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1. I N T RO D U C TI ON  A N D  B A C K GR O U N D  

1.1 INTRODUCTION 

This Geotechnical Stability and Erosion Trial Plan (the “Plan”) has been prepared for Tomingley 

Gold Operations Pty Limited (the “Company”) for the Tomingley Gold Operations Mine (the 

“TGO Mine”). The TGO Mine is owned and operated by the Company, a wholly owned 

subsidiary of Alkane Resource Limited (“Alkane”).  

The TGO Mine is located immediately south of Tomingley Village and approximately 50km 

south of Narromine, in Central Western NSW (the “TGO Mine Site”) (Figure 1).  

Approval for the TGO Mine (MP 09_0155) was granted on 24 July 2012. MP 09_0155 has been 

modified seven times, with the latest modification (MOD 7) approved on 22 December 2022. 

MOD 7 permits the construction and use of the Northern Ramp within the Wyoming 1 Open Cut. 

The Wyoming 1 Open Cut is the primary access point for underground mining operations within 

the TGO Mine Site.  Development consent SSD 9176045 was granted on 21 February 2023 for 

the Tomingley Gold Extension Project, including both the existing TGO Mine and the San 

Antonio Roswell (SAR) Mine.   

1.2 PLAN REQUIREMENTS 

Table 1 identifies the conditions of the Project Approval MP 09_0155 relevant to this Plan and 

where each is addressed in the document. 
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Figure 1 Locality Plan and Mineral Authorities 

A4/portrait 

Figure dated 3/11/22 inserted on 14/3/23 
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Table 1 
  

Development Consent Conditions 

Cond 
No. Condition 

Where 
located in 

this 
document 

54 The Applicant must undertake erosion and geotechnical stability trials within the 
walls of the Northern Ramp. These trials must consider a variety of wall slope and 
erosion control options, which are undertaken in accordance with the Erosion and 
Geotechnical Stability Trial Plan approved under condition 55, and at a minimum 
include the design requirements presented in Table 11 [of MP 09_0155]. 

2 
(generally) 

 
 

Table 11: Trial Design Requirement of the Northern Ramp  

Aspect Requirement 

Wall Slope of Northern Ramp  • Maximum overall bench slope of 20 degrees  

Erosion management  • Wall slopes to be treated, for example by using a soil/ 
rock mulch or covering with fresh waste rock, to 
minimise erosion  

• Implement surface water management structures to 
divert, control and minimise surface water runoff 
across the slopes of the Northern Ramp  

 

55 The Applicant must prepare a Geotechnical Stability and Erosion Trial Plan, to the 
satisfaction of the Secretary. This Plan must: 

 

 a) include a peer review of the trial plan by independent geotechnical and erosion 
experts;  

1.5 

 b) be prepared in consultation with the Resources Regulator;  1.4 

 c) propose a variety of options to be implemented within the trial area to evaluate 
the geotechnical and erosional stability of the ramp walls, including a range of 
wall slopes and erosion controls, including the design requirements presented 
in Table 11; 

2.1.2 

 d) identify the area/s where the trial will be established, including a figure that 
illustrates the location of each trial option; 

2.1.1 and 
Figure 5 

 

e) for each trial option: 

− provide baseline data on the behaviour of exposed in situ material, 
including measured erosion rates; 

 

2.3.1 

 − identify the proposed wall slope, including justification; 2.1.2.2 

 
− identify the proposed erosion controls/treatments, including material 

composition, application methods and details of surface water drainage and 
control measures; 

2.1.2.3 
and 

2.2.2.5 

 − provide estimated erosion rates following the application of erosion controls; 2.3.2 

 − provide an estimated Factor of Safety for geotechnical stability; 2.3.3 

 f) include a schedule for the implementation of all trial options; 2.6 

 g) include a monitoring program that evaluates the geotechnical stability and 
erosion rates of each trial option, including: 

− details of the proposed monitoring techniques and associated monitoring 
frequency to assess the geotechnical and erosional stability. This must 
include monitoring of areas adjacent to the Northern Ramp to assess the 
potential instability issues outside of the ramp area; 

 
 

2.4 

 

 − a comparison of erosion rates to baseline and predicted levels; and 2.4.1 

 − a trigger action response plan 2.7 
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1.3 DOCUMENT PREPARATION  

Preparation of this Plan has been coordinated by RW Corkery & Co Pty Limited. Technical input 

has been provided by the following individuals. 

• Erosion – Mr Isaac Kelder (Senior Environmental Consultant) and Mr Simon 

Buchanan (Principal Consultant - Soil & Environmental Science) of Landloch Pty 

Ltd. Landloch are the primary authors of the erosion-related information presented 

in Sections 2.3 to 2.6. 

• Geotechnical – Mr Craig Pridmore (Geology Manager) and Mr Cornelius 

Rademeyer (Geotechnical Engineer) with TGO.   

1.4 CONSULTATION 

This report has been prepared in consultation with the Resources Regulator and Department of 

Planning and Environment . Consultation has included the following. 

• Initial consultation via the Planning Portal on Thursday 12 January 2023, with a 

follow up email on 16 January 2023, requesting the Regulator’s requirements for 

the Plan. The Regulator responded on 17 January 2023, indicating that there were 

no further matters to be addressed and requesting a draft of the Trial Plan prior to 

submission. 

• Version 1 of this Plan was provided via the Planning Portal and email on 13 

February 2023. Feedback was received 24 February 2023.  A summary of feedback, 

including the Company’s response to matters raised, is included as Table 2.  

• Feedback was received from the Resources Regulator on 24 February 2023.   

• Version 2 of this Plan was as provided via the Planning Portal and email on 21 

March 2023. A response from Department of Planning and Environment was 

received on 13 April 2023.  That response included earlier advice from the 

Resources Regulator dated 5 April 2023. 

• A Teams meeting was held on 20 April to discuss the Resources Regulator feedback 

in particular.  The meeting was attended by Department of Planning and 

Environment, Resources Regulator, Mr Simon Parsons of TGO, Mr Mitchell Bland 

of RWC, Mr Isaac Kelder of Landloch and Dr Tony Meyers of Rock Test 

Appendix 1 presents copies of correspondence received from the Resources Regulator and 

Department of Planning and Environment in relation to this Plan and Table 2 outlines the 

Company’s response to matters raised. 

1.5 PEER REVIEW 

Peer review of this Plan was undertaken by the following independent geotechnical and erosion 

experts. 

• Erosion – Dr David Freebairn (Agricultural and Environmental Analyst). 

• Geotechnical – Dr Tony Meyers (Principal Rock Mechanics Engineer) with 

Rocktest. 
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It is noted that Dr Freebairn and Dr Meyers were provided with updated draft versions of this 

document that included amended monitoring arrangements, including use of high-density LIDAR 

monitoring. Appendix 2 presents copies of the peer reviews of this Plan.   

Adjustments to the Plan in light of discussions with and recommendations from the peer reviews 

included the following. 

• Addition of Section 2.1.1 clarifying the aims of the trial. 

• Incorporation of additional information in relation to the proposed perimeter 

treatment. 

• Additional detail in relation to monitoring of existing sections of the Open Cut (the 

Passive Trial Area). 

• Amendment of the Trial Beds to include a Trial Bed 7 over multiple benches. 

• Confirmation that physical monitoring of the Trial Beds will incorporate 

monitoring for the presence/absence of tunnel erosion of the berm at the base of 

each Trial Bed, where safe to do so. 
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Table 2 
  

Consultation Summary – NSW Resources Regulator 
Page 1 of 4 

Feedback Received How / Where Addressed 

Resources Regulator Feedback - 24 February 2023  

1. Lianne McKenzie is not considered to be an 
"independent geotechnical expert" to undertake 
a peer review (Condition 55 (a)) considering her 
involvement for slope stability analysis for TGOs 
pit designs with both SMEC and previous 
companies she has worked for. 

The Company contends that Ms McKenzie remains a suitably qualified geotechnical expert, 
however, in light of the feedback in relation to the independence of Ms Mckenzie, the Company 
engaged Dr Tony Meyers, Principal Rock Mechanics Engineer with Rocktest, to complete a peer 
review of the geotechnical aspects of the Trial Plan. 

Dr Meyers has previously provided limited advice in relation to geotechnical matters for the Caloma 
Open Cut only.  As a result, Dr Meyers is considered to be independent for the purposes of a peer 
review of this Trial. 

Dr Meyers peer review is presented in Appendix 2. 

2. To make the best use of the trial for 
consideration of potential final void construction 
in SARs pits, consideration of the following: 

a. Location of trial plots in both alluvium and 
Saprolite geology. Although the excavation 
for the northern ramp is located in the 
alluvium, areas with exposed saprolite 
suitable for trial plots could be made available 
at lower depths in the pit where this material 
is intercepted i.e. where the existing ramp is 
currently located which will be made 
redundant when the northern ramp is 
constructed. 

The Company contends that no other areas within the Wyoming One Open Cut are suitable or 
available for use as part of this Trial. The redundant sections of the existing haul ramp are located 
wholly within the same alluvial material as the Northern Ramp. Furthermore, sections of Open Cut 
located within saprolite material are either inaccessible or are located adjacent to the operational 
haul ramp. Finally, the purpose of the Trial is to test the effectiveness of various surface treatment 
options.  As a result, other than the proposed controls trial beds, whether the substrate is alluvium or 
saprolite would have not impact on the Trial. As a result, establishing Trial Beds within the saprolite 
is neither feasible nor necessary. 

 

b. Expansion of the trail to include slope angles 
in addition to 20 degrees and 40 degrees. 
Ideally, additional slope angles that allow the 
practical placement of erosion treatments 
should be selected. 

The inclusion of a 30º slope was considered by the Company and rejected because operation of 
equipment on slopes steeper than 20º is neither safe nor practicable. Therefore, any treatments able 
to be applied to a 30º slope would be identical to those applied to the 40º slope.  
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Table 2 (Cont’d) 
Consultation Summary – NSW Resources Regulator 

Page 2 of 4 

Feedback Received How / Where Addressed 

Resources Regulator Feedback - 24 February 2023 

c. Expansion of the trial to include benched 
slopes.  Noting that benched slopes are 
proposed in the final landform and tunnel 
erosion is more likely to initiate from surface 
water movement over benches 

Should the design of the final landform be amended to include a 20º slope within the saprolite and 
alluvium, there would be no benches on that slope.  Therefore, there would be little benefit including 
benches within the 20º Trial Beds  

Additionally, should the currently approved final landform be retained with waste rock buttress, the 
full face of the benched landform would be covered.  As a result, there would be little benefit 
including benches within the 40º Trial Beds  

It is also noted that the Trial Area is simply not large enough to incorporate a mix of 15m and 7.5m 
high benches with the transition zones that would be required between them.   

It is, however, noted that the existing Open Cut includes benches within alluvial, saprolite and fresh 
rock.  These faces provide data on the performance of the materials on a benched face, including 
the development of tunnel erosion, without the need to include benches in the trial.  Additional 
passive monitoring of selected sections of the existing Open Cut have been proposed to provide 
additional data on benched slopes.  

3. The thickness and specification of the soil/rock 
mulch and revegetation trial option should be 
nominated in the trial plan. If optimum thickness 
and mix ratio has not been determined, this can 
be incorporated into the trial by additional trial 
areas/beds incorporating different 
thickness/mixing ratios. 

Section 2.1.2.3 of the draft of this Plan states that the specific parameters of the soil/rock mulch will 
be determined based on the results of material testing during the preparation for the Trial. Prior to 
the commencement of the Trial, the testing results and corresponding design recommendations will 
be made available to DPE and the Resources Regulator.   

Resources Regulator Feedback – 5 April 2023 

1. Dr Meyers has not undertaken his own 
assessment of the existing slope stability of the 
trial area. … it is recommended that Dr Meyers 
undertakes his own peer review assessment of 
the slope stability analysis of the trail area 
landform rather than rely upon the one 
undertaken by Ms McKenzie. 

During the meeting on 20 April 2023, it was highlighted by Dr Meyers that to complete a full peer 
review of previous slope stability assessment would potentially require additional geotechnical 
drilling and data collection.  When combined with the analysis required, that program would require 4 
to 6 months to complete.  It was agreed by all parties that that was not the intent of the Resources 
Regulator request, and that Dr Meyers should undertake further review of the available data and 
provide an opinion in relation to the estimated Factor of Safety.  This has been addressed in Dr 
Meyers’ letter report dated 28 April presented in Appendix 2. 
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Table 2 (Cont’d) 
Consultation Summary – NSW Resources Regulator 

Page 3 of 4 

Feedback Received How / Where Addressed 

Resources Regulator Feedback – 5 April 2023 (Cont’d) 

2. With regards to the selection of landforms to be 
included in the trial, the Resources Regulator 
contends that the trail should be expanded to 
include additional slope angles as well as 
benched slopes. This will ensure that the most 
benefit is achieved from the trial, covering 
various landforms aligned to those already 
utilised at Tomingley. 

During the meeting on 20 April 2023, it was highlighted that the only treatments for slopes steeper 
than 20º is backfilling with rock at the angle of repose.   It was also highlighted that existing sections 
of the Open Cut in alluvium have been cut at slopes between 45º and 50º and that LIDAR and InSAR  
monitoring of those slopes would continue to be undertaken. 

In relation to extending the trial to cover multiple benches, it was highlighted that the layout of the 
Northern Ramp would limit the potential for this to occur and that existing sections of the Open Cut 
have multiple benches and that LIDAR and InSAR monitoring of those slopes will continue to be 
undertaken.  Notwithstanding this, it was agreed that Trial Bed 6 would be expanded and divided in 
two to permit monitoring of a fresh cut face over multiple benches.  The Trial Plan has been 
amended to reflect this agreement. 

