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LIST OF UNITS 
g acceleration of gravity 
g/cm3 grams per cubic centimeter 
GPa gigapascals 
Ha-m hectare-meters 
Hz Hertz 
in inches 
km kilometers 
kN/m3 kilonewton per cubic meter 
kPa kilopascals 
kWh kilowatt hour 
kWh/day kilowatt hour per day 
m/s meters per second 
m meter 
m3 cubic meters 
m3/hr cubic meters per hour 
m3/day cubic meters per day 
m3/day/m cubic meters per day per unit meter 
mil 1/1000 inch 
mm millimeter 
MPa megapascals 
Mtpy Million tonnes per year 
PN Pressure Number 
t/m3 tonnes per cubic meter 
tpd tons per day 
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ACRONYMS, ABBREVIATIONS & SYMBOLS 
ANFO Ammonium nitrate fuel oil 
ARD  Acid Rock Drainage  
ARD/ML  Acid Rock Drainage and Metal-Laden Leachate  
GCL Geosynthetic Clay Liner  
H Horizontal  
HDPE  High Density Polyethylene  
HLP Heap Leach Pad  
hr hour  
K(sat) Saturated Hydraulic Conductivity 
km  kilometer  
LGO1 Existing low grade ore stockpile  
LGO2 New low grade ore stockpile  
LPM low-permeability materials 
m meter  
m2  square meter  
m3  cubic meter  
MDA Mine Development Associates  
Mt Million tonnes  
Mtpy Million tonnes per year  
MWH  Montgomery Watson Harza  
NAF Non-Acid Forming 
NNP Net Neutralizing Potential  
NT Northern Territory of Australia  
O&M Operations and Maintenance  
PAF  Potentially Acid Forming 
PEA  Preliminary Economic Assessment  
Pegasus Pegasus Gold Australia Pty Ltd 
PFCP Preliminary Feasibility Closure Plan 
RP  Reclamation Plan  
PGM Plant Growth Medium 
PFS  Preliminary Feasibility Study NI 43-101 Technical Report  
RP Retention Pond  
RP1  Waste Rock Dump Pond  
RP2  LGO Stockpile Pond  
RP3  Batman Pit Lake  
RP4  Run-of-Mine Pond  
RP5  Process Plant Runoff Pond  
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RP6  Process Plant Pond  
RP7  TSF1 Pond  
RUSLE Revised Universal Soil Loss Equation  
SWCC  Soil Water Characteristic Curve  
TDR Time-Domain Reflectometers  
TPD tonnes per day  
TSF1 Existing Tailings Storage Facility  
TSF2 New Tailings Storage Facility  
Vista Vista Gold Corp. 
WEPP Water Erosion Prediction Project  
WRD Waste Rock Dump  
WRMP Waste Rock Management Plan  
WTP  Water Treatment Plant  
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Approach 

This RP was developed based on input from Vista and their consultants; readily available data and information 
regarding Mt Todd; and Tetra Tech’s technical experts who are familiar with Mt Todd mine and metallurgic planning. 
Additional technical support was provided by Tetra Tech geochemists, hydrogeologists, civil engineers, and vadose 
modeling experts.  

Key issues and project drivers were identified during development of the June 2013 PFS Reclamation Plan, as well 
as a series of participatory meetings with Vista representatives, Mine Development Associates (MDA), and Tetra 
Tech staff. The concepts, strategies, and options developed and evaluated during these meetings and subsequent 
analyses were discussed with and endorsed by Vista and serve as the foundation for the previous PFS RPs and this 
RP.  

The reclamation store and release covers for the TSFs and liner-based cover for the WRD presented in prior PFS RPs 
were confirmed for use in this RP. This RP is modified based on recent findings and analyses from ongoing 
investigations, and design and planning efforts.  

This RP does not include in-depth analyses of surface water management and water treatment, as these and other 
components of mine closure are discussed elsewhere in the FS.  

The reclamation plans developed and the estimated costs are based on the following:  
1) 50K TPD Base Case mine plan and existing engineering and data presented in the FS;  
2) Geochemical testing program and results;  
3) Mine-life (i.e., pre-production phase, production phase, reclamation phase, and post-reclamation 

monitoring and maintenance phase);  
4) Estimates of environmental conditions throughout the mine-life;  
5) NT Government mine closure and environmental protection regulations and guidelines;  
6) Published unit costing, and equipment specification and performance references;  
7) Australian cost estimates provided by Tetra Tech and Vista employees in Australia;  
8) Tetra Tech’s recent mine closure costing experience; and  
9) Best professional judgment.  

Goals and Important Project Drivers 

The reclamation goals for Mt Todd include:  
1) Control acid-generating conditions;  
2) Minimize erosion of facilities containing mine waste;  
3) Reduce or eliminate the acid and metal loads of seepage and runoff water;  
4) Minimize adverse impacts to the surface and ground water systems surrounding Mt Todd;  
5) Stabilize physical and chemical characteristics of mine waste and other mine-related surface 

disturbances;  
6) Protect public safety; and 
7) Comply with NT Government regulations governing mine development and closure.  
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The important project drivers by which the reclamation plan and strategies were developed are as follows:  
1) Use standard reclamation practices with the knowledge that design details will be fine-tuned in the 

future;  
2) Use previous investigations, studies, and available data and information;  
3) Identify information gaps and future investigations necessary to improve the characterization of site 

conditions now and through reclamation;  
4) Provide Vista with practical development and recommendations to facilitate:  
5) Future closure and design efforts, and  
6) Site-wide integration of closure designs. 
7) Exploit “Mine for Closure” opportunities by reclaiming mine components simultaneously with mining 

(i.e., concurrent reclamation);  
8) Identify strategies to reduce acid/metal loading to water management structures, and ground and 

surface water;  
9) Handle materials and water efficiently; and  
10) Emphasize low-maintenance or “walk away” reclamation where practical.  

Major Reclamation Planning Results 

The reclamation plans for each existing and proposed major facility at Mt Todd are summarized in Table ES-1. 
Additional remedial measures will be employed at each major facility as necessary. 

Throughout the mine-life, Vista should anticipate, plan, design, and implement effective plans for:  
1) Identification of potentially acid-forming (PAF) and non-acid forming (NAF) materials, as well as 

materials that have the potential to leach constituents in concentrations above applicable water 
quality-based effluent standards (metaliferous);  

2) Selective handling of PAF and NAF material and potentially direct treatment of PAF materials 
throughout the mine-life to prevent or reduce the generation of ARD/ML;  

3) Separation of unimpacted surface and ground water from PAF and metalliferous materials and ARD/ML;  
4) Short- and long-term hydrologic isolation of PAF and metalliferous materials from ground and surface 

water;  
5) Facility and site-wide closure; and  
6) Control of stormwater to prevent excessive erosion and sedimentation.  

Tetra Tech recommends the following specific closure investigations necessary to address the information gaps:  
1) Complete an analysis of waste and cover material hydraulic properties;  
2) Complete a tailings trafficability study;  
3) Complete a precipitation-watershed yield study;  
4) Complete a tailings management plan;  
5) Complete a site-wide soils, closure cover, and reclamation material inventory and characterization 

study, including work to identify if a source of low permeability material can be located closer to the 
site than the currently identified borrow source; and  

6) Complete a waste and closure cover erosion and sediment control study.  
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Based on the costing approach discussed in this report, Tetra Tech estimated reclamation costs. The FS cost estimate 
for implementing this reclamation plan is approximately AUD 224,000,000. This cost estimate includes reclamation 
of major facilities at Mt Todd, utilizes costs for performing reclamation activities with mine employees and mine-
owned equipment, and includes costs for ongoing maintenance and monitoring costs throughout the mine life.  
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1. INTRODUCTION 
Tetra Tech was retained by Vista to develop a RP for Mt Todd 50,000 (50K) TPD mine plan. This RP evaluates the 
reclamation liabilities that will transfer to Vista should a decision be made to restart mining operations at Mt Todd, 
and is primarily supported by information and data provided by the Geochemistry Program, prepared by Tetra Tech. 
The primary goals of this RP are as follows:  
1) Advance previous closure and reclamation plans by defining reclamation approaches, strategies, and 

cost estimates at an overall ± 15 percent level of accuracy based on present value costs.  
2) Update reclamation estimates to reflect utilization of mine employees and mine-owned equipment in 

reclamation activity.  
3) Develop an estimate of security suitable for this FS using the Northern Territory’s (NT) Security Cost 

estimate template.  
4) Identify information and functional gaps pertaining to mine reclamation.  
5) Summarize future investigations to address the information gaps identified.  
6) Recommend actions to address the functional gaps identified.  

To achieve these goals, Tetra Tech developed plans and estimated quantities (e.g., facility dimensions, material 
volumes, surface areas, and disturbance footprints) for the reclamation of major mine facilities at Mt Todd. These 
plans and estimates were based on the following:  
1) 50K TPD FS mine plan;  
2) Previously developed reclamation plans and strategies, including the 2013, 2018, and 2019 PFS 

Reclamation Plans, previously prepared by Tetra Tech;  
3) Mine-life (including pre-production phase, production phase, reclamation phase, and post-reclamation 

monitoring and maintenance phase);  
4) Estimates of environmental conditions throughout the mine-life;  
5) NT Government mine closure and environmental protection regulations and guidelines; and  
6) Best professional judgment.  

Vista is conducting ongoing studies and activities to address environmental challenges for Mt Todd including 
management of ARD/ML currently contained in several water storage facilities. Current and future water treatment 
plans; residual management; surface water management; and baseline studies and permitting are not covered in 
this report. The costs of selective handling and the haulage of NAF waste rock to TSF 1 and 2 are not covered in this 
report as they are covered under the mining costs. This report focuses on the reclamation earthworks associated 
with closing existing and future mine features during and following the completion of mining operations. An 
emphasis in this reclamation plan has been placed on reclaiming features which contain PAF materials. PAF materials 
are currently located in TSF 1, WRD, Batman Pit, HLP, and other locations at Mt Todd, and will be present in TSF2 
after its construction and operation. Both PAF and NAF waste rock and tailings will be produced during the 
production phase of the project (see Geochemistry Program for additional discussions regarding existing and future 
waste rock and tailings quality). It is Tetra Tech’s opinion that the current and anticipated waste management, 
closure, and water management challenges at Mt Todd are significant but manageable. To manage these challenges, 
a concerted and well-coordinated effort will be necessary. This reclamation plan does not address water 
management issues, but rather focuses on the reclamation of facilities involving movement of earth and materials 
(e.g., TSF 1, TSF 2, WRD, HLP, roads, processing pad areas, and LGO2 stockpile), and high level estimate of costs 
associated with facilities removal and disposal.  
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The reclamation plan for existing and proposed major facilities at Mt Todd is summarized in Table 1 and includes:  
1) General grading and capping designs, and estimates of cut/fill and cover volumes for the reclamation 

of mine wastes, roads, the processing area, ponds no longer used at closure, and other mine-related 
surface disturbance; and  

2) Analysis and preliminary numeric modeling of long-term store and release cover hydrologic 
performance.  

Throughout the mine-life, Vista should anticipate, design, plan, and implement effective plans for:  
1) Identification of PAF and NAF materials, as well as materials that have the potential to leach metals in 

concentrations above applicable water quality-based standards;  
2) Selective handling of PAF and NAF material and potentially direct treatment of PAF materials to prevent 

the generation of ARD/ML;  
3) Continuous collection, containment, and treatment of ARD/ML prior to release;  
4) Separation of unimpacted surface and ground water from ARD/ML;  
5) Hydrologic isolation of acidic materials from ground and surface water; and  
6) Control of stormwater to prevent excessive erosion and sedimentation.  

Specific closure plans and strategies have not been developed in this document for the decommissioning, 
demolition, and removal of surface facilities. Geotechnical stability analyses of the closure grading and cover plans 
for mine roads were not completed. Instead, the assumption was made that cut and fill slopes with a maximum 
overall slope gradient of 3 horizontal (H):1 vertical (V) are adequate to ensure long-term geotechnical stability. An 
evaluation of the geotechnical stability of the TSF 1, TSF 2, and WRD is provided in other FS Appendices. Plans for 
the establishment of specific post-mining land uses and wildlife habitat were not completed for this RP.  

