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DUNCRAIG
WA 6023

22 December 2025

Department of Water and Environmental Regulation
Locked Bag 10

JOONDALUP DC

WA 6919

Sent via email to “info@dwer.wa.gov.au”

Attention: || NN

Subject: Millar Road landfill - Works Approval WTBA/2025/1 - Request For
Information - Response

Dear .

Further to your request for information, dated 3 December 2025, Table 1 —
Response to Request for Information provides the Proponent’s responses:
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Should you have further queries, please do not hesitate to contact the undersigned.

Attachment No. 1 — Stability Assessment
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Project: WA004-25-002LTR

10 December 2025

Dear [}

Re: Cell 12 to 15 Leachate Pond Stability Assessment

1. Introduction

1.1. Purpose

BEC WA Pty Ltd, trading as BEC-IWP (BEC-IWP), has been engaged by IW Projects on behalf of the
City of Rockingham to undertake a stability analysis of the proposed leachate ponds to be
constructed atop Cells 12 to 15 at the Millar Road Landfill. The Site is located at 204 Millar Road
West, Baldivis WA 6171.

This letter provides a summary of the stability assessment outcomes addressing the queries and
stability concerns raised by the Department of Water and Environmental Regulation (DWER),
following their review of the leachate pond design.

1.2. Background

IW Projects and BEC-IWP completed the detailed HELP modelling and water balance assessment for
the Site. The assessment identified the need for additional leachate storage capacity to support the
ongoing operational life of the facility. In response, IW Projects designed the proposed leachate
ponds to accommodate the modelled leachate generation volumes.

2. Stability Assessment

2.1. Background

Golder previously completed infiltration and stability assessments for Cells 12 to 15 at Millar Road
Landfill. The previous stability assessments (Golder, 2014) and (Golder, 2015) evaluated the veneer
stability of the then-proposed capping system, which was subsequently revised and reassessed with
outcomes summarised in (Golder, 2018a). Following materials testing completed in August 2018, as
part of construction quality assurance, the tested interface friction angle was found to be lower
than the assumed interface friction angle in the stability assessment. Hence, the assessment was
revised using the tested interface friction angle and outcomes documented in (Golder, 2018b)
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In these previous assessments, the analysis focused on identifying the ‘critical interface’ within the
capping profile, defined as the interface between the compacted final cover and the uncompacted
growing medium. This critical interface comprised the coated GCL and cushion geotextile layers,
which were modelled as a single interface using shear strength parameters governing the lowest
friction angle and adhesion within the system, and later the actual tested interface friction angle.
The stability assessments found that the original design capping configuration did not meet the
minimum factor of safety (FoS) for the static and pseudo-static loading conditions without
amendments.

The outcome of these assessments and subsequent discussions between the designer (IW Projects),
City of Rockingham, WML Consulting, and Golder resulted in the design being amended to remove
the lower cushion geotextile. For the sections where the lower cushion geotextile had already been
installed on site they were removed in accordance with Figure 1 to increase the FoS to meet the
minimum requirements.

"-,7||-G'1.:‘j®
Eheen o pa oo @ @8 :j.-

Figure 1: GCL and lower cushion geotextile cut off plan view

2.2. Approach

Building on the assessments completed by Golder between 2014 and 2018, the current stability
assessment evaluates the potential influence of the proposed leachate ponds on both veneer
stability and global stability of the landfill side slopes.

A stability assessment was undertaken to assess the effect the construction of the proposed
leachate ponds will have (if any) on the veneer and global stability of the landfill cell composite liner
and landfill side slopes as a result of the added weighting/forces brought on by the ponds.
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2.3. Analysis Method

To assess the leachate ponds’ effect on stability, a two-dimensional limit-equilibrium slope-stability
analysis was undertaken using SLIDE v9.0 (Rocscience). All sections were analysed using the
Morgenstern-Price method, which employs 2 method-of-slices formulation and satisfies both force
equilibrium and moment equilibrium for each slice. The analyses were carried out using non-circular
failure mechanisms under static and pseudo-static loading conditions. All assessments were carried
out with optimisation to assess the likely critical failure surface. Localised sloughing along the slope
surface were ignored and only failure surfaces with a minimum depth of 0.5 m were considered.

