05-APCr_Monocell_Phase 2 Hydrogeological Risk Assessment-2.1  Page |17 

 Transportation Mechanisms 

To reach any aquifer, contamination must pass through the engineering system of the Class IV APCr 
monocell and the underlying soils. Potential transportation mechanisms by which this may occur are 
as follows: 

• Leakage through defects within the HDPE liner; 

• Advective flow through the engineered mineral liner system (attenuation layer); 

• Migration of contaminants through the unsaturated zone; and 

• Migration of contaminants within groundwater.  

Any contaminant that does pass through the HDPE and attenuation layer will be subject to some level 
of attenuation within the unsaturated zone and aquifer, including: 

• Retardation by sorption process within the unsaturated zone and aquifer; 

• Mechanical dispersion due to the characteristics of the unsaturated zone and aquifer;  

• Diffusion of a contaminant from high to low concentrations; and 

• Degradation and mass removal by chemical or biological process within a pathway.    

Groundwater flow near the Class IV APCr monocell appears to be to the east and then north and 
generally toward Susannah Brook.  

 Exposure Pathways 

Exposure pathways are means by which COPC impact receptors. Exposure pathways for groundwater 
include: 

• Abstraction of groundwater; 

• Dermal contact; 

• Ingestion; 

• Inhalation; 

• Movement down-hydraulic gradient in groundwater and uptake by vegetation including 
trees that could tap into shallow groundwater; and 

• Groundwater discharge to surface waters and groundwater dependent ecosystems including 
stygofauna.  

 Hydrogeological Qualitative Risk Assessment 

The level of risk has been determined by combining consequences and the likelihood using the 
definitions presented in AS31000:2009 Risk Management and the following risk matrix.  
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Table 6-1: Risk Assessment - Consequences 

Level Consequence Injury/Illness Environment 

1 Insignificant No injuries/illness. 
Spillage or leachate contained with no impact to 
the wider environment or any heritage feature. 

2 Minor First aid injury. 
Spillage or leachate readily contained. Minor 
short-term damage to the immediate 
environment. No impact to any heritage feature 

3 Moderate 

Medical treatment 
injury requiring 
further treatment 
by medical 
practitioner. 

Spillage or leachate contained with some 
difficulty. Significant short-term damage or minor 
long-term damage to the environment. Possible 
damage to heritage feature. 

4 Major 
Serious injury or 
illness. 

Major short-term damage or significant long-term 
damage to the environment or damage to 
heritage feature. 

 

Table 6-2: Risk Assessment - Likelihood 

Level Likelihood Description 

A Unlikely Known to have occurred but not often. 

B Possible 
The event will probably occur, or has occurred under some conditions 
(e.g. yearly). 

C Likely 
The event is expected to occur under some conditions or has occurred 
more than once. 

D Almost Certain 
The event is common or frequent occurrence or an ongoing impact (e.g. 
daily). 

 

 

1 2 3 4

Insignificant Minor Moderate Major

(a) Unlikely 1 3 6 10

(b) Possible 2 5 9 13

(c) Likely 4 8 12 15

(d) Almost Certain 7 11 14 16

Likelihood

Consequence
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Table 6-3: CSM Risk Assessment 

Receptor 
Exposure 
Pathway 

Pathway 
(Complete/ 
Partially 
complete/ 
incomplete) 

Reasoning Risk 

On-site Human Health Risk 

Site workers 
and visitors 

Dermal contact 
or ingestion of 
groundwater. 

Partially 
complete 

It is assumed that groundwater at the Site will not be used for potable purposes. 

Should groundwater in the future be extracted at the Site for non-potable purposes 
including irrigation, should a leak occur, there may be exposure to contaminated 
groundwater. Overall, however, the risk is low.   

Low 

Off-site Human Health Risk 

Groundwater 
users  

Lateral and 
limited vertical 
flow of 
groundwater.  

Incomplete 

The HRA has highlighted the potential for groundwater abstraction in the area 
surrounding the Site however the nearest bores are 1-1.5km from the Site and are not 
considered to be at risk. Overall, based on the groundwater regime and the adoption of 
modern engineering practices, the risk to down gradient groundwater users are low. 

There are no Public Drinking Water Source Areas located near the Site and consequently 
this pathway is considered incomplete.  

Low 

Ecological Risk  

Surface water 
ecologies 

Groundwater 
discharge to 
Susannah Brook 
and ultimately 
the Swan River. 