Department of Planning and Environment Feedback – 13 April 2023 (additional to Resources Regulator comments) 

3. Section 2.5.1.1 identifies a monitoring period of 5 
years. It is unclear why this period has been 
specified. The Department considers that the trial 
should be ongoing until it is agreed that it is no 
longer required. 

Section 2.5.1 has been adjusted as requested 

4. Please update section 2.5.1.2 to also specify 
what geotechnical stability monitoring will be 
reported on in the Annual Review. 

Section 2.5.1 has been adjusted as requested 

5. What would constitute a significant rainfall event 
that would trigger additional photographic 
monitoring? 

Section 2.4.1.3 adjusted to nominate a trigger of 24mm in 24-hours for photographic monitoring 

6. Please can Section 2.4.2.1 be more specific to 
the trial area? i.e. What prisms are in place in 
relation to the trial area? How will photographic 
records monitoring be applied in relation to the 
trial area? What is the frequency of surveying in 
relation to the trial area? 

Section 2.4.2.1 has been updated to include the requested information  
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Table 2 (Cont’d) 
Consultation Summary – NSW Resources Regulator 

Page 4 of 4 

Feedback Received How / Where Addressed 

Department of Planning and Environment Feedback – 13 April 2023 (additional to Resources Regulator comments) (Cont’d) 

7. The Department requests that the TARP is 

expanded to be more specific and measurable.  

For example, triggers should indicate what 
constitutes trial bed damage or failure, the signs 
of increased erosion, the target ground cover 
percentage etc.  

Actions should specify what remedial activities 
could be undertaken, potential additional 
protection mechanisms etc. 

All components should also specify when the 
Department and Resources Regulator would be 
notified. 

A ground cover trigger level has been identified.  In other cases, the triggers are intentionally 
subjective.  In most cases, defining an objective trigger would be difficult or not useful.  For example, 
defining the scale of a “adjacent slope failure or erosion” that would trigger a response is not 
possible.  Visual inspection will determine whether the relevant thresholds have/have not been 
triggered.   

Similarly, remedial actions have intentionally been limited to undertaking an investigation and 
implementing the recommendations of that investigation.  Identifying specific remedial actions at the 
stage of the cannot be determined. 

A commitment to notify the Department of Planning and Environment and Resources Regulator in 
the event that any of the identified triggers has been achieved has been included. 
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1.6 EXISTING OPERATIONS 

1.6.1 Overview of Approved Operations 

Approved activities within the TGO Mine Site include the following (Figure 2).  

• Mining of four open cuts, with underground mining (the “TGO Underground”) 

under three of the approved open cuts, namely Wyoming 1, Caloma 1 and 

Caloma 2. 

• Placement of waste rock into three out-of-pit waste rock emplacements (Waste 

Rock Emplacements 1, 2 and 3) and two in pit waste rock emplacement 

(Wyoming 3 and Caloma 2). Waste Rock Emplacements 2 and 3 are complete and, 

with the exception of a small area on the upper surface of Waste Rock 

Emplacement 3, are under rehabilitation. 

• Construction and use of a carbon-in-leach Processing Plant and associated 

infrastructure, including a Run-of-Mine (ROM) Pad, crushing, grinding and 

cyanide leaching circuits, workshops, ablutions facilities, stores, office area and car 

parking. The maximum approved rate of processing is 1.5 million (M) tonnes per 

annum (tpa). 

• Construction and use of two residue storage facilities, namely Residue Storage 

Facility 1 (to Stage 9) and Residue Storage Facility 2 (to Stage 2) for the storage of 

process residues. 

• Construction and use of infrastructure, including: 

– dewatering ponds; 

– a water pipeline, from a licensed bore located approximately 7km to the east of 

Narromine; 

– various internal and external roads, including an underpass beneath the Newell 

Highway and upgrades to Tomingley West Road and associated intersections; 

– a transformer and electrical distribution network within the TGO Mine Site and 

20km 66kV electricity transmission line from the Peak Hill substation; 

– various clean and dirty water management structures; and 

– fenced and unfenced biodiversity offsets and vegetated amenity bunds. 

Surface mining operations with the Caloma 1 Open Cut were completed in April 2023 and 

construction of the Northern Ramp commenced in March 2023. Underground mining operations 

are ongoing with minor volumes of waste rock material are brought to surface for use in surface 

infrastructure (e.g. road base) or for placement within the Caloma 2 Waste Rock Emplacement. 

Underground exploration from the SAR Exploration Drive is ongoing.  

Residue from the processing plant is being placed into Residue Storage Facility 1. Construction 

of Stage 1 of Residue Storage Facility 2 is anticipated to be completed by mid-2023, with 

deposition of processing residues to commence by mid to late-2023.  
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Figure 2 Approved TGO Mine Site Layout 

A4/landscape 

Figure dated 27/2/23 inserted on 15/3/23 

 

Residue from the processing plant is being placed into Residue Storage Facility 1. Construction of Stage 1 of Residue Storage Facility 2 is 

anticipated to be completed by mid-2023, with deposition of processing residues to commence by mid to late-2023.  
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1.6.2 Approved Wyoming 1 Open Cut 

Figure 3 presents the existing and approved layout of the Wyoming 1 Open Cut and surrounds. 

Surface mining operations are complete within the Open Cut; however, access to the TGO 

Underground is provided via portals located within the Open Cut. The primary portal for access 

to the TGO Underground is the southern-most portal, with three additional portals providing 

ventilation and access to the lower sections of the Open Cut. Existing access to the Open Cut and 

Underground is via a ramp on the northern and western wall of the Open Cut. This ramp provides 

the only vehicular access to the approved TGO Underground and SAR Exploration Drive.  

Localised and minor geotechnical unravelling and movement has occurred in the northeastern 

section of the Wyoming 1 Open Cut since mid-2017. This feature has been referred to as the 

“Ramp Failure,” not because the ramp has failed, but because the geotechnical unravelling and 

movement occurred in the vicinity of the ramp. In January 2022, following more than 500mm of 

rain in 10 weeks, further movement of this zone occurred. A range of measures were successfully 

implemented following that event. Notwithstanding this, TGO determined to establish the 

Northern Ramp to permit safe and long-term access to the Wyoming 1 Open Cut and TGO 

Underground Mine at a greater distance from the Ramp Failure, thereby reducing the potential 

for future operational and safety risks. 

The Wyoming 1 Open Cut, including the Northern Ramp, is approved to be retained as a final 

void as part of the approved final landform of the TGO Mine Site. In general, decommissioning 

and rehabilitation of the Wyoming 1 Open Cut will include (but not be limited to): 

• removal of surface and underground infrastructure where practicable/safe to do so; 

• backfilling of all portals to prevent access to underground workings; and 

• retention and/or construction of suitable fencing, signage and bunding, including a 

Relinquishment Bund.  

The Applicant is currently working with the Resources Regulator and Department of Planning 

and Environment to identify appropriate closure options for the Wyoming 1 Open Cut to achieve 

a safe, stable and secure final landform.  

1.6.3 Approved SAR Mine 

The SAR Mine includes the development of surface and underground mining operations 

approximately 5km south of the TGO Mine Site. The SAR Underground Mine will be accessed 

via the a decline from the Wyoming 1 Open Cut until such time as a portal can be established 

within the SAR Open Cut. As a result, access to the portals within the Wyoming 1 Open Cut will 

be required until at least the late 2020s.   
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Figure 3 Approved Wyoming 1 and Northern Ramp Layout 

A4/portrait 

Figure dated 05/05/23 inserted on 05/05/23 
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1.7 EXISTING ASSESSMENTS AND MODELLING 

1.7.1 Geological and Geotechnical Assessments 

The following presents the existing geotechnical and erosion assessments undertaken for the 

TGO Mine Site and TGEP.  

• Tomingley Gold Project Geotechnical Report Definitive Feasibility Study for 

Alkane Resources (Mining One, 2010). 

• Tomingley Gold Operations Pty Ltd Mine Closure Geotechnical Advice (PSM, 

2016) 

• Geotechnical Scoping Study SAR Prospect – Alkane Resources (MineGeoTech, 

2020) 

• Roswell Slope Stability Analysis (AMC Consultants, 2021) 

• SAR Open Cut Geotechnical Assessment (WSP Australia, 2021) 

• SAR North Pit Long Term Slope Stability Ability (AMC Consultants, 2021) 

• Typical methods used to achieve safe and stable slopes in the long-term post closure 

(SMEC, October 2022) 

• Tomingley Gold Extension Project – Geotechnical advice on Agency concerns 

(SMEC, December 2022) 

Erosion 

• Tomingley Gold Operations Project Wyoming 1 Open Cut and SAR North Pit Voids 

Assessment of Long-term Stability to Erosion (Landloch, 2021a) 

• Tomingley Gold Operations Project Wyoming 1 Open Cut and SAR North Pit Voids 

Assessment of Long-term Stability to Erosion, Addendum Wyoming 1 Open Cut – 

Additional SIBERIA Modelling (Landloch, 2022) 

1.7.2 Local Geological Conditions 

Figure 4 presents the geological model of the Wyoming 1 Open Cut. In summary, three material 

types occur across the TGO Mine Site, as follows. 

• Alluvium – consisting of Quaternary and Tertiary-aged alluvium or transported 

material. The thickness of this unit is variable between 40m and 70m from surface. 

The Quaternary and Tertiary alluvium is characterised as follows.  

– The Quaternary alluvium comprises the upper 10m of the unit and consists of 

brown, pale grey clays with variable amounts of sand and gravel, mainly low 

plasticity and very stiff to hard consistency. 

– The Tertiary alluvium beneath the Quaternary alluvium is characterised as grey 

clays with variable amounts of sand and gravel, medium and high plasticity and 

very stiff to hard consistency.  
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• Saprolite – This unit represents highly weathered basement rocks with a variable 

mix of silty clays, sandy gravelly clays and sandy clayey silt with minor very low 

strength rock fragments. Clays typically have very stiff to hard consistency and 

medium to high plasticity. Physical properties of the saprolite can vary 

substantially, with highly weathered, clay-rich, low strength material in the upper 

section of the unit and less weathered, much higher strength material that requires 

blasting to be extracted in the lower section of the unit. It is noted that the lower 

boundary of the saprolite is gradational into the underlying fresh rock. The 

thickness of this unit is typically less than 15m.  

• Slightly weathered and fresh rock – This unit comprises a rock mass with high to 

very high strength.  

The Northern Ramp is located wholly within the Alluvium materials. The majority of the walls 

of the Northern Ramp are located within Tertiary-aged alluvium, with the upper 5m to 10m 

(below ground level) being located within Quaternary-aged alluvium. 
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Figure 4 Geological Sections 

A4 

Figure dated 27/02/23 inserted on 15/3/23 
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2. G EO T E C H NI CA L S TAB I L I TY A N D  E R OSI O N 
T R I A L  

2.1 TRIAL DESIGN 

2.1.1 Trial Aims 

The aims of the Trial are as follows. 

• Compare the erosion performance of a range of feasible erosion control options at 

different slope angles across a single bench scale. 

• Monitor the geotechnical performance of different slope angles across a single 

bench scale within alluvium. 

• Monitor the erosion performance of existing sections of the Wyoming 1 Open Cut 

previously surveyed in August 2021. 

• Based on the above, provide information in relation to practicable and feasible 

treatments to manage erosion and geotechnical stability within the Wyoming 1 

Open Cut and preliminary guidance for treatments to be applied at the yet to be 

developed SAR Open Cut. 

The aim of the Trial is not to determine the acceptability or otherwise of any particular treatment 

or slope angle.  The acceptability of particular treatments will be determined in consultation with 

the Department of Planning and Environment and Resources Regulator based on a range of 

factors not assessed under this Trial, including but not limited to the Company’s ability to 

implement the various Trial options at a larger scale on an existing Open Cut. 

2.1.2 Trial Location 

The Trial Area comprises the following (Figure 5).  

• Active Trial Area – Seven Trial Beds located on the uppermost bench on the eastern 

side of the Northern Ramp, with Trial Bed 7 extending to the second bench. Each 

Trial Bed is approximately 15m high. Trial Bed 7 is approximately 30m high. 

• Passive Trial Area – comprising the entire Wyoming 1 Open Cut, including the 

Northern Ramp, which will be surveyed using ultra-high density LIDAR, with the 

areas to be subjected to detailed analysis to be selected based on performance over 

the Trial period. 

2.1.3 Trial Options  

2.1.3.1 Overview 

Table 2 presents the active trial options to be assessed. The following subsections describe and 

justify the selected variables within each trial option.  
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Table 3 
  

Trial Design Options 

Trial 
Bed 

Approximate 
Batter Slope  

Approximate 
Vertical Height 

(m) Surface Treatment 

1 20º 15 Control (no treatment) 

2 20º 15 Topsoil and Vegetation 

3 20º 15 Soil/rock Mulch and Vegetation 

4 20º 15 Fresh Rock following batter profile 

5 40º 15 Fresh Rock at angle of repose 

6 40º 15 Control (no treatment)  

7 40º 30 Control (no treatment) – multiple benches 

 

Selected sections of the existing Wyoming 1 Open Cut will also be monitored as passive trial 

options as described in Section 2.4. 

2.1.3.2 Batter Slope 

The Trial uses two batter slope gradients, namely 20° and 40°. These slopes have been selected 

for the following reasons. 

• 20º batter slope – A potential overall final void slope (toe to crest)1 of 20º was first 

nominated as a potential final slope for the Wyoming 1 Open Cut by PSM (2016) 

based on the document Guideline – Safety Bund Walls around Abandoned Open Pit 

Mines published by the Western Australian Department of Industry and Resources 

in 1997. The Guideline nominates an angle of 25º from the base of weathered 

material to the surface, plus a 10m wide zone to permit access, for the purposes of 

establishing a relinquishment bund. PSM (2016) reduced this slope to 20º in the 

absence of erosion modelling, which has since been completed and supports a 

slightly steeper slope of 24.5º (Landloch, 2022).  

