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1. Introduction 
1.1 Purpose of this Report 

This Report presents design development for the Life of Mine (LOM) Plan for operation and 
closure of the Tailings Storage Facility (TSF) at the McArthur River Mine. The Plan has been 
developed to allow McArthur River Mining Pty Ltd (MRM) achieve the required storage of 
tailings over the projected economic life of the mine from the present through to the year 2037.  

The Plan has resulted from assessment of various options, previously reported to MRM as 
summarised in the report entitled “Tailings Storage Facility - Review of Combined Cell 1/2 
Option” (GHD, 2015f). The preferred Cell 1/2 option has been adopted following consideration 
of a range of alternatives including; use of paste, filtered tailings (dry stack) at the current site or 
as co-disposal with waste rock at the Overburden Emplacement Facility (OEF). The preferred 
option has emerged following assessment of order of magnitude CAPEX and OPEX estimates, 
combined with a multi-criteria assessment of non-cost items. 

This LOM Plan will form an integral part of the revised Environmental Impact Statement (EIS) 
currently being developed by MRM. 

The purpose of this report is to present the LOM Plan for the TSF to: 

 Facilitate the MRM EIS process and support the overall EIS submission; 

 Allow review and endorsement of direction by MRM, the Independent Review Panel and 
approving authorities; and 

 To highlight areas of ongoing validation and improvement. 

1.2 Site Description and Current Tailings Management 

McArthur River Mine is located approximately 700 kilometres south-east of Darwin and 90 
kilometres southwest of the MRM Bing Bong concentrate port facility in the Gulf Region of the 
Northern Territory. Processing of ore from the open cut mine involves crushing, milling, flotation, 
regrind milling, thickening and filtration. Process tailings are thickened and pumped through a 
pipeline to the TSF, located to the north-west of the plant site and the Carpentaria Highway. The 
TSF is constrained by Surprise Creek to the north-east and the Carpentaria Highway to the 
south-east. 

Aerial photographs of the site are presented in Figure 1 and Figure 2. 
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Figure 1 MRM TSF Locality Plan 

 

Figure 2 MRM TSF Site Plan 
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MRM has developed what was originally a central thickened discharge TSF into two north and 
south cells, Cell 1 and Cell 2 respectively. Cell 1, located closest to Surprise Creek has a 
temporary capping and is not currently receiving tailings. Cell 2 is the current operational cell for 
storage of tailings with discharge around the perimeter to develop a central decant pond. 

A Water Management Dam (WMD) exists to the south of Cell 2. This is currently used for 
temporary storage of relatively clean water from the mine and is not used for TSF decant water 
management.  

1.3 Background 

In 2015, GHD prepared a report - Review of Combined Cell 1/2 Option (GHD, 2015f) - outlining 
the proposed LOM TSF development. The recommended option comprised conventional 
thickened slurry disposal using a combined Cell 1/2 at the existing TSF site encompassing the 
expansion of Cell 2 to Cell 1 to allow development of the total LOM operations within the current 
footprint. The study also identified that there were potential benefits from using “mud-farming” to 
improve the drying and compaction of tailings leading to improvements in tailings properties and 
reduction in the requirements for stabilising earthworks as the TSF is raised. 

The preferred option as described above is Option 2/2A, selected partly on CAPEX and OPEX 
grounds but also specifically due to the much improved stormwater management ability. The 
potential objections to the reopening of Cell 1 on the grounds of potential increased 
groundwater impact from seepage are addressed as part of the development proposal. 

This Report presents the design of the preferred Life of Mine TSF option including: 

 Design standards and criteria; 

 TSF Consequence Category Assessment (under ANCOLD 2012); 

 Observational approach philosophy, identification of TSF Critical Operating Parameters 
and ongoing dam safety management; 

 Tailings geochemistry and management of Acid Mine Drainage (AMD) and Neutral 
Metalliferous Drainage (NMD); 

 Detailed consideration of the TSF embankment geotechnical stability at various stages, 
tailings beach and decant water management, spillway, construction materials and 
groundwater seepage interception; 

 Planning for the transition to a combined Cell 1/2 operation; 

 TSF closure and rehabilitation; 

 Risk assessment; and 

 Ongoing works program. 

1.4 Scope and Limitations 

The scope of works for this design phase is described in GHD’s proposal titled “Proposal for 
Tailings Storage Facility, 2016 Detailed Design” dated 30 September 2016 (doc. ref: 32\ 
0906434\2476). 
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1.5 Clarifications 

This LOM design report does not include:  
 

 Detailed design of individual annual TSF raises which will be carried out according to the 
proposed observational approach that is described in this Report; 

 Tailings/decant pipeline mechanical design; 

 Return water system design; 

 Detailed TSF water balance which is being carried out by WRM as part of the overall site 
wide approach; and 

 Design of the proposed future Process Water Dam (PWD) and Water Management Dam 
(WMD) which is to be developed within the footprint of the current Cell 3 Water 
Management Dam.  

This report: has been prepared by GHD for McArthur River Mining Pty Ltd and may only be 
used and relied on by McArthur River Mining Pty Ltd for the purpose agreed between GHD and 
the McArthur River Mining Pty Ltd as set out in Section 1.1 of this report. 

GHD otherwise disclaims responsibility to any person other than McArthur River Mining Pty Ltd 
arising in connection with this report. GHD also excludes implied warranties and conditions, to 
the extent legally permissible. 

The services undertaken by GHD in connection with preparing this report were limited to those 
specifically detailed in the report and are subject to the scope limitations set out in the report.  

The opinions, conclusions and any recommendations in this report are based on conditions 
encountered and information reviewed at the date of preparation of the report. GHD has no 
responsibility or obligation to update this report to account for events or changes occurring 
subsequent to the date that the report was prepared. 

The opinions, conclusions and any recommendations in this report are based on assumptions 
made by GHD described in this report, and particularly the design criteria listed in Section 2. 
GHD disclaims liability arising from any of the assumptions being incorrect. 

GHD has prepared this report on the basis of information provided by McArthur River Mining Pty 
Ltd and others who provided information to GHD (including Government authorities), which 
GHD has not independently verified or checked beyond the agreed scope of work. GHD does 
not accept liability in connection with such unverified information, including errors and omissions 
in the report which were caused by errors or omissions in that information. 
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2. Design Standard, Design Criteria and 
the Observational Approach 
2.1 Design Standards 

The design of the TSF is in accordance with relevant Australian National Committee on Large 
Dams (ANCOLD) Guidelines including ANCOLD’s Guidelines on Tailings Dam Planning, 
Design, Construction, Operation and Closure (ANCOLD, 2012). 

The design is consistent with MRM’s overall Environmental Impact Statement (EIS) including 
key operational and closure objectives. 

2.2 Key Design Criteria 

This section outlines key design criteria underpinning the TSF design.  Other design 
assumptions are discussed as appropriate in relevant sections of this Report. 

2.2.1 Tailings Production and Density 

The tailings production schedule adopted for the LOM plan is included in Table 1 with a total 
projected production of approximately 70 Mt at an average production of 3.3 Mt/annum.  The 
schedule is based on MRM’s monthly production schedule through to June 2018, and EIS 
annual production schedules from July 2018 to July 2037.  

The final tailings dam height will depend on the tailings tonnes produced and the in-situ tailings 
density achieved at the end of mining. Consolidation modelling has been completed by GHD to 
predict the tailings stack density at the end of mining. The dry density is predicted to exceed 1.7 
t/m3 at the surface and 2.0 t/m3 at the base. The tailing consolidation modelling is discussed in 
Section 8. 

It is noted that the current Aboriginal Areas Protection Authority (AAPA), 2004 Authority 
Certificate relating to the TSF sets a maximum height limit of 35m. Due to the potential 
increased maximum height of the TSF, this must be superseded by a new certificate.  

Table 1 LOM Tailings Production Schedule 

Period Tonnes 
July - Dec 2016 1,340,000 
Jan - Dec 2017 3,093,000 
Jan - June 2018 1,842,000 
July 2018 - July 2037 63,724,000 
Total  69,999,000 
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2.2.2 General TSF Design Criteria and Constraints 

The key design criteria fundamental to the LOM TSF design are summarised in Table 2. 

Table 2 Key Design Criteria 

Item Criteria/Constraint 

Tailings Production 2016 - 2037 70 Mt Total 

3.3 Mt/annum  

Average Tailings Slurry Solids 50% - 55% (w/w%)  

Tailings Specific Gravity Approximately 3.2 (average) 

Achievable settled dry densities for 
freshly deposited tailings 

1.25 – 1.3 t/m3 

Achievable tailings dry density for 
desiccated tailings 

1.7 t/m3 

 

Predicted in-situ consolidated tailings 
dry density profile at ultimate height 

Tailings Surface: 

1.7 t/m3 

Tailings Base: 

2.1 t/m3  

 

Assume average dry density for 
estimation of maximum TSF height 

1.8 t/m3 

 

Raise type Annual upstream raises with 4H:1V downstream 
slope and 2H:1V upstream slope. Buttressing to 
meet stability requirements.  

