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4 November 2020 

 

Attention: Ian Watkins 

IW Projects 

6 Anembo Close 

DUNCRAIG, WA, 6023 

 

 

Dear Ian, 

 

 

BANKSIA ROAD, DARDANUP LANDFILL CELL 9 AND 10 INTERNAL WASTE STABILITY ASSESSMENT 

 

 

1 INTRODUCTION 

WML Consultants (WML) was engaged by IW projects (IWP) to carry out a stability assessment of the internal waste 

landform to support the design of two new cells at the Banksia Landfill Facility, located in Dardanup, Western Australia. 

It is understood that Cell 9 and Cell 10 are proposed to extend on from the existing landfill cells (6, 7 and 8). 

This letter provides a slope stability assessment of the critical internal waste slopes. The following checks of the slope 

stability have been undertaken on the proposed design: 

1. Stability of the overall waste landform (including basal liner system) at different stages of development 

2. Veneer stability of the drainage layer and basal liner system 

The results for each scenario are appended to this letter and demonstrate that the proposed design meets the target 

factor of safety for each analysis undertaken.  
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2 INFORMATION PROVIDED 

The following information was provided to WML for the purpose of undertaking this scope of work: 

• Banksia Road Landfill “Technical Studies to Support Design” Report number: 1657096-001-R-Rev1 (Golder 

2016) 

• Banksia Road Landfill “Assessment of Geosynthetic Interface Shear Testing” Report number: 1781102-001-L-

Rev0 (Golder 2017) 

• Drawing (Bank-201 to Bank-213) Proposed Landfill Cell 8 Construction Plans 

• Drawings (Bank-SK57 to Bank-SK59) Conceptual earthwork layout plans and top of waste profiles for Cell 9 and 

Cell 10 

• Drawing (Bank-SK52) Cell 10 stormwater control pond (CAD model) 

• Communications with Ian Watkins from IWP 

WML has used the provided data as required to produce the various assessments and models within this report with 

the assumption that the data has been validated by others. Should the base data supplied to WML be amended, the 

assessments and models should be updated to reflect the various changes. 

3 STABILITY OF WASTE LANDFORM ASSESSMENT 

3.1 Overview 

To undertake the slope stability checks specified in Section 1, WML have assessed the existing documentation pertaining 

to stability assessments of the operational waste landform at the site, we have generated three models representing 

the critical failure paths of the waste landform for the operational stages of Cells 9 and 10. WML have adopted model 

parameters from previous design checks, laboratory testing and geotechnical investigations at the site.  

WML have assumed that a stability assessment of the internal side slopes of the Cells is not required, since the waste 

will be placed in horizontal layers from the bottom up, resulting in a passive resistance to any veneer instability of the 

side slopes. 

3.2 Basal Lining System 

The proposed Cell 9 and 10 basal lining system configuration is assumed to be carried through from the basal lining 

system of Cell 8 which has been extracted from the IW drawing Bank-208. The composite lining system comprises the 

following layers (from top to bottom): 

1. Separation geotextile 

2. Drainage aggregate layer, 300mm thick 

3. Cushion geotextile 

4. HDPE geomembrane, 2.0mm thick, double sided textured 

5. GCL 

The basal liner system is illustrated below in Figure 1 and Figure 2. 
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Figure 1: Basel liner system configuration (extracted from IWP drawing Bank-208) 

 

 

Figure 2: Side slope liner system configuration (Extracted from IWP drawing Back-208) 

3.3 Material parameters 

The proposed landfill Cells 9 and 10 are to be constructed by excavating down to the design finished level of the cell 

side slopes and floors. Based on Golder (2015), the stratigraphy beneath the proposed locations of the cells consist of: 

• Colluvium/laterite zone to an approximate RL 80m consisting of predominantly sandy material including clayey 

sands and silty sands 

• Yoganup Sand Formation below RL 80m which consists of dense to very dense sands including hard laterised 

zones. 