Incomplete  
Groundwater discharges to Susannah Brook potentially intermittently following extended 
wet periods when groundwater levels are at their maximum. 

Low 

Terrestrial 
flora and 
fauna. 

Adsorption of 
groundwater by 
flora or ingestion 
by fauna. 

Incomplete 
Where root systems extend into the groundwater, there is a risk they may absorb any 
contamination that has leached into groundwater., however vegetation in the buffer zone 
is predominantly grasses. 

Low 
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7 Numerical Modelling 

Numerical modelling was completed using LandSim (Version 2.5.17) to provide an estimate of the 
potential environmental risks associated with the proposed disposal of APCr to the Class IV APCr 
monocell. The LandSim model was used for the following reasons: 

• It uses Monte Carlo (stochastic) techniques and so allows a probabilistic appreciation of the 
Site’s environmental performance; 

• It provides a consistent approach to the estimation of hydrogeological risks; and 

• It aids comprehensive reporting of input values, assumptions, and results. 

The model code has been verified in studies open to peer review and is generally accepted by 
regulatory bodies (Guidance on the Assessment and Interrogation of Subsurface Analytical 
Contaminant Fate and Transport Models, UK Environment Agency (UK EA), National Groundwater and 
Contaminated Land Centre report NC/99/38/1). LandSim models chemistry, leachate production and 
the migration or seepage that may occur in both non engineered and engineered landfills and is the 
UK EA preferred method for assessment of the risks to groundwater from landfill sites. 

The LandSim model is defined by the domain (total area to be modelled) in which the landfill and 
receptor is situated. The elements of the risk assessment consider the source term; engineered 
barrier; geosphere; and biosphere: 

• The source term inputs are used to define: the geometry of the landfill; the type of 
engineered barrier; the infiltration into the site the drainage system; the chemical 
composition of leachate likely to be produced by the waste within the landfill; 

• The engineered barrier represents the landfill lining system;. 

• The geosphere considers the soil and rock system into which contaminants from the landfill 
migrate; and  

• The biosphere is the environment in which exposure to the contaminants occurs.  

In order to account for uncertainties in parameter values, LandSim allows input parameters as 
probability density functions, such as uniform, triangular, log triangular, normal, etc. The model is run 
for 1,000 iterations (recommended LTFGN01 guidance value) and typically outputs graphical and 
statistical information relating to the probability distribution of contaminant concentrations in 
groundwater at a specified distance from the source as well as a measure of the likely performance of 
the liner system and potential volumes of leachate generated.  

The LandSim model has been assessed in a stochastic fashion and throughout this assessment the 
acceptable probability of an undesirable outcome occurring has been set at the 95th percentile in 
accordance with LFTGN01. The 95th percentile is commonly selected as a reasonable ‘worst case’, 
against which it is acceptable to make decisions considering the assumptions and limitations of the 
modelling process.  

 Chemical Composition of Leachate 

The primary contaminant source is considered to be leachable heavy metals including Pb and soluble 
salts of Cl and SO4 from treated APCr disposed to the Class IV APCr monocell. It is noted the Class IV 
APCr monocell will only accept treated APCr for disposal. No other waste types will be disposed of in 
this waste cell. 
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The default inventory and concentrations for contaminants in LandSim which are based on a large 
study of UK landfills (Robinson 1995) are presented in Table 7-1 together with results of leachate 
studies on treated APCr and actual data from the C4LD3 monitoring point at the Stage 2 Class IV 
landfill. 

Table 7-1: Leachate Concentrations   

Analyte 

LandSim Default (mg/l) Leachate Results (mg/l) 

Min Mean Max 
LEAF 
Cleach_max  

ASLP C4LD3 

Ammoniacal 
Nitrogen (as N) 

4.37 723 3,640 - - 4.2 

Nitrate - - - - - 9 

Chloride 36.6 2,270 7,760 186 5,100 770 

Barium    2.7 0.37 - 

Phosphate 0.01 2.54 22.6 - - 0.78 

Sodium - - - 2.1 - 1,300 

Sulfate - - - 1.7 - 590 

Arsenic 0.000637 0.00484 1.31 0.001 0.08 0.008 

Cadmium 0.0019 0.0101 0.105 0.0011 <0.001 <0.0001 

Chromium  0.00856 0.0647 1.75 0.44  0.005 

Copper 0.00489 0.0243 1.13 0.032 <0.001 0.0045 

Lead 0.00957 0.13 1.02 1.1 0.62 <0.0001 

Magnesium - - - 0.0091 - 41 

Manganese - - - 0.005 <0.05 0.93 

Mercury 0.00004 0.00009 0.00195 0.00015 <0.00005 <0.0001 

Molybdenum - - - 0.59 0.12 - 

Nickel 0.00883 0.12 2.21 0.006 <0.01 0.036 

Zinc 0.00225 0.165 208 0.29 0.09 <0.005 

Benzene 0.0005 0.00582 0.0116 - - <0.001 

Toluene 0.021   - - <0.001 

PFOS + PFHxS - - - - 0.03x10-3 0.23x10-3 

PFOA - - - - <0.01x10-3 0.30x10-3 
Notes: 