Condition 54 of Schedule 3 of MP 09_0155 requires an assessment of a bench slope 

of 20º.  

• 40º batter slope – This slope has been selected because it is consistent with the 

approved design of the Northern Ramp (Figure 3). The approved batter slope of 

40º provides a stable face for mining operations and an acceptable Factor of Safety 

(see Section 2.3.3) while minimising the volume of material to mined, transported 

and stored. It is noted that when combined with intervening berms as presented in 

Figure 3, the 40º batter slope will result in overall slope (toe to crest) for the 

Northern Ramp of between 22º and 27º.  

 

  

 
1 An overall slope (toe to crest) of 20º would typically include batter slopes steeper than 20º, with intervening 

horizontal berms.  
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Figure 5 Indicative Geotechnical Stability and Erosion Trial Layout 

A4/portrait 

Figure dated 05/05/23 inserted on 05/05/23 

 

  



TOMINGLEY GOLD OPERATIONS PTY LTD GEOTECHNICAL STABILITY 

Tomingley Gold Project – Wyoming 1 Northern Ramp AND EROSION TRIAL PLAN 

 Report No. 616/59  

20 
 

 

2.1.3.3 Surface Treatments – Batter Face 

The Trial contains four different batter surface treatments, as follows. The following also includes 

a justification of each of the proposed surface treatments. 

1. No treatment (control) 

This treatment will be applied to the 20º and 40º batter slopes and will provide a 

control for the trial to enable baseline data for erosion of the in situ material at two 

different batter angles to be measured. 

This treatment will be applied to 20º (Trial Bed 1) and 40º (Trial Bed 6) batter 

slopes. 

2. Topsoil and revegetation 

This treatment is consistent with the current rehabilitation procedures within the 

TGO Mine Site. In summary, a minimum depth of 300mm of stockpiled soil will 

be applied and the topsoiled surface will be spread with seed consistent with the 

Company’s current standard revegetation measures. 

This treatment will be applied to the 20º batter slope (Trial Bed 2) only as a 40º 

batter slope is too steep to achieve this treatment. 

3. Soil/rock mulch and revegetation 

This option requires soil and hard, non-erodible rock of specified size range to be 

mixed in a specified ratio and applied to a specified thickness to be determined 

following testing of the materials during preparation for the trial. The surface will 

be revegetated using the current TGO revegetation procedures.  

It is anticipated that the rock fraction of the mulch will resist erosion, while the soil 

fraction will fill the voids between the rock fragments and provide a suitable growth 

medium. The combination of soil and vegetation will limit infiltration of water, 

thereby minimising the potential for surface or tunnel erosion of the underlying 

material.  

This treatment will be applied to the 20º batter slope (Trial Bed 3) only as a 40º 

batter slope is too steep to achieve this treatment. 

4. Fresh rock 

Fresh, hard, non-erodible rock would be used to sheet both the 20º (Trial Bed 4) 

and 40º (Trial Bed 5) slopes. This material would be run-of-mine material and 

would not be crushed or screened. 

A fresh rock-only mulch would be applied over the 20º batter slope at a uniform 

thickness equal to the thickness of the soil/rock mulch. This option will allow a 

comparison of the performance of the soil/rock mulch and rock only surface 

treatments. 
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Rock will also to be applied at the angle of repose (typically between 36º and 39º) 

over the 40º slope until it is adequately toed into the berm at the base of the trial 

bed. No attempt will be made to push the rock face down the angle of repose face 

and the thickness of rock applied would vary, with a minimum thickness of 1m. 

This option will allow an assessment of the effectiveness of partial 

backfilling/buttressing of the walls of the Wyoming 1 Open Cut. 

2.1.3.4 Surface Treatment – Crest and Adjacent Areas 

Surface water ponding in close proximity to the crest of the Wyoming 1 Open Cut has the 

potential to seep into the surficial material and cause tunnel erosion, effectively undermining the 

surface treatments presented in Section 2.1.2.3.  The Company has extensive experience within 

the TGO Mine Site using select saprolite material placed and compacted to form an impermeable 

barrier.  Examples include the floor and internal faces of each of the Residue Storage Facilities 

and the various water storages on site.   

In order to manage the potential risk of tunnelling undermining the batter surface treatments, the 

Company will install an impermeable barrier between the crest of the Trial Beds and the base of 

the perimeter bund. 

The use of this treatment within the Active Trial Area will permit comparison of the 

occurrence/frequency of tunnel erosion within the treated area vs the untreated remainder of the 

Open Cut perimeter. 

2.2 TRIAL METHODOLOGY 

2.2.1 Construction of the Trial Area and Trial Beds 

The Trial Area will be located on the upper-most eastern batter of the Northern Ramp during 

initial construction of the Ramp. A minimum buffer of 25m of unextracted material would be 

provided adjacent to the Trial Area. Material will be extracted once the Company is ready to 

commence the trial.  This will ensure surface treatments can be applied immediately following 

establishment of the Trial Beds and that the trial commences for all Trial Beds at the same time.  

The Trial Area will be shaped as shown in Figure 5. Construction of the Trial Beds will be 

carefully controlled by regular surveys to ensure that the individual Trial Beds achieve the 

identified design criteria. A detailed survey of the Trial Beds as constructed will be undertaken 

prior to application of the relevant surface treatments.  

2.2.2 Application of Batter Surface Treatments 

2.2.2.1 Control (No Treatment) 

Trial Beds 1, 6 and 7 will remain untreated and will act as controls for the Trial. The Trial Beds 

will be shaped to ensure a uniform final surface free, to the extent practicable, from tooth or track 

marks that would provide preferential pathways for surface water flowing down the faces.  
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2.2.2.2 Topsoil and Revegetation 

Trial Bed 2 will be topsoiled and revegetated in a manner that is consistent with the current 

rehabilitation procedures. Soil will be sourced from existing soil stockpiles within the TGO Mine 

Site. The soil will be tested and, if required, ameliorants will be applied prior to placement. Soil 

will be applied with a minimum thickness of 300mm. 

Once spread, the soil will be hydro mulched using the seed mix presented in Table 3. This species 

mix is consistent with that used for the grassland rehabilitation domains within the TGO Mine 

Site and has been selected because it includes species that provide excellent ground cover and are 

known to become established on and stabilise rehabilitated landforms within the TGO Mine Site. 

Table 4  

  

Indicative Species Mix 

Scientific Name Common Name Scientific Name Common Name 

Chloris gayana Rhodes Grass Cenchrus ciliaris Buffel Grass 

Pennisetum clandestinum Kikuyu Cynodon dactylus Couch Grass 

Phalaris sp Phalaris Digitaria eriantha Premier Digit 

Lolium rigidum Rye Grass Eragrostis curvula ssp. Consol Lovegrass 

Trifolium repens ssp White Clover Trifolium subterraneum Sub-clover 

Medicago truncatula Barrel Medic Medicago scutelata Snail Medic 

Trifolium resupinatum Persian Clover Trifolium hirtum Rose Clover 

Hordeum vulgare Barley Avenaa ludoviciana Black Oats 

Source:  Tomingley Gold Operations Pty Ltd  

 

2.2.2.3 Soil/Rock Mulch and Revegetation 

Trial Bed 3 will be covered with a soil/rock mulch. During the initial stages of construction of 

the Northern Ramp, the Company will engage a suitable expert to determine the following based 

on testing of stockpiled soil and waste rock from the TGO Mine Site.  

• Preferred ratio of soil and rock. 

• Preferred range of particle sizes for the rock fraction of the mulch. 

• Preferred thickness of the soil/rock mulch.  

The design of the soil/rock mulch will be determined and confirmed prior to finalisation of the 

Trial Beds to ensure that Trial Bed 3 is not left untreated for an extended period. 

The required rock fraction of the soil/rock mulch will be sourced from hard, durable, non-erodible 

waste rock within the TGO Mine Site. The material will be screened and, if required, crushed, to 

ensure the appropriate particle size distribution. The required volume of rock will then be 

stockpiled in a suitable mixing area.  

The required soil fraction will be tested, and ameliorants applied if required. The required volume 

of soil will then be stockpiled in the mixing area. 
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The stockpiled rock and soil will then be mixed prior to loading the materials into a haul truck 

for transportation to and placement on the natural ground surface behind the crest of Trial Bed 3. 

The mixed soil/rock mulch will be pushed down the slope using a bulldozer to create a relatively 

smooth face of roughly uniform thickness. The shaped face will be hydro mulched using the seed 

mix presented in Table 3.  

2.2.2.4 Fresh Rock  

Trial Beds 4 and 5 will be covered with hard, non-erodible waste rock sourced from within the 

TGO Mine Site. The material will not be screened; however, especially large oversize material 

will not be used. 

Rock to be placed on Trial Bed 4 will be pushed down using a bulldozer to create a roughly 

uniform thickness of rock over the face of the alluvium. The thickness of the placed material will 

be similar to the thickness of the placed soil/rock mulch. 

Rock to be placed on Trial Bed 5 will be pushed over the face of the Trial Bed until a suitably 

stable rock face has formed at the angle of repose, likely at an angle of between 36º and 39º. The 

placed rock will be a minimum of 1m thick over the underlying alluvium. 

2.2.2.5 Perimeter Treatment 

The following procedures will be implemented from the crest of the Trial Beds to the inner toe 

of the perimeter bund, a distance of at least 5m.  These procedures are based on current procedures 

utilised within the TGO Mine Site to construct similar impermeable structures. 

• Strip and remove approximately 50cm of near surface material.   

• Grade the stripped area away from the Open Cut at a minimum grade of 2%. 

• Backfill the stripped area with approximately 60cm of select saprolite material and 

compact that material to achieve an impermeable barrier. 

• Ensure that the upper surface of the compacted material slopes away from the Open 

Cut towards the perimeter bund at a minimum grade of 2%, ensuring that no water 

ponds on the surface. 

2.2.2.6 Perimeter Bund 

The Trial Beds will be protected from surface water inflows from the natural land surface to the 

east of the Northern Ramp by a perimeter bund, with the inner toe of the bund located 

approximately 10m from the crest of the Trial Beds. The bund will be approximately 1m high 

and 4m wide and would be constructed of non-permeable material. The area on the outside of the 

bund for a distance of approximately 15m will be shaped to ensure that surface water will drain 

away from the bund towards the dirty water diversion located to the east of the Wyoming 1 Open 

Cut to prevent ponding of water and potential tunnelling under the bund.  

No surface water controls will be established on the faces of the Trial Beds. 
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2.3 BASELINE AND ESTIMATED EROSION AND GEOTECHNICAL DATA 

2.3.1 Existing Erosion Rates 

The trial beds will be constructed in alluvium. An assessment of erosion rates for the exposed in 

situ material at Wyoming 1 based on remote sensing data was recently completed (Landloch, 

2021a). Recently captured REIGL terrestrial laser scanner was compared to historical ortho-

rectified imagery from 2014-2020 to calculate erosion rates in alluvium and saprolite layers. 

Historical pit wall elevation data was captured by either an unmanned aerial vehicle or a fixed 

wing aircraft. This enabled dating of each successive bench/berm formation (±6–12 months). In 

addition, a model of the pit face surface from August 2021 was created by a registered surveyor, 

with point cloud elevation data captured using a REIGL terrestrial laser scanner and imagery 

from a real-time kinematic unmanned aerial vehicle. These elevation data have a higher resolution 

than the historical data. 

Erosion rates were derived for the materials by examining the historical aerial imagery and recent 

pit elevation data to quantify the volume of material removed by rill and gully erosion between 

2014-2021. Rainfall records over the same period were compared to the long-term average, and 

the calculated erosion rates were adjusted to reflect the rates that would occur in the long-term. 

A range of erosion rates were calculated on a number of pit faces. 

Erosion rates of materials are based on measurements over a period ranging between 44 months 

(3.7 years) and 68 months (5.7 years). Mean annual erosion rate calculated for alluvium was 

122t/ha/yr, and ranged from 62t.ha/yr to 218t/ha/yr (see Table 5).  

Table 5 
  

Estimated Annual Erosion Rates 

Lithology Plot 
Area  
(m2) 

Annual Erosion Rate 
(t/ha/yr) 

Alluvium All_1A 250 61.9 

All_1B 361 82.0 

All_1C 625 125.8 

All_3 782 217.8 

Source: Landloch (2022) – After Table 3 

 

2.3.2 Predicted Erosion Rates 

Long-term post-treatment annual erosion rates were predicted using erosion modelling. Seven 

trial options were considered (see Section 2.1.2). A combination of WEPP and RUSLE modelling 

was used to predict erosion for each of the trial options. The modelling process for each material 

and treatment is outlined below. 

Control (nil treatment) 

The control treatment consists of a consolidated in situ alluvium surface. Existing erosion rates 

from remote sensing data for the alluvium (Section 2.3.1) are available for 14m high batters at 

40° slope gradient. This data was adjusted using the LS factor within the RUSLE model to predict 

annual erosion for the 20° treatment (Trial Bed 1) and 40° treatment (Trial Bed 6).  
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Topsoil and Vegetation 

Landloch (2022) completed erodibility testing and modelling of the SAR Pit at TGO in December 

2022, with parameters generated for a grass-covered soil. The grass-covered soil was a chromosol 

and sodosol (CH/SO) topsoil with 70% vegetative contact cover (Landloch, 2021b). Erodibility 

parameters were derived from rainfall simulation, overland flow tests, and sediment settling 

column data. Using this data, WEPP was run to predict annual erosion for the topsoil and 

vegetation treatment at 20° (Trial Bed 2) 

Soil/rock Mulch and Vegetation 

Parameters for the soil/rock cover were generated as part of the SAR Pit modelling at TGO 

(Landloch, 2022). WEPP parameters for the CH/SO topsoil without grass cover was used as the 

basis of the ‘soil’ component of the soil/rock cover (Landloch, 2021b). The addition of rock was 

simulated by modifying the critical shear value of the CH/SO topsoil until the material eroded 

within acceptable threshold levels (mean and peak average annual erosion ~5t/ha/y). The 

parameters incorporated a vegetation cover of 30%. WEPP was run to predict annual erosion for 

the soil/rock mulch and vegetation treatment at 20° (Trial Bed 3) 

Fresh Rock 

The fresh rock material represents the fresh lithologies that are durable, slow-weathering, and 

highly resistant to erosion. No specific data was available on this material, but previous 

experience indicates that a rocky batter comprised of durable fresh rock will not be prone to 

erosion. WEPP was run with parameters that assume this material will erode at a very low rate 

(Test Beds 4 and 5) 

Outcomes 

A summary of the trial options, surface treatment and modelled scenario are outlined in Table 6. 