2.4. Model Section

The critical sections remain the same as identified in (Golder, 2018b) with an additional cross
section (section C), these are shown in Figure 2.

Figure 2: Proposed leachate pond layout and stability cross sections

A “critical area” on a slope is typically the zone where the combination of slope geometry, material
properties, pore pressures, and loading conditions produces the lowest FoS. This generally
corresponds to the steepest and longest section of the slope, as these geometries tend to exhibit
higher failure potential. Accordingly, the sections have been selected as follows:

— Section A represents the critical area where the underlying capping constitutes the original
design. As can be seen from Figure 1, the lower cushion geotextile is only present within
Section A.

= Section B represent the critical area where the underlying capping constitutes the revised
capping design.

Page 3 of 8
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— Section C represents the critical area with similar slope geometry to Section A but with the
revised capping design.

2.5. Cases Analysed and Minimum Factor of Safety

Consistent with the Golder assessments a minimum target FoS of 1.5 for static conditions and 1.1
for pseudo-static (seismic) loading conditions has been adopted. These values reflect the use of
conservative material parameters and align with FoS criteria recommended by the Australian
National Committee on Large Dams (ANCOLD), as well as other published guidance for urban
embankment dams. In the absence of a dedicated regulatory standard for landfill slope stability in
Australia, ANCOLD guidance represents the most appropriate benchmark for managing geotechnical
risk.

The analyses represent normal operating conditions, with no additional surcharge loads applied to
the landfill crest or outer side slopes. A separate short-term static case incorporating a conservative
300 mm head on the liner was also assessed to simulate elevated pore pressures during intense
rainfall or temporary ponding conditions. Seismic loading has been incorporated using an
unfactored peak ground acceleration (PGA) of 0.04 g (Golder, 2018b). The cases anaylsed and
minimum factors of safety are shown in Table 1.

Table 1 — Cases Analysed and minimum FoS

Case Loading Condition Minimum FoS
1 Long-term, Static, No phreatic surface above liner 1.5

2 Short-term, Static, 300 mm head above liner 1.2-13

3 Pseudo-static (seismic), no phreatic surface above liner 1.1

2.6. Material Parameters

Material parameters adopted are consistent with the previous stability assessments to enable a
direct comparison and to isolate the influence of the proposed leachate ponds on overall stability.

Typical shear strength parameters for municipal solid waste (MSW) have been taken from published
drained test data, including Koerner and Soong (2000), Eid, Stark, Evans & Sherry (1999), and Zekkos
et al. (2015). These studies consistently report friction angles in the ranges of 20 to 35° and
cohesion values between 0 and 20 kPa, with bulk unit weights between 7 and 12 kN/m3. The lower-
bound design values from these reports have been used to inform this assessment.

A summary of the material parameters is provided in Table 2.

Page 4 of 8



iwP

Table 2: Summary of material strength parameters

Strength Parameters

Unit Weight |Friction Angle|Cohesion Refarence
Yo (kN/m?) | @’ (degrees) | ¢’ (kPa)

Uncompacted Growing Medium 18 27 0.0
Compacted final cover (Sand) 17 35 0.0
(Golder, 2018a)
Interface Geotextile vs GCL (Nonwoven side) 18 10.8/16.6 0.0
Interface Sand vs GCL (Nonwoven side) 18 34.9 3.6
(Koerner &
Soong, 2000)
(Eid, Stark,
MSW* 10 .0 .0
as 2 Evans, & Sherry,
1999)

(zekkos, 2015)

Note: * - Global stability assessment uses these matenial strength parameters. For the veneer stability, MSW was assigned infinite strength.
2.7. Stability Results

2:7.%: Veneer Stability

For the veneer stability assessment, the underlying waste mass has been assumed to provide
sufficient support to the capping system. As is common practice for veneer analyses, the foundation
materials beneath the liner have been assigned an effectively “infinite” strength (i.e., non-
governing) so that anly the critical liner and cover-soil interfaces control the calculated FoS.