1. Cleach max calculated from LEAF data using full Liquid to Solid Partitioning (i.e. Method 1313 and 1316 data) 
2. ASLP data is the mean + standard deviation of the ASLP tests using di-ionised water on 20% cement treated APCr (up to 14 

replicates for key metals lead zinc, etc.) 
3. C4LD3 is the results of tests completed on the Stage 2 Class IV landfill leachate detection point. 
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 Environmental Guidelines 

The environmental guidelines utilised for this assessment, and their justifications, were those 

stipulated in the DWER Guideline: Assessment and management of contaminated sites (DWER, 2021) 

and are summarised in Table 7-2. 

Table 7-2: Environmental Guidelines  

Analyte 
Freshwater1 
(mg/l) 

NPUG2 (mg/l) 
Long-Term Irrigation3 
(mg/l) 

Stock water4 
(mg/l) 

Ammoniacal 

Nitrogen (as N) 
0.9 0.5 - - 

Nitrate - 500 - 400 

Nitrite - 30 - - 

Boron 0.94 40 0.5 - 

Sulfate - - - 1,000 

Arsenic 
0.024 (As III) 

0.013 (As V) 
0.1 0.1 0.5 

Cadmium 0.0002 0.02 0.01 0.01 

Chromium 3.3x10-3 (Cr III) 0.5 (Cr IV) 0.1 (Cr VI) 1 

Copper 0.0014 20 0.2 0.5 

Lead 0.0034   1 0.2 0.1 

Manganese 1.9 5 0.2 - 

Mercury 0.00006 0.01 0.002 0.002 

Molybdenum  0.034 0.5 0.01 0.15 

Nickel 0.011 0.2 0.2 1 

Zinc 0.008 3 2 20 

Selenium 0.011 0.1 0.02 0.02 

Benzene 0.95 0.01 - - 

Toluene - 0.025 - - 

o-Xylene 0.35 - - - 

Aldrin + Dieldrin 0.011x10-3 0.003 - - 

PFOS + PFHxS 0.13x10-3 (PFOS) 2x10-3 - - 

PFOA 220x10-3 10x10-3 - - 

1: Freshwater – 95% level of species protection (ANZG 2018) 

2: NPUG – Non-potable use guidelines (DWER, 2021)  

3: Long-term Irrigation - derived from ANZG 2018 (DWER, 2021)  

4: Stock Water - derived from ANZG 2018 (DWER, 2021) 
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 Model Parameterisation  

The full parameterisation table together with the appropriate probability distributions are presented 

in Appendix D, which includes properties of the engineered landfill containment system and landfill 

source (waste inputs and infiltration), background groundwater quality data, leachate quality data, 

leachate source term, biodegradation and retardation, unsaturated and saturated pathway 

properties. 

Parameter values were determined from background information on the Site including detailed 

monitoring results, previous hydrogeological investigations, and studies on APCr leachate 

characteristics. If no Site data exists, then LandSim default values, which represent conservative 

values, were utilised. Distributions utilised were dependent on that specific parameter; how much the 

values of a parameter varied; and the count of a certain parameter. Generally, ‘triangular’ and ‘log 

triangular’ distributions were utilised, with ‘log triangular’ utilised for leachate chemistry based on the 

range of concentrations considered plausible.  

The leachate chemistry was defined in terms of a specific range of contaminant based on the results 

of ASLP and LEAF leachate studies undertaken on the treated APCr and monitoring data for the Site. 

Where insufficient data was available then the default values in LandSim were adopted. The source 

term was assumed to be non-depleting. Leachate in the Class IV APCr monocell is assumed to be 

similar to the Stage 2 Class IV landfill for modelling purposes. 

It is assumed the filling method for the Class IV APCr monocell will be similar to that of the Stage 2 

Class IV cell. Consistent with the Best Practice Landfill Standards there will be phased closure of the 

landfill cells as the operational life of the landfill progresses. 