Rates of erosion are based on the mean average rate of erosion for a 100-year simulation period.  

Table 6 
  

Summary of Predicted Modelling Outcomes  

Trial Bed Batter Slope Surface Treatment Modelled material 
Average rate of 
erosion (t/ha/y) 

1 20º Control (nil treatment) Bare alluvium 63-231 

2 20º Topsoil and Vegetation 
(50-70% vegetative cover) 

Grass-covered soil 2-20 

3 20º Soil/rock Mulch and Vegetation 
(30% vegetative cover) 

Soil/rock cover <5 

4 20º Fresh Rock following batter profile Rock only <5 

5 40º Fresh Rock at angle of repose Rock only <5 

6 40º Control (nil treatment) Bare alluvium  55-205 

Source: Landloch (2021a, 2021b and 2022) 

2.3.3 Predicted Factor of Safety 

The design criteria for the Trial Area were provided and approved by Mr Craig Pridmore (TGO 

Geology Manager) and Cornelius Rademeyer (TGO Geotechnical Engineer). The design is 

consistent with remainder of the Northern Ramp, with the exception of the northern section of 

the Northern Ramp where the upper bench slope was laid back to 20º.  
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The design of the Trial Area was reviewed by Ms Lianne McKenzie, Principal Engineering 

Geologist with SMEC (Appendix 2). Ms McKenzie undertook an analysis of the predicted Factor 

of Safety of both the upper batter within the Trial Area and the overall eastern wall of the Northern 

Ramp. That analysis was undertaken using the limit equilibrium Morgenstern-Price method and 

the software SLOPE/W. Based on this methodology, Ms McKenzie stated that the nominal Factor 

of Safety for both the upper bench and the overall eastern wall of the Northern Ramp will 

exceed 1.5. 

Dr Tony Meyers of Rocktest undertook a peer review of the slope stability analysis undertaken 

by SMEC.  That assessment is presented in Appendix 2 and the findings may be summarised as 

follows. 

• Benches within the alluvium in the existing Wyoming 1 Open Cut were cut at 

between 45º and 50º.  This compares with the Trial bed slopes of 20º and 40º.   

• A number of instabilities have affected the existing upper benches, with each 

initiated within the underlying saprolite. 

• The good performance of the existing alluvium at slopes between 45º and 50º 

indicate that the strength parameters assumed at the time were acceptable and that 

the Trial Beds with lower slopes of should perform acceptably. 

• Rocktest undertook stability analysis using proprietary limit-state equilibrium 

software Slide V9.027 (SMEC used the software SLOPE/W) with a range of input 

assumptions derived from prior geotechnical assessments by PSM and SMEC.  That 

assessment determined that the Factor of Safety for the Trial Beds would exceed 

1.4, with Rocktest returning results that were slightly lower than those determined 

by SMEC.  The reasons for this could not be determined within the scope of the 

review. 

• Notwithstanding the above, Rocktest determined that the performances of the trial 

slopes with 20º and 40º slope angles are likely to be acceptable if: 

– overland flows of water can be controlled, 

– the characteristics of the alluvium at the locations of the trials are similar to the 

characteristics at the locations from where the original test samples were 

obtained.  

Rocktest recommended a site geologist familiar with the characteristics of the alluvium should 

confirm that the characteristic of the alluvium within the Northern Ramp are consistent with those 

within the Wyoming 1 Open Cut after the slopes have been excavated and prior to the study 

beginning.  This recommendation has been adopted. 

Rocktest also notes that.  

“Factor of Safety values are just “numbers” derived from a mathematical construct of reality. 

Assuming a value accurately quantify the likelihood of an instability is a delusion. 

Instabilities can, and do, occur in slopes with “acceptable” FoS values. And slopes with 

unacceptable FoS values can, and do, remain stable for the operational life of a pit wall. If 

the risk applicable to slope instability is managed appropriately the consequence of any 

instability can be insignificant and the slope can be functional no matter what its FoS value 

is.” 
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2.4 TRIAL MONITORING METHODOLOGY 

2.4.1.1 Erosion Monitoring Active Trial Area 

Monitoring of erosion within the Trial Beds will be undertaken using a combination of the 

following. 

• High density ground-based LIDAR undertaken at the commencement of the trial 

and annually until the completion of the Trial using the following methodology 

consistent. 

– Data capture of using a ground-based laser scanner to achieve a sample point 

density of 5,000 points/m2, with suitable survey control to ensure consistency 

and compatibility between surveys. 

– Orthophoto imagery captured using real-time kinematic unmanned aerial 

vehicle or similar. 

• Physical monitoring of the 20º sections of Trial Beds 1 to 4 comprising transects to 

record rill development, frequency and depth.  Physical monitoring of the 40º 

sections of Trial Beds 5 and 6 will not occur as slopes are too steep to be safely 

accessed.   

• Physical monitoring of the berms below Trial Beds 1 to 6 for evidence of tunnel 

erosion. 

High density LIDAR surveys will provide a high-resolution digital elevation model of the surface 

of each of the trial beds on the date of the survey. This will be used to estimate the volume of 

material removed through rill/gully erosion throughout the year. The Orthophoto imagery will, 

together with the photographic record, provide an accurate visual estimate of vegetation 

establishment and rill development.  Comparison of the results of subsequent surveys will permit 

estimation of the erosion rate. 

This data will be supported by direct measurements of rill/gully dimensions through the use of 

erosion transects to support the estimations made by ground-based LIDAR methods. It is noted 

that depending on the orientation of the rills compared with the position of the LIDAR survey 

point, and the geometry of the rill itself, LIDAR may underestimate the volume of the rills. 

2.4.1.2 Passive Trial Area 

In August 2021, the Wyoming1 Open Cut was surveyed using ground-based, high-density 

LIDAR.  Selected sections of the Open Cut would be resurveyed at the same time as the Active 

Trial Area is surveyed using the same ground-based, high-density LIDAR techniques.  This will 

permit monitoring of the benched slopes within the Passive Survey Area to be monitored over 

the life of the Trial, with the results to be compared with the results of each of the Trial Beds.   

2.4.1.3 Photographic Monitoring 

In addition to the above, the Active and Passive Trial Areas will be subjected to photographic 

monitoring at least quarterly or following rainfall of more than 24mm in 24-hours, with 

photographs to be taken from the same location each quarter and presented in the Annual Review. 
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2.4.1.4 Meteorological Monitoring 

The Company will continue to monitor rainfall totals and rainfall intensities within the TGO Mine 

Site using the existing meteorological station. In addition, a tipping bucket rain gauge will be 

installed in the vicinity of the Active Trial Area. 

2.4.2 Geotechnical Stability Monitoring 

2.4.2.1 Internal Monitoring 

The document Open Cut Ground & Strata Principal Control Plan describes the Company’s 

geotechnical stability monitoring procedures, including those that apply to the Wyoming 1 Open 

Cut. In summary, geotechnical stability monitoring of the Wyoming 1 Open Cut includes the 

following.  Each of these monitoring techniques would be routinely applied to the Northern Ramp 

and the Trial Beds. 

Visual monitoring  

Visual inspection of pit walls by fortnightly or weekly monitoring walkover survey along the pit 

crest and accessible berms is undertaken by competent and experienced personnel. The 

information in relation to the following is recorded on an inspection checklist. 

• Any cracks or instability are marked in the field, directly onto a current survey plan 

and spray painted and photographed to record extent. 

• If cracks or unstable areas are observed survey pick up is arranged. 

• If significant areas of ponded water are observed within the immediate perimeter of 

pit crests, then those areas are regraded. 

Prisms 

Prisms have been installed on the crest of the open cut and individual berms in alluvial, saprolite 

and fresh rock. Prisms are survey monitored weekly.  Figure 3 presents the locations of existing 

prisms within the Open Cut, and Figure 5 presents the anticipated location of prisms within the 

Northern Ramp, noting that the final locations will be determined once the Ramp has been 

completed.  The results of the prism monitoring program, including within the Trial Plan Area, 

will continue to be reviewed by an external geotechnical expert 6-monthly. 

Photographic Records  

Photographs of selected sections of the Open Cut are taken monthly to record and compare the 

appearance of those areas over time. The Trial Beds will be included in the photographic 

monitoring program, with photographs taken monthly. 

Survey Control 

The following features are routinely assessed by site surveyors, indicatively monthly, with 

changes or unexpected movement escalated to site management. 

• Crack monitoring. 

• Batter, toe and ramp locations. 

• Size and extent of pit wall failures. 
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All monitoring data is stored in a documented location on the TGO server and routinely analysed 

and reported.  

2.4.2.2 External Monitoring 

The Company has engaged a third party to undertake detailed interferometric synthetic aperture 

radar (InSAR) monitoring of all open cuts within the TGO Mine Site.  InSAR monitoring is a 

precise and cost-effective satellite-based monitoring technique for quantifying ground 

movement.   The system uses the difference in radar signals between individual flyovers to detect 

movements over time. The system can detect differences in ground elevation as small as 3mm to 

5mm between flyovers with a data density far greater than the existing prism network.  Currently 

the TGO Mine Site is surveyed every 11 to 22 days. 

The InSAR system allows for the identification of areas where slow/minor geotechnical 

movement may be occurring to assist in identification of at risk area of the Open Cuts, including 

the Wyoming 1 Northern Ramp.  

2.5 REPORTING 

2.5.1 Technical Reporting 

Technical reporting will be undertaken as part of ongoing data collection and assessment. A brief 

report will be produced following establishment of the Trial Beds and following each annual 

monitoring event and included as an appendix to the Annual Review.  

The report will collate the following in relation to erosion monitoring. 

• Results of the LIDAR survey and erosion transect data. 

• Rainfall totals and intensities. 

• Estimates of annual erosion for each Trial Bed and passive trial area. 

• A description of the performance of each of the Trial Beds and passive trial areas 

during the year. 

The report will also collate the following in relation to geotechnical monitoring. 

• A summary of the results of fortnightly or weekly visual monitoring programs. 

• A summary of the results of 6-monthly external analysis of the prism monitoring 

data, with the external reports appended to the annual report. 

• A collation of photographs taken throughout the Reporting Period, together with a 

discussion of any changes evident in the photographs. 

•  An analysis of the InSAR monitoring results for the Reporting Period, together 

with a discussion of any trends or significant observations arising from that 

program. 
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Monitoring will be undertaken until it is determined in consultation with the Department of 

Planning and Environment that the Trial is no longer required, or the Northern Ramp is backfilled.  

At conclusion of the Trial, a final report will be prepared that summarises the overall performance 

of the erosion plots for the duration of the trial, including an interpretation of the differences in 

erosion performance between each treatment type.  

2.5.2 Trial Evaluation Report 

A Trial Evaluation Report will be submitted to DPE within 12 months of commencing 

underground mine truck haulage on the Northern Ramp in accordance with Condition 56 of 

MP 09_0155.  

2.5.3 Annual Reporting 

In accordance with Condition 58 of MP 09_1055, the Company will include a summary of 

ongoing outcomes of the Trial in the Annual Review.  

2.6 TRIAL SCHEDULE 

2.6.1 Erosion Trial 

Table 7 presented an indicative schedule for the erosion monitoring program. 

Table 7 
  

Indicative Erosion Trial Schedule 
Page 1 of 2 

Stage Step  Action  Timeframe 

Trial setup 

Construction Soil/rock mulch 
testing 

Conduct erodibility testing on soil/rock mulch 
mixes to determine optimal mix for use in 
trial 

Weeks 1 to 8 

Preparation Prepare sufficient volume of soil/rock mulch 
for Trial Bed 3 and stockpile sufficient 
volume of soil for Trial Bed 2 and rock for 
Trial Beds 4 and 5 

Weeks 9 to 12 

Shaping Prepare Active Trial Area and Trial Beds Weeks 9 to 12 

Establishment Apply identified surface treatments to each 
trial bed. 

Apply identified crest to bund treatment 

Weeks 13 to 16 

Trial Operation  

Monitoring LIDAR data Collection of ground-based high resolution 
LIDAR data 

Week 17 then 
annually thereafter  

Erosion transects Inspect Trial Beds  Post 
establishment 
then annually 
thereafter  

Photographic 
monitoring 

Take photographs from fixed locations Post 
establishment 
then quarterly 
thereafter 
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Table 7 (Cont’d) 
  

Indicative Erosion Trial Schedule 
Page 2 of 2 

Stage Step  Action  Timeframe 

Trial Operation (Cont’d) 

Reporting Trial Evaluation 
Report 

Prepare report in accordance with Condition 
56 of MP 09_0155. 

within 12 months 
of commencing 
underground mine 
truck haulage on 
the Northern 
Ramp 

Annual reporting Prepare Annual Report for inclusion in the 
Annual Review 

Annually prior to 
finalisation of the 
Annual Review 

Trial Completion  

Decommissioning Reporting Provide final report that summarises annual 
reports and key outcomes from the trial. 