Descriptions of the existing environment at Mt Todd, including the status of mining infrastructure, water 
management, and environmental monitoring and compliance are provided in the PEA (Gustavson, 2006) and the 
January 2011 PFCP.  

The major existing and proposed facilities included in this RP are as follows:  
1) Batman Pit; 
2) WRD;  
3) Process Plant and Operations Area (including RP2, RP5 and the Process Water Pond); 
4) HLP;  
5) Mine roads;  
6) TSF 1;  
7) TSF 2;  
8) LGO1;  
9) LGO2 located north of the Process Plant Area; and  
10) Haul roads to all new and expanded facilities.  

1.1 Report and Effective Date 

The designs and costs used in the development of this reclamation plan are subject to variability. The reclamation 
plan costs are effective as of December 2021, and the narrative is effective as of February 2022.  
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2. RECLAMATION PLAN ANALYSIS 
This RP was developed based on input from Vista and their consultants, review of readily available data and 
information regarding Mt Todd, and Tetra Tech’s technical experts who are familiar with Mt Todd mining and 
mineral processing plans. Additional technical support was provided by Tetra Tech geochemists, hydrogeologists, 
civil engineers, and water balance modeling experts.  

Key issues and project drivers were identified during development of previous Reclamation Plans and during a series 
of participatory meetings with Vista representatives, MDA, and Tetra Tech staff. The concepts, strategies, and 
options developed and evaluated during these meetings and subsequent analyses were discussed with and 
endorsed by Vista and serve as the foundation for this RP. Previous Reclamation Plans are the basis for this RP. This 
RP was developed by modifying and updating previous Reclamation Plans to reflect the current mining scenarios, 
recent findings and analyses from ongoing investigations, and design and planning efforts.  

With the exception of matters such as surface water management, water treatment and other exclusions mentioned 
above (discussed in other Appendices of this FS) these findings and analyses were incorporated to the extent 
possible to support specific portions of this RP.  

The reclamation plans for individual facilities of Mt Todd were based on predictions of site conditions during the 
mine-life phases. Available information, numeric modeling, and best professional judgment were used to estimate 
site conditions such as ARD/ML sources and flow volumes, annual precipitation and runoff variability, extreme flood 
events, and the hydrologic and physicochemical properties of the mine, tailings, waste rock, and potential closure 
cover materials.  

This section of the report includes a summary of the important elements and approaches used to develop 
reclamation plans and strategies.  

2.1 Reclamation Planning Goals and Important Drivers 

The reclamation goals for Mt Todd include:  
1) Control existing acid-generating conditions;  
2) Minimize erosion of facilities containing mine waste;  
3) Reduce or eliminate the acid and metal loads in seepage and runoff water;  
4) Minimize adverse impacts to the surface and ground water systems surrounding Mt Todd;  
5) Stabilize mine waste and other mine-related surface disturbances physically and chemically;  
6) Protect public safety; and  
7) Comply with NT Government regulations governing mine development and reclamation.  

The important project drivers by which reclamation plans and strategies were developed are as follows:  
1) Use standard reclamation practices with the knowledge that design details will be fine-tuned in the 

future;  
2) Use previous investigations, studies, and available data and information;  
3) Identify information gaps and future investigations necessary to improve the characterization of site 

conditions now and through closure;  
4) Provide Vista with practical development and reclamation recommendations to facilitate site-wide 

integration of reclamation designs;  
5) Exploit ‘Mine for Closure’ opportunities by reclaiming mine facilities simultaneously with mining (i.e., 

concurrent reclamation);  
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6) Identify strategies to reduce acid/metal loading to water management structures and ground and 
surface water by emphasizing hydrologic isolation of acidic materials from ground and surface water 
where plausible;  

7) Handle materials efficiently; and  
8) Emphasize low-maintenance “walk away” reclamation where practical.  

2.2 General Reclamation Planning Strategies 

The general planning strategies used in the development of the reclamation plans provided in this RP include the 
following:  
1) Generate the lowest amount of ARD/ML feasible to minimize acid/metal loads that must be handled in 

the water conveyance and treatment system by:  
a) Isolating mine waste from precipitation and oxygen through the installation of store and release 

covers, liner covers, erosion control, rapid stormwater conveyance from the surface of graded and 
capped mine waste (surface water controls are not included in the scope of this reclamation plan, 
but are addressed in other appendices), and prevention of surface water ponding;  

2) Demolish and remove unnecessary mining facilities and structures, (detailed decommissioning and 
demolition plans for facilities and structures are not included in the scope of this reclamation plan).  

3) Create stable final configurations of features through regrading, placement of cover, and installation of 
stormwater drainage systems at closure (stormwater drainage systems are not included in the scope of 
this reclamation plan).  

2.3 Major Reclamation Assumptions  

A summary of the major assumptions used for the development of this RP is provided below. Estimated quantities 
(e.g., facility dimensions, material volumes, surface areas, and disturbance footprints) used for the development of 
this RP are discussed further in Sections 4 and 6, as well as in applicable sections of this RP. Future work should be 
conducted to verify the assumptions presented below.  

2.3.1 Reclamation Assumptions  

1) Sufficient quantities of NAF waste rock will be selectively handled during mining so as to be available 
for the reclamation of the WRD, TSF1, TSF2, roads, and other mine-related surface disturbance.  

2) LGO2 and HLP reprocessing and targeted excavation will be sufficient to remove all PAF residuals from 
the footprints of these facilities. 

3) LGO2 and process plant pad area design and construction methods will prevent PAF material that may 
be present during operations from impacting underlying materials. 

4) NAF waste rock in combination with low-permeability materials (LPM) will be suitable as a store and 
release cover material.  

5) LPM to be used in store and release covers will be imported from sources within 40 to 60 kilometers of 
Mt Todd to compensate for a lack of such material on-site.  

6) Imported LPM will consist of non-expansive materials with a compacted hydraulic conductivity equal 
to or less than 1 x 10-6 cm/sec.  

7) Plant growth medium (PGM) will be available on-site in existing stockpiles and from material salvage 
from new disturbance (TSF 2, expanded WRD etc.).  

8) Material salvage from construction and expansion of facilities will yield an average PGM depth of 0.2 m, 
but no LPM material suitable for store and release covers.  
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9) Supplemental PGM may be provided through crushing of NAF waste rock into fines, but is not 
anticipated to be required.  

10) Soil amendments will not be required to facilitate plant growth on the crushed NAF waste rock fines.  
11) Installation of wick drains within the former pond area of TSF1 and TSF2 will rapidly dewater the tailings 

sufficiently to allow passage of equipment for placement of crowned cover material. 
12) Thixotropic tailings can be bridged by installing a crowned cover of waste rock and sorter reject 

material. 
13) The installation of the 0.8 m-thick store and release cover and 0.2 m-thick PGM cover over the TSF 

crowned cover will sufficiently control infiltration of precipitation through the cover.  
14) Attaining final overall cut and fill slopes no steeper than approximately 2.5H:1V will be adequate to 

ensure long-term geotechnical stability of the TSF1 and TSF2 embankments and not steeper than 
n3H:1V at all other plant facilities, excluding the WRD.  

15) A low permeability liner cover system in addition to placement of NAF waste rock around the perimeter 
of each bench will provide sufficient capping of the WRD to minimize seepage of ARD/ML.  

16) LGO1 will be eliminated as a result of the Batman Pit expansion and will not require reclamation.  
17) The safety bund installed around the perimeter of the Batman Pit will be offset 30 m to account for the 

minimum 10 m buffer beyond an assumed 20 m “potentially unstable pit edge zone” per the 
requirements outlined in the guidelines for “Safety Bund Walls around Abandoned Open Pit Mines” 
from the Department of Industry and Resources in Western Australia.  

18) Vista will assume the responsibility to reclaim the HLP following the reprocessing of leached ore in the 
Mill.  

19) Leached ore in the HLP will be removed and re-processed in the Mill.  
20) Weak acid dissociable (WAD) cyanide levels in pore water and seepage from HLP and contaminated fill 

excavated from below the HLP are below maximum allowable concentration limits. Therefore, the liner 
or fill below the HLP will not require rinsing or treatment with oxidants following the reprocessing of 
leached ore in the Mill.  

21) The equipment fleet used for mining will be used to conduct reclamation activities.  
22) Mine-owned equipment and mine employees will be available during production to assist with 

concurrent reclamation activities.  

Reclamation plans and strategies for each major facility at Mt Todd are summarized in Section 4.  
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4. RECLAMATION PLAN 
This section of the report includes a summary of the important elements of the RP and recommendations regarding 
the practical approaches to reclamation at Mt Todd.  

When mining is renewed at Mt Todd, the plans and designs contained here must be refined based on changes in 
mine plans and site conditions, unforeseen circumstances, acquisition of additional data, and advancements in site 
knowledge and closure technologies. Vista personnel should continue to work closely with engineers, technical 
experts and specialists, scientists, and agencies to implement practical and effective closure, reclamation, and water 
management programs at Mt Todd. These same staff should work to improve the designs and analyses provided in 
this report. The success of closure, reclamation, liability reduction, and mine and asset development will depend on 
these future efforts.  

The major existing and proposed facilities included in this RP are as follows:  
1) Batman Pit; 
2) WRD;  
3) Process Plant and Operations Area; 
4) HLP;  
5) Mine roads;  
6) TSF 1;  
7) TSF 2;  
8) LGO 1; 
9) LGO 2 located north of the Process Plant Area;  
10) Haul roads to new and expanded facilities; 
11) RP2; and 
12) RP5. 

Facilities not covered under this reclamation plan include:  
1) RP1, RP3, RP4, RP6, RP7 and associated pumping systems;  
2) HLP Ponds and pumping system;  
3) Existing Water Treatment Plant (WTP) and sludge management facilities;  
4) New WTP and sludge management facilities; and 
5) Stormwater and surface water control facilities except as noted. 

Reclamation approaches and strategies for each major facility at Mt Todd are discussed below were briefly 
summarized in Table 1. All recommendations for the advancement of reclamation to a design-level are provided in 
Section 5.0. The operational status and reclamation schedule of the Mt Todd facilities discussed within this plan is 
provided in Table 2.  
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4.2 Batman Pit 

The Batman Pit will be significantly deepened and enlarged from its current depth of 114 m to a final planned 
elevation of -448m. Scaling and blasting of select pit benches and walls will be completed during the production 
phase to reduce the risk of human injury due to rock fall and improve pit wall stability and aesthetics.  

A pit safety bund will be constructed around the entire perimeter of the Batman Pit to impede human access to the 
pit. The pit safety bund will be constructed with a 5 m base and 2 m height with a 10 m offset from the potentially 
unstable pit edge zone to ensure berm longevity and safety. As such, the pit berm will be approximately 4,900 m in 
length and utilize nearly 49,000 m3 of NAF material from the Batman Pit. Key reclamation quantities are presented 
in Table 4. 

Long-term pit water treatment is not anticipated under the project mining scenario, as the pit is predicted to be a 
terminal sink with net evaporation exceeding precipitation and runoff into the lake as described in the Predictive 
Geochemical Modelling Report for Batman Pit (Practical Geochemistry, 2020).  The pit lake was modeled to reach 
equilibrium at approximately -15mAHD (179m below pit rim) approximately 1,200 years following cessation of 
mining (Practical Geochemistry, 2020).  While geochemical modeling identified that an acidic pit lake (pH 3.1 to 3.7) 
was anticipated to develop and that sulfate, aluminum, arsenic, cadmium, cobalt, and zinc were likely to remain 
above guideline values, the terminal sink and low level of the pit lake relative to the ground surface reduce potentials 
for exposure and therefore render additional post closure water quality improvements unnecessary (Practical 
Geochemistry, 2020, Practical Geochemistry, 2019). 