Reviewed annually according to observational 
approach. 

Tailings Management Sub-aerial perimeter discharge with central 
decant pond. Potential future “tailings surface 
improvement” subject to further feasibility 
assessment and trials. 

Tailings Characteristics SANDY SILT/SILTY SAND (SM-ML), low 
plasticity, low permeability. 

Potentially Acid Forming (typically >10% 
sulphides) 

Tailings Process Water Quality Typically high metals and sulphate 

Projected Average Tailings Rate of Rise 1.1 m/annum 

Embankment crest width 7 m minimum for access requirements with 4 m 
trafficable width and 0.5 m high safety bund on 
downstream side – tailings pipeline only on 
upstream side. 

TSF Perimeter Length  ~ 4,500 m 
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Item Criteria/Constraint 

TSF Ultimate (Maximum) Height Approximately 38 m (on eastern side) subject to 
final production and insitu density. 

Embankment Construction Materials Locally won earthfill and benign rockfill materials. 

TSF Failure Consequence Category  High C (Assessed under ANCOLD 2012) 

Design Earthquake Events Operating Basis Earthquake:  
(1:1,000 AEP)  M5.2   PGA 0.05g 

Maximum Design Earthquake:  

(1:10,000 AEP)  M5.6  PGA 0.17g 

Spillway Design Flood: 
1:100,000 AEP (Critical Storm Duration) 

Location and Type: 

Overtopping perimeter embankment spillway with 
rockfill and zoned filter protection. Progressively 
raised to suit tailings rate of rise and to maintain 
perimeter beach freeboard.  

Decant  Central pond with pump station 

Closure Tailings reprocessing and backfilled into final 
mine void. 

2.3 The Observational Approach and Dam Safety Program 

In accordance with ANCOLD 2012, the design and management of the TSF utilises the 
observational approach.  The observational approach allows the TSF to be optimised over time 
as monitoring information becomes available and the design and construction methodologies 
evolve. The observational approach allows any changes that might occur during the life of the 
TSF to be accommodated whilst meeting the design criteria and objectives over the entire life of 
the TSF. 

GHD have developed Critical Operating Parameters (COP’s) against which the overall 
performance of the TSF can be evaluated. The indicators address key functional, dam safety 
and environmental requirements. Further discussion regarding the critical risks associated with 
the TSF can be found in Section 13.2. 

The TSF Operating, Maintenance and Surveillance (OMS) manual is currently being updated by 
MRM to reflect the COP’s and incorporate Trigger Action Response Plans (TARP’s) for each 
COP’s to ensure that intervention occurs well in advance of nearing any unsafe trigger event.  

Other key aspects of the MRMs TSF safety program include the completion of annual dam 
safety operational audits and surveillance inspections, TSF operators training and maintaining 
an up to date Dam Safety Emergency Plan. These are all discussed further in Section 14.3. 
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2.4 TSF Domain Closure Objectives 

The closure objectives defined for the TSF are consistent with the overall mine site closure 
objectives defined by the current EIS. Closure of the TSF is described in Section 12.1. The 
closure objectives relevant to the TSF are summarised as follows: 

1. Post mining landscape will be left in a condition safe and secure for humans and animals; 

 Safe and secure for short-term (0-100 years); and 

 Safe for long-term (100-1,000 years). 

2. Construction of stable landforms that are compatible with post mining land use; 

 Geotechnical stability; 

 Erosional stability; maintainable for these aspects: 

– Landform to maintain functionality; 

– Sediment release from erosion does not adversely impact on water quality; 

– Erosion does not affect functionality of the landform; and 

– Resulting suspended solids can be mitigated. 

 Geochemical stability; defined / managed / monitored: 

– Seepage water quality at toe/base of landforms; and 

– Water quality within the open cut lake. 

 Landform will host suitable vegetation for post-mining land use; 

 For traditional land use areas: 

– Have similar environmental values as surrounding areas; and 

– For cattle grazing land use areas: 

– Grasslands. 

3. Rehabilitated areas will provide appropriate habitat for fauna utilization, abundance and 
diversity will be appropriate. 

4. Manage surface water and groundwater such that environmental values and ecosystems 
are maintained downstream of the lease boundary in the short term 
(0-100 years), and within the McArthur River diversion in the long term 
(100-1,000 years). 

5. Metal levels for fauna comparable to background levels. 

6. No infrastructure left on site unless a beneficial gain is identified for stakeholders. 

7. Manage soil to meet post mining land use. 

8. Maintain Traditional Owners access to areas of cultural significance 

9. Foster economic opportunities for Traditional Owners and local communities. 
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3. TSF Life of Mine Strategy 
3.1 Design Philosophy 

The following points define the design philosophy for development of the LOM TSF strategy: 

 Reduce seepage from the TSF by maintaining a small decant pond and through 
optimised tailings management to remove pore water at the surface (by evaporation) and 
achieve sufficiently moist but unsaturated beaches; 

 Intercept seepage at necessary locations to reduce the risk of unacceptable 
environmental impact as determined from modelling and monitoring and as defined in the 
EIS objectives; 

 Maintain a low phreatic surface for conservatively stable slopes; 

 Achieving and maintaining consistent target tailings density by managing tailings 
deposition, ponded water and tailings drainage. Enhanced tailings surface drying is also 
identified as a viable option for MRM to further increase tailings density and strength, 
potentially saving on the costs of future buttressing. This is described in Section 7.3. 

 Achieving a low rate of rise (<1.5 m/year) by having a sufficiently large deposition 
footprint;  

 Maintain an appropriate level of saturation/moisture within the tailings beach during the 
cycling between spigots to reduce the potential for oxidation of tailings that could 
generate sulphates/metals/acidic water; 

 Maintain a uniform beach profile around the TSF to consistently provide the design 
stormwater storage capacity; 

 Maintain beach freeboard (and therefore low piping risk). This will be achieved by 
constructing a new spillway that will be progressively raised to match the tailings rate of 
rise. Therefore, at all times, the spillway level will remain below the minimum tailings 
beach level; 

 Adopt the Observational Approach as described in Section 2.3; 

The primary operational control for seepage reduction, embankment stability and reduction of 
piping risk is for the TSF decant pond to be kept well away from the perimeter embankments 
during all foreseeable events including extreme flood events. 
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3.2 TSF Domain Concept 

3.2.1 Operational Phase 

The LOM TSF concept involves the combining of the existing TSF Cells 1 and 2 into a single 
larger TSF, developing the combined footprint higher which therefore avoids development of 
any additional TSF cells into the future. The major advantage of this option is the significantly 
increased area of the tailings beach, which increases the surface stormwater storage capacity. 
The stormwater storage capacity may be temporarily utilised for managing rare storm events 
until such time as the decant pumps can restore normal freeboard (i.e. target pond level). The 
increased tailings beach area also results in: 

 A reduced average rise rate of the tailings (estimated between 1.1 – 1.3 m/annum); 

 Increased ability to achieve drying, consolidation and therefore higher density; 

 Reduced permeability as a consequence of increased density; 

 Unsaturated tailings beaches (but sufficiently moist for reducing oxidation) and therefore 
overall reduced seepage; 

A new groundwater interception trench will be constructed between the TSF north wall and 
Surprise Creek. Seepage mitigation can be extended further around the eastern and southern 
perimeter of the TSF as required to address potential surface water impacts around the toe, 
Little Barney Creek or further downstream.  

The existing Water Management Dam (WMD) site would be retained but further developed into 
two separate lined cells for site-wide water management purposes. The larger cell will be used 
as the site Process Water Dam (PWD) and a smaller cell will be used as the site WMD for 
storage of “Class 4” water or better, prior to release according to licence conditions. Liner 
underdrainage collection systems may be necessary for uplift control (subject to detailed 
design) and can potentially be used for TSF seepage mitigation as described above. Unsuitable 
materials from the construction of the PWD and WMD would be stockpiled locally for future 
rehabilitation works and for backfilling the deeper areas of the existing Cell 4 borrow (i.e. areas 
which presently attract and hold groundwater in the wet season). 

The existing Little Barney Creek diversion would be retained however potentially deepened in 
the future to facilitate drainage of the existing upstream waterhole west of the WMD. This 
waterhole will be removed to facilitate construction access to borrow areas and to eliminate its 
potential as a source of groundwater recharge. In the short term this may be achieved by 
utilising pumps. 