8 weeks 

 

2.6.2 Geotechnical Stability Monitoring 

Geotechnical stability monitoring will commence as soon as practicable after the Trial Beds are 

constructed and will continue for the life of the Trial.  
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3. T R I G GE R  A C TI ON  R ES PO N SE  P L A N  

Table 8 presents a Trigger Action Response Plan for the Trial.  In the event that any of these 

triggers are achieved, the Department of Planning and Environment and Resources Regulator 

would be notified and consulted in relation to the investigations and remedial actions to be 

undertaken. 

Table 8 
  

Trigger Action Response Plan 

Component Trigger Action Response 

General condition Inspection identifies high 
likelihood of damage to 
Trial from adjacent slope 
failure or erosion.  

Undertake geotechnical 
investigation of slope 
stability to identify 
potential remedial action. 

Apply remedial action if 
required. Adjust 
monitoring frequency as 
required.  

Inspection identifies 
damage to or failure of 
Trial Beds. 

Undertake investigation of 
Trial Area and surrounds 
to identify mode of failure 
and extent of damage.  

Assess impact of 
failure/damage to the Trial 
Area. If required, establish 
additional protection 
mechanisms and/or 
replacement Trial Beds at 
other locations if 
available.  

Surface water 
infrastructure, 
including 
windrow/bunding 

Signs of increased 
erosion rates from 
unexpected runoff or 
water ingress.  

Undertake investigation of 
Trial Area and surrounds 
to identify source of 
erosion and potential risk 
to Trial.  

Repair infrastructure as 
required. Install additional 
infrastructure if required.  

Vegetation cover Ground cover percentage 
is less than the 70% 
ground coverage target. 

Undertake investigation to 
identify potential source of 
failure (e.g. climate, soil 
characteristics, vehicles, 
pest, etc) 

Undertake remedial action 
as required, including but 
not limited to infill 
planting/fertiliser 
application/additional 
infrastructure, etc. 

Damage to 
monitoring 
locations 

Damage or loss of long-
term monitoring locations 
negatively impacts Trial 
data collection and 
assessment.   

Consult with specialists to 
determine impacts of 
occurrence.  

Repair or re-locate 
monitoring locations if 
possible. Increase 
monitoring locations to 
provide redundancy.  
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4. R E F E RE N C ES  

Landloch (2021a) – Tomingley Gold Operations Project Wyoming 1 Open Cut and SAR North 

Pit Voids - Assessment of Long-term Stability to Erosion presented as Appendix 7 of the 

TGEP EIS. 

Landloch (2021b) – Tomingley Gold Extension Project Landform Design San Antonio and 

Roswell Waste Rock Emplacement - Erodibility Testing and Modelling presented as 

Appendix 12 of the TGEP EIS. 

Landloch (2022) – Tomingley Gold Operations Project Wyoming 1 Open Cut and SAR North Pit 

Voids - Assessment of Long-term Stability to Erosion - Addendum: Wyoming 1 Open Cut 

- Additional SIBERIA modelling.  

Pells Sullivan Meynink (PSM) (2016) – Tomingley Gold Operations Pty Ltd Mine Closure 

Geotechnical Advice. 
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Resources Regulator 
Department of Regional NSW 
 

 

Ref. MAAG0015429    RDOC23/9650 
516 High Street  
Maitland NSW 2320 resourcesregulator.nsw.gov.au 1 

  

30th January 2023 

 
 

Michael Fake 
RWCorkery & Co 

 
Via: Major Projects Portal 

 

 

Dear Michael,   

 

I refer to the Tomingley Gold – Post Approval Consultation MOD 7 – Geotechnical Stability and 
Erosion Report submitted to the Resources Regulator on 11/1/2023 (MP09_0155-PA-26). 

 

The Regulator notes the request and will consult with the proponent regarding the Geotechnical 
and Erosional stability trial as part of its regulatory oversight of Tomingley Gold Mine. 

 

CONTACT 

Should you require any further information or clarification, please contact the Regulator on  

1300 814 609 (Press Option 2 Press Option 5) or email nswresourcesregulator@service-now.com. 

  

Yours sincerely, 

 

Matthew Newton 
 

Principal Inspector Environment and Rehabilitation Operations 

Resources Regulator 

https://www.regional.nsw.gov.au/
mailto:nswresourcesregulator@service-now.com
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Hannah Moller

From: Matthew Newton <matthew.newton@regional.nsw.gov.au>
Sent: Friday, 24 February 2023 11:47 AM
To: Mitchell Bland
Cc: Steve O'Donoghue; Gen Lucas; Chris Rudens
Subject: Tomingley draft erosion and geotech trial review

Dear Mitchell, 
 
Based on a review of the Tomingley Draft Erosion and Geotechnical Trial Plan, the Regulator provides the following 
comments: 
 
1. Lianne McKenzie is not considered to be an "independent geotechnical expert" to undertake a peer review 
(Condition 55 (a))  considering her involvement for slope stability analysis for TGOs pit designs with both SMEC and 
previous companies she has worked for.  
2. To make the best use of the trial for consideration of potential final void construction in SARs pits, consideration 
of the following: 

a. Location of trial plots in both alluvium and Saprolite geology. Although the excavation for the northern 
ramp is located in the alluvium, areas with exposed saprolite suitable for trial plots could be made available 
at lower depths in the pit where this material is intercepted i.e. where the existing ramp is currently located 
which will be made redundant when the northern ramp is constructed. 
b. Expansion of the trail to include slope angles in addition to 20 degrees and 40 degrees. Ideally, additional 
slope angles that allow the practical placement of erosion treatments should be selected. 
c. Expansion of the trial to include benched slopes.  Noting that benched slopes are proposed in the final 
landform and tunnel erosion is more likely to initiate from surface water movement over benches.  

 
3. The thickness and specification of the soil/rock mulch and revegetation trial option should be nominated in the 
trial plan. If optimum thickness and mix ratio has not been determined, this can be incorporated into the trial by 
additional trial areas/beds incorporating different thickness/mixing ratios. 
 
The above comments will be forwarded to DPE as part of the Regulator’s formal response. As such it is 
recommended that these issues be discussed as a subsequent meeting with DPE and the Regulator. 
 
Regards 
 
 
Matthew Newton 
Principal Inspector Environment & Rehabilitation Operations 
Resources Regulator 
516 High Street  |  Maitland NSW 2320 
PO Box 344 | Hunter Regional Mail Centre NSW 2310 
T 02 4063 6444   M 0418 739 611 
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To help protect your privacy, Microsoft Office prevented automatic download of this picture from the Internet.

 
 
The Department of Regional New South Wales acknowledges that it stands on Country which always was and always will be 
Aboriginal land. We acknowledge the Traditional Custodians of the land and waters, and we show our respect for Elders past, 
present and emerging. We are committed to providing places in which Aboriginal people are included socially, culturally and 
economically through thoughtful and collaborative approaches to our work.  
 
 
 

----------------------------------------------------------------------------------------------------------------------------------------------------------
------------ 
This email is intended for the addressee(s) named and may contain confidential and/or privileged information.  
If you are not the intended recipient, please notify the sender and then delete it immediately. 
Any views expressed in this email are those of the individual sender except where the sender expressly and with 
authority states them to be the views of the Department of Regional NSW. 

PLEASE CONSIDER THE ENVIRONMENT BEFORE PRINTING THIS EMAIL 

CAUTION: This email originated from outside our organization. Do not click links or open attachments 
unless you know the sender and are expecting this email. If you are unsure please contact the sender or 
Diamond IT to verify. 
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Department of Regional NSW 
 

 

Ref. MAAG0015827   RDOC23/82432 
516 High Street  
Maitland NSW 2320 resourcesregulator.nsw.gov.au 1 

  

Wednesday 5th April 2023 

 
 

Gen Lucas 
Department of Planning an Environment 
GPO Box 39, Sydney NSW 2001 
Email: gen.lucas@planning.nsw.gov.au 
 

 
Via: Major Projects Portal 

 

 

Dear Gen,   

 

I refer to the Tomingley Gold Project – Post Approval Geotechnical Stability & Erosion Plan 
submitted to the Resources Regulator on 30th March 2023 (MP09-0155-PA-26). 

 

The Resources Regulator provided comments on the previous version of this plan dated February 
2023.  Tomingley Gold Operations (TGO) has provided a response to each of the points raised in our 
referral to the previous submission in our email dated 24 February 2024.  

This information is summarised in Table 2 Consultation Summary - NSW Resources Regulator.  

 

Our comment for the updated plan is as follows: 

It is noted that Dr Tony Meyers (Rocktest) has now been engaged as the independent peer reviewer. 
It is also noted that Dr Meyers has not undertaken his own assessment of the existing slope stability 
of the trial area, which is required under condition (e) of the DPE plan requirements "provide an 
estimate Factor of Safety for geotechnical stability". TGO appear to be rely on Ms McKenzies 
assessment that all trial slopes exceed a FoS of 1.5. Dr Meyers assessment in Attachment 2 states " 
Ascertaining the minimum FoS applicable to 20 deg and 40 deg slopes in the alluvium was not in the 
scope of this report". Considering our previous concerns raised in February 2023 regarding the 
independence of Ms McKenzie as the peer reviewer, it is recommended that Dr Meyer undertakes 
his own peer review assessment of the slope stability analysis of the trail area landform rather than 
rely upon the one undertaken by Ms McKenzie.  

 

https://www.regional.nsw.gov.au/
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With regards to the selection of landforms to be included in the trial, the Resources Regulator 
contends that the trail should be expanded to include additional slope angles as well as benched 
slopes. This will ensure that the most benefit is achieved from the trial, covering various landforms 
aligned to those already utilised at Tomingley. 

 

LIMITATIONS 
It should be noted that the Resources Regulator does not provide any endorsement of the 
proposed rehabilitation methodologies presented in the plans provided. Under the conditions of a 
mining authorisation granted under the Mining Act 1992, the Resources Regulator requires the 
holder to adopt a risk-based approach to achieving the required rehabilitation outcomes.  
 
The applicability of the controls to achieve effective and sustainable rehabilitation is to be 
determined based on site-specific risk assessments conducted by the authorisation holder. An 
authorisation holder may also be directed by the Resources Regulator to implement further risk 
control measures required to achieve effective rehabilitation outcomes during the life of the mine. 
 
 

BACKGROUND 
The Mining Act Inspectorate within the Resources Regulator undertake risk-based compliance and 
enforcement activities in relation to obligations under the Mining Act 1992. This includes 
undertaking assessment and compliance activities in relation to mine rehabilitation activities and 
determination of security deposits. To ensure consistency, the Regulator requests the opportunity 
to review a copy of the draft development consent prior to any approval of the project. 
 
The Mine Safety Inspectorate within the Resources Regulator is responsible for ensuring the mine 
operators’ compliance with the Work Health and Safety (WHS) legislation, in particular the effective 
management of risks associated with the principal hazards as specified in the Work Health and 
Safety (Mines and Petroleum Sites) Regulation 2014. 
 
CONTACT 
Should you require any further information or clarification, please contact the Regulator on  
1300 814 609 (Press Option 2 Press Option 5) or email nswresourcesregulator@service-now.com. 
  

Yours sincerely, 

 

Peter Day 
 

Executive Director 

Resources Regulator 

https://www.regional.nsw.gov.au/
mailto:nswresourcesregulator@service-now.com


Department of Planning and Environment

4 Parramatta Square, 12 Darcy Street, Parramatta NSW 2150 | Locked Bag 5022, Parramatta NSW 2124 | dpie.nsw .gov.au | 1

Mr Mitchell Bland
Principal/Managing Director
RW Corkery & Co
By email: Mitchell@rwcorkery.com

13 April 2023

Dear Mr Bland
Tomingley Gold Project (09_0155)

Geotechnical Stability and Erosion Trial Plan - Request for Additional Information

I refer to the Geotechnical Stability and Erosion Trial Plan submitted to the Department for the above
project. 

The Department is requesting that you provide additional information, as detailed in Attachment A. The
Resources Regulator has also provided advice on the plan for your consideration (Attachment B).

If you have any questions, please contact me on (02) 9274 6489 or Gen.Lucas@planning.nsw.gov.au.

Yours sincerely

Gen Lucas
Team Leader – Resource Assessments

mailto:Mitchell@rwcorkery.com


Attachment A 

Condition Satisfactory Reference Comment 

55. The Applicant must prepare a Geotechnical Stability and Erosion 
Trial Plan, to the satisfaction of the Secretary. This Plan must: 

   

(a) include a peer review of the trial plan by independent 
geotechnical and erosion experts; 

Partial Appendix 2 The Department notes that Dr Tony Meyers was 
engaged to provide an independent peer review of the 
trial plan. Resources Regulator has requested Dr Meyers 
provide his own peer review assessment of the trial area 
slope stability analysis (see attached). 

(b) be prepared in consultation with the Resources Regulator; Partial Appendix 1 
and 
attached 

See latest comments from Resources Regulator 
(attached) 

(c) propose a variety of options to be implemented within the trial 
area to evaluate the geotechnical and erosional stability of the 
ramp walls, including a range of wall slopes and erosion 
controls, including the design requirements presented in Table 
10; 

Partial 2.1 Resources Regulator has requested the inclusion of 
additional slope angles and benching within the trial plan 
design options. The Department requests that the 
company carefully consider this matter and will arrange a 
meeting with the Resources Regulator to discuss.  

(d) identify the area/s where the trial will be established, including a 
figure that illustrates the location of each trial option; 

Yes Figure 5 -  

(e) for each trial option:    

(i) provide baseline data on the behaviour of exposed in situ 
material, including measured erosion rates; 

Yes 2.3.1 - 

(ii) identify the proposed wall slope, including justification; Partial 2.1.3.2 See comments from Resources Regulator 

(iii) identify the proposed erosion controls/treatments, 
including material composition, application methods and 
details of surface water drainage and control measures; 

Yes 
 

2.2 The Department notes that soil / mulch material 
composition will be specified prior to the commencement 
of the trial.  