4.3 Waste Rock Dump 

The existing WRD contains approximately 16 Mt of waste rock. The WRD will be significantly enlarged over the mine 
life. Based on the geochemical testing and analysis program conducted, (including the 2013 Geochemistry Program), 
approximately 37 percent of the waste rock excavated during renewed mining activities will be NAF. As part of the 
mine plan a Waste Rock Management Plan (WRMP) will be developed that specifies how waste rock is to be handled 
to minimize the potential for ARD/ML and maximize the beneficial use of NAF waste rock for closure. The WRMP 
will include:  
1) Routine waste rock testing procedures such as collecting monthly samples for analysis of carbon and 

sulfur that can be used to confirm data from the blast hole database;  
2) Staging dump construction to minimize the contact of PAF rock with air and water;  
3) Selective handling and isolation of the highest sulfide material or blending PAF and NAF waste rock;  
4) Contouring WRD surfaces to shed precipitation and runoff away from PAF materials during production 

and at closure; and  
5) Concurrent reclamation of inactive dump areas and faces as mining progresses.  

The results of this planning effort will include managing waste rock disposal so the outer layers of the WRD are 
composed of NAF waste rock at closure. The WRMP should also emphasize the implementation of operational 
techniques and dump designs that encourage clean water diversion, rapid internal surface runoff, and seepage 
control during operations and at closure.  

From its current area of 69 hectares, the WRD will be constructed at an effective angle of 30 degrees with interbench 
slopes of 34 degrees and will expand to a planned 2D footprint area of 258 ha. As the WRD is constructed an 8m 
wide bench will be installed on the face of the WRD each 30m of vertical WRD height. The planned WRD will be 
benched appropriately to satisfy geotechnical stability constraints.  These benches will function as stormwater 
drainages as practicable and as access for reclamation cover installation, reclamation activities, and maintenance. 
The WRD will be built to final grade and configuration, with a final 3D area of approximately 291ha.  
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established in the modeling of the 25 m sections. Additional information regarding the seepage modeling is included 
as Attachment 4. Attachment 4 was originally developed in 2012 and was revised in 2018 to reflect updated WRD 
closure assumptions and strategies.  In 2019 this closure cover modeling was reviewed to comment on applicability 
of the modeled configurations to the currently proposed cover configurations (including that it is anticipated that 
using a LLDPE liner will result in lower infiltration rate than a GCL liner).  This review memorandum is included as 
Attachment 5. 

4.4 Tailings Storage Facilities 

Tailings will be produced at the Process Plant and disposed of in TSF1 and TSF2 as slurry with an average solids 
content of 42 percent by weight. The particle size of the tailings is anticipated to be fine, with 98 percent passing the 
#100 mesh sieve.  

Prior to completion of the proposed TSF1 centerline raise, it is recommended that a visual inspection be completed 
to confirm if areas to be disturbed by the raise completion contain PGM.  If PGM of suitable quality is identified, 
salvage of this material is recommended, however the site-wide PGM material balance does not require this area to 
contain suitable PGM. Additionally, prior to construction of TSF2, PGM will be salvaged from approximately 0.2 m 
to 1.0 m depth throughout the footprint of TSF2. Based on this range of excavation depths, approximately 
1,200,000 m3 of PGM will be salvaged from the TSF2 footprint. This salvaged material will be used in the closure of 
TSF1 and TSF2. Initiation of closure activities at TSF1 and TSF2 is anticipated to occur in Year 18.  

Tetra Tech anticipates that the impounded tailings surface conditions in TSF1 and TSF2 at the end of tailings 
deposition activities will be similar to the current conditions. Currently, beach sands cover only a narrow strip near 
the inside crest of the existing TSF1 dam and slimes cover the remainder of the surface of TSF1. As such, Tetra Tech 
has assumed that at closure, the majority of the impounded surface of TSF1 and TSF2 will be primarily composed of 
thixotropic tailings (thick like a solid but flows like a liquid when a sideways force is applied) that will maintain a high 
degree of saturation for many years unless they are actively dewatered and consolidated, covered with material 
(i.e., increase surcharge), or are chemically treated to increase their strength. To address this, pumping of the 
supernatant pond to the water treatment plant and subsequent installation of wick drains in the supernatant pond 
footprint is proposed.   

The final planned TSF1 3D surface area at closure will be approximately 250 hectares (including an impounded 
surface area of 194 hectares and dam embankment surface area of 56 hectares). The final planned TSF2 3D surface 
area at closure will be approximately 304 hectares (including an impounded surface area of 215 hectares and dam 
embankment surface area of approximately 89 hectares).  

To close the impounded surfaces of TSF1 and TSF2 after pumping and wick drain installation has resulted in 
sufficiently dewatered tailings to allow for passage of equipment, bulk fill material will be placed on the tailing 
impoundment surface to create a crowned cover to drain surface water off to the sides.  The estimated volume of 
material necessary to create a crown with minimum 1% slopes on the impounded surface of TSF1 and TSF2 is 
approximately 6.5 and 8.0 million m3, respectively. This crown material will be covered with a 0.8 m-thick store and 
release cover composed of 66% imported LPM and 34% NAF waste rock, requiring approximately 1.6 and 1.7 million 
m3 of store and release material to cover the TSF1 and TSF2 impoundment surfaces, respectively. The store and 
release cover will be topped with a 0.2 m-thick cover of PGM, requiring approximately 0.39 and 0.43 million m3 of 
material for the TSF1 and TSF2 impoundment surfaces, respectively. A closure cover vadose model was developed 
for the TSFs and is included as Attachment 6. 

The 0.8 m-thick store and release cover consisting of NAF waste rock and LPM will be installed on the outside slopes 
(embankments) of the main dams of TSF1 and TSF2, requiring approximately 0.45 and 0.71 million m3 of material, 
respectively. This store and release cover will be capped with a 0.2 m-thick PGM cover. The embankment surfaces 
of TSF1 and TSF2 will require approximately 0.1 and 0.2 million m3 of PGM, respectively. Following capping with 
PGM, TSF1 and TSF2 will be revegetated with native seed to increase the erosion resistance of the store and release 
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cover. To the degree practicable, the store and release cover will be installed concurrently on the TSF1 and TSF2 
dams. Figure 3 shows the TSF cover.  Key reclamation quantities are presented in Table 4.  

At closure, modifications will be made to the TSFs to manage seepage and precipitation. The spillways will be 
modified to suit the closure design and seepage collection ditches will be installed, routing seepage to a modified 
sump that will collect seepage via gravity feed. The seepage collection ditches will be designed to receive and convey 
seepage in a lined ditch to a central sump. A pump and pipeline system will then be installed to route the collected 
water away from the TSF sump to the active water treatment plant, or later on, to the passive water treatment 
systems. At closure of TSF2 seepage will be routed to the water treatment plant for approximately 5 years until flow 
rates decrease and flows can be treated using a passive water treatment system. Closure of TSF1 will also include 
modifications to the decant system to prevent short circuiting of fluids through the TSF at closure. Closure of TSF2 
will include removal of the tailings delivery line spigot piping and on-site disposal.  

TSF2 will be reclaimed concurrently as opportunity allows, with the impoundment surface reclamation starting in 
Year 18, following completion of the processing activities.  

4.5 Process Plant and Pad Area 

A new processing plant will be built at the existing Process Plant and Pad Area. The current plant and pad area is 
approximately 35 hectares. This area encompasses the Process Plant structures, crushing stockpile, RP2, RP5, and 
ancillary facilities such as the ammonium nitrate/fuel oil (ANFO) storage location. Tetra Tech anticipates that the 
area of disturbance for the construction of the new processing plant will increase only slightly, to approximately 
38ha. Once mineral processing ceases the Process Plant will be decommissioned, decontaminated, demolished, and 
any reusable equipment and materials will be salvaged and resold. Removal of foundations and reclamation of 
Process Plant areas will occur after the plant has been removed.  

The current operating assumption is that the Process Plant (or portions thereof) will be demolished (disassembled), 
removed (salvaged) or hauled to a solid waste landfill or other suitable locations on-site, capped, and reclaimed. 
Some buildings will remain to support reclamation operations and maintenance.  Process Plant and WTP 
decontamination, decommissioning, demolition, and disposal assumes removal of building components above 
ground surface. 

Concrete foundations, walls, bridges, and other non-reactive, non-combustive, non-corrosive and non-hazardous 
demolition waste will be broken up and either:  
1) Placed in the WRD or TSFs prior to crowned cover placement; and/or  
2) Buried in-place or backfilled against cutbanks and highwalls throughout the Process Plant and Pad Area, 

as well as other areas that will be reclaimed at Mt Todd.  

The Process Plant and Pad Area will be graded to blend into the surrounding topography and drain towards Batman 
Creek. Closure grading will include pushing approximately 0.38 million m3 of material. Stormwater drainage controls 
and erosion and sediment controls will be designed and constructed to minimize erosion and channel scour. The 
Process Plant Area and Pad will be covered with 0.2 m of PGM and revegetated and protected from erosion as 
described previously. The estimated volume of material necessary to close the Process Plant Area is approximately 
77,000 m3 of PGM. Tetra Tech assumes that the Process Plant and Pad Area will no longer be a source of ARD/ML 
following closure. Key reclamation quantities are presented in Table 4.  

Reclamation of the Process Plant vicinity will also include closure of RP2 and RP5. The closure of these retention 
ponds will include removal of sediments, cutting, folding, and disposal of liners in place, and backfilling of the pond 
utilizing surrounding material. The pond surfaces will be covered and revegetated as described for the Process Plant 
area.  
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4.8 Mine Roads 

Haul roads were assumed to be 35 m wide throughout the site. Light vehicle and access roads were assumed to be 
an average of approximately 14m wide.  Roads were assumed to be reclaimed when no longer required to access 
active reclamation areas, for site monitoring, or for long-term access to select areas of the site, such as (but not 
limited to) the passive treatment systems and the RWD. Roads will be closed by grading into surrounding 
topography, ripping subgrade materials, placing 0.2 m of PGM, and revegetating the areas as described previously. 
Approximately 24 ha of haul roads will require closure.  

Typical mine road reclamation and cover is shown in Figure 4. Key reclamation quantities are presented in Table 4.  
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5. RECOMMENDATIONS 
Throughout the mine-life, Vista should anticipate, plan, design, and implement effective plans for:  
1) Identification of PAF and NAF materials, as well as metaliferous materials;  
2) Selective handling of PAF and NAF material and potentially direct treatment of PAF materials 

throughout the mine-life to prevent or reduce the generation of ARD/ML;  
3) Identification and acquisition of suitable materials for use in closure covers, including NAF materials for 

liner bedding and overlayers (which if locally available may be a lower cost option to geotextile), NAF 
material for erosion control, low-permeability material, and plant growth medium; 

4) Short- and long-term hydrologic isolation of PAF and metaliferous materials from ground and surface 
water; and  

5) Control of stormwater to prevent excessive erosion and sedimentation.  

Specific recommendations are provided below to address information gaps, advance the feasibility study, and 
improve the function and performance of on-site water management.  

The following information is needed to progress reclamation planning to a design level.  Completing these studies 
as early as practicable prior to or during mine life will aid in designing for closure and streamline the closure process. 
The recommended work should be performed strategically so that decisions about closure and reclamation can be 
made sequentially and at the appropriate phase of the project. The following work items are recommended to be 
conducted:  
1) Waste and cover material hydraulic properties characterization and analysis;  
2) WRD specific recommendations: 

a) Hydraulic properties characterization of WRD liner system components 
b) Liner bedding shear strength and liner to liner bedding interface shear strength testing (including 

residual interface strength analysis of liner system components and waste rock for use in slope 
stability analyses);  

c) Slope stability analyses for static (updated based on site-specific parameters) and pseudo-static 
conditions, focused on interlift stability and post-earthquake conditions based on stress-
deformation modeling; 

d) Waste rock consolidation evaluation under 30-m waste rock load, to evaluate adequacy of 5% 
slope for maintaining positive drainage to outer bench of WRD and settlement impacts to liner 
system integrity; 

e) Seepage analyses for the WRD reflecting additional site-specific data (as available), closure designs 
(including LLDPE), and longer term climactic conditions & potential variations; 

f) Detailed quality control and monitoring plan for construction and operations of the WRD and cover 
placement, including assessing liner placement scheduling and necessary wet season 
considerations; and 

g) WRD liner longevity, long-term performance, and liner breach evaluations 
3) TSF Specific Recommendations 

a) Tailings trafficability testing;  
b) Wick-drain efficacy testing; 
c) Development of a Tailings Management Plan;  
d) Seepage analyses for the TSFs reflecting additional site-specific data (as available), closure designs, 

and longer-term climactic conditions & potential variations; 
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4) Bench and pilot testing for passive water treatment; 
5) Improvement of the watershed hydrologic data collection system to enable an update of precipitation-

yield characteristics of the site;  
6) Completion of the site-wide soils and closure cover materials inventory and characterization to identify 

material sources, properties, and balance; and  
7) Erosion and sediment control analysis.  