Earthfill borrow areas will be developed to the north west of the TSF while the existing Cell 4 
clay borrow area will be rehabilitated utilising excess unsuitable materials sourced from the 
excavation of the PWD and WMD. Rockfill materials for lining of the downstream batters and 
buttress construction during operations will be sourced from local quarries to be established  
around the TSF. Quarries to the south, east, west and north-west have been investigated in 
2016 and identified as feasible sources however may be further expanded to suit final material 
requirements. Hard and durable rockfill materials for TSF embankment erosion protection along 
Surprise Creek and for lining of the spillway and drains will be sourced from the approved TSF 

A new TSF spillway will be constructed on the perimeter wall of the TSF with final location 
subject to detailed design. At this stage the optimal spillway location is considered to be on the 
south-west perimeter wall directing flood spills to the future WMD. The TSF spillway will be 
constructed with a suitable discharge chute and stilling basin to safely direct spills out of the 
TSF. The spillway of the WMD would also need to be designed to cater for the TSF outflow 
however these are significantly routed by the large storage capacity within the TSF.  
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quarry areas where possible however, if needed, the planned Woyzbun clean rock quarry at the 
mine provides a suitable source.  

The proposed operational phase TSF domain is shown in Figure 3.  
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Figure 3 TSF Operations Domain  

NOTE: FINAL LOCATION AND EXTENT OF BORROWS SUBJECT TO DETAILED DESIGN AND FINAL VOLUMES 
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3.2.2 TSF Decommissioning and Rehabilitation 

Decommissioning and rehabilitation of the TSF will be undertaken to achieve the site’s closure 
objectives as summarised in Section 2.4. 

Decommissioning and rehabilitation activities will include: 

 The rehandling and reprocessing of tailings upon cessation of processing activities, with 
the tailings to be pumped back into the Open Cut pit void using hydraulic mining methods; 
and  

 Closure and rehabilitation of the 180 ha TSF footprint, including reshaping/re-contouring 
of the land followed by installation of a topsoil layer and subsequent revegetation.  

 Borrow pits below the groundwater level will be backfilled with benign material to above 
the peak groundwater level, unless a groundwater management plan considering the 
range of qualities is developed and implemented to meet MRM’s objectives. All borrow 
pits above the groundwater table will be topsoiled and revegetated.  

Reprocessing and rehandling of the tailings to the final pit void provides an improved long term 
strategy and removes the requirement for long term maintenance and management of the TSF. 
The hydraulic mining and placement of tailings back into a flooded pit lake is a known 
technology, which is a benefit of the preferred case. Other advantages include: 

 Reduced oxidation during rehandling, thus decreasing potential reactivity of the tailings 
and potential seepage from the TSF, and lowering potential risk to Surprise Creek; 

 As the tailings are to be stored sub-aqueously, dust generation will be greatly reduced as 
well as the potential for tailings oxidation; 

 Supernatant water will be recycled from the open cut pit for hydraulic mining use; 

 Additional cover material will not need to be sourced as a cover will not be required; and 

 Placement of the tailings in the final void at closure conforms to industry best practice.  

In-situ TSF closure with an engineered cover system has also been considered by MRM 
however is not the preferred option. Closure of the TSF is described in more detail in Section 
12.1.1.  

3.3 TSF Domain Staging, Scheduling and Timeline  

The proposed staging of the TSF is summarised as follows: 

 Continue filling Cell 2 in the short term with an upstream raise to RL 10057 m in 2017 and 
another raise to RL 10058 m in 2018.  

 Maintain the WMD and current water management arrangements until the PWD and new 
WMD are constructed in 2019. Excess unsuitable material would be used for 
rehabilitation works in Cell 4 borrow area and new clay borrow areas would progressively 
extend west; 

 Construct Surprise Creek Groundwater Interception Trench as soon as possible, 
potentially as soon as 2017 subject to approvals; 

 Raise Cell 1 as soon as approvals are achieved, assumed deposition to commence in 
2018; and 

 Commence raising as a single combined cell from 2020 onwards using annual upstream 
raises and buttressing as required based on annual detailed design stability review. 
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A tailings storage curve is presented as Figure 4. This suggests that the final tailings elevation 
may reach as high as RL 10078 m, requiring the embankments to be approximately 35 m high 
on average. The exact final height will be subject to tailings production and achieved tailings 
density at end of mining. Upstream lifts of nominal 1.1 m – 1.3 m height will be added each dry 
season or larger lifts could be provided over longer periods, as a potential alternative. The 
annual lift is considered by GHD to be the most practical in terms of reducing construction 
volumes, reducing loading on tailings beaches and maintaining a small dedicated construction 
team on site. 

A construction/operation/closure schedule is presented in Figure 5.  
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Figure 4 Projected Tailings Storage Curve for TSF 
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Figure 5 Projected Construction and Operational Schedule for TSF Domain 
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4. Consequence Category Assessment 
and Implications 
4.1 Purpose of this Section 

Modern TSF design adopts a risk-based approach where design and performance objectives 
are directly related to the assessed consequences of dam failure. 

GHD has undertaken an “initial” assessment of Consequence Category for the TSF in 
accordance with the Australian National Committee on Large Dams (ANCOLD) Guidelines on 
Tailings Dams (ANCOLD 2012). This has been based on a desk-top review of the potential 
consequence of dam failure.  GHD completed detailed dam break modelling for Cell 2 in early 
2016 for the purpose of emergency planning and this is currently being updated for the ultimate 
height TSF. 

This section documents the consequence category assessment and details the implications for 
design, operation, monitoring and surveillance of the TSF. 

4.2 Consequence Category Assessment 

The consequence from dam failure can vary and the ANCOLD Guidelines on Tailings Dams 
(ANCOLD 2012) defines a range of Consequence Categories according to the severity of the 
impacts of a failure. Two scenarios are considered:  

1. ‘Dam Failure’ - potential failure of the structure (all credible failure modes), releasing stored 
water and solids; and 

2. ‘’Environmental Spill’ - the effect of spilling water from the designated spillways or outlets 
during a flood or an extreme wet period. 

The consequence assessment for each scenario has been considered for the conservative case 
with the TSF at full height only. 

4.2.1 Dam Failure Consequence Category 

A breach of the TSF embankments has the potential to release tailings and decant water into 
the WMD, or overland into Surprise Creek, Little Barney Creek or Barney Creek and 
subsequently into the McArthur River. Environmental, political and business impacts from a 
failure are likely to be considerable and the “severity of damage and loss” is assessed as 
“Major”. 

A failure may impact the Carpentaria Highway located immediately south of the TSF.  The 
highway is straight and sight distances are good.  Mine accommodation quarters and 
infrastructure are offered some protection by being sited on elevated areas above the 
floodplain.  The floodplain downstream of the mine is largely uninhabited.  Accordingly, the 
Population at Risk (PAR) is likely to comprise only itinerants on the highway and limited 
numbers of mine personnel.  An assessed PAR is >= 1 to < 10. 

Based on an assessed “severity of damage and loss” of “Major” based on ANCOLD and PAR 
>=1 to < 10, application of ANCOLD (2012) gives a Dam Failure Consequence Category for the 
TSF of HIGH C. 
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4.2.2 Environmental Spill Consequence Category 

Based on a “severity of damage and loss” of “Medium” and PAR <1, the Environmental Spill 
Consequence Category of Cell 2 is considered to be “Significant” based on ANCOLD (2012). 
Accordingly, it is considered appropriate to adopt a SIGNIFICANT Consequence Category for 
selection of wet season storage allowance. 

4.3 Implications of Consequence Category Assessment 

Key design parameters based on the Consequence Category Assessments are detailed below: 

4.3.1 Extreme Storm Storage (ESS) 

ANCOLD (2012) defines the Extreme Storm Storage as the volume allowed in the TSF for the 
storage of a single extreme rainfall event to prevent spill from the dam.  The Maximum 
Operating Level (MOL) is the level at which the dam has a remaining available storage (below 
the spillway level) equivalent to the ESS allowance. 

For a SIGNIFICANT environmental spill consequence category, ANCOLD (2012) recommends 
a 1:100 AEP, 72 hour flood as the fall-back ESS, with provisions to relax this following a risk 
assessment. 

The derivation of ESS and MOL is described in Section 10.2.2. 

4.3.2 Wet Season Storage Allowance 

ANCOLD (2012) defines the Wet Season Storage Allowance as the volume allowed for wet 
season water storage which could conservatively be required to be held in a tailings dam by a 
combination of excess wet season rainfall run-off from the tailings dam catchment and decant 
water from process inputs that cannot be progressively be extracted from the dam. 

For a SIGNIFICANT environmental spill consequence category, the ANCOLD (2012) Fall-back 
method requires a 1:10 AEP notional minimum wet season (i.e. 2 month) storage allowance to 
be available by 1st November each year. 

The derivation of the Wet Season Storage Allowance is described in Section 10.2.4 . 