(iv) provide estimated erosion rates following the application 
of erosion controls; 

Yes 2.3.2 - 

(v) provide an estimated Factor of Safety for geotechnical 
stability; 

Partial 2.3.3 See comments from Resources Regulator 

(f) include a schedule for the implementation of all trial options; Yes 2.6 - 

(g) include a monitoring program that evaluates the geotechnical 
stability and erosion rates of each trial option, including: 

Partial 2.4 and 2.5 Section 2.5.1.1 identifies a monitoring period of 5 years. 
It is unclear why this period has been specified. The 
Department considers that the trial should be ongoing 
until it is agreed that it is no longer required. 
 

Section 2.5.1.1 is specific about what erosion monitoring 
will be reported on in the Annual Review. Please update 
section 2.5.1.2 to also specify what geotechnical stability 
monitoring will be reported on in the Annual Review.  



Condition Satisfactory Reference Comment 

(i) details of the proposed monitoring techniques and 
associated monitoring frequency to assess the 
geotechnical and erosional stability. This must include 
monitoring of areas adjacent to the Northern Ramp to 
assess the potential instability issues outside of the ramp 
area; 

Partial 2.4 2.4.1.3 What would constitute a significant rainfall event 
that would trigger additional photographic monitoring? 
 
2.4.2.1 – Please can this section be more specific to the 
trial area? ie What prisms are in place in relation to the 
trial area? How will photographic records monitoring be 
applied in relation to the trial area? 
What is the frequency of surveying in relation to the trial 
area? 

(ii) a comparison of erosion rates to baseline and predicted 
levels; and 

Yes 2.4 - 

(iii) a trigger action response plan. N Table 8 The Department requests that the TARP is expanded to 
be more specific and measurable.  
For example, triggers should indicate what constitutes 
trial bed damage or failure, the signs of increased 
erosion, the target ground cover percentage etc.  
Actions should specify what remedial activities could be 
undertaken, potential additional protection mechanisms 
etc. 
All components should also specify when the Department 
and Resources Regulator would be notified. 
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This Memorandum is confidential and is intended for the addressee only.  
If you have received this Memorandum in error, please contact the sender. Page 1 of 5 

 

 

Memorandum 

To Daniel Short (Tomingley Gold Operations) and Mitchell 
Bland (R.W. Corkery & Co.)  

Date 16 January 2023 

From Lianne McKenzie, Principal Engineering Geologist No. of pages 5 

Reference 30013226-GEO-MEM-003 A 

Subject Wyoming One Northern Ramp – Advice to support the development of the Geotechnical Stability and 
Erosion Trial Plan 

 

1. Introduction and Scope 
This memorandum (memo) provides geotechnical advice to Tomingley Gold Operations Pty Ltd (TGO) to support the 
development of a Geotechnical Stability and Erosion Trial Plan (Plan) for the proposed Wyoming One Northern Ramp.  
TGO are required to develop the Plan to satisfy the NSW Government Department of Planning and Environment 
Modification of Project Approval MP09_0155 dated 22 December 2022. 

This memo provides advice relevant to Schedule 2 Item #55, “This Plan must: (e) for each trail option provide an 
estimated Factor of Safety for geotechnical stability”. 

TGO provided the proposed Wyoming One Northern Ramp Design designated as wy1_v15. 

2. Location of the Erosional Trials  
Erosional trials are proposed on the upper batter of the east wall of the ramp.  Two distinct trial areas are shown as 
the area shaded yellow and green in Figure 1 below.   

The trial area shaded yellow (designated as Trial Area #1 in this memo) consists of TGOs proposed Option 1 to 
Option 4.  Trial Area #1 has a batter height of 15m, a batter angle of 20˚ and a length of 120 m. 

The trial area shaded green (designated as Trial Area #2 in this memo), consists of TGOs proposed Option 5 and 
Option 6.  Trial Area #2 has a batter height of 15m, a batter angle of 40˚ and a length of 60 m. 
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Figure 1: Location of the erosional trials (yellow and green shaded areas) on the proposed Wyomning One Northern Ramp 

3. Estimated Factor of Safety 
To assess a Factor of Safety (FOS) for the trail walls, SMEC completed stability analyses using the limit equilibrium 
Morgenstern-Price method and the software SLOPE/W.  

Analyses were undertaken for typical cross sections through each trial area.     

Based on the TGO geological model, the east wall and the trial batter slopes will expose alluvium.  The groundwater 
table is anticipated to be either within the weathered rock or deeper due to drawdown.      

Analyses adopted material strength parameters consistent with those adopted in previous analyses completed to 
assess the stability of the proposed new ramp1.  The analyses assumed a circular mode of failure through the alluvium.  
Observational evidence indicates that this mode of failure is appropriate for the alluvium.  No water table was 
adopted.   

The results from the analyses are presented in Attachment 1.  They indicate that the nominal FOS for the upper batter 
exceeds 1.5.  They also indicated that the nominal FOS at overall scale for the east wall exceeds 1.5. 

Yours sincerely, 

                                            

Lianne McKenzie 
Principal Engineering Geologist   

 
1 SMEC Report, Geotechnical Review of Proposed New Ramp in Wyoming One Pit, dated 28 March 2022 and an email to TGO dated 10 September 
2022 
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Attachment 1 

Results of SLOPE/W Analyses 
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Figure 2: Results of SLOPE/W analysis for Trial Area #1 presenting the nominal FOS for the upper batter only  

 

 

Figure 3: Results of SLOPE/W analysis for Trial Area #1 presenting the nominal FOS for the eastern wall 
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Figure 4: Results of SLOPE/W analysis for Trial Area #2 presenting the nominal FOS for the upper batter only 

 

 

Figure 5: Results of SLOPE/W analysis for Trial Area #2 presenting the nominal FOS for the eastern wall 

 

 

 



 

DAVID FREEBAIRN 
Agricultural and Environmental Analyst  

B Sc Agric, M Sc Agric, Ph.D 

14 Granville St, Wilston, 4051 Qld 

PEER REVIEW - PROPOSED EROSION ASSESSMENT METHODOLOGY (LANDLOCH) 

 

To whom it may concern, 

I have reviewed the Erosion assessment methodology as outlined in the Tomingley Gold Project, 
Geotechnical stability and erosion trial plan, State Significant Development MP 09_0155 document and 
related literature with a focus on the proposed erosion assessment methodology. 

Preliminary assessments using detailed surveys, Lidar and topographic assessments have provided 
estimates of erosion that were used to tune erosion models (WEPP and Siberia). These tuned models have 
then been used to estimate erosion rates from the proposed treatments. These model estimates set up a 
useful hypothesis for what might be expected to occur on the test plots. Additionally, models allow estimates 
of erosion to escape the time sampling trap where observations are generally biased by either wetter or 
drier than average sample periods. 

Similar methodology using remote and proximal topographic survey is sound in that detection of treatment 
differences and absolute estimates of erosion rates should be within errors expected in field studies, with 
support from tested simulation models. When accompanied by detailed observation of site and soil 
conditions, this approach provides pragmatic estimates of erosion rates. Due to natural weather variability, 
monitoring over 3-5 years seems a reasonable duration as this will allow for material consolidation and 
vegetation establishment. 

The proposal indicates annual assessments of erosion using elevation changes. It may be more efficient 
to base observation points in time on what the weather brings to the site. For example, little value in 
evaluation between dates where rainfall is either low or there is no observable erosion. Also, initial 
consolidation needs to be considered. 

It is commendable that the proposed field measurements are associated with model assessments prior to 
and as part of the study and highlights the necessity of modelling processes such as erosion which are 
characterised by a few large events over years and decades. 

It was of interest that any assessment of erosion in this proposals context (water and sediment running into 
a void) is moot beyond some support for geotechnical stability assessments. 

This assessment is based on my professional experience over 40 years as a practicing soil conservationist 
with the Queensland Government and subsequent environmental consulting. I have implemented 
significant innovations into Australia’s study of hydrology and erosion as well as development of models to 
support such assessments (Curriculum Vitae attached). 

 

David M Freebairn  20/03/2023 

 



 

DAVID FREEBAIRN 
Agricultural and Environmental Analyst  

B Sc Agric (Hons), Sydney University 

M Sc Agric, Sydney University 

Ph.D, University of Minnesota 

SUMMARY OF EXPERIENCE 

David has 40 years’ experience in developing solutions in soil and water management for the agriculture and energy 
sectors. He brings a depth of analytic and management skills to problem solving, leading to pragmatic solutions for 
clients. He plays a critical role in research directions in Australia’s cropping systems and water quality assessment 
capability and development of decision support tools to harness high level analysis to benefit the broader group of 
decision makers involved in land use and management.  

David’s skills in assessing water flows and associated sediment and solutes have developed from 3 decades of field 
studies of hydrology, erosion and chemical movement in a range of crop and pasture systems. David was integral in 
the development of the PERFECT, APSIM and Howleaky? models which are used widely across Australia. Howleaky? 
is the most developed paddock scale hydrology and water quality model in Australia and is one of the Queensland 
Government’s primary analysis tool for the Great Barrier Reef initiative to improve water quality. David has reviewed 
the Queensland Government’s water quality monitoring and modelling programs as well as projects in India, China, 
Bangladesh and South Africa. 

David has lead research and change management projects in soil management, hydrology, soil erosion, agricultural 
production and water quality assessment. Clients include the Australian and Queensland Governments, rural 
research and development corporations and private corporations. 

David is experienced in the assessment of agricultural land capability including: flood risk, strategic analysis of 
agricultural sector investment, water quality implications of land use and management change, climate change 
implications, linear infrastructure risk assessment and impacts of irrigation on water balance, water and soil quality. 

David has published ~100 scientific journal papers and book chapters and numerous extension articles for land 
managers, with his research cited >6,000 times. 

David is passionate about better management and synthesis of data from disparate research studies and has produced 
accessible data collections for land managers, modellers and catchment communities.  

David’s project experience in land and water management include: design of small catchment studies dealing with 
hydrology and water quality; data management and interpretation; beneficial water use systems; and strategic. land 
development impact assessment. 

SELECTED PROJECT EXPERIENCE 

§ Design and implimentation of long term hydrology/water quality studies-Qld Govt.: Three long-term field 
studies of soil management impacts on water balance, water quality and productivity –benchmark datasets. 

§ Develop computer simulation capacity for water balance, water quality and agricultural productivity-Qld 
Govt.: Development and management of models PERFECT, ApSim and Howleaky?, all widely used across 
Australia.  

§ Water quality changes associated with GM agriculture, irrigation development, climate change – Aust. Govt., 
2009; Burnett Mary NRM 2008, Sunwater 2016: Impact of climate change on soil and water resources 
including coastal and wetland systems.  

§ Strategic direction for rural research investment– Queensland Government, Grain and Cotton Research and 
Development Corporations:  Strategic analysis of research needs. 

§ Data management system design – Queensland Government: Design of corporate research data management 
systems for multiple organisation use.  

 



§ Beneficial Use of CSG production water– QGC, Origin Energy, Santos: System design, impact assessment 
focusing on water balance and soil quality.  

§ Land use capability and erosion risk assessment – Qld. Govt., Peanut Company of Australia, Condamine 
Alliance NRM, Origin Energy, EPIC Energy,: Risk assessment and erosion control measures.   

§ Climate risk decision support development –MCVP and GRDC: Decision support and information delivery 
systems, including climate analysis Apps and web pages and water balance and water quality simulation 
models to integrate research from a range of disciplines.  
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15 March 2023 
 
Mitchell Bland 
Principal Managing Director 
R W Corkery & Co. 
Mitchell@rwcorkery.com 
 
Dear Sir, 
 
GEOTECHNICAL STABILITY AND EROSION TRIAL PLAN: INDEPENDENT 
GEOTECHNICAL ASSESSMENT  
 
This report discusses geotechnical aspects of a study to be undertaken at Alkane Resources Ltd.’s. 
Tomingley Gold Operation (TGO). It is provided at the request1 of M. Bland of RW Corkery and Co. (RWC) 
following a requirement2 of the NSW Resources Regulator for an independent review of the geotechnical 
aspects of the study. Details of the study are outlined in document reference 616/593 provided to this office 
by RWC. 

This report was prepared by Tony Meyers. Dr Meyers provided technical advice to TGO in January 2022 in 
regard to a specific hazard in rocks on the west wall of the Caloma 1 pit. He has not been involved with issue 
regarding the characteristics or performances of the cover alluviums in any pit. He has not been involved 
with the design of any production or final wall in any pit or the general performances of these walls. He has 
had no other involvement with TGO or Alkane Resources. On these bases he is independent for the purpose 
of this study. A statement of competence is included in Appendix 1. 

Purpose of the Study 

The study aims to assess the geotechnical performances of six sections of a slope during a 5 year period. The 
sections are referred to as trial beds (“beds”). 

Details of the Study 

The six beds are to be located on the western slope adjacent to the northern ramp in the Wyoming 1 pit. 
• Four of the beds will have 20o slope angles and vertical heights of 13m4. They will have widths ranging 

from 60m to 75m and down slope lengths of 38m. 

 
1
 Phone call and email from M, Bland to T. Meyers on March 1, 2023. 

2
 Condition Number 55 Clause a) The Applicant must prepare a Geotechnical Stability and Erosion Trial Plan, to the satisfaction of 

the Secretary. This Plan must include a peer review of the trial plan by independent geotechnical and erosion experts. 
3
 Tomingley Gold Operation Geotechnical Stability and Erosion Trial Plan for the Tomingley Gold Project Wyoming 1 Northern 

ramp. Dated March 2023. 
4
 All lengths in this report are approximate. Their accuracy is sufficient for the purpose of the report. 

Rocktest 
Rock Engineering Consultants 

ABN 51 760 370 906 
46 Hastings Street 
Glenelg South SA 5045 
P +61 (0)412 903 222 
E tony@rocktest.com.au 
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• Two of the beds will have 40o slope angles and vertical heights ranging from 13m to 15m. They will 
have widths ranging from 98m to 105m and down slope lengths ranging from 20m to 23m. 