The potential for dilution of any possible leachate leakage from the proposed development is 

dependent on several factors, namely the hydraulic conductivity of the mineral element of the lining 

system; the unsaturated pathway; the aquifer properties; and groundwater flow.  

For the lining system, an input probability distribution of 5 x10-10m/s, 2.5 x10-11m/s, 1.9 x10-11m/s (log 

triangular distribution) was adopted and is based on the standard technical specifications of GCL 

manufacturers. A single liner system was modelled as a conservative measure. 

The unsaturated zone has been modelled with a thickness range of 2m (uniform distribution). The 

unsaturated zone hydraulic conductivity for the laterite and clays was assumed to be 1x10-5m/s and 

1x10-7m/s respectively (log normal distribution).  

The saturated horizontal hydraulic conductivity (k) was assumed to be higher than estimates provided 

by slug test analysis with the assigned value being 1.0 x 10-8m/s to 1.0 x 10-5m/s with a likely value of 

5.03 x 10-5m/s (log normal distribution). The effective porosity of the aquifer was 0.3 for clay. The 

hydraulic gradient was 0.03 which was based on monitoring data across the Site. 

 Compliance Point 

The ‘compliance point’, at which the predicted concentration of contaminant in groundwater was 
compared to guideline trigger values, was taken to be the north eastern boundary of the RHWMF 
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which is considered to be the down hydraulic gradient boundary as the Class IV APCr monocell is within 
the Susannah Brook catchment draining to the north and west. 

 Emission to Groundwater 

The results of the LandSim modelling are presented in Appendix F and are summarised in the following 
subsections. 

 Non-Hazardous Pollutants 

The result of the LandSim modelling has shown that the predicted concentration of the non-hazardous 
contaminants at the 95th percentiles do not exceed the DWER 2014 guideline levels and/or 
background concentrations during the operational and post closure managed phases of the facility 
(~60 years), while concentrations were also shown to remain within background ranges for the 
duration of the modelling (20,000 years).  

 Hazardous Pollutants 

The modelling, utilising Class IV leachate concentrations, demonstrated that based on the landfill 
lining system, waste stream characterisation, and geological and hydrogeological conditions, there 
should be no significant release of hazardous contaminants above relevant guidelines, at both the 50th 
and 95th percentiles, at the down-gradient monitoring point through the lifecycle of the Class IV APCr 
monocell. The concentration of Pb slowly increases over time following degradation of landfill cap, 
however, remains well below guideline levels for Non-potable Uses of Groundwater (NPUG) and 
marginally exceeds Fresh Water criteria only after 2,000 years. 

 Sensitivity Analysis 

To assess the sensitivity of the LandSim model to a number of key input parameters, a quantitative 
assessment was undertaken which involved re-evaluating the model with variations of aquifer and 
leachate head parameters (Model 1 and Model 2). The assessment targeted variation in the 
groundwater regime, with Model 1 portraying a shorter filling time of two (2) years and incorporation 
of a double liner system. Model 2 was evaluated to demonstrate the influence a higher leachate head 
and longer filling time of eight (8) years. Model 3 incorporated a reduced aquifer thickness of 5-10m 
and increased hydraulic conductivity of 1 x 10-4m/s (likely) to 5 x 10-4m/s (maximum). 

The results of the sensitivity analysis are presented in Appendix F as graphical representations for 
each model. The assessment showed that for Model 1, a shorter filling time and incorporation of a 
double liner system is beneficial, with concentrations of constituents markedly lower than the main 
model. The travel times were shorter to the off-Site compliance bore, taking ~150 years before 
concentrations start to show an increase; with a peak concentration reached at ~300 years. 
Ammoniacal nitrogen concentrations were in line with background concentrations. The results of 
Model 2, incorporating a longer filling time and increased leachate head found peak concentrations 
at the receptor were slightly higher, however the concentrations of hazardous contaminants remain 
below the adopted guideline levels.  

Model 3 incorporated an increased hydraulic conductivity of up to 5x10-4m/s and a 2-10m thick aquifer 
with the results indicating the concentration of more mobile constituents including Cl and NH3 peak 
at the compliance point at 86.5mg/L-Cl, 0.055mg/L-NH3 after 7yr and 20yr respectively and Pb 
continues to increase slowly over time reaching approximately 0.004mg/L-Pb at the compliance point 
after 10,000 years.  
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Overall, the sensitivity analysis has indicated capping immediately after a four (4) year filling time 
produced a lower peak concentration of the more easily transported soluble salts including chloride 
and ammonia and shorter peak length. It is therefore considered that the duration of filling and time 
to capping is an important component of the overall risk management.  