4.3.3 Spillway Design Flood and Freeboard 

ANCOLD (2012) recommends a minimum design flood of the 1:100,000 AEP rainfall event and 
a wave freeboard allowance for the 1:10 AEP wind event for a HIGH C dam failure 
consequence category. 

Regardless of consequence category, ANCOLD recommends the Probable Maximum Flood 
(PMF) is adopted for closure conditions. 

Spillway and freeboard requirements are further discussed in Section 10.5 

  

Rainfall from an event capable of causing spill from the 

WMD

TSF would cause some dilution of 
contaminants within the decant pond. Spill from the TSF spillway would discharge into the WMD.  
If the event is sufficient to also fill the , the WMD would spill to Little Barney Creek.  Any 
release from the WMD in such an event would be most likely to coincide with flooding in the 
receiving waters. This would result in additional dilution of contaminants.  As a result, the 
impacts of a spill event have been assessed as, at most, ‘Medium’ under ANCOLD (2012) 
guidelines. For a spill event the flow would be limited and PAR would be nil. 
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4.3.4 Design Earthquake Loading 

For a HIGH C dam failure consequence category tailings dam, ANCOLD (2012) recommends a 
1:1,000 AEP Operating Base Earthquake (OBE) and a 1:10,000 AEP Maximum Design 
Earthquake (MDE) during the operations phase of the TSF. 

Regardless of consequence category the Maximum Credible Earthquake (MCE) is 
recommended for analysis of post closure conditions. 
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5. Tailings Geochemistry and AMD/NMD 
Management 
5.1 Tailings Beach Moisture Content and Saturation 

Achieving and maintaining a consistent target tailings beach density and level of saturation are 
fundamental management objectives for the TSF. As part of the observational approach, the 
tailings beach properties will be reviewed on a three to six monthly basis by performing in-situ 
testing around the perimeter of the tailings beach. Most recently in August 2016, MRM carried 
out density and moisture testing at different locations to assess the variability of the near 
surface tailings saturation with different periods of beach exposure. Areas of beach exposed for 
17, 33 and 71 days were tested for dry density and moisture. The results are presented below in 
Table 3 and Figure 6. As expected from previous testing and visual observations, all results 
confirmed saturation levels exceeding 80% even following a significant period without tailings 
deposition. This further validates the expected behaviour of the tailings maintaining high levels 
of saturation. Interestingly, a higher level of saturation appeared to occur with increasing time 
for desiccation and increasing density however additional future testing is required to confirm 
such a trend. Tailings deposition cycle times are further described in Section 10.1. 

 

Table 3 August 2016 Beach Surface Density and % Saturation  
(150mm depth) 

  Days Since  
Deposition 

Dry Density 
(t/m3) 

Saturation 
(%) 

Location 1 71 1.72 95% 
Location 2 33 1.68 94% 
Location 3 17 1.55 87% 
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Tailings Beach 17 Days Exposure ~ 87% Saturation 1.55 t/m3 Dry Density at 150 mm depth 

   

Tailings Beach 33 Days Exposure ~ 94% Saturation 1.68 t/m3 Dry Density at 150 mm depth 

   

Tailings Beach 71 Days Exposure ~ 95% Saturation 1.72 t/m3 Dry Density at 150 mm depth 

  
 

Figure 6 2016 MRM Tailings Beach Saturation and Density Testing Photos 
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5.2 Tailings Geochemistry 

The MRM tailings contain significant sulphides (average 13.04%) that mainly present as pyrite 
and have high Net Acid Production Potential (NAPP). Despite their PAF status, they contain 
significant acid neutralising capacity (ANC) which is assumed to provide an extended lag phase 
(i.e. period prior to the onset of acidic conditions). 

The historical oxidation rate of the tailings is interpreted to be very slow based on the following: 

 The very fined grained nature of the tailings; 

 The interpreted 15 to 20 wt.% amorphous bituminous carbon content; 

 Their naturally high moisture content and apparent high levels of saturation even after 
prolonged periods of exposure to dry conditions; 

 Observed very thin partially oxidised surface crust on Cell 2 (even after significant periods 
of beach exposure) - refer Figure 6; and 

 Observed very thin partially oxidised zone below a 200 to 250 mm clay-rich cover (in 
Cell 1)  refer Figure 8. 

Available water chemistry data identifies that the current pore water and supernatant water 
within the tailings (Cells 1 and 2) is dominated by increasingly metalliferous and sulphate rich 
water, and occasionally acid, metalliferous and sulphate-rich water.  In 2016, Earth Systems 
further investigated this issue by conducting a preliminary assessment of the water and solute 
balance from the PbOx circuit. The PbOx circuit generates significant quantities of soluble zinc, 
lead and sulphate from the dissolution of the lead/zinc concentrate using sulphuric acid.  Earth 
Systems identified that the increasing acid and metal loads within the TSF supernatant water 
were likely all derived from the residual PbOx process water that is routinely discharged to the 
tailings discharge water.  This supported their conclusion that the tailings are not only oxidising 
very slowly, but that they are retaining most of their ANC and will likely continue to do so for 
some time.  

It is understood that MRM have recently made some process changes whereby the majority of 
the PbOx water is recirculated back into the process. At this stage, MRM have no plans for 
further treatment of tailings process water subject to ongoing monitoring and validation that 
proposed groundwater management strategies are meeting their objectives.  

In order to independently corroborate the geochemical behaviour of the tailings, which has 
significant implications for tailings management and successful closure of the TSF, Earth 
Systems conducted Oxygen Penetration Test work (OPT) in 2016 to quantify:  

 The annual rate of acidity generation (AMD) from the TSF surface area as a function of 
density and degree of saturation;  

 The annual consumption rate ANC and the expected lag time before the onset of acid 
condition – to demonstrate that the TSF will not generate acidic conditions during 
operations prior to closure; and 

 The likely minimum duration of acidity generation from the tailings under the range of 
scenarios tested in the laboratory. 
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The results of this work are presented in Earth Systems report, “Tailings Water Quality 
Management - Operations and Closure: In-Situ Oxidation of Tailings – December 2016” (Earth 
Systems 2016). The OPT test work was completed on 3 tailings samples, all with a dry density 
maintained at 1.7 t/m3 but with saturation levels of 90%, 80% and 70% respectively. The 
following results were noted: 

 With a tailings density of 1.7 t/m3 and 80% - 90% saturation respectively, oxygen can 
penetrate up to about 1 cm only into the tailings. The results were largely 
indistinguishable between samples; 

 With a tailings density of 1.7 t/m3 and 70% saturation, oxygen can penetrate up to about 2 
cm only into the tailings; 

 The oxygen consumption rate (OCR) of the 80% and 90% saturated samples was very 
low, whereas the OCR for the 70% sample was higher.  

 

 

Figure 7 Oxygen Consumption Rate (OCR)  as a function of tailings depth at 
various saturation values (courtesy Earth Systems) 
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The results of the test work clearly demonstrate that provided MRM maintain the current levels 
of tailings beach saturation as observed within the Cell 1 and 2 tailings, then there is a very low 
risk associated with AMD occurring from the tailings beaches. The work further reinforces the 
interpretation that historical poor quality tailings water is from the process rather than oxidation 
of sulphides at the TSF. 

The minimum tailings beach target saturation should be 80% and this should continue to be 
monitored routinely with appropriate future contingency actions carried out to maintain moisture, 
increase density and therefore saturation levels if required through means such as adding 
additional deposition cycles, surface irrigation, mud-farming and compaction of the tailings 
beach. Additionally, if mining activities were to be suspended then MRM would need to ensure 
appropriate controls and actions are taken to maintain a suitable beach moisture content and 
control dust generation (i.e. surface irrigation or temporary capping).  

 

Figure 8 Test Pit in Cell 1 Clay Cap/Tailings Contact 
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5.3 TSF Water Quality  

Water quality data from MRM’s monthly decant pond sampling program since 2012 is presented 
in Table 4. This is characterised by typically neutral pH, low suspended solids but elevated 
levels of metals, particularly Zn and Mg and relatively high sulphates. 

The soluble heavy metals in the TSF water could be released from the tailings via oxidation of 
sulphide minerals at the tailings beach, however, currently there is little evidence of this 
occurring, rather the metals seem likely to have been sourced from process water and in recent 
years from the PbOx stream as described in Section 5.2. The sulphide oxidation process either 
releases metals directly, or generates acid that dissolves heavy-metal bearing minerals. In 
materials with significant or excess acid neutralising capacity (ANC), the acid is sometimes fully 
neutralised, however some elements (e.g. zinc, lead, copper, nickel, cadmium manganese and 
arsenic) may remain at elevated concentrations in solution at near neutral pH. 