No bed will be benched. 

All beds will be excavated in Quaternary and Tertiary-age alluviums. The engineering characteristics of 
these soils are different. 
• The Quaternary alluvium comprises brown, pale grey clays with variable amounts of sand and gravel, 

mainly low plasticity and very stiff to hard consistency. 

• The Tertiary alluvium beneath the Quaternary alluvium comprises grey clays with variable amounts of 
sand and gravel, medium and high plasticity and very stiff to hard consistency. 

Surface treatments on the beds are listed in Table 1. The various treatments will enable differential erosion to 
be assessed. This aspect of the study is not considered specifically in this document. Only aspects relevant to 
the geotechnical performances of the slopes are discussed.  
 

Table 1. Surface treatment characteristics. 

Trial Bed Slope angle Surface treatment Thickness 

1 20o Control (no treatment) Not applicable 
2 20o Topsoil and vegetation Uniform 
3 20o Soil/rock mulch and vegetation Uniform 
4 20o Fresh ROM rocks Uniform 
5 40o Fresh ROM rocks Angle of repose i.e., 36o to 39o with a 

minimum thickness of 1m 
6 40o Control (no treatment) Not applicable 

 

Comments on Geotechnical Issues 

• In general, a well conducted and rigorous field study can provide information about the performance of a 
slope that cannot practically be determined otherwise e.g., numerical modelling. In this study, the results 
could enable the relative performances of slopes excavated at 20o and 40o at similar locations, in similar 
materials and at the same depths, as the study to be compared. For this reasons, the study is worthwhile. 

• However, the results of the study will not necessarily inform the performances of slopes in alluvium 
elsewhere on the site as there are invariably variabilities across the site in, but not limited to, 
 the engineering characteristics of the Quaternary and Tertiary age alluviums, including mineralogy, 

grading, plasticity, moisture content, and unit weight, and changes in these characteristics over time, 
 the relative depths and thicknesses of Quaternary and Tertiary age alluviums, 
 the characteristics of overland water flows, 
 the in-situ stress conditions, which are influenced by depth and the historical stress history, 
 the external loads (static and dynamic) that are applied to and behind the slopes, 
 any internal and external reinforcement (e.g., vegetation cover, tree roots, rock floaters etc.). 

• The results will not inform how slopes of heights different to the heights listed in Table 1 will perform; 
typically, the higher the slope, the lower its stability. 

• The results of the study will not inform how slopes anywhere on the site will perform during the long-
term as the characteristics of the climate over that period, particularly periodic wetting and drying, will 
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be different from the characteristics during the study. Instability triggering events may also be different, 
particularly extreme rainfall events and earthquakes. 

• The study aims to ascertain the performances of 20o and 40o slopes and their comparative performances. 
These performances will be deemed to be acceptable or unacceptable. Doing so requires defining what 
constitutes “acceptability”. All slopes degrade during the long-term5 hence degradation is not a useful 
measure of acceptability. Acceptability typically implies: 
 deformation of the slope does not result in the geotechnical risk applicable to persons and/or the 

environment during the long-term becoming unacceptable, 
 the deformation is very slow or 
 the deformation is at a rate that is sufficiently slow to enable any unacceptable increase in risk to be 

safely and efficiently mitigated. 

The definition of acceptability in the current study is unclear. For example, assume the crest of a 15m 
high, 40o, slope retreats by 2m during the long-term as in-situ soil strength degradation reduces the slope 
angle to 37o. Doing so will result in deposition of 15m3/m of soil on the underlying 14m wide lower 
berm. The mobilised soil will be retained on the berm6 even if the soil has a low angle of repose of 20o. 
Although degradation has occurred, the long-term performance of the slope would still typically be 
considered to be acceptable as any increase in risk over the period has unlikely been significant. The 
study should clearly define the measure that will define acceptability during the period of the study, 
otherwise unacceptability will be an ambiguous term7. 

• A surface of rupture8 that develops within a slope has a factor of safety (FoS)9 less than unity (i.e., FoS < 1.0). 
Surfaces within a slope that is deemed to perform acceptably typically have FoSs exceeding unity. 
Concluding that stability of a slope is evidence that the lowest FoS of all surfaces within the slope 
exceeds a particular value is not practical10. The practical conclusion is that the lowest FoS exceeds unity. 
Therefore, although the study may ascertain that the performances of a slope has been acceptable during 
the period of the study, it cannot definitively conclude that the minimum FoS of the surfaces within the 
slope exceeds a particular value (e.g., FoS > 1.5). For this reason, acceptable performance of both the 20o 
and 40o slopes will not indicate that a 20o slope has a FoS exceeding a particular value yet the 40o slope 
does not.  
Note: Ascertaining the minimum FoS applicable to 20o and 40o slopes in the alluvium was not in the 
scope of this report. 

• The stability of a slope is time dependent. As time increases, the FoS of surfaces within a slope will 
decrease. Therefore, the stability of a slope that is acceptably during the study may become unacceptable 
during the long term. Quantifying the stability required in the short-term required to ensure stability in 

 
5
 All slopes deform until all potential energy has dissipated. 

6
 The soil will rill approximately 5.2m out on to the berm. 

7
 The ambiguity of failure concept was discussed by Adams, B. (2015) Slope stability acceptance criteria for opencast mine design. 

In 12th Australia New Zealand Conference on Geomechanics, Wellington, NZ, Paper No. 120. 
8
 A surface of rupture is a surface within the alluvium above which a volume of soil mobilises. In this report the term failure surface 

is not used. As noted in the previous dot point, the term failure can be ambiguous unless clearly defined.  
9
 The Factor of Safety (FoS) is defined as the ratio of the average shear strengths (i.e., resistance) along a surface to the average shear 

stresses (i.e., loading) acting on the surface. A FoS of 1.0 describes the point of meta-stable equilibrium, when resistance equates to 
loading. It is meta-stable as the state changes over the long-term. 
10

 Estimating the FoS of a particular surface is possible if sufficient field and/or laboratory testing and numerical modelling is 
undertaken. However, doing so is rarely practical and/or useful.  
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the long term (e.g., 100-years) is challenging. For example, will a surface within a slope having a FoS of 
1.5 during the short-term still have a value exceeding unity in 100-years? 

• The stability of a slope excavated in soil is dependent on the slope angle11. Typically, the greater the 
angle, the lower the stability. Small changes in the angle (i.e., ±2o) can result in significant changes in 
stability. Therefore, comparing the performances of similar slopes with different surface treatments 
requires each slope having the same angle. However, excavating slopes to achieve a specified angle is 
challenging. Achieving ±3o across the width of a slope is typical. Similarly, excavating several slopes so 
they all have the same angle is even more challenging. For these reasons, procedures will need to be 
established to ensure slope angles on trial beds 1 to 4 of 20o, and 40o on beds 5 and 6, are within close 
tolerances. 

•  Moisture has a significant influence on the stability of a slope in soil. Small increases in moisture can 
significantly reduce the shear strengths of surfaces. Achieving similar moisture content characteristics 
within each trial bed will be required but will be challenging. 

Conclusion and Closure 

The aims of the study are clearly outlined in document reference 616/59. 

The study, if well implemented, will provide useful information on the performances of the 20o and 40o 
slopes, their relative performances, and the influence of the various surface treatments on the performances.  

Considerable effort will be required to achieve similitude between test beds having the same slope angles as 
deviation from it will reduce the validity of the results of the study. 

The measure by which a slope will be deemed to perform acceptably must be ascertained and clearly applied. 
Rilling of shallow surface sediments will not necessarily indicate unacceptable performance. 

The information provided by this study will not indicate that a slope has achieved a particular FoS during the 
study period (e.g., FoS ≥ 1.5).  It will also not necessarily be applicable elsewhere on the site and to slopes of 
heights different to those in the study. It cannot be assumed to be applicable to performances during the long-
term, during which soil strength degradation will occur and the climate will change.  

I trust this report provides the information you require. Please contact the undersigned if you have any 
queries on any matter discussed within it or wish to discuss any aspect of the report in more detail. 
 

For and on behalf of 
ROCKTEST 

 
Tony Meyers  
BE (Mining) PhD (Rock Mechanics), MAusIMM CP(Mining Geotech), MIEAust CPEng (Civil), NER APEC Engineer IntPE(Aus) 
RPEQ (Mining, Civil) 
 

 
11

 The stability also depends on other factors. 
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APPENDIX 1 STATEMENT OF COMPETENCE 

Tony Meyers’s is a Chartered Professional Engineer with Engineers Australia (CPEng Civil) and  
The Australasian Institute of Mining and Metallurgy (CP Mining Geotech). His qualifications include a  
BE (Mining) and a PhD (Rock Mechanics).  

He has worked as a Professional Engineer for in excess of 35 years in the surface and underground mining 
industries and in the petroleum industry. He has been employed as Group Rock Mechanics Engineer in 
mining and in academia providing courses in Advanced Rock Mechanics. In 1997, he established Rocktest to 
provide rock engineering services to the mining industry. In this role he has carried out in excess of 300 
investigations primarily involving slopes in rock in Australia and internationally.  

He has published extensively in local and international journals on various issues in Rock Engineering and is 
a reviewer of publications submitted to these journals. He is a regular organiser of, and presenter at, 
conferences and workshops in Australia and internationally.  

He was Vice President (Australasia) of the International Society for Rock Mechanics (2008-2011). He was 
on the national committees of the Australian Geomechanics Society (2002-2011) where he contributed to the 
development of national Standards and Guidelines and from whom he received an award for Services to the 
Geotechnical Engineering Profession (2012). He is an executive member of the national committees of the 
East Australian Ground Control Group (2006 – present) providing CPD in mining geotechnics. 
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28 April 2023 
 
R W Corkery & Co. (RWC) 
62 Hill Street  
ORANGE NSW 2800 
 
ATTENTION: MITCHELL BLAND 
  via email to mitchell@rwcorkery.com 
 

Dear Mitchell, 
 

ADDITIONAL GEOTECHNICAL ADVICE REGARDING THE STABILITY OF THE TRIAL BEDS 
 

1 INTRODUCTION 

This report follows our report dated 15 March 2023, which discussed geotechnical aspects of trial slopes to 
be prepared at the north east end of the Wyoming One pit at Alkane Resources Ltd.’s. Tomingley Gold 
Operation (TGO). The slopes are required for an erosion study outlined in RWC (2023). The report has been 
prepared in response to a request1 by the NSW Resources Regulator for Tony Meyers of Rocktest to 
undertake an assessment of the stabilities of the slopes: 

“It is also noted that Dr Meyers has not undertaken [an] assessment of the slope stability of the trial 
area, which is required under condition (e) of the DPE plan requirements "provide an estimate 
Factor of Safety for geotechnical stability". TGO appear to be rely on Ms McKenzie’s (ex SMEC) 
assessment that all trial slopes exceed a FoS of 1.5. It is recommended that Dr Meyer [sic] 
undertakes his own peer review assessment of the slope stability analysis of the trail area landform 
rather than rely upon the one undertaken by Ms McKenzie.” 

This report addresses this requirements. It is based on a review of the relevant reports listed in Section 6 
provided to Rocktest by TGO. 
 
2 CHARACTERISTICS OF THE SLOPES 

Stability assessments were originally discussed in SMEC (2023). These assessments were undertaken on 
slopes based on cross-sections through the approximate locations A-A’ and B-B’ in Figure 1.  
• The upper bench of Section A-A is 15 m high and has a 20o slope angle2 (Figures 2 and 3). It has a 6 m 

wide berm is at its toe. The underlying bench is 15 m high with a 35o to 40o slope angle. 
• The upper bench of Section B-B is 15 m high and has a 40o slope angle (Figures 4 and 5). It has a 17 m 

wide berm is at its toe. The underlying bench is 15 m high with a 40o slope angle. 
The assessments discussed in this report consider the same cross sections as those considered by SMEC. 

 
1
 Correspondence from P. Day to G. Lucas dated 5 April 2023, Ref. MAAG0015827 RDOC23/82432. 

2
 The term “slope” is typically referred to in the mining industry as a “batter”. Its angle is typically referred to as the batter angle. The 

terms “slope” and “slope angle” are used in this report to be consistent with other reports involving the erosion study. 

Rocktest 
Rock Engineering Consultants 

ABN 51 760 370 906 
46 Hastings Street 
Glenelg South SA 5045 
P +61 (0)412 903 222 
E tony@rocktest.com.au 
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3 INFLUENCE OF MATERIAL CHARACTERITCS ON BENCH PERFORMANCE 

3.1 Geology 

Based on descriptions by Scott et.al. (2003) and PSM (2012), the unconsolidated materials in the area of the trial 
slopes comprise: 

• approximately 10 m of Quaternary age (i.e., recent) alluvium comprising mottled low to high plasticity 
sandy and silty clay, sandy silt and clayey sand with some gravel overlying, 

• approximately 40 m of Tertiary age (i.e., older) alluvium comprising intermediate to high plasticity 
sandy and silty clay, sandy silt and clayey sand with some gravel overlying, 

• saprolite, defined as comprising extremely to highly weathered rock, indicating the material is of very 
low rock strength or soil strength. 

The trial slopes will be in the upper 15 m of alluvium.  

3.2 Bench Design and Performance 

The design for the Wyoming pit is based on recommendations of PSM (2012). They assumed effective shear 
strength parameters for the two alluvium types and the saprolite based on rigorous assessment of data 
obtained from “numerous triaxial tests” undertaken by MiningOne Consultants, MOC, (2010a/b). These 
values are listed in Table 1. Rocktest considers these values to be consistent with the material descriptions3. 
No additional laboratory tests were undertaken of alluvium from near the Wyoming One pit since these tests. 

The upper benches in alluvium were subsequently excavated with slope angles of 45o to 50o as recommended by 
PSM (2012). 