5.1 Waste and Cover Material Hydraulic Properties Characterization and Analysis 

The hydraulic properties of waste rock, tailings, and potential cover materials require additional characterization as 
part of the feasibility study. These results should be used to improve:  
1) Waste facility and site-wide water balance prediction; and  
2) Evaluation of closure cover design alternatives and performance.  

Samples of waste rock, tailings, and potential cover materials should be collected and analyzed to determine particle 
size distribution. These particle size distribution data should be compared with available computational databases 
(e.g., SoilVision) to estimate variably-saturated hydraulic properties (e.g., soil water characteristic curves [SWCC], 
saturated and unsaturated permeability). The SWCC describes the water content of a material as a function of soil 
suction or negative pore-water pressure. The particle size analyses and database query results should be used to 
select a wide range of samples for further empirical characterization of their saturated and unsaturated hydraulic 
properties.  

Tetra Tech recommends that saturated hydraulic conductivity and SWCC of waste rock, tailings, and potential 
sources of soil cover materials be tested.  

Samples should be collected as follows:  
1) Waste Rock:  15 to 25 waste rock samples, each with a mass of 50 kilograms (kg), should be selected to 

represent the majority of the rock mass lithology anticipated to be deposited in WRDs. Samples should 
be collected from shallow trenches excavated in the existing waste rock facilities.  

2) Tailings:  Ten paired tailings material cores should be collected along transects from the tailings 
deposition zone to the far side of the impoundment or supernatant pond, as practicable. The cores 
should be collected using core barrels with clear plastic liners so that stratigraphy can be readily 
assessed. Cores should be collected to a minimum depth of 3 m. One of the paired cores should be used 
to visually assess stratigraphy. Areas of distinct sandy characteristics should be identified and evaluated 
for vertical continuity, with the goal of determining if there are large (e.g., greater than 0.5 m in depth) 
intervals composed solely of sandy material. Material from intervals of interest will be sampled and 
submitted to a laboratory for analysis (discussed below). This information will be used to assess the 
total porosity of beach tailings and geochemical properties of sands and slimes. This information may 
be of value in determining the trafficability of the beach tailings and efficacy of wick drains in helping 
to achieve trafficability. 
The second paired core will be sealed to prevent atmospheric oxygen from entering the sample and 
archived for possible future chemical analysis, depending on whether the particle size analysis indicates a 
significant possibility that ARD generation could be an issue.  

3) Cover Material:  15 to 25 samples of potential cover material sources, each with a mass of 50 kg, should 
be selected to represent the range of possible cover materials. Samples should be collected from 
shallow trenches in areas that are representative of the majority of cover material by mass.  

Particle size distributions should be determined using the sieve and hydrometer method, in accordance with 
American Society for Testing and Materials (ASTM) D 422. Material classification should be conducted according to 
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ASTM D 2487. Results will include percentages of cobbles, sand, silt and clay, and the material classification. 
Saturated hydraulic conductivity tests are most often completed using a triaxial permeameter. A falling head 
permeameter is more appropriate for coarse textured materials or for the determination of the saturated hydraulic 
conductivity of cover material following placement. SWCC tests are most often completed using a conventional or 
modified pressure plate apparatus.  

Results of the field characterization should be incorporated into hydrologic models (e.g., GOLDSIM, VADOSE/W, 
SEEP/W, SOILCOVER, H-SAT) used to simulate the long-term water balance of tailings and waste rock facilities 
including the amount of meteoric water that infiltrates through closure covers. Detailed, stochastic models of waste 
facility and cover design alternatives should be developed using probabilistic analysis of precipitation to represent 
the range in wet, average, and dry year conditions.  

Following the completion of the feasibility study, test plots and fills are recommended to be installed if material 
characteristics of materials proposed for use in covers differ significantly from the existing cover materials previously 
used and currently understood on the site. These test plots and fills would be monitored to evaluate and confirm 
the performance of alternative grading, stormwater drainage and cover designs, and erosion control and 
revegetation treatments. Conclusions regarding the performance of closure alternatives tested would be used, in 
part, for the development of final closure plans and designs at Mt Todd, and to validate vadose zone and water 
balance models to improve the prediction of long-term water treatment requirements and adverse impacts to 
surface and ground water in the vicinity of Mt Todd. Inclusion of test fills was not included in the cost estimate as 
the existing body of knowledge on cover material is assumed to be sufficient for closure planning purposes. 

5.2 WRD-Specific Recommendations 

5.2.1 Hydraulic Properties of Liner System Components 

Assess hydraulic properties of liner system components (including geotextile, LLDPE, GCL, fines materials) and assess 
potential for saturated conditions near the liner system components. 

5.2.2 Shear Strength Testing 

Liner bedding shear strength and liner to liner bedding interface shear strength testing (including residual interface 
strength analysis of liner system components and waste rock for use in slope stability analyses) should be performed.  
These analyses should include evaluating geotextile and LLDPE components, as well as GCL and fines materials.  
Internal strength of GCL for use in slope stability analysis should also be assessed. 

5.2.3 Geotechnical Stability Analyses 

Slope stability analyses for static and pseudo-static conditions should be performed.  Static slope stability analyses 
should be updated based on site-specific parameters and include interlift stability and post-earthquake conditions 
based on stress-deformation modeling.  Pseudo-static conditions should also be evaluated.  

5.2.4 Consolidation Analyses 

The potential for differential settlement leading to liner grade reversal should be assessed through consolidation 
evaluation under 30m waste rock loads to determine if the 5% slope is adequate to maintain positive drainage to 
the outer bench of the WRD (assess if predicted settlement is greater than the 2.6m of grade drop between the start 
of the liner and the outer bench).  The impact of settlement to liner system integrity should also be assessed.   

5.2.5 Quality Control and Monitoring Plan 

A detailed quality control and monitoring plan for construction and operations of the WRD and cover placement, 
including assessing liner placement scheduling and necessary wet season considerations 
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5.2.6 WRD Liner Longevity and Liner Breach Evaluations 

Evaluations on the anticipated longevity of the liner system and potential for liner breaches to occur should be 
conducted, as effectiveness of the cover will be significantly impacted if permeability is increased due to liner 
deterioration or breach.  Liner punctures, if present, will increase flow through the liner, and leakage through the 
liner due to defects (poor quality seems or holes) though anticipated to have a smaller impact, should be considered.  
The potential for liner breach due to long-term differential settlement impacts or potential seismic events should 
also be considered. 

5.2.7 Seepage Analyses for the WRD  

Update seepage flowrate analyses for the WRD based on improved site-specific information, as it becomes available, 
including but not limited to physical waste rock characteristics and results of cover trials.  Update seepage analyses 
to reflect the design configuration and evaluate potential differences resulting from use of fines or geotextile under 
and overlayers paired with an LLDPE liner. Seepage analyses should also include an evaluation addressing potential 
longer term climactic conditions & potential climate variations. 

5.3 TSF-Specific Recommendations 

5.3.1 Seepage Analyses for TSF1 and TSF2  

Specific TSF1 and TSF2 seepage analyses, including post-closure conditions, should be developed based on site-
specific tailings consolidation and material properties of tailings and cover components.  These seepage analyses 
should be developed independently for TSF1 and TSF2 based on the differing conditions between the two facilities 
(both in terms of design and deposited tailings).  Seepage analyses should also include an evaluation addressing 
potential longer term climactic conditions & potential climate variations. 

5.3.2 Tailings Trafficability Testing 

The minimum cover that will be needed to bridge the thixotropic tailings located on the impounded surface of TSF1 
and TSF2 and the trafficability and stability of saturated and dewatered slimes requires study and should be 
investigated to adequately define capping techniques and the quantity of cover needed to successfully reclaim TSF1 
and TSF2 with a crowned cover. A tailings consolidation and loading study would be developed to report these 
findings.  

5.3.3 Wick-drain Efficacy Testing 

Use of wick-drains to efficiently dewater tailings, particularly in the area of the supernatant pond, should be 
investigated to adequately determine if wick drains can be effectively installed to achieve the desired dewatering 
results in a reasonable time period.  

5.3.4 Development of a Tailings Management Plan 

A Tailings Management Plan should be developed in future phases of study to specify how tailings are to be handled 
to minimize the potential for ARD and metals leaching, and facilitate closure and rapid dewatering and consolidation 
of tailings.  

5.4 Bench and Pilot Testing for Passive Water Treatment 

Bench scale and pilot scale testing of passive treatment system to treat seepage from the WRD and TSFs should be 
conducted early in the mine life to confirm these technologies will be appropriate to treat the seepages present on 
site to required water quality for discharge, to refine the specifications for substrates and other materials required 
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within the passive treatment system, and to allow for site-specific information to be gathered necessary to progress 
the passive water treatment systems design to future phases.   

5.5 Post-Closure Pit Lake Modeling 

Optimize pit lake closure strategy based on site-specific information on pit wall rock reactivity as mining progresses. 

5.6 Reclamation Material Inventory and Characterization 

In order to maximize the use of on-site material over imported material for reclamation, Tetra Tech recommends 
that thorough site-wide inventories be developed for reclamation materials. Inventories (or continuance and 
completion of ongoing inventories) of the following materials are recommended:  
1) NAF waste rock and other waste materials on site;  
2) LPM;  
3) Undisturbed or slightly disturbed soils, stockpiled soils, and regolith;  
4) Durable rock riprap and gravels;  
5) Acid-resistant drain rock; and  
6) Organic wastes and other soil amendments.  

These inventories should be followed by field-tests to determine the material suitability for the anticipated uses. 
The potential sources of closure materials at or near Mt Todd include, but are not limited to:  
1) Production of waste covers, riprap, drain, liner bedding and overlayer, and low-permeability materials 

excavated from the pit during mining;  
2) Production of waste covers, riprap, drain, liner bedding and overlayer, and low-permeability materials 

excavated from the borrow areas;  
3) Production of organic soil amendments developed by composting organic waste such as feedlot 

manure, crop stubble, biosolids, wood waste from logging operations, etc.;  
4) Uncontaminated fill material in materials storage yards, roads, and ancillary facilities;  
5) Uncontaminated material excavated for creation of the WRD, RP1, TSF1, and TSF2 diversions; and  
6) Soil salvage from the footprint of TSF1, TSF2, and the expansion of the WRD and Pit.  

Inventories should define the location, volume, properties, uniformity, retrievability, and where necessary acid-
resistance of potential sources of reclamation materials on or immediately adjacent to the site. Due to the significant 
cost associated with the excavation, processing (if necessary), transportation, and distribution of these reclamation 
materials, approximate haul distance and road grades between each potential closure material source and major 
closure area should be evaluated. This process will eliminate some potential sources from further consideration.  

When the properties, volume, and viability of closure material sources are determined based on site inventories, 
material balance and costs should be improved and the results should be integrated into the closure planning 
process. The suitability of many of the existing on-site sources of durable rock riprap and gravels, acid-resistant drain 
rock, low-permeability clays, and other material have already been evaluated by Vista and others. However, the 
scope of these inventories will likely need to be expanded to address the volumes of materials needed for closure.  