It is understood that MRM have recently made some process changes whereby the majority of 
the PbOx water is recirculated back into the process. At this stage, MRM have no plans for 
further treatment of tailings process water subject to ongoing monitoring and validation that 
proposed groundwater management strategies are meeting their objectives.  

 

Table 4 Summary of Cell 2 Water Quality Data (2012-2015) 

Parameter Mean  Median  SD Min  Max 

pH 6.7 6.9 0.8 3 7.5 

EC - Lab (uS/cm) 10329 10075 3031 6220 19500 

Arsenic_F ( g/L) 11 12 4 5 31 

Cadmium_F ( g/L) 77 70 54 25 286 

Copper_F (ug/L) 34 18 53 5 314 

Lead_F (mg/L) 3.02 2.58 1.65 0.06 7.39 

Zinc_F (mg/L) 139 120 96.5 30.3 418 

Total Dissolved Solids (mg/L) 11208 10300 3812 5510 20900 

Total Suspended Solids (mg/L) 63.8 59 47.6 10 190 

Calcium_F (mg/L) 512 541 74 334 606 

Potassium_F (mg/L) 347 321 124 190 693 

Magnesium_F (mg/L) 1261 1185 490 615 2720 

Sodium_F (mg/L) 755 724 272 405 1440 

Chloride (mg/L) 665 629 268 38 1230 

SO4_F (mg/L) 6800 6845 2543 0 13600 
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6. Geology and Geotechnical 
Investigations 
6.1 Site Geology 

The overall mine site is underlain by alluvium associated with the McArthur River and bedrock of 
the McArthur Group. The McArthur Group consists of a sequence of Proterozoic formations, 
primarily dolomitic, which extends from the Queensland border to Arnhem Land. These 
formations include an interbedded sequence of dolostones, siltstones, shales and sandstones, 
with a composite thickness of greater than 4,000 m in the McArthur River region. 

The McArthur River Basin contains faulting, gentle folding and is non-metamorphic. The Batten 
Fault Zone (Batten Trough) occurs in the south of the basin and trends north. It is an extensively 
faulted zone approximately 70 km wide. The Emu Fault Zone to the east of the Batten Fault 
Zone is a major structural lineament in the Project area. The regional geology is shown in Figure 
9. 

The stratigraphy within the TSF area typically comprises a gently inclined and broadly 
undulating pediplain mostly with medium to deep red and yellow, medium to high plasticity 
sandy clay and clay type soils. These soils grade through clayey gravels to weathered dolomite 
or dolomitic siltstone bedrock at depths varying between 1.0 m and in excess of 5.0 m. 
Elsewhere, red to yellow gravelly silty clay underlain by weathered dolomitic shale/siltstone 
bedrock (around 2.0 m depth) occurs locally on low rises. Lenses of sandy clayey gravels were 
also encountered and are likely to be dispersed over the area, increasing towards the south and 
associated with the Little Barney Creek drainage line. Significant portions of the near surface 
materials were removed and utilised as part of the Cell 2 starter embankment construction. 
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Figure 9 McArthur River Region Geological Survey 
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6.2 Previous and New Geotechnical Site Investigations 

A number of historical and recent geotechnical site investigations have been undertaken in the 
vicinity of the TSF, including Golder Associates (1992), Golders Associates (1993), URS (1993), 
AMEC (2003), AWA (2005), Hatch (2011), ATC (2014), KCB (2015b), GHD (2014) and GHD 
(2015). As the basis for this design, GHD have utilised the results of these various 
investigations to derive and assign geotechnical characteristics for the TSF foundations, 
deposited tailings, existing embankment materials and proposed future embankment materials. 

A plan of historical TSF test locations is presented in Drawing 32-17476706-C046 attached in 
Appendix A. 

The GHD detailed design report for TSF Cell 2 Raise 3 (“McArthur River Mining Pty Ltd, Cell 2 - 
Raise 3 Detailed Design Report” Revision 2 April 2015) (GHD, 2015c), presents the results of 
GHD investigations up to February 2015. In August 2015, GHD completed additional 
investigations primarily associated with investigating the in-situ tailings within TSF Cells 1 and 2. 
The investigations and testing included: 

 Drilling of vertical boreholes from the crest of the Cell 2 Stage 2 embankment through the 
embankment fill and rock mattress to enable CPTu testing and undisturbed sampling of 
the tailings beneath the Stage 2 embankment, and assessment of the thickness of the 
rock mattress beneath the Stage 2 embankment. 

 Undertaking 17 Cone Penetration Tests with pore pressure measurement (CPTu) around 
the perimeter of the Cell 1 and Cell 2 embankments. 

 Obtaining 9 undisturbed tailings samples from boreholes adjacent to a number of the 
CPTu locations. 

 Laboratory testing of the undisturbed samples including classification, consolidation and 
cyclic simple shear testing. 

The above testing compliments two rounds of previous CPTu testing that were conducted out 
on the tailings beach (rather than below the previous embankment). Locations of all CPTu tests 
are indicated in Figure 10. A detailed description of the investigations, interpretation and 
assigning of geotechnical design parameters is provided in Appendix B, Geotechnical 
Properties and Stability Report.  

In late 2016, further investigations were also carried out by MRM and GHD to further clarify the 
TSF foundation characteristics and to further investigate the proposed clay and rockfill borrow 
areas. Investigation results will be finalised as part of the detailed design.  

6.3 Tailings Liquefaction Assessment 

During a strong seismic event, saturated cohesionless soils like clean sands and silts can 
experience a large reduction in strength and stiffness associated with seismically induced pore 
pressure build-up. This phenomenon, which can lead to slope failure, lateral spreading, and 
settlement is commonly called liquefaction. Significant strength loss can also occur in cohesive 
soils during earthquake, even if liquefaction does not occur. Idriss and Boulanger (2008) 
describe cyclic softening in clays and plastic silts where significant damage has occurred due to 
earthquake induced movements in these materials. Cyclic softening is a process where 
repeated cyclic loading results in an increase in excess pore water pressure to a point where 
rapidly increasing strains begin to occur. It is not necessarily liquefaction but can have a similar 
result, and the terms are used interchangeably in this Report.  
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In accordance with ANCOLD (2012), the liquefaction potential of the tailings has been assessed 
based on classification testing results, available correlations with CPTu data and the results of 
cyclic laboratory testing.  Based on the interpretation of classification testing (Bray and Sancio 
(2006)), the tailings classify as being susceptible to liquefaction. The liquefaction assessment 
associated with the Maximum Design Earthquake (MDE) event and the derived post seismic 
strength properties are detailed in Appendix B, Geotechnical Properties and Stability Report.  

Two distinct tailings material types are identified. CPTu investigations on the historical tailings 
have encountered mainly fine grained clayey / silty tailings however some zones of coarser or 
sandy tailings have also been encountered. The geotechnical assessment has therefore 
considered different post seismic strength properties for the fine and coarser tailings. The post 
seismic shear strength of the clayey / silty tailings was estimated from the results of the cyclic 
simple shear laboratory testing while the post-seismic strength of the liquefiable zones of sandy 
tailings has been assessed based on the CPTu investigations using the Robertson (2010) 
method. This is considered in line with current industry practice for assessment of these two 
respective materials types. 

The distribution of fine grained and coarse grained tailings is expected to occur due to different 
rates of settlement of the tailings stream and variations in ore / processing over time. The CPTu 
results from three investigation programs were combined to review the distribution within the 
existing tailings beach and define potential zones of liquefiable sandy tailings associated with 
past tailings management practices. Table 5 summarises the liquefiable sandy tailings zones 
that have been included as separate layers in post seismic stability analysis of the TSF 
embankments. 

Table 5 Location of Liquefiable Sand Layers 

Embankment Location Liquefiable Sand Layer Location 

Cell 2 SE RL 10040 – 10041 m 

Cell 2 SW RL 10044 and 10045.5 m 

Cell 2 NW RL 10046 and 10047.5 m 

Dividing Wall None 

Cell 1 None 

In the future it is assumed that extensive or continuous zones of liquefiable sandy tailings will 
not occur.  This is due to the much improved tailings management proposed under the life of 
mine plan including potential tailings surface improvement if proven necessary to achieve non-
liquefiable conditions upstream of the perimeter raises.  Ongoing monitoring and further 
evaluation will be carried out following the observational approach to confirm this design 
assumption. 
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Figure 10 CPTu Investigation Locations 
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6.4 Geotechnical Parameters 

The assessment of geotechnical parameters for stability analysis is detailed in Appendix B, 
Geotechnical Properties and Stability Report. A summary of the adopted geotechnical 
parameters is provided in Table 6. The parameters adopted for the base case analyses are 
shown in normal text while the parameters adopted for the sensitivity cases are shown in italics. 