Table 7-3: Sensitivity Analysis 

Input Parameter Original Value 
Sensitivity Analysis  

Model 1  Model 2 Model 3 

Leachate Head (m) 

Min:0.3 

Max:1.0 

Uniform  

Min:0.3 

Max:1.0 

Uniform 

Min:2 

Max:5.0 

Uniform 

Min:0.3 

Max:1.0 

Uniform 

Aquifer Hydraulic 

Conductivity (m/s) 

Min: 1 X 10-8 

Likely: 1 x 10-5 

Max: 5.03 x 10-5 

Log Uniform 

Min: 1 X 10-8 

Likely: 1 x 10-5 

Max: 5.03 x 10-5 

Log Uniform 

Min: 1 X 10-8 

Likely: 1 x 10-5 

Max: 5.03 x 10-5 

Log Uniform 

Min: 1 X 10-6 

Likely: 1 x 10-4 

Max: 5 x 10-4 

Log Uniform 

Aquifer Thickness 

(m) 

Min: 20m 

Max: 40m 

Min: 20m 

Max: 40m 

Min: 20m 

Max: 40m 

Min: 2m 

Max: 10m 

Liner system Single liner Double Liner Single Liner Single Liner 

End of Filling (years 

from start of waste 

disposal) 

4 2 8 4  

Liner Hydraulic 

Conductivity (m/s) 

Min:1.9 x 10-11 

Likely:2.5 x 10-11 

Max:5 x 10-10 

Log Triangular  

Flexible Membrane 

Liner (HDPE 

Geomembrane) 

Defect rate 

Pin holes (0.1-5 mm2): Min:0, Max:25. 

Holes (5-100 mm2): 

Min:0, Max: 5. 

Tears (100-10,000 mm2) 

Min:0, Most likely:0.1, Max:2. 

Separation to 

Groundwater (m) 

Min:4.2 

Max:5.7 

Uniform 

Chloride Source 

Term (mg/l) 

Min:74 

Likely:1,500 

Max:2,500 

Log Triangular 

Lead Source Term 

(mg/l) 

Min:0.62 

Likely:1.1 

Max:5 
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Input Parameter Original Value 
Sensitivity Analysis  

Model 1  Model 2 Model 3 

Log Triangular 

Ammoniacal 

Nitrogen Source 

Term (mg/l) 

Min: 4.37 

Mean: 723 

Max: 3,640 

Log Triangular 

 Model Calibration 

As the Class IV APCr monocell has not yet started to receive treated APCr, it is not possible to calibrate 
the model with Site specific data. 

 Essential and Technical Precautions 

Essential and technical precautions are those measures required to ensure that the proposed 
development complies with the BPEM, 2015, which states that any waste facility must be designed to 
ensure that it is able to protect the environment (i.e. that hazardous substances are not discharged to 
groundwater in discernible concentrations and that non-hazardous pollutants are not discharged so 
as to cause pollution). To ensure compliance, the following technical precautions will be required.   

 Capping 

The Class IV APCr monocell will be capped in accordance with Best Practice Landfill Standards. Capping 
is a critical component of the risk reduction measures and is required in order to avoid rainfall 
infiltration and generation of leachate. Following capping, the source term would be expected to 
rapidly deplete. 

Capping should be undertaken in a staged manner throughout the operational lifespan of the facility, 
as soon as practical, post-completion of filling in an area, to ensure the Site is progressively restored 
and environmental risks are minimised.  

The supervision of capping/restoration works should be undertaken under the auspices of third party 
independent CQA, to ensure works are completed in accordance with the engineering design 
specifications. A CQA Validation Report should be prepared for each capping project to confirm 
compliance with the design specification. 

 Liner System 

The Class IV APCr monocell will be constructed with a double composite lining system and to Best 
Practice Landfill Standards. 

 Leachate Control 

Leachate heads will be managed in accordance with best practice standards to avoid increases in the 
concentration of contaminant in the leachate.  
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 Groundwater Management 

Groundwater levels will be at a sufficient depth (greater than 2 mbgl) beneath the base of the Class IV 
APCr monocell to not pose a risk to the waste facility liner and will not require active groundwater 
management. 