Project specific testing of the materials have not been undertaken for this stability assessment, however WML have 

reviewed and assessed the material parameters provided in the Golder report (2016) and deemed them appropriate for 

this analysis. The material parameters used in the stability analysis are presented in Table 1. 
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Table 1: Material Parameters used for the stability assessment 

Parameter 
Friction angle 

(ɸ°) 

Cohesion 

(Cu kPa) 

Unit weight 

(γ kN/m3) 

Saturated 

Unit weight 

(γ kN/m3) 

Waste 25 5 10 12 

Clayey Sand 28 10 18 - 

Sand 35 0 19 - 

3.4 Interface parameters 

WML have been provided the Golder 2017 report which presents laboratory shear strength test results for each of the 

proposed liner interfaces of the lining system used in Cell 6 (assumed to be the same configuration as Cell 8, 9 and 10). 

The following materials underwent testing:  

• Geosynthetic Clay Liner (GCL): ELCOSEAL X2000 

• High Density Polyethylene (HDPE) Geomembrane (2mm, double textured) 

• Geotextile: Bidim A84 (non-woven) 

• Compacted Clay Liner (CCL)  

This testing was undertaken by TRI between the 13th to the 25th of August 2017, a summary of the results of the testing 

is presented in Table 2. 

Table 2: Summary of laboratory direct shear testing on each of the interfaces in the lining system 

Interface 
Friction angle 

(ɸ°) Cohesion 

(Cu kPa) 

Material 1 (top) 
Material 2 

(bottom) 
Peak Residual 

GCL CCL 21.2 9 0 

GCL Internal 20.5 2 0 

GCL HDPE 21.3 9 0 

HDPE Geotextile 29.8 16.3 0 

 

The laboratory testing indicates that the critical interface of the lining system is the internal interface of the GCL material 

with a peak friction angle of 20.5°. This angle was used as the critical friction angle within the stability analysis. 
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3.5 Model sections and scenarios 

To determine the stability of the waste landform during the Cell 9 and Cell 10 project phases, the key consideration for 

the stability assessment is the deposition of the waste into each cell during operation. Three sections have been 

determined as being the critical phases where waste is placed with no support or buttressing at the base of the slope. 

The following three sections have been modelled utlising the limit equilibrium software package Slide 2018. 

• Section A-A’: EW through Cell 8 and 9 

• Section B-B’:  EW through Cell 9 and 10 

• Section C-C’: NS through Cell 9 and 10 

Three scenarios were considered as part of the stability assessment, representing different conditions throughout the 

operational stages of the landform. A minimum acceptable FoS was adopted for each scenario. Table 3 presents the 

critical scenarios that were modelled and their respective FoS. 

Table 3: Scenarios with target factors of safety 

Input Parameters Value 

Operational landform, static, dry conditions 1.3 

Operational landform, static conditions, with an elevated 

phreatic surface 
1.3 

Operational landform, pseudo-static  1.1 

 

An elevated phreatic surface up to the internal crest of the intermediate bund was assumed to model temporary 

inundation of the landfill cells due to stormwater inflows. This surface has been assumed to be 2m above cell floor level 

based on the Drawings Bank-SK57 to SK60. 

The pseudo-static coefficient has been derived from the Peak Ground Acceleration (PGA) for the Operating Basis 

Earthquake (OBE) of a 500-year return period with a PGA of 0.07g. For the analysis, the horizontal seismic coefficient is 

equal to half of the PGA based on USACE 1984. Therefore, the pseudo-static analysis has assumed a horizontal seismic 

coefficient of 0.035 based on the model parameters determined in Golder (2016). 

The sections used in the stability modelling are shown on the plan view of the landfill in Figure 3 and Figure 4 below. 
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Figure 3: Section A-A' - Operational landform Cell 9 and 8 

 

Figure 4: Section B-B' and Section C-C' - Operational landform Cell 9 and 10 
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