For the purposes of stability modelling, the TSF is characterised by the following zones: 

 Tailings 

– Post 2006 tailings - This includes identified zones of liquefiable sandy tailings in the 
existing Cell 2 tailings that have been modelled as separate layers within the post 
seismic model. The strength properties for post 2006 tailings have been derived from 
in-situ and laboratory testing of the existing Cell 2 tailings. Based on the proposed 
improved tailings management relative to past practices, the future LoM tailings 
should at least achieve the same but more likely improved strengths. It has also been 
assumed in stability modelling that extensive or continuous zones of liquefiable sand 
sized tailings will not occur in future tailings due to the proposed improved tailings 
management strategy. 

– Pre 2006 tailings – This represents the original central thickened discharged tailings in 
Cell 1 which also underlies the dividing wall between TSF Cell 1 and Cell 2. Based on 
CPTu testing, these tailings were found to have a higher undrained strength than post 
2006 tailings. A layer of softer tailings was identified at the base of the Cell 1 tailings 
which has been modelled as a separate layer with a reduced strength similar to the 
post 2006 tailings.  

– Improved future tailings zone. This is associated with the opportunity for MRM to 
improve the drying and density of tailings within a zone upstream of the annual raises 
as indicated on Figure 11. 

 Embankment 

– Zone 1 (Clay/Earthfill)  

– Zone 2 (Compacted Tailings/Earthfill) 

– Downstream Zone 3 (General Weathered Rockfill) 

– Buttress (General Weathered Rockfill) 

 Foundation 

– Overburden Soils (clays, silts, sands and gravels) 

– Weathered Bedrock 

– Fresh Bedrock 

Section 7 provides a detailed description of the TSF proposed construction and Figure 11 
provides a typical section of the TSF indicating the key internal embankment zones.  

Where there is currently a lack of geotechnical data the adopted parameters have generally 
been selected at the conservative end of the values suggested by available testing data.  With 
the observational approach these parameters will be continually refined as part of future design 
activities as more geotechnical data and monitoring results become available. 
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Sensitivity analyses were undertaken to account for variability of the embankment and tailings 
materials and uncertainties in the adopted geotechnical parameters.  Sensitivity cases 
considered include: 

 Strength sensitivity. 

 Permeability sensitivity. 

The strength sensitivity parameters have been assigned to materials where there is lower 
confidence in the selection of the strength properties.  The sensitivity strengths are typically 
around 90% of the base case strengths. 
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Table 6 Summary of Geotechnical Parameters 

Material Description Unit Weight 
(kN/m3) 

Hydraulic Conductivity 
(m/s) 

Drained  
Analysis Shear Strength 

Undrained  
Shear Strength 

Post-Seismic Shear 
Strength 

Tailings 
Post 2006 - 
Hydraulically Deposited 
Tailings 

21 kv = 2 x 10-9 
kh = 2 x 10-8 
kv = 9 x 10-9 
kh = 9 x 10-8 

Refer Note 1 su = 0.25 ’v  
(min 5 kPa) 
su = 0.20 ’v  
(min 5 kPa) 

Fine grained: T LIQ = 0.2 ’v  
(min 0 kPa) 
Coarse grained: T LIQ = 
0.06 ’v  (min 0 kPa) 

Pre 2006 - Central 
Thickened Discharge or 
potential future 
Improved/Farmed 
Tailings  

c’ = 0 kPa 
’ = 30° 

su = 0.40 ’v  
(min 30 kPa) 

sus = 0.20 ’v  
(min 0 kPa) 
 

Cell 1 Base Tailings (2 
m thick layer) 

c’ = 0 kPa 
’ = 30° 

su = 0.25 ’v  
(min 5 kPa) 

Embankment 
Zone 1 20 kv = kh = 1 x 10-9 c’ = 10 kPa 

’ = 30° 
su = 100 kPa sus = 80 kPa2 

Zone 2 21 kv = kh = 1 x 10-8 c’ = 0 kPa 
’ = 32° 

su = 100 kPa sus = 80 kPa2 

Compacted Tailings  kv = kh = 1 x 10-9 c’ = 0 kPa 
’ = 30° 

su = 0.40 ’v  
(min 30 kPa) 

sus = 0.32 ’v  
(min 24 kPa) 

General Rock Fill 
(Zone 3 Downstream 
and Buttress) 

21 kv = kh = 1 x 10-5 c’ = 0 kPa 
’ = 38° 

c = 0 kPa 
 = 38° 

c = 0 kPa 
 = 38° 

Select Rock Fill 
(As required for flood 
protection along 
Surprise Creek) 

21 kv = kh = 1 x 10-3 c’ = 0 kPa 
’ = 40° 

c = 0 kPa 
 = 40° 

c = 0 kPa 
 = 40° 
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Material Description Unit Weight 
(kN/m3) 

Hydraulic Conductivity 
(m/s) 

Drained  
Analysis Shear Strength 

Undrained  
Shear Strength 

Post-Seismic Shear 
Strength 

Foundation 
Overburden Soils 21 kv = 1 x 10-6 

kh – 1 x 10-5 
kv = 1 x 10-7 
kh – 1 x 10-6 

c’ = 5 kPa 
’ = 30° 

c’ = 2 kPa 
’ = 27° 

su = 0.6 ’v  
(min 50 kPa) 
su = 0.55 ’v  
(min 45 kPa) 

sus = 0.48 ’v  
(min 40 kPa)2 
sus = 0.43 ’v  
(min 35 kPa) 

Weathered Bedrock 22 kv = kh = 1 x 10-6 
kh – 1 x 10-5 
kv = 1 x 10-7 
kh – 1 x 10-6 

c’ = 20 kPa 
’ = 40° 

c = 20 kPa 
 = 40° 

c = 20 kPa 
 = 40° 

Fresh Bedrock 22 kv = kh = 5 x 10-7 
kv = kh = 5 x 10-8 

c’ = 1000 kPa 
’ = 40° 

c = 1000 kPa 
 = 40° 

c = 1000 kPa 
 = 40° 

Notes: 

1. Undrained tailings properties were adopted for the drained analysis as the tailings are considered contractive and likely to generate significant pore pressures on 
shearing.  The use of drained parameters in stability analyses for contractive tailings is not appropriate as the pore pressure state along the failure surface is unknown. 

For fine materials prone to pore pressure build up from the cyclic loading (i.e. clays/silts) it was considered reasonable to use the undrained strength reduced 
by 20%.  In the absence of cyclic testing on the embankment materials the 20% reduction was conservatively adopted based on guidance from Makdisi and 
Seed (1977) and ANCOLD (1998).  Makdisi and Seed (1977) “A Simplified Procedure for Estimating Earthquake-Induced Deformations in Dams and 
Embankments” found cyclic testing on fine-grained materials not subject to liquefaction generally resulted in a dynamic yield strength for soils that exhibit 
small increases in pore pressure during cyclic loading of greater than 80% of the static undrained strength.  
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7. Embankment Construction 
7.1 Typical Embankment Section 

Preliminary typical cross sections of the TSF embankments are shown in Figure 11 and Figure 
12 (also refer to design drawings attached in Appendix A). Raising in annual 1.0 – 1.3 m high 
upstream lifts is considered optimal. In addition to the annual upstream lifts, stabilising 
buttresses will be constructed and expanded as the TSF height increases to maintain 
conservative Factors of Safety for stability. The ultimate size and timing for construction of the 
buttresses will depend on the future achieved tailings strengths, future tailings improvement 
trials and desired construction methodology which may include the use of large mining plant to 
construct the buttresses economically.  

A comparative typical section indicating the likely TSF geometry without the construction of an 
upstream improved tailings zone is presented in Figure 13. This shows an increase in the 
required quantity of Zone 2 and a higher downstream buttress to maintain minimum acceptable 
Factors of Safety. Tailings improvement construction trials are discussed further in Section 7.3. 

 

 

Figure 11 Typical TSF Section (Ultimate Height) 

 

 

Figure 12 Typical Section Upstream Raise 

 

Improved tailings upstream and underneath embankment 
raises to reduce Zone 2 and buttress quantity 
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Figure 13 Typical TSF Section – Without Upstream Improved Tailings Zone 

7.2 Embankment Materials  

Embankment materials include the use of earthfill or compacted tailings (or a mixture of both) to 
form the small upstream portion of annual lifts. This is denoted as Zone 2 in Figure 12. Tailings 
for this zone can be reclaimed off the beach upstream of the annual raises and compacted to a 
minimum of 95% Standard Maximum Dry Density to achieve or exceed target strength 
requirements within the embankment. Moisture control of these tailings is important to ensure a 
low permeability fill with a high level of saturation, to reduce potential for oxidation of the tailings 
sulphides and to manage any risk of spontaneous combustion. The proposed methodology for 
the reuse of tailings is similar to that successfully used at BHP Olympic Dam as part of annual 
upstream raises on their TSF’s.  Initial trials involving the mixing of tailings and earthfill materials 
prior to compaction is discussed further in Section 7.2.4. Similar to the recent Cell 2 Stage 3 
raise, the upstream Zone 2 may be constructed with clay or earthfill derived from highly to 
extremely weathered rock that is readily available in local borrow areas.  