Material testing discussed previously and standard test references (e.g., ASTM) should be used to guide the analysis 
to assess the suitability of potential sources of durable rock riprap and gravels, acid-resistant drain rock, LPM, and 
other materials. Based on an initial assessment of materials contained in each potential cover source, representative 
material samples should be collected and the following material properties should be determined as appropriate 
for the intended use of the material. 
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Physical Parameters: 
1) Particle size distribution (dry sieve and hydrometer for < 2-millimeter fraction);  
2) Atterberg limits;  
3) Specific gravity;  
4) Compaction curve (i.e., Proctor curve);  
5) Saturated hydraulic conductivity;  
6) Consolidation – saturated hydraulic conductivity tests; and  
7) SWCC (moisture release curves) tests.  

Chemical Parameters: 
1) pH (saturated paste and KCl);  
2) Electrical Conductivity (saturated paste extract);  
3) Bulk Density;  
4) Organic Carbon;  
5) Sodium absorption ratio;  
6) Cation (Anion) Exchange Capacity;  
7) Total Nitrogen;  
8) Nitrate-Nitrogen;  
9) Available Phosphorus;  
10) Soluble cations (K, Ca, Mg, Na);  
11) Exchangeable Bases (K, Ca, Mg, Na Fe, Mn, and Ti) and Aluminum; and  
12) Acid Base Accounting (additional analysis may be necessary if net neutralization potential [NNP]  

< + 20 tonnes CaCO3 equivalent/1,000 tonnes material or NPR (acid net neutralization potential) < 2).  

Phase I of the LPM inventory was completed in late October and early November 2012 and included field work for 
the preliminary identification and characterization of LPM sources on-site and near Mt Todd. It is recommended 
that Phase II field work and associated analyses be completed in additional project study phases. Completion of 
Phase II would include estimates of the costs to deliver LPM to the mine and discussions regarding LPM material 
properties, estimated volumes, factors influencing the feasibility of accessing each source, and recommended LPM 
source selection.  

5.7 Waste and Cover Material Erosion and Sedimentation Analysis 

The erosion from tailings, waste rock, ancillary facilities, and closure covers should be evaluated to:  
1) Predict soil loss from facilities during operations and following closure;  
2) Develop and evaluate erosion and sediment control options; and  
3) Predict the rate and magnitude of sediment loads to operational and closure stormwater drainage 

systems (ponds, channels, sumps, etc.).  

Vegetation monitoring data should be collected for the existing reclamation test plots. These data and data from 
the characterization of waste and cover hydraulic properties may then be used as inputs to empirical or process-
based erosion and sedimentation prediction models (RUSLE, Water Erosion Prediction Project (WEPP), Erodibility 
Index Method, SEDCAD, and others) for the evaluation of facility drainage designs, sediment management plans, 
and erosion and sediment control alternatives.  
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6. ESTIMATED CLOSURE COSTS 
The estimated quantities (e.g., facility dimensions, material volumes, surface areas, disturbance footprints) for the 
reclamation of major facilities at Mt Todd are summarized in Table 4. Reclamation costs were estimated at a 
± 15 percent level of accuracy based on present value costs based on the following:  
1) Available mine plan and existing engineering and data presented in this Feasibility Study;  
2) Geochemical testing and analysis program;  
3) Estimates of environmental conditions throughout the mine-life;  
4) NT Government mine closure and environmental protection regulations and guidelines;  
5) Labor rates provided by Vista Gold;  
6) Rawlinson’s Australian Construction Handbook (2019 edition, costs scaled based on location factors);  
7) Caterpillar Performance Handbook, Edition 40, January 2010;  
8) Equipment Rates developed by RESPEC;  
9) Vendor quotes;  
10) Recent mine closure costing experience; and  
11) Professional judgment.  

Costs were also estimated for reclamation oversight, monitoring concurrent reclamation, monitoring final 
reclamation, maintenance, and contingency. Maintenance was estimated to be 10 percent of the direct costs by 
year and includes such costs as maintenance and rehabilitation of reclamation covers and vegetation, weed control, 
installation of additional erosion control devices, and maintenance of site roads during closure. Contingency was 
estimated to be 10 percent of the total project cost.  

Based on the costing approach described above, the cost estimate for implementing this plan is summarized in Table 
5, and includes closure of major facilities at Mt Todd. Additional information used to develop this cost estimate is 
provided in Attachment 7, including unit costs and quantities. 

Passive water treatment installation and operation has been conceptually evaluated, as described in Appendix G to 
the Mt Todd Gold Project Prefeasibility Study Technical Report, and a provisional cost for construction and 
operations incorporated into this reclamation estimate. 

No costs were included in this reclamation cost estimate for the following closure related items:  
1) Selective handling of waste rock and the haulage of waste rock to the TSF 1 and 2 (covered under mining 

costs) 
2) Construction of stormwater control structures (covered under stormwater costs);  
3) Baseline studies and permitting (covered under environmental costs); 
4) Security cost fees (covered under owners costs); 
5) Active water treatment (during operations or during closure and post-closure) (covered under water 

treatment costs); and 
6) Amendment of PGM with additional organic matter (not anticipated to be required).  

A portion of the Project closure and reclamation has been addressed by others. Preliminary and provisional costs 
have been included in the financial model by others for each of these areas as follows: 
1) Decontamination, decommissioning, and demolition of currently existing site structures, mills, 

processing areas, water treatment plants etc. down to the foundations, as well as disposal of all material 
and debris generated from these activities, has been evaluated and preliminary costs developed by 
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outside contractors. Demolition costs for facilities remaining following decontamination, 
decommissioning and superstructure demolition have been included and estimated in this Plan. 

2) Operation of the water treatment plant during the closure period has not been evaluated in detail at 
this stage of study; however provisional costs have been developed based on the assumption that 
operations will continue for five years following cessation of operations. Annual operating costs during 
the five year period the plan will be run following operations have been assumed to equal annual 
operating costs during mine production. 

3) Water treatment plant residuals handling or disposal has not been evaluated in detail at this stage of 
study; however a provisional cost has been included in the financial model.  

4) Installation of surface water diversions and any site-wide surface water management has been 
evaluated and is discussed in detail in Appendix I (Water Balance Appendix). 

5) Import of LPM has not been evaluated in detail at this stage of study; however a provisional cost has 
been included in the financial model based on preliminary investigations of nearby low-permeability 
borrow sources. 

6) Handling of NAF waste rock and delivering NAF rock to features in quantities and at times required for 
reclamation has been evaluated by both Tetra Tech and RESPEC, and costs have been developed and 
included based on mine-owned equipment doing the work. These costs are presented as part of the 
operating costs for the pits, the two TSFs, and the WRD. 

In accordance with regulatory requirements, a reclamation security will be required for the site.  Calculation of 
security amounts will be conducted with the NT Security Calculation excel-based worksheet periodically throughout 
the mine life in accordance with regulatory requirements. Costs associated with reclamation security have been 
included as owners’ costs in the technical economic model. As part of the RP, an estimate was developed of the 
Security Cost required for the project. In the NT, the government requires that a Security Cost calculation be 
performed prior to issuing a mining authorization to commence mining. This Security Cost calculation is used to 
assist in establishing the level of security required to ensure liabilities incurred by mining activities will be addressed. 
The NT government has specified that the Security Cost calculation must follow the excel workbook developed by 
the NT government and posted on the NT government website. The security that has been developed for the 
Mt Todd project has been developed in accordance with the NT Security workbook and associated guidance. The 
security calculation is reflective of the common mine site rehabilitation procedures and current rehabilitation costs 
included in the NT Security workbook as of the date of this document.  

Security calculations developed include annual estimates for Yr -1 through Yr 17 based on the current 50K TPD Base 
Case mine plan and address activities required to close and rehabilitate each functioning facility planned for the Mt 
Todd project, including TSF1, TSF2, WRD, HLP, LGO2, Site Infrastructure and Process Plant area, Pit area, roads, 
decommissioning and post closure management, and post closure water management. The estimated annual 
security costs for project years -1 through 17 for the 50K TPD case Mt Todd project are summarized in Table 6. 
Additional information regarding the Security Cost estimate can be found in Attachment 8. The maximum liability 
occurs in project Yr 3, associated with full WRD footprint buildout and full TSF2 buildout.  Liabilities generally 
decrease subsequently as the top surface areas of the WRD and TSFs requiring cover decrease as each of these 
facilities is constructed taller, and concurrent reclamation is completed (i.e., on WRD side slopes).   
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Table 2:  Reclamation Facility Status and Reclamation Schedule 

Facility 
Pre-Production  

(Years -2 and -1) 
Production  

(Years 1 through 17) 
Closure Phase  

(Years 18 through 20) 
Post-Closure Phase  

(Years 21 through 24) 
Post-Closure Phase  

(Years >24) 
TAILINGS STORAGE FACILITY 1 (TSF1) 

TSF1 Top (Area of 
Impounded Tailings) 

Inactive Facility Active  
Begin Drain/ Install Wick 
Drains when tailings 
deposition complete 

Continue dewatering and 
install cover/ reclaim 
facility till complete. 

Reclaimed Reclaimed 

TSF1 Dam Face  Inactive/ Construct Dam 
Raise 

Constructed Dam Raises / 
Reclaim as Practicable 
Final Reclamation when 
tailings deposition 
complete 

Complete reclamation Reclaimed Reclaimed 

TAILINGS STORAGE FACILITY 2 (TSF2) 
TSF2 Top (Area of 
Impounded Tailings) 

Not yet constructed, no 
tails stored 

Facility Active  
Begin Drain/ Install Wick 
Drains when tailings 
deposition complete 

Continue dewatering and 
install cover/ reclaim 
facility till complete. 

Reclaimed Reclaimed 

TSF2 Dam Face  Not yet constructed, no 
tails stored 

Constructed Dam Raises / 
Reclaim as Practicable 
Final Reclamation when 
tailings deposition 
complete 

Complete reclamation Reclaimed Reclaimed 

HEAP 
Heap Leach Pad Inactive Leach Ore Re-Processed in 

Production Year 15 
through 17 

Footprint reclamation  Reclaimed Reclaimed 

PROCESSING PLANT AND PAD AREA 
Processing Plant Constructed Active Demolish Reclaimed Reclaimed 
Pad Area Inactive / Upgraded Active Regrade / Install Cover / 

Reclaim 
Reclaimed Reclaimed 

RP2 & RP5 Active Active Regrade / Install Cover / 
Reclaim 

Complete reclamation Reclaimed 

Water Treatment Plant 
& Process Water Pond 

Constructed Active Active Demolish / Reclaim Reclaimed 



 

 

Facility 
Pre-Production  

(Years -2 and -1) 
Production  

(Years 1 through 17) 
Closure Phase  

(Years 18 through 20) 
Post-Closure Phase  

(Years 21 through 24) 
Post-Closure Phase  

(Years >24) 
BATMAN PIT 

Pit Access Berm Nonexistent Construct once pit 
excavated to full footprint 

Reclaimed Reclaimed Reclaimed 

WASTE ROCK DUMP 
Waste Rock Dump Inactive Active/ Concurrently 

Install geosynthetic liner 
and Reclaim 
Complete Final Cover 
Installation and Reclaim  

WRD surface reclaimed Reclaimed Reclaimed 

PASSIVE WATER TREATMENT 
WRD, TSF1 AND TSF2 Not yet constructed Not yet constructed Passive water treatment 

constructed concurrent 
with active water 
treatment 

Passive water treatment 
ongoing 

Passive water treatment 
ongoing 

LOW GRADE ORE STOCKPILE 2 (LGO2) 
Low Grade Ore Stockpile Not yet constructed Active, processing 

completed by Year 16 / 
Reclaim as Practicable 

Complete final 
reclamation 

Reclaimed Reclaimed 

MINE ROADS 
Haul and Ancillary Roads Inactive / Upgraded & 

Activated as Necessary 
Active  Reclaim roads Reclaim roads no longer 

used for active 
reclamation 

Roads for monitoring and 
RWD access retained, 
other roads reclaimed 

 





 

 

Table 4:  50K TPD Base Case Major Reclamation Quantities and Dimensions 

Facility 

Reclaimed 
Area 

(hectares) 
Grading Volume 

(m3) 
Closure Cover Thickness  

(meters) 

Total NAF Waste Rock 
and other Cover 

Material Volumes 
(m3) 

Total Store 
and Release 

Cover Volume 
(m3) 

Closure 
Cover LPM 

Volume 
(m3) 