 Leak Detection System 

The Class IV APCr monocell will be constructed with a leak detection system and leak detection sump 
that should be monitored frequently in accordance with licence conditions and the EMRC’s Surface 
Water and Groundwater Environmental Management Plan. 

 Hydrogeological Completion Criteria 

The LandSim assessment has also allowed for the determination of risk following completion of waste 

acceptance and the cessation of management controls, including active leachate management, and 

the degradation of the HDPE liner in the Stage 2 Class IV landfill. This assessment has shown that 

throughout the post-closure scenario, for a period of 20,000 years, the risk presented to the 

environment and human health is low.  
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8 Conclusion 

The disposal of treated APCr to the Class IV APCr monocell (Dedicated Solution) has the potential to 
pose a risk to the surrounding environment and down-gradient groundwater users due to the 
generation of leachate that may contain both hazardous and non-hazardous substances. BPEM, 2015 
stipulates that “once a landfill’s site has been selected, it must be designed to ensure that it is able to 
protect the environment”. It also states that “the principal functions of a landfill liner system are to 
limit contaminant migration to groundwater” and “the design objective of the liner and leachate 
collection system is to protect the beneficial uses of all groundwater”.   

 Risk Rating 

The HRA was undertaken using conservative assumptions e.g., single liner system and source term 
concentrations based on leachate studies completed on the treated APCr and has established that the 
disposal of treated APCr presents a low risk to the surrounding environment for the following reasons. 

• The Site has supportive geotechnical characteristics including a separation distance of 2-4m 
to the groundwater table. 

• The nearest down hydraulic gradient receptor is Susannah Brook which is approximately 0.8-
1.2km from the Class IV APCr monocell. Based on the calculated seepage velocity for the site 
of 30m/yr the travel time of an un-retarded contaminant to the receptor is estimated to be 
over 25-40 years. 

• The result of the LandSim modelling using conservative assumptions has shown that the 
predicted concentration of the non-hazardous contaminants at the 95th percentiles do not 
exceed the relevant guidelines or background concentrations during the operational and 
post closure managed phases of the facility, while concentrations were also shown to remain 
within or near background ranges for the duration of the modelling (20,000 years). 

• In accordance with the regulatory requirements, a comprehensive environmental 
monitoring regime will be required. This is to include boreholes strategically located 
immediately up and down hydraulic gradient of the Class IV APCr monocell and other 
contained infrastructure and further down hydraulic gradient along the groundwater flow 
path. The monitoring network should include new monitoring bores to be located at the 
central north, east, south and western embankments of the Class IV APCr monocell and at 
suitable locations to be identified along the northern and eastern RHWMF boundary. 

 Compliance with Best Practice Landfill Standards 

To achieve compliance with the Best Practice Landfill Standards, leachate levels need to be controlled 
with extracted leachate managed via onsite evaporation ponds and leak detection sump monitored. 

Following completion of disposal of treated APCr to the Class IV APCr monocell, it will be capped 
according to Best Practice Landfill Standards. The capping layer must be designed to achieve the 
following: 

• A landfill cap of sufficient standard to limit infiltration and leachate generation; 

• Third party independent CQA Supervision and Verification/Validation;  

• Maintenance of leachate elevation to within the heads specified within this assessment; and  

• A risk-based programme of leachate and groundwater monitoring to ensure compliance with 
adopted ‘control and compliance limits’.  
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Subject to the maintenance of leachate elevation/heads as specified within this assessment and 
implementation of Best Practice Landfill Standards and operational procedures, the proposed disposal 
of treated APCr to the Class IV APCr monocell (Dedicated Solution) meets the objective ‘to protect the 
environment by managing environmental risks’. 
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Figure 1: Site Locality Plan 

Figure 2: Topography 

Figure 3: Surface Geology 

Figure 4: Sample Locations 

Figure 5: Groundwater Contour Plan 

Figure 6: Conceptual Site Model 
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LandSim – Results 
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Results: Chloride Concentration at Compliance Point [mg/l]
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Results: Lead Concentration at Compliance Point [mg/l]
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LandSim - Sensitivity Analysis Results 
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Model 1 

 

 

Results: Chloride Concentration at Compliance Point [mg/l]
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Model 2 

 

Results: Lead Concentration at Compliance Point [mg/l]
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Results: Ammoniacal_N Concentration at Compliance Point [mg/l]
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Results: Chloride Concentration at Compliance Point [mg/l]
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Results: Lead Concentration at Compliance Point [mg/l]
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WIR Registered Sites 
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