The embankment materials, sources and estimated LOM quantities are summarised below in 
Table 7.  

Table 7 Embankment Internal Zoning 

Area Description Proposed Material Source Maximum LOM 
Quantity 

Zone 1 Clay Earthfill Clay from local borrow west of 
TSF. 

~ 1.0 Mm3 

Zone 2 Compacted Tailings 
or Earthfill 

Tailings upstream of annual 
raises or earthfill from local 
borrows – similar to Cell 2 
Stage 3 raise. 

~ 0.75 Mm3 

Zone 3 
Outer 
Rockfill 

Weathered Rockfill Moderately weathered to fresh 
rock - benign rock from onsite 
quarry. 

~ 0.65 Mm3 

Buttress  Weathered Rockfill Highly weathered to fresh rock 
- benign rock from onsite 
quarry. 

~ 3.5 Mm3** 

** The buttress volume is based on the option of adopting a larger buttress based on lower final achieved 
tailings strengths and/or to facilitate the space for utilising large mining plant. Higher strength tailings 
and/or smaller construction equipment could reduce this required quantity.  
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7.2.1 Borrow Area and Quarry Locations 

Based on the results of investigations to date, local borrow areas to be developed around the 
TSF domain can supply sufficient volumes of TSF embankment construction materials (i.e. clay, 
earthfill and weathered rockfill material) to suit predicted LOM requirements. Some special 
materials such as hard, durable rock and filter materials for the spillway construction may need 
to be sourced from outside of the TSF domain however these are much smaller in quantity. The 
final extent and locations or borrow areas will be determined as part of detailed design and to 
suit actual material volume requirements as the TSF is raised.  

Detailed designs for borrow areas will be carried out in accordance with the document McArthur 
River Mining P/L (MRM 2016), Borrow Pit Design Process Guidelines, Revision 0, February 
2017. This document forms a guideline for the life cycle of benign borrow sources for the MRM 
site, including the TSF and NOEF domains. It aims to cover the process of site selection, 
determination of design criteria and design details, operation, and closure so that the borrow 
pits may be developed in keeping with MRM’s environmental and operational objectives. Within 
this document, the term ‘borrow pit’ refers to any borrow pit or extractive quarry for benign 
materials outside of the main MRM open cut, plus associated access tracks, haul roads, 
stockpiles, and other works directly associated with the borrow pit itself. 

7.2.2 Zone 1 and 2 - Earthfill or Tailings 

The total earthfill requirements for the LOM embankment has been estimated as nearly 
1.75 Mm3, including up to 0.75 Mm3 of Zone 2 tailings/earthfill. An estimated 1.0 Mm3 comprises 
Zone 1 clay material. 

Clay for the construction of the annual raises will target similar materials to those used in the 
construction of previous raises including readily available alluvial and residual soils from local 
borrow areas. Borrows will be targeted to locations where the groundwater table is unlikely to be 
intercepted and at elevated locations able to generate suitable materials in extended wet-
season conditions. 

The primary design function of the Zone 1 clay is to act as an oxygen barrier within the 
perimeter embankment. Therefore, the material should have a relatively low permeability and be 
well compacted to ensure low air voids and therefore achieve a high degree of saturation.  

Preliminary specifications for the Zone 1 clay are presented in Table 8. 

Table 8 Zone 1 Material Requirements 

Property Requirement 
Size of largest particle  Dmax Not greater than 75 mm 
Minimum % by weight passing 37.5 mm (AS 1152 sieve)  90 
Minimum % by weight passing 0.075 mm (AS 1152 
sieve)  

25 

Minimum Plasticity Index (AS 1289.3.3.1) 10 
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Recent laboratory permeability testing from borrow area clay soils indicates that these proposed 
clays should achieve a maximum permeability ksat of 1x10-9 m/s when compacted to 98% 
Standard Maximum Dry Density (SMDD) and within +/- 2% Optimum Moisture Content (OMC). 

It should be noted that the material quantity estimates given above assume the construction of 
annual upstream lifts. If larger lifts are constructed less frequently then the volume of upstream 
Zone 2 earthfill or tailings material would increase. For example, construction of 2.0 – 2.5 m 
upstream lifts every 2 years would increase total LoM earthworks quantities by approximately 
200,000 m3. Larger and less frequent lifts could also involve significantly increased foundation 
stripping and tailings fill volume for individual lifts. Only a thin layer (200 – 300 mm) of surface 
tailings can be stripped and incorporated into individual lifts and this ought to be considered by 
MRM in the comparative feasibility of smaller vs larger lifts heights (along with other technical 
constraints as noted earlier). As an example, this is a significant limitation at BHP Olympic Dam 
where low height annual TSF upstream raises are constructed as part of a continuous operation 
to maximise the reuse of tailings within the embankments and reduce the need for external 
borrow materials. 

7.2.3 Rockfill – Zone 3, Buttress and Erosion Protection Rock 

An outer layer of rockfill will be constructed to control erosion of the TSF downstream batter and 
to protect the Zone 1 clay from desiccation. Well graded, benign, moderately weathered to fresh 
rock from nominated quarries to the south, east and west of the TSF will be suitable. Quarry 
locations which have had preliminary investigations in 2016 are shown in Figure 14. These have 
been drilled and sampled for preliminary geochemical characterisation which indicated 
suitability. The next stage prior to construction will require additional geochemical sampling and 
testing for further validation and well as diamond core drilling, sampling and testing of rockfill 
samples to establish strength and durability properties which have been conservatively 
assumed at this stage.  

Similar to the outer Zone 3 rockfill, the buttress rockfill will also be sourced from local quarries 
however it should be possible to incorporate highly weathered rockfill materials subject to 
geotechnical testing and modelling.  

High strength and durable rockfill will be necessary for flood protection rock armouring of the 
TSF embankment along Surprise Creek and for lining of the spillway and drains. If a source is 
not readily available from local quarries, it will be sourced from the Woyzbun clean rockfill 
quarry at the mine where high strength, durable Breccia will be readily available.  

The final buttress design will depend on further confirmation of rock material properties and on-
going geotechnical assessment of tailings strength development. Design to-date has shown that 
there is adequate space for the expected extent of buttress construction except that some 
localised steepening could be required where Surprise Creek is close to the existing toe. In 
areas along Surprise Creek the buttress is expected to extend over the top of the Seepage 
Interception Trench however this should be acceptable provided that extraction sumps are 
constructed sufficiently downstream to maintain access.  

Detailed design of future TSF stages will need to ensure that rockfill grading and durability is 
suitable for purpose within the embankment. General bulk rockfill for use within the buttresses 
should be differentiated from erosion protection armour rock that will be required on the outer 
slopes and particularly along the downstream toe adjacent to Surprise Creek (and other areas) 
where flood protection is necessary. 
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The quarry locations indicated in Figure 14 are indicative only. The final location and extent of 
borrow areas and quarries will depend on the actual volume of materials required throughout 
the mine life.  

 

Figure 14 Potential Rockfill Quarry Locations around TSF Investigated in 
2016 

Sourcing of Clay and Earthfill Borrow Materials 

In 2014/15, consultants Klohn Crippen Berger (KCB 2015c) conducted a site wide clay resource 
assessment. Outcomes from this study are presented in their report entitled “McArthur River 
Mine – Clay Resource Assessment”, August 2015, and included an estimate of 10 Mm3 of 
available clay from within “Study Area #1” surrounding the TSF. This volume of clay is well in 
excess of necessary requirements for the TSF even if clay or earthfill were utilised for the 
Zone 2 embankment construction (as a substitute for tailings). Therefore, only a fraction of the 
area considered by KCB should be necessary to establish the TSF LOM earthfill borrow area.  

Figure 15 presents the KCB study plan. Figure 17 shows photos from the KCB test pits within 
the preferred TSF borrow area. 

Figure 16 presents the location of the preferred primary borrow area showing depth to annual 
wet season groundwater levels (below ground surface). As shown, the currently proposed 
primary borrow area is at an elevated location above and away from creek lines and the TSF 
where the groundwater table is deeper below ground level. 