Between 2012 and the current time, the upper benches have been involved in instabilities. However, as noted in 
PSM (2015, 2016a/b) and observed by Rocktest, these instabilities have had toes that daylighted from, and 
lower surfaces within, the underlying weathered saprolite. The instabilities were influenced primarily by the 
very low shear strengths of individual highly to extremely weathered relic structures within the saprolite and 
by chlorite schist within the saprolite. And, to a lesser extent, by the low compressive strengths of the intact 
saprolite. Excess joint and pore water pressures in the saprolite also contributed to many of the instabilities. 
In contrast, no instabilities have developed that have had toes that daylighted from, and lower surfaces within, the 
alluvium. Rocktest accepts as correct TGO’s understanding that these outcomes are evidence that the 
performances of the upper benches have been controlled primarily4 by the shear strengths of the saprolite and 
structures within it and not by the shear strengths of the alluvium.  

The good performances of the benches in alluvium with slope angles of 45o to 50o are evidence that the shear 
strength parameters assumed for the alluvium by PSM (2012) were acceptable. They are also evidence that the 
trial slopes, which will have lower slope angle of 20o and 40o, should perform acceptably. 

  

 
3
 Low effective cohesion values (i.e., c< 62 kPa) and mean friction angles of 10o and 22o for the Quaternary and Tertiary alluviums 

respectively suggest the coarser sediments have a significant influence on their shear strengths.  
4
 The performances of the upper benches are to some extent also controlled by groundwater characteristics and external forces, 

primarily blast vibrations. 
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3.3 Shear Strength Parameters 

PSM (2012) defined the lower bounds of the effective shear strengths of the two alluviums by the two sets of 
values listed in Table 1. 

In contrast, PSM (2016c) assumed that their lower bound shear strengths can be a defined by a single 
“general” set of values. These values were assumed to be those applicable to the lower strength Quaternary 
alluvium (i.e., friction angle = 13o). Rocktest considers this assumption to have been conservative as 80% of 
the upper benches considered in that study were in the higher strength Tertiary alluvium. In contrast, 67% of 
the trial slopes will be in Quaternary alluvium hence the assumption of PSM would have been more 
appropriate to the current study.  

SMEC (2023) also assumed that the shear strengths of the two alluviums can be a defined by a single 
“general” set of values. These values were assumed to be those applicable to the higher strength Tertiary 
alluvium. Discussions5 with Ms. McKenzie (ex. SMEC) explained the rationale for doing so: 

• The two alluviums cannot readily be differentiated on the bases of their relative visual appearance or 
grading characteristics.  

• The two alluviums cannot readily be differentiated on the basis of their relative shear strengths, each of 
which can be highly variable, PSM (2012) noting “the interpreted shear strengths are fairly similar for 
both alluvial materials, with the Tertiary sediments having a slightly higher strength than the Quaternary 
sediments”.  

• The good performance of benches in the alluvium have been more consistent with the higher strength 
Tertiary alluvium than with the lower strength Quaternary alluvium.  

• The shallow lower section of any surface along which sliding could occur in a bench containing a trial 
slope is likely to be within Tertiary alluvium. The steeper upper section will be in Quaternary alluvium. 
Hence, the shear strength of the Tertiary alluvium is likely to have the more significant influence on the 
stability of the bench. 

Rocktest accepts these rationale as being plausible. However, we consider the lower bound shear strength of 
each alluvium should probably be considered independently rather than be defined by values applicable to a 
single general alluvium. To inform this conclusion, the differences in the stabilities of the trial slopes 
resulting from defining the strengths by a single set of general parameters (i.e., SMEC, 2023) and by two sets 
of parameters (i.e., PSM 2012) is assessed in stability analyses discussed in Section 4. The analyses also 
assess whether the stabilities of the trial slopes assessed by Rocktest differ from those assessed by SMEC.  
 

Table 1. Assumed lower bound shear strengths of unconsolidated materials. 
   Mohr Coulomb effective  

shear strength parameters 
Material  Shear strength 

data source 
Cohesion 

(kPa) 
Friction angle 

Alluvium General SMEC 28 20o 

 Quaternary 
PSM 

31 13o 

 Tertiary 30 20o 

Saprolite 
 SMEC 13 21o 

 PSM 55 29o 

 
5
 Telephone call from T. Meyers of Rocktest to L. McKenzie (ex SMEC) on April 20, 2023. 
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4 STABILITY ANALYSES 

The stability analyses were undertaken by Rocktest using the proprietary limit-state equilibrium software 
Slide V9.0276. This two-dimensional analysis code is applicable to the trial slopes7 as they will be wide 
relative to their heights and they are relatively straight. The analyses assumed: 

• The 20o and 40 o trial slopes have the dimensions discussed in Section 2.  

• The shear strength characteristics of the two alluviums and the saprolite can be estimated using a Mohr-
Coulomb shear strength model. The model applicable to the alluviums can be defined either in terms of a 
single set of lower bound “general” parameters (i.e., SMEC 2023) or by the two sets of parameters (i.e., 
PSM 2012). These parameters are listed in Table 1. 

• No groundwater level occurs in the bench as the regional level has been drawn down in the vicinity of 
the pit and occurs at a significant depth below the top of the saprolite. 

• Static conditions apply during the 5 to 6 year period of the trial i.e., no significant dynamic loading by an 
earthquake is likely to occur. 

• Mobilisation of a mass of alluvium, if it occurs, will be along one of the thousands of circular shaped 
surface assessed. The forces8 acting along the base and sides of each of multiple vertical slices though the 
alluvium above each surface, and the moments acting on each slice, can be determined by applying the 
Generalised Limit Equilibrium (GLE)9 method of analysis.  

• Of all surfaces assessed, the critical surface is considered to be the one for which the ratio (aka., the 
factor of safety, FoS) of its average shear strength to the shear stresses applied to the surface is the 
lowest. This surface can be determined using an auto-refine search function. 

Figures 2 to 5 show the critical surfaces through all scenarios considered. These surfaces intersect multiple 
benches in most of the assessments. The crowns of the surfaces occur between the crest of the upper bench 
and a distance up to 9 m behind the crest. The toes of the surfaces generally daylight at the toe of the bench 
underling the upper bench.  

Figures 2 to 5 also show the lowest strength surfaces within only the upper bench. These surface have toes that 
daylight at the toe of this bench. 

The FoS values applicable to the critical surfaces and to the bench scale surfaces are listed in Table 2. Note 
that the FoS values are lower bound values consistent with lower bound values being assumed for the shear 
strengths. Assessment of the values indicates: 

• The FoS values are similar, no matter whether the single general set defined by SMEC (2023) applies or 
the two sets defined by PSM (2012). This result is consistent with comments by PSM (2012). The 
characteristic may indicate that the stabilities of the benches are not significantly sensitive to small 
variations in the shear strengths of the alluviums.  

 
6
 Slide2 is developed by RocScience Inc. Toronto, Ontario.  

7
 Three-dimensional code is not required for the analyses. 

8
 The shear and normal (perpendicular) forces and moments on each surface of each slide were assessed. 

9
 The GLE method resolves both forces and moments for each of a series of vertical slices through the wall. Not all methods of 

analysis do so; some methods resolve only forces or moments but not both.  
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• All FoS values exceed unity, no matter which of the two shear strength scenarios is assumed. This result 
indicates that instability at either bench or multi-bench scale is unlikely for either the 20o or the 40o slope 
designs. 

• A minimum FoS of 1.1 is typically considered acceptable in the mining industry for bench scale 
instability (Read & Stacey, 2009). A comparison of the values in Column 3 of the table with this 
criterion indicates the stabilities exceed this value. 

• A FoS exceeding 1.2 is typically considered acceptable for multi-bench scale (i.e., inter-ramp) instability, 
which is applicable to this study. A comparison of the values in Column 4 of the table with this criterion 
indicates the stabilities exceed this value.  

Note: A minimum FoS of 1.2 is applicable to “medium” to “high” consequence events. Whether the 
consequence of an instability of a trial slope will be described by either of these terms is debatable rather 
than of “low” consequence10. With standard pit wall management procedures, a significant consequence 
is unlikely. 

Note: SMEC referred to a minimum FoS of 1.5, although it did not indicate that this value is an 
acceptance criterion. Rocktest considers a value of 1.5 to be excessive as a criterion for the proposed 
erosion study and a value of approximately 1.2 to be suitable.   

Based on these results, Rocktest agrees with SMEC (2023) that the proposed designs with 20o and 40o slope 
angles are likely to be acceptably stable.  

It is noted that the stabilities obtained by Rocktest do not agree with those obtained by SMEC (2023). A 
comparison of the stabilities in Table 3 indicates that the values obtained by SMEC are greater than those 
obtained by Rocktest. The reason/s for the discrepancies is unknown. It may be due to one factor, or a 
combination of factors, including differences in the: 

• specifications and dimensions in the models and/or the material boundaries, 

• implementation of the GLE algorithms in the different software codes; SMEC used Slope/w11 whereas 
Rocktest used Slide2, although the codes generally provide similar results, 

• number of surfaces within the benches, 

• different methods applied to search for the lowest strength surfaces, 

• or filtering out surfaces underlying low volumes of alluvium  that would readily be controlled by the 
underlying berm . 

For the erosion study, the discrepancy is not a significant issue; both the SMEC and Rocktest assessments 
indicate that the slopes are likely to be acceptably stable. However, the discrepancy could be investigated if 
other studies involving slopes in the alluvium are to be undertaken. However, FoS values are just “numbers” 
derived from a mathematical construct of reality. Assuming a value accurately quantify the likelihood of an 
instability is a delusion. Instabilities can, and do, occur in slopes with “acceptable” FoS values. And slopes 
with unacceptable FoS values can, and do, remain stable for the operational life of a pit wall. If the risk 
applicable to slope instability is managed appropriately the consequence of any instability can be 
insignificant and the slope can be functional no matter what its FoS value is. 
 
  

 
10

 A minimum FoS of 1.15 to 1.2 is applicable to a “low” consequence event. 
11

 Slope/w is developed by Seequent, part of the Bentley Group of companies. 
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Table 2. Factor of Safety (FoS) values for surfaces at bench and multi-bench scales.  
  Scale of minimum strength surface 
  Upper bench Multi-bench 
Slope of upper 
(trial) bench 

Shear strength 
data source Minimum FoS 

20o 
SMEC (2023) 2.2 1.5 

PSM (2012) 2.3 1.5 

40o 
SMEC (2023) 1.5 1.5 

PSM (2012) 1.4 1.4 
 

Table 3. Comparison of the results obtained by Rocktest and those by SMEC (2023). 
  Scale of minimum strength surface 
  Upper bench Multi-bench 
Slope of upper 
(trial) bench 

Assessment 
undertaken by: Minimum FoS 

20o 
SMEC (2023) 3.1 2.5 

Rocktest 2.2 1.5 

40o 
SMEC (2023) 2.7 2.0 

Rocktest 1.4 1.4 

 

5 CONCLUSION AND CLOSURE 

This report concludes: 

• Based on the acceptable performances of 45o slopes in alluvium and the results from the stability 
assessments quantified in terms of lower bound FoS value, the performances of the trial slopes with 20o and 
40o slope angles are likely to be acceptable if: 
 overland flows of water can be controlled, 
 the characteristics of the alluvium at the locations of the trials are similar to the characteristics at the 

locations from where the original test samples were obtained. A site geologist familiar with the 
characteristics of the alluvium should confirm this similitude after the slopes have been excavated 
prior to the study beginning.  

• The lower bound shear strength parameters assumed by SMEC (2023) are acceptable on the basis of the 
information and data available and on the historical performances of slopes in alluvium and saprolite. 

• Back analyses could be undertaken to inform understanding of the shear strengths of the alluvium if, in 
the future, any instabilities develop solely in the alluvium12. These analyses are unnecessary and not 
possible prior to the erosion study being implemented. 

• The stabilities of the trial slopes determined by SMEC (2023) are greater than those determined by 
Rocktest. The reason/s for the discrepancies is unknown. For the erosion study, the discrepancies are not 
significant issues; both the SMEC and Rocktest assessments indicate the slopes are likely to perform 
acceptably. However, the discrepancy could be investigated if other studies involving slopes in the 
alluvium are to be undertaken.  

 
12

 Back analyses of instabilities in upper benches comprising relatively shallow unconsolidated materials are not typically undertaken 
in hard rock mining. 



 7 

Rocktest notes that the FoS values by which the stabilities have been quantified are based on 
mathematical constructs of reality. A value cannot be assumed to accurately reflect how a trial slope will 
perform no matter what the value is or whether it does or does not exceed a particular acceptance 
criterion. Standard pit wall management procedures, if maintained during this study, can ensure any risk 
applicable to instability remains acceptable. 

These conclusion should be considered in conjunction with comments in our previous report dated 15 March 
2023.  

I trust this report provides the information you require. Please contact the undersigned if you have any 
queries on any matter discussed within it or wish to discuss any aspect of the report in more detail. 
 

For and on behalf of 
ROCKTEST 

 
Tony Meyers  
Principal Rock Mechanics Engineer 
MAusIMM CP(Mining Geotech), MIEAust CPEng (Civil), NER APEC Engineer IntPE(Aus) RPEQ (Mining, Civil)
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Figure 1. Approximate locations of cross-sections assessed for stability by SMEC (2023). 
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Figure 2. Results of analyses for the 20o slope assuming the stratigraphy and shear strength parameters assumed by 

SMEC (2023). 
 

 
Figure 3. Results of analyses for the 20o slope assuming the stratigraphy and shear strength parameters assumed by 

PSM (2012). 
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Figure 4. Results of analyses for the 40o slope assuming the stratigraphy and shear strength parameters assumed by 

SMEC (2023). 
 

 
Figure 5. Results of analyses for the 40o slope assuming the stratigraphy and shear strength parameters assumed by 

PSM (2012). 
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