Plant Growth 
Medium 
(PGM) 

(m3) 
TAILINGS STORAGE FACILITY 1 (TSF1) 

TSF1 Top (Area of 
Impounded Tailings) 

194 0 Crowned cover variable 
thickness to create min 1% 
slopes, 0.8 m store and release 
cover, 0.2 m PGM 

Crowned Cover: 
6,520,000  

Store and Release 
Cover: 

528,000 

1,554,000 1,025,000 388,000 

TSF1 Dam Face 
(Embankment) 

56 0 1.0 m (0.8 m store and release 
cover, 0.2 m PGM) 

Store and Release 
Cover: 

152,000 

446,000 294,000 111,000 

TAILINGS STORAGE FACILITY 2 (TSF2) 
TSF2 Top (Area of 
Impounded Tailings) 

215 0 Crowned cover variable 
thickness to create min 1% 
slopes, 0.8 m store and release 
cover, 0.2 m PGM 

Crowned Cover: 
8,040,000  

Store and Release 
Cover:  

586,000 
 

1,723,000 1,137,000 431,000 

TSF2 Dam Face 
(Embankment) 

89 0 1.0 m (0.8 m store and release 
cover, 0.2 m PGM) 

Store and Release 
Cover: 

241,000 

709,000 468,000 177,000 

HEAP 
Heap Leach Pad 39 195,000 m3 

materials removed 
156,000 m3 

regraded 

0.2 m PGM cover - - - 78,000 

PROCESSING PLANT AND PAD AREA 
Processing Plant Pad 
Area 

38 380,000 0.2 m PGM cover  - - 77,000 

PWP, RP2 and RP5 1.4 146,000 m3 to 
backfill ponds 

0.2 m PGM cover (PWP only)  - - - 1,400 

BATMAN PIT 
Pit Access Restriction 
Berm 

- 49,000 - - - - - 



 

 

Facility 

Reclaimed 
Area 

(hectares) 
Grading Volume 

(m3) 
Closure Cover Thickness  

(meters) 

Total NAF Waste Rock 
and other Cover 

Material Volumes 
(m3) 

Total Store 
and Release 

Cover Volume 
(m3) 

Closure 
Cover LPM 

Volume 
(m3) 

Plant Growth 
Medium 
(PGM) 

(m3) 
WASTE ROCK DUMP 

Waste Rock Dump 291 0 Geosynthetic liner cover 
(Bedding Layer, Liner, Protective 
Layer, Erosion Control Layer) 

NAF Waste Rock 
erosion cover: 

2,800,000 
Liner: 2,800,000 m2 

Liner under and 
overlayer geotextile: 
5,700,000 m2 (total) 

- - - 

LOW GRADE ORE STOCKPILE 2 (LGO2) 
LGO 2 51 153,000 m3 gravels 

removed 
102,000 m3 

regraded 

0.2 m PGM cover - - - 102,000 

MINE ROADS 
Haul and Ancillary 
Roads 

30 59,000 0.2 m PGM cover - - - 59,000 

 



 

 

Table 5:  Reclamation Cost Estimate 

Area Cost1 
Tailings Storage Facility 1 (TSF1) $47,753,000  
Tailings Storage Facility 2 (TSF2) $61,361,000  
Heap Leach Pad $1,634,000  
Process Plant and Pad Area $17,156,000  
Batman Pit $369,000  
Waste Rock Dump $60,911,000  
Low Grade Ore Stockpile 2 (LGO2) $1,285,000  
Soil Stockpiles $473,000  
Mine Roads $674,000  
Passive Water Treatment $1,715,000 
Maintenance and Monitoring $11,046,000 
Contingency $20,049,000 

Total Closure Cost $224,426,000  

1 Cost rounded to nearest $1,000 in current AUD.  
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ACRONYMS/ABBREVIATIONS 

Acronyms/Abbreviations Definition 

ARD Acid rock drainage 

BPJ Best professional judgment  

DAS Data acquisition system 

dS/m deciSiemens per meter 

EIS Environmental Impact Statement 

GCL Geosynthetic clay liner 

GPS Global positioning system 

HDS Heat dissipation sensors 

LLDPE Linear Low-Density Polyethylene 

m meter 

m/s meters per second 

mg/L milligrams per liter 

mm millimeter 

MMP Mine Management Plan 

NAF Non-Acid Forming 

NTEPA Northern Territory Environment Protection Authority 

PAF Potentially Acid Forming 

QA Quality assurance 

QC Quality control 

SWCC Soil Water Characteristic Curve 

TDR Time Domain Reflectometry 

VWC Volumetric water content 

WRD Waste rock dump 
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2.  COVER TRIAL PERFORMANCE OBJECTIVES 

The primary goals of the cover trials at the Mt Todd Mine are: 

1) Confirm the cover system performs in accordance with the WRD post-closure infiltration and seepage 
model simulations (Tetra Tech 2018); and  

2) Support cover system design modifications if the cover system performance varies significantly from 
model simulations.  

These goals will be met by collecting data regarding various components of the cover system water balance to 
compare with the results of the cover evaluation modeling. For example, the water content of the confining layer 
placed above the liner will be monitored as part of the cover trial. This data point will be compared to the water 
content results of the WRD modeling. 
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3.  COVER TRIAL CONSTRUCTION PLAN 

The siting, instrumentation, and additional sampling and monitoring planned for the cover trial areas are discussed 
in the sections below. Operational and construction managers at the Mt Todd mine will collaborate closely with 
the trial design engineers and monitoring team to ensure the cover trials are installed and monitored safely, early 
in the mine life, and in accordance with final cover trial design reports.  

3.1 Siting 

Cover trial locations on the WRD were selected to satisfy the siting objectives as follows:  

1) Locate trials in areas which can be constructed early in the WRD life with minimal disturbance from 
ongoing WRD construction activities; 

2) Locate trials in areas that represent the predominant topographic variability (e.g., slope face, bench, etc.) 
of the WRD following build-out; 

3) Locate trials in areas that represent the range of climatic conditions expected to be encountered on the 
WRD; and  

4) Locate trials in areas which allow for “nested” trials on slopes and benches for efficient use of 
instrumentation, worker effort, and to limit the potential for worker injury and instrument damage, which 
would increase if cover trials were installed at multiple locations across the WRD.  

To select cover trial locations that satisfy these objectives the following information was assembled and evaluated: 

1) WRD annual build-out plans – Construction Years -1 through Year 12 (Figure 1); 

2) Area of dominant topography following WRD build-out – bench, slopes between benches (i.e. inter-bench 
slopes or inter-benches), and top surface (Figure 1); 

3) Dominant WRD surface aspects (compass direction that a slope faces) following build-out (Figure 3); 
and  

4) Wind rose (sum of wind speeds from any given direction) for the site (Figure 4).  

Based on the evaluation of this information and consideration of trial instrumentations needs, worker effort and 
safety, and the potential instrument damage from waste rock disposal activities, the WRD cover trial locations 
were selected and are shown on Figure 1.  

The cover trial locations selected allow trial construction and initiation of monitoring as soon as practicable. 
Construction and monitoring of the NW and SE cover trial locations can therefore begin during year 5 and 4, 
respectively, following initiation of renewed waste rock placement on the WRD, respectively. By initiating cover 
trial execution early in mining, opportunities will exist to modify WRD cover design based on trial monitoring results 
and to apply the modified design to unbuilt portions of the WRD (if necessary) (refer to Section 5.0).  

Approximately 57, 29, 11 and 3 percent of the two-dimensional surface of the WRD following build-out will be 
comprised of inter-bench slopes, the WRD top, benches and access road, respectively (reference table on Figure 
3). The cover trial locations selected, therefore represent the dominant surface topography of the WRD following 
build-out. As shown on Figure 5, the cover trial layouts at both the NW and SE cover trial locations will be “nested” 
or located in close proximity on inter-benches and adjacent downgradient benches.  

As designed, the gradient of the inter-benches across the WRD is consistently 34o (approximately 1.5(H):1(V)). 
This factor was therefore not considered an important siting factor as the majority of inter-benches will be at or 
near this slope gradient. In general, the geometry of inter-benches is rectilinear; however the WRD design does 
include concave and convex inter-bench slopes to a limited extent. These slope complexities may affect the 
potential for meteoric water to percolate through the preferred cover system; however, locating cover trials on 
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complex slopes would confound placement of monitoring equipment and data interpretation, as well as require 
selection of an impractical number of cover trial locations. Locating trials on these complex inter-bench slopes 
was therefore consider impracticable and of limited value to the overall goal of a proof of concept of the overall 
cover design. 

The cover trial locations on the northwest and southeast aspects of the WRD represent areas of the facility with 
the highest and lowest potential for net percolation of meteoric water through the cover system, respectively. As 
shown on the wind roses (Figure 4), the prevailing wind direction during the wet season at the Mt Todd Mine (i.e. 
October through March) are from the northwest. In addition, potential evaporation rates and relative humidity 
during the wet season are at their annual minimum and maximum, respectively (GHD 2013). The northwest aspect 
of the WRD is therefore expected to experience the greatest amount of precipitation during the wet season. In 
addition, the NW cover trial location will include construction and monitoring of a cover trial on a WRD bench. The 
benches are expected to receive runoff from the upgradient inter-bench slopes, thus increasing the potential for 
percolation of meteoric water though the cover systems. During the dry season, this location will also be subject 
to more intense solar radiation which is expected to result in a higher evaporation rate than other locations on the 
WRD. 

Conversely, the prevailing wind direction during the dry season at the Mt Todd Mine (i.e. April through September) 
are from the southeast. In addition, potential evaporation rates and relative humidity during the dry season are at 
their annual maximum and minimum for the year, respectively (GHD 2013). The southeast aspect of the WRD is 
therefore expected to experience the least amount of precipitation during the period when potential evaporation 
rates and relative humidity are at their annual maximum and minimum, respectively. It is also expected to be the 
most protected location during the wet season, limiting the potential for percolation of meteoric water. 

The combination of the northwest and southeast located cover trial areas provides a means to monitor the 
performance of the cover under the expected range of climatic conditions for the WRD. Locating a cover trial on 
top of the WRD is not proposed since the top surface of the WRD will not be complete until mining Year 16, 
however only minor amounts of waste rock are anticipated to be placed after Year 12. Adequate data should be 
obtained from the northwest and southeast cover trial locations to assess the performance of the preferred cover 
system placed on the top of the WRD.  

3.2 Cover Trial Layouts 

Cover trial layouts are shown in plan and profile on Figures 5 and 6. These figures also specify the number 
instruments to be installed and the approximate location, orientation, and dimensions of instruments and the DAS 
power supply and telemetry system to be installed. The locations, orientations and dimensions of each instrument 
are defined better than in previous versions of this report since instrument manufacturers, models and operating 
systems have been specified and costed, which are discussed in Section 6.0. 

3.3 Instrumentation 

Installation of cover trial instruments will occur simultaneously with waste rock disposal operations and installation 
of the cover system. The same instruments installed at the NW cover trial location will be installed at the SW cover 
trial location. Instrumentation will be installed to collect data on the temporal and spatial variability in volumetric 
water content (VWC) and matric suction above and below the interfaces of the preferred cover system layers as 
the contrasting material properties of these layers are expected to dramatically affect the vertical and lateral 
movement of meteoric water within the cover system. In addition, pore-water pressure at the top surface of the 
GCL or LLDPE liner will be monitored and the amount of meteoric water percolation below the preferred cover 
system (net percolation) will be monitored using lysimeters.  

Instruments will be “nested” and co-located both inside and adjacent to the lysimeters to permit the measurement 
of multiple soil-water parameters at the same depths within the cover system and to assess the influences of the 
lysimeters on water content and movement within the cover system (if any). Surface runoff will also be measured 
from flumes located on inter-benches adjacent to where soil-water measurements are collected (i.e. Slope and 
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Bench Plots). This will limit the variability in climatic conditions encountered between the Slope and Bench Plots 
and surface runoff flume and also limit the amount of equipment needed to supply power to trial instruments and 
acquire data, as previously stated. A precipitation gauge will also be installed at each Bench Plot to monitor rainfall.  