A summary of the results is shown in Table 3.

Table 3: Summary of veneer stability results

Minimum Factor of Safety

Section Case 1

(>1.5)
Section A 2.08 1.86 1.77
Section B 2.01 1.73 1572
Section C 1.66 1.66 1.47

The results indicate that the veneer stability is stable for all sections assessed and the leachate
ponds have no measurable effect.
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2.7.2. Global Stability

Global stability was also assessed for the three sections by modelling the landfill mass as a complete
system, with all relevant material parameters applied. This approach identifies the critical failure
surface that may develop when the entire slope behaves as a single, composite structure.

A summary of the results is shown in Table 4.

Table 4: Summary of global stability results

Minimum Factor of Safety

Case 3

(>1.1)
Section A 2.08 1.86 1.77
Section B 2.01 1.74 1.72
Section C 1.66 1.66 1.47

The results indicate that failures are confined within the uncompacted growing medium, hence the
results are consistent with the

3. Discussion

The results of both the veneer and global stability assessments demonstrate that the performance
of the capping system and landfill slopes is governed almost entirely by the properties of the
uncompacted growing medium rather than by deeper layers or the underlying waste mass. This
outcome is consistent with expectations for relatively shallow side slopes where the uppermost soil
layer has the lowest friction angle in the material profile and therefore forms the most likely
location for a translational slip to develop.

Veneer Stability

The veneer stability assessment confirms that all analysed sections achieve acceptable FoS under
both static and pseudo-static loading conditions.

Importantly, the results are similar to the findings of Golder (2018h), who identified that the
weakest interface in the original design was associated with the continuous geomembrane in
Section A, In their assessment, the geomembrane-GCL interface, particularly where the
geomembrane had not been cut back, exhibited the lowest interface friction angle and governed
the veneer stability. Subsequently, under the revised design, where this lower-strength interface
was removed (cut as per Figure 1), the controlling layer has shifted to the growing medium,
resulting in an improvement in overall (global) stability. Had the original design been fully
constructed without this modification, it is likely that the FoS would have fallen below the
recommended thresholds.

The analysis also demonstrates that the presence of adjacent leachate ponds does not impose any
measurable impact on veneer stability.
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Global Stability

The global stability assessment further supports the conclusion that instability, where it occurs, is
dominated by the shallow capping layer rather than the deeper waste mass or foundation soils.
Across all sections, the identified critical slip surfaces remain confined within the uncompacted
growing medium, indicating shallow translational failure modes rather than deep-seated rotational
mechanisms.

The leachate pond bunds/embankments were also explicitly included in the global stability models.
In all cases, the bunds remained stable, with factors of safety exceeding:

— 1.66 under static loading, and
— 1.47 under pseudo-static loading (seismic loading applied)

The presence of the ponds does not materially influence the governing failure mechanisms for
either veneer stability or overall landfill stability. The applied 300 mm head on the liner represents
a conservative short-term condition—such as intense rainfall or a hypothetical severe leakage
scenario through the leachate pond liner into the uncompacted growing medium. Even under this
elevated head condition, all assessed sections remained stable, indicating that the capping system
and side slopes retain adequate factors of safety.

4. Closing

We trust this letter provides sufficient information to address the stability queries raised by DWER
in relation to the Cells 12 to 15 leachate pond design at the Millar Road Landfill. For any queries or
clarifications, please contact the undersigned.

Sincerely,

Gustav van Veyeren
Senior Civil and Environmental Engineer
0413 223 738 | Gustav.vanveyeren@beconsult.com

Attachment 1: Stability analysis results
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