The locations of all instruments, including DAS, power and telemetry, surface runoff flumes, tipping buckets, and 
the alignment of connecting cables and drain pipes, etcetera will be recorded using a hand-held global positioning 
system (GPS). Warning signs will be installed at strategic locations on the WRD to notify workers and others of 
the location of trials plots and flumes to prevent damage to the cover trial plots. Signs will also be erected at and 
above the Slope and Bench Plots to define the lateral extent of underground and surficial instrument arrays and 
associated cables and lystimeter and flume drainage pipes.  

The type and number of instruments used to measure the content and movement of meteoric water on and within 
the preferred cover system is briefly described below, along with instrument measurement principles, expected 
operational range, and accuracy or limitations. These descriptions were derived from commonly available 
literature sources, as well as scientific equipment manufacturers and distributors. The recommended 
manufacturers, models, and operating systems for the plot instrumentation is presented in Section 6.0.  The 
frequency of soil-water and runoff measurements is discussed in Section 4.2. 

Table 3-1: Cover Trial Instrumentation and Parameters to Monitor 

Instrumentation Parameter Monitored 

Time Domain Reflectometry and Neutron Probe Volumetric Water Content 

Heat Dissipation Sensor Matric Suction 

Vibrating Wire Pressure Plate  Pore-Water Pressure  

Lysimeter Net Percolation (below the cover system)  

 

3.3.1 Time Domain Reflectometry 
In situ VWC of the fine-grained material layers within the preferred cover system will be measured indirectly using 
Time Domain Reflectometry (TDR). TDR is non-destructive automated method of measuring VWC that provides 
real-time results. The principles behind the measurement of VWC in soils and other fine-grained materials via 
TDR have been described in Zhan et al., (2001) as follows:  

“An electromagnetic pulse discharged from the TDR travels along the rods and is reflected by the rod 
ends. The travel time, (T), to the end of the rods and back is dependent on the dielectric constant of the 
material surrounding the rods as follows: 

 

where L is the length of the wave guide, V is propagation velocity of the pulse, C is the velocity of light in 
free space (C=3*108 m/s), and K is the dielectric constant of the material. Water content is the principal 
contributor to the dielectric constant values. Topp et al. (1980) demonstrated that a relationship exists 
between the dielectric constant K �D�Q�G���Y�R�O�X�P�H�W�U�L�F���Z�D�W�H�U���F�R�Q�W�H�Q�W������ �,�W���Z�D�V���I�R�X�Q�G���W�K�D�W���.���L�Q�F�U�H�D�V�H�V���Z�K�H�Q������
increases. Nevertheless, solid constituents, such as clay and organic matter, and material bulk electric 
conductivity (EC) also affect the measurements. The manufactured TDR are quite uniform and do not 
need to be calibrated individually. However, sensor calibration must be conducted for each material 
because of constituent differences.” 

TDR will be calibrated by developing material-specific calibration curves in a laboratory that describes the 
relationship between dielectric constants and the VWC of each layer within the cover system (excluding the GCL 
or LLDPE liner). This will allow TDR measurements to be correlated to absolute values of VWC. The TDR s 
instrument specified (Campbell Scientific Model CS645) is not applicable for materials with electrical conductivities 
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of greater than 5 deciSiemens per meter (dS/m) or dissolved solids in the soil water phase great than 100,000 
milligrams per liter (mg/L) (MEND, 2004). The expected operational range of the TDR (assuming the 
aforementioned salinity and dissolved solids conditions are not exceeded) will vary according to calibration 
method; however, the accuracy of TDR measurements is expected to be within 1 or 2% of actual VWC (Sumner, 
1999).  

At each cover trial location, 16 TDR probes will be installed as shown on Figures 5 and 6. The probes will be 
connected via coaxial cables (that will be buried for protection and safety) to two DASs which include solar power 
supply, a cellular antenna and a mounting pole with a lighting protection kit . Data will be downloaded via an 
internet-based modem for web-based access.  

3.3.2 Neutron Scatter 
In situ VWC of the coarse-grained material layers within the cover system will be measured indirectly using the 
neutron scatter method, as TDR is not an appropriate for measuring VWC of coarse-grained materials such as 
the waste rock generated at the Mt Todd Mine. The VWC of the fine-grained material layers within the cover 
system will also be measured indirectly using the neutron scatter method. These data will be compared to VWC 
data measured via TDR, to assess the validity and accuracy of the TDR data.  

The principles behind the measurement of VWC in soils via neutron scatter method have been described in 
Sumner, (1999) as follows: 

“This (neutron scatter) is a nondestructive but indirect method commonly used for repetitive field 
measurement of volumetric water content. It is based on the propensity of (hydrogen) H nuclei to slow 
(thermalize) high energy fast neutrons. A typical neutron moisture meter consists of: (1) a probe containing 
a radioactive source that emits high energy (2-4 MeV) fast (1600 km s-1) neutrons, as well as a detector 
of slow neutrons; (2) a scaler to electronically monitor the flux of slow neutrons; and optionally (3) a 
datalogger to facilitate storage and retrieval of data. The radioactive source commonly contains a mixture 
of 241Am and Be at 10 to 50 mCi. The 241�$�P���H�P�L�W�V�������S�D�U�W�L�F�O�H�V���Z�K�L�F�K���Vtrike the Be and cause emission of 
fast neutrons. 

When the probe is lowered into an access tube, fast neutrons are emitted radially into the soil where they 
collide with various atomic nuclei. Collisions with most nuclei are virtually elastic, causing only minor loss 
of kinetic energy by the fast neutrons. Collisions with H nuclei, which have similar mass to neutrons, cause 
a significant loss of kinetic energy and slow down the fast neutrons [consider a marble (neutron) colliding 
with a similarly sized ball bearing (H nucleus) versus a stationary bowling ball (larger atomic nucleus)]. 
When, as a result of repeated collisions, the speed of fast neutrons diminishes to those at ambient 
temperature (about 2.7 km s-1), with corresponding energies of about 0.03 eV, they are called thermalized 
or slow neutrons. Thermalized neutrons rapidly form a cloud of nearly constant density near the probe, 
where the flux of the slow neutrons is measured by the detector. The average loss of the neutrons’ kinetic 
energy, thus the relative number of slow neutrons, is therefore proportional to the amount of H nuclei in 
the surrounding soil. The primary source of H in soil is water; other sources of H in a given soil are 
assumed to be constant and are accounted for during calibration. Although several non H substances 
including C, Cd, Bo, Cl, and Li which may be present in trace amounts in some soils may also thermalize 
fast neutrons, these may generally also be effectively compensated through soil specific calibration. 

Calibration of the neutron probe is thus required to account for background H sources and other local 
effects (soil bulk density, trace neutron attenuators), and is conveniently achieved by paired 
measurements of soil water content and neutron probe counts.“ 

A single neutron probe dedicated to cover trial monitoring will be calibrated by developing material-specific 
calibration curves in a laboratory that describes the relationship between neutron count ratio and VWC of each 
layer within the cover system (excluding the GCL or LLDPE liner). VWC will be measured manually using a single 
neutron probe and recorded. As shown on Figure 6, each cover trial location will include four access tubes to 
allow the measurement of VWC at multiple depths, including at the depths and approximately locations where 
VWC will be measured by TDR. As the neutron scattering method is not appropriate for measuring VWC in near-
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surface soil due to neutron-escape (Sumner, 1999), the minimum depth within the cover system where accurate 
readings can be obtained must be determined. Other limitations or disadvantages of the neutron scatter method 
include the radiation hazard and associated licensing requirements and relatively poor (and uncertain) spatial 
resolution. 

3.3.3 Heat Dissipation Sensors 
In situ matric suction of the fine-grained material layers within the cover system will be measured indirectly using 
Heat Dissipation Sensors (HDS), however it is not practical to measure matric suction within coarse-grained 
materials such as the waste rock generated at the Mt Todd Mine. The principles behind the measurement of matric 
suction in soils via HDS have been described in Sumner, (1999) as follows: 

“The rate of heat dissipation in a porous medium is dependent on specific heat capacity, thermal 
conductivity, and density. The heat capacity and thermal conductivity of a porous matrix are affected by 
its water content, and hence related to its matric potential. Heat dissipation sensors contain line- or point-
source heating elements embedded in a rigid porous matrix with fixed pore space. The measurement is 
based on applying a heat pulse by passing a constant current through the heating element for a specified 
time, and analyzing the temperature response measured by a thermocouple fixed at a known distance 
from the heating source (Phene et al., 1971; Bristow et al., 1993). Sensors are individually or uniformly 
calibrated in terms of heat dissipation versus sensor wetness (i.e., matric potential). With the heat 
dissipation sensor buried in the soil, changes in soil matric potential result in a gradient between the soil 
and the porous matrix that induces a water flux between the two materials until a new equilibrium is 
established. The water flux changes the water content of the porous matrix which, in turn, changes the 
thermal conductivity and heat capacity of the sensor. In this manner, the measured thermal response of 
the sensor may be related to soil wetness. A typical useful matric potential range for such sensors is -10 
to -1,000 kPa.” 

A calibration curve will be developed for each HDS installed in the cover system as the rigid porous matrix (e.g. 
ceramic block) in each HDS is unique. Calibration of HDSs to the materials in which they will be installed is not 
necessary. While Sumner (1999) states the operation range of HDS at -10 to -1,000 kPa, others report a calibration 
range of -400 to -293,000 kilopascals (kPa) (MEND, 2004); therefore, matric suction measurements well below  
-1,000 kPa should be possible for the Mt Todd cover trials.  

At each cover trial location 16 HDSs will be co-located with TDRs, as shown of Figures 5 and 6. The HDSs will 
be connected to the DASs and power supply in a manner that is similar to that described for the TDRs. As with 
the TDRs, data will be downloaded remotely via a modem. 

3.3.4 Vibrating Wire Pressure Plate  
The GCL or LLDPE liners within the preferred cover system are intended to function as a hydraulic barrier to limit 
percolation of meteoric water into underlying PAF rock. As such, vibrating wire pressure plate will be installed at 
the base of the protective layer above the GCL or LLDPE liner to continuously monitor the development of positive 
pressure on the liner. As most vibrating wire pressure plate are factory calibrated, no additional calibration is 
anticipated to be necessary.  

At each cover trial location four vibrating wire pressure plates will be located on top of the GCL or LLDPE liner as 
shown on Figure 6. The pressure plates will be connected to the HDS DAS power supply and cellular antenna. 
As with the TDRs and HDSs, data will be downloaded remotely via a modem. 

3.3.5 Lysimeters 

Net percolation of meteoric water, also known as infiltration, will be monitored through the placement of lysimeters 
at the Slope and Bench Plots that will extend approximately three meters vertically from immediately above the 
GCL or LLDPE liner protective layer to the PAF waste rock below the GCL or LLDPE bedding layer (see Figure 
6). Lysimeters are constructed such that the materials in the lysimeter are the same hydraulically as the 
surrounding material, but they are placed within a nonpermeable container, such as a barrel or tank. Water is able 
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to enter the top portion of lysimeter, and as the water percolates downward through the rock contained in the 
lysimeter it is funneled to a drainage pipe located at the base of the structure. The water in the drainage pipe will 
flow to a monitoring station along the WRD slope face that contains a tipping bucket. The amount of water collected 
in the lysimeter will be measured and used to evaluate the amount of infiltration that is occurring above the liner 
and the amount of water passing through the liner into the underlying waste rock.  

The hydraulic conductivities of undamaged GCL or LLDPE liners are on the order of 10-11 to 10-15 meters per 
second (m/s). Infiltration through these liners is therefore primarily related to manufacturing defects, poor 
connections between panels, and holes from sharp objects such as angular rocks or stretching and tearing due 
to differential settlement of subgrade materials. The rate of leakage through these defects and punctures is driven 
by the buildup of positive pressure (i.e. ponding) on damaged liner. The effects of liner punctures and pore-water 
pressure on liner leakage rates will therefore be tested empirically by deliberately puncturing the portions of the 
liner installed within the lysimeters. The frequency and size of these intentional punctures will be determined 
through discussions with liner manufacturers.  

Pressure head on the liner within (and adjacent to) the lysimeters will be monitored by installing vibrating wire 
pressure plates and measuring pressure head on the liner as described previously. TDRs and HDSs will be located 
both inside and adjacent to the lysimeters to assess the influences of the lysimeters on water content and 
movement within the cover system (if any) as described earlier. The measured pressure head above the liner and 
measured leakage will assist in refining estimates of cover infiltration rates caused by over liner defects and 
punctures. Two lysimeters will be installed at both the NW and SE cover trial locations. One will be placed at the 
Slope Plot toward the interior of the WRD, so that it is under the inter-bench slope. This location will measure the 
infiltration that is occurring along the WRD slopes and passing through the protective NAF rind and encountering 
the liner at the base of the lift. The second location will be placed on the WRD bench (i.e. Bench Plot), where the 
travel distance through the protective NAF layer to the liner is the smallest. The two plot locations will provide 
information not only on the water that is percolating into the WRD, but also will provide some indication of the 
expected travel times and lags that may occur in different portions of the WRD. 

The lysimeters and the tipping bucket measurements will be monitored continuously through a battery powered 
data logger. Data will be downloaded manually via direct connection to a datalogger. Percolation data will be 
downloaded according to precipitation monitored via the precipitation gauge located on the Bench Plots. 

3.4 Additional Sampling and Monitoring 

In addition to the monitoring of the cover trial area instrumentation, evaluation of the surface runoff, site 
meteorological data, and cover material properties will be required to comprehensively evaluate cover 
performance and compare actual cover performance to that predicted in the cover design models. 

3.4.1 Surface Runoff 
The volume of runoff from inter-bench slopes of the WRD will be measured by installing runoff flumes adjacent to 
the Slope and Bench Plots at the NW and SE cover trial locations. As shown on Figures 5 and 6, the runoff flumes 
will extend the entire WRD inter-bench slope. Large flumes such as these should capture the complex processes 
that affect runoff from WRD slopes, which will allow the data collected from these flumes to be compared to the 
WRD post-closure infiltration and seepage model simulations. In addition, it is anticipated that runoff data will be 
coupled with precipitation data collected over the trial period and analyzed to improve the design of the post-
closure WRD stormwater management system.  

Steel plates will be installed to extend vertically above and within the NAF erosion protection layer of the preferred 
cover system. The height to which the steel plates extend above the surface of the erosion protection layer and 
sizing of the runoff collection and measurement system will be determined by estimating runoff volumes and 
depths within the flumes based on protective layer runoff properties and the predicted probable maximum 
precipitation event at the Mt Todd property. Steel plates will be adequately welded to eliminate surface run-on 
from entering the flume. As such, the surface runoff volumes will be measured from a known surface area and 
slope gradient of the WRD. At the base of the flume a weir (or similar structure) will be install and connected to 
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an adequately size drainage pipe, which will convey surface runoff from the flume to adequately-sized tipping 
buckets for measurement of surface runoff in a manner that is similar to that described for measuring net 
percolation of meteoric water reporting to the lysimeter.  

At each cover trial location one surface runoff flume and runoff collection and conveyance system will be located 
on an inter-bench adjacent to the Slope and Bench Plots. In addition, one tipping bucket system and battery-
powered data logger will be located on the bench down-gradient of the flume to measure runoff volumes. Data 
will be downloaded manually via direct connection to a datalogger. Surface water runoff data will be downloaded 
according to precipitation monitored via the precipitation gauge located on the Bench Plots. 

3.4.2 Meteorological Data 

Meteorological data will be collected throughout the trial period at an on-site meteorological station and 
precipitation data will be collected at each Bench Plot. Historically, meteorological stations have been located on 
site at RP1 and RP7. During the cover trial monitoring period, the existing meteorological station located on site 
at RP1 will be used to measure representative precipitation (total daily), temperature (maximum daily and 
minimum daily), wind speed (maximum daily and average daily), wind direction (daily), and pan evaporation (daily) 
and precipitation data collected at each Bench Plot will be correlated to precipitation data collected at RP1. These 
parameters are those used in the modeling. The meteorological data set developed for cover trial monitoring will 
be compared to the data set used in the cover modeling, as well as the site wide water balance. Significant 
differences between the measured dataset at the site and Bench Plots, and that used in the model may make it 
necessary to update the modeling after the cover trial is complete. 

3.4.3 Cover Materials 
Prior to and during trial construction, samples of the materials used to construct the cover system will be collected 
and subjected to laboratory analysis. The laboratory analysis performed on cover system materials may include 
one or more of the following: particle size distribution, specific gravity, slake-durability, saturated hydraulic 
conductivity, and soil water characteristic curve (SWCC). It may be necessary to crush samples collected from 
the waste rock portions of the preferred cover before testing can be completed as it is expected that these 
materials will have a large particle size. In addition, not all test methods mentioned above may be appropriate for 
the waste rock used in the cover trial; however, it is anticipated that these tests can readily be applied to the fines 
layers above and below the GCL or LLDPE. The test data will be used to refine the modeling input parameters for 
the cover design modeling during updates completed after the completion of the cover trial. 

For TDR and neutron probes, and HDS to function properly material-specific calibration curves must be developed 
to accurately measure VWC and matric suction, respectively. Therefore, the LLDPE protective and bedding layers 
will be calibrated with the TDRs/HDSs, and these layers, as well as the NAF waste rock and erosion protection 
layer with be calibrated with the neutron probe.  

3.5 Cover Trial Construction Reporting 

Following installation of the cover trials, as-built drawings and a construction report will be prepared by Vista. 
Variations from the detailed design reports will be documented, as necessary, and the effects on the capacity to 
adequately measure water movement in and through the cover trials will be presented.  
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4.  MONITORING PLAN 

4.1 Monitoring Constituents 

As described in Section 3.0, monitoring will be conducted for the following constituents: 

1) Material properties  
a) Particle size distribution, specific gravity, slake-durability, saturated hydraulic conductivity, and 

SWCC, (as applicable) for the underlying PAF material, GCL or LLDPE liner underlayer and 
overlayer, NAF rind, and NAF erosion protection layer.  

b) VWC and matric suction calibration curves for LLDPE protective and bedding layers and the NAF 
waste rock and erosion protection layers (as applicable). 

Samples for these analyses and instrument calibration to specific materials will be collected during cover 
trial construction 

2) Meteorological data (precipitation, temperature, etc.) 

3) Surface runoff quantities and runoff test cell areas 

4) In situ VWC 

5) Matric Suction 

6) Pore-water Pressure  

7) Infiltration (net percolation) 

4.2 Monitoring Frequency and Duration 

VWC by TDR and matric suction and pore-water pressure will be collected at 15-minute time steps, while 
percolation through lysimeters and surface runoff from the flumes will be measure according to flow rates.; This 
frequency of data collection was selected because of the rapid time of runoff concentration in the area and the 
frequency of high intensity and long-duration precipitation events. As stated previously, automated DASs will be 
installed at each cover trial location. This will allow for monitoring of events and the cover performance as storms 
occur, as well as after the precipitation event cease. Ultimately, the frequency of data collection will need to be 
selected so the data set is dense enough to capture changes due to precipitation events. 

The manual measurement of VWC using the neutron scattering method will be completed initially on a weekly 
basis. During the wet season manual VWC measurements will also be collected, when possible, immediately prior 
to and following precipitation events. VWC will likely be manually measured more frequent during the first one or 
two years following cover trial installation and according to VWC data collected via TDR. It is anticipated that as 
the characteristics of runoff from, infiltration into and percolation through the petticoat cover is better understood, 
the frequency of manual VWC measurement via neutron probe will gradually decrease. 

Monitoring of the NW and SE cover trial locations will be conducted for a minimum of three years. The duration of 
monitoring may be extend depending on the data obtained from the trials.  

4.3 Data Collection Plan 

Vista’s Environmental Quality Assurance / Quality Control (QA/QC) staff will collect data from the cover trial 
locations at the frequency defined in the Mine Management Plan (MMP). The data collection will be one of the 
core duties of the staff to ensure accurate and comprehensive data collection and to ensure data is not being lost. 
As part of operations and maintenance planning for the cover trial locations, following detailed design and in 
concert with construction, a detailed data collection plan will be developed to ensure the required data is collected 
at the appropriate frequency from the Slope and Bench Plots and runoff flumes, and the on-site meteorological 
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station and Bench Plot precipitation gauge. The data collection plan will also identify data quality review steps that 
will be taken to ensure appropriate data quality for use in cover performance evaluations and to identify 
instrumentation issues (if any) are occurring that will require maintenance to address data quality issues. 

4.4 Data Evaluation 

The design of the WRD closure cover system was developed through modelling simulations of the cover 
performance under average climatic conditions. The results of the modelling provide a point of reference for the 
measurements being collected as part of the cover trials presented in this report. Data from monitoring the cover 
trial instrumentation is not expected to match up exactly to the modelling results, but should show a similar level 
of performance over time. 

The moisture content and matrix suction of the fines layer above the GCL or LLDPE liner, GCL or LLDPE liner 
leakage rates, surface runoff rates, and the infiltration or percolation rate will be the key parameters used to 
evaluate the performance of the WRD cover system. If the data collected from the cover trials is significantly 
different than the modelling results, additional evaluation will be completed to determine what may be the source 
of the discrepancy. The differences are likely to be related to the construction of the cover trial testing 
configuration, the material properties used in the modelling, or significant differences in the climate conditions 
during the trial period of performance versus that used in the modelling. 

4.5 Data Reporting 

Cover trial data reporting will be conducted annually as part of the MMP reporting to regulatory agencies. Annual 
reporting is anticipated to include a summary of the critical findings from the cover trial monitoring over the year, 
including a comparison of actual cover performance to anticipated performance of the cover as identified in the 
cover model. Cover performance issues will be identified, and follow-up actions outlined to confirm findings and 
address deficiencies, if applicable.  
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6.  COVER TRIAL COST ESTIMATION METHOD 

Tetra Tech solicited informal (non-binding) price quotes (bids) from instrument and equipment suppliers located 
in Australia and the United States of America (USA). Instrument and equipment prices were also obtained via the 
worldwide web. Bidder solicitations were sent by Tetra Tech and bidders submit non-binding bids to Tetra Tech, 
via email, between October 11 and 19, 2021. During this same time, instrument and equipment information and 
prices available on the world wide web (Web) were accessed. The type, company and contact information, and 
date of non-binding bids submitted by the solicited suppliers and/or prices accessed via the web are summarized 
in Table 6-1. 
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Table 6-1.  Non-binding Bid and Web Price Information 

Instrument/  
Equipment Company Location Contact 

Name 
Contact 
Phone 

Contact Email  
or Web Address 

Non-Binding 
Bid Submittal 

or Web 
Access Date 

TDR System Campbell 
Scientific 
Australia 

Garbutt, QLD 
Australia 

Grant 
Mathew 

+61 (0)7 4401 
7700 

info@campbellsci.com.au Nov 18, 2021 

HDS System (incl. 
Precipitation Gauge) 

Lysimeter Texas Metals 
Tanks 

Dripping 
Springs, TX, 
USA 

  https://www.texasmetaltanks.com/sizes-pricing/ Nov 17, 2021 

Vibrating Wire Pressure 
Plate 

Geomotion Yarraville,VIC 
Australia 

Audrey 
Dussel 

+61 447 859 
066 

Audrey.dussel@geomotion.com.au Nov 17, 2021 

Neutron Probe Instrotek 
Companies  

Research 
Triangle Park, 
NC USA 

Anthony J 
Caito 

919 875 8371  acaito@instrotek.com Nov 16, 2021 

Tipping Bucket Flow Gauge Unidata Pty Ltd O’Connor, WA 
Australia  

Kevin 
Chung 

+61 89331 
8600  

k.chung@unidata.com.au Nov 17, 2021 

Materials- Specific Sensor 
Calibration 

GeoSystems 
Analysis Inc. 

Tucson, AZ 
USA 

Mike Yao 520 628 9330 myao@gsanalysis.com Nov 18, 2021 
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