 

West Rock Quarry 

South Rock Quarry 

East Rock Quarry 

North West Rock Quarry 
(in conjunction with NW 
clay/earthfill borrow) 
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Figure 15 KCB 2015 Report Figure 2 Clay Study Area and Base of Clay Contours showing preferred TSF Borrow Location

Indicative TSF Clay 
Borrow Area 

(see Figure 30 for KCB test pit photos   

Potential Additional Borrow 
Development Subject to 

Detailed Design and 
Managing Groundwater 

Constraints 

NOTE: FINAL LOCATION AND EXTENT OF BORROW AREAS SUBJECT TO 
DETAILED DESIGN AND TO SUIT FINAL MATERIAL QUANTITY REQUIREMENTS 
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Figure 16 Proposed Clay Borrow Area with Approximate Depth to Wet Season Groundwater Levels (mbgl) 
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Figure 17 KCB 2015 Test Pit Photos (Proposed LOM Clay/Earthfill Borrow Area) 
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7.2.4 Tailings/Earthfill Embankment Trial 

The LOM TSF preliminary design targets the incorporation of tailings into the upstream portion 
of future annual raises (refer to Design Drawing 32-1747606-C018, Appendix A). This is to 
reduce the extent of external borrow areas and potentially save on construction costs.  

In November 2016, MRM constructed a tailings trial embankment to help assess the viability of 
incorporating tailings into future raises. The trial was carried out using a 50:50 blend of 
moist/wet tailings and drier clay from the existing Cell 2 central mounded area. Blade mixing 
occurred to a depth of approximately 600 mm prior to compaction with 8 passes of a pad foot 
roller. GHD witnessed the trail onsite to confirm that: 

 The level of blending and mixing was able to achieve a suitably homogenous and 
consistent material with moisture near Optimum Moisture Content (Standard). This was 
confirmed by field testing at 4 locations. 

 The level of compaction was able to achieve close to (or exceed) the Maximum Dry 
Density (Standard) as verified by field density testing at 4 locations. 

 The material surface was trafficable to heavy construction plant for placement of 
subsequent Zone 2 layers or other zones. 

Further testing is being carried out to assess the strength properties of the blended material for 
incorporation into detailed design modelling. Additionally, further detailed design works and 
investigation is required to clarify the necessary environmental controls for reuse of tailings.  Of 
particularly importance will be developing and adhering to methodologies which ensure: 

 Appropriate management of dust; 

 Appropriate levels of saturation are maintained within the tailings to reduce the potential 
for oxidation. 

 No loose or uncompacted tailings fill which will likely result in oxygen ingress, oxidation 
and the generation of AMD. 

Photos from the embankment trial are provided below in Figure 18 to Figure 21. 

 

Figure 18 Blade Mixing Tailings/Clay 
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Figure 19 Completion of blade mixing  

 

Figure 20 Compaction with padfoot roller 

 

Figure 21 Completion of rolling surface  
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7.3 Tailings Beach Improvement Options and Trials 

7.3.1 General 

The design philosophy for development of the LOM TSF strategy provides for: 

 Reducing seepage from the TSF by maintaining a small decant pond and through 
optimised tailings management to remove pore water at the surface (by evaporation) and 
achieve moist but unsaturated beaches; 

 Achieving and maintaining consistent target tailings density by managing tailings 
deposition, ponded water and tailings drainage.  

Enhanced tailings surface drying is also identified as a viable option for MRM to further increase 
tailings density and strength, potentially saving on the costs of future buttressing. 

Optimised tailings management will include operational objectives such as achieving a uniform 
beach, limiting the routine deposition layer thickness and increasing the exposure time to 
increase evaporation. This will be achieved by appropriate spigot spacing and frequency of 
spigot changes and will be particularly improved by the reduced rate of rise (hence increased 
exposure time) due to a larger deposition footprint of the combined Cell 1/2.  

The LoM strategy for the MRM TSF is to “improve” the tailings within the critical zone upstream 
of the perimeter embankment, to achieve sufficient density (and strength) to satisfy all required 
stability analyses loading cases without the requirement for major buttressing works. Also, as 
described in Section 7.2.4, the LOM TSF preliminary design targets the incorporation of tailings 
into the upstream portion of future annual raises, which will require greater control over the 
moisture content to achieve satisfactory compacted density. 

As described in ANCOLD (2012) beach density (and strength) may be improved beyond the 
level achieved by simple drying by mechanical working. The mechanical working aims to 
enhance surface drying by “ploughing” the tailings to promote drainage towards the central 
decant pond and increase the surface area exposed to evaporation. 

An example of this is the use of “mud-farming” in bauxite residue disposal areas, where 
mechanical equipment such as amphirols (amphibious screw propelled vehicle - Figure 22) are 
used to work the tailings and promote drying. 

 

Figure 22 Amphirol working Bauxite Residue 



 

46 | GHD | Report for McArthur River Mining Pty Ltd - Tailings Storage Facility, 32/17476  

Other options may include the use of light-weight tracked ATV’s with attachments to plough the 
tailings, or the use of an amphibious excavator to turn and work the tailings. Field trials are 
proposed to determine the most appropriate and cost-effective methodology to meet the dual 
objectives of increasing density while maintain sufficient saturation to reduce risk of oxidation 
and dust generation. 

The tailings density achievable at MRM from simple drying was investigated by field testing 
(refer to Section 5.1) and drying and consolidation modelling (refer to Section 8). Key outcomes 
were as follows: 

 Field testing indicated a dry density of 1.68 t/m3 was achieved at a depth of 150 mm 
(bottom of a single tailings deposition layer) after 33 days of drying (most representative 
of a likely cycle time). 

 Modelling indicated approximately 10 - 15 days of effective drying nearly equal to 
potential evaporation before a significant reduction in evaporation occurs. 

 Modelling indicated an average tailings dry density of 1.7 t/m3 for a 150 mm thick layer of 
tailings, but as high as 1.85 t/m3 in the top 75 mm. 

 Modelling shows that the estimated average tailings dry density over the entire TSF depth 
by normal consolidation is approximately 1.95 t/m3 for the future tailings between RL 
10052.5 m and RL 10078 m. The estimated average tailings dry density for the top 1.1 m 
(i.e. to estimate the available storage for each annual raise) is approximately 1.8 t/m3. 

 Laboratory testing has shown that drying and compaction could potentially raise the 
density of surface layers to 2.1 t/m3, giving an overall 5% decrease in volume equivalent 
to approximately 1.75m in final dam height. 

The modelling showed that there is significant tailings density increase from consolidation, 
beyond that achieved from simple drying alone. The modelling also showed that the effective 
drying rate decreases significantly after approximately half of the cycle time, and that the bottom 
half of a 150 mm thick tailings layer achieves a much lower density than the top half. Whilst the 
modelling results are preliminary only, they do show the potential for further density increase by 
mechanical working, by exposing more of the deposited tailings layer to evaporation. 

A summary of potential benefits and limitations of tailings surface improvement by mechanical 
working is included in Table 9. 
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Table 9 Summary of potential benefits and limitations of tailings surface 
improvement 

Benefit Limitation 

Accelerates the desiccation process – can 
achieve higher densities near the surface 
than otherwise achieved from normal 
consolidation, which means: 

Benefit is limited to the top 10-15 m as 
normal consolidation achieves the same 
tailings conditions at depth.  

1. increased available storage for each 
embankment raise - effectively 
reducing the required embankment 
construction costs over the life of 
mine. 

Additional direct cost to manage the tailings; 
mud-farming estimated to cost approximately 
$0.5/ tonne. Other methods may have a 
lower cost. 

2. increase in tailings strengths at 
shallow depths compared to that 
achieved from normal consolidation. 

Reworking and compaction of the tailings can 
encourage dust, oxidation and potentially 
combustion of tailings if suitable moisture 
contents cannot be maintained. 

3. improved construction access to the 
tailings surface for the annual 
upstream raises 

Benefits rely on achieving moisture levels 
and strength to allow access by appropriate 
equipment. This will be the subject of trials. 

4. increased potential for use of tailings 
as a construction material, reducing 
the need for new borrow areas 

 

Reduced crust formation of the top layer, by 
“turning” the material and burying it at the 
base of each layer, which reduces further 
moisture loss and reduces the risk of 
oxidisation of the tailings. 

 

Environmental impact reduction by effectively 
reducing the quantity of tailings pore water 
seepage to the environment, through 
increased tailings surface evaporation and 
drainage to the decant pond. 

 

Improved ability to achieve target conditions 
during variations in production (such as 
tailings particle size, slurry density and 
production rate) 

 

 

7.3.2 Tailings surface improvement trials 

Tailings surface improvement techniques are recommended to be validated by trials to 
determine the potential benefits, prior to committing into the tailings management strategy. 
Accordingly, MRM are considering to trial the use of an amphibious excavator at the TSF as a 
tailings surface improvement technique. The outcomes of the trial will be considered and 
incorporated into the future detailed designs if successful. 
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7.3.3 Base case and validation 

As discussed in Section 2.3, tailings management at MRM will adopt the observational 
approach. It is proposed to regularly monitor, test and assess the stored tailings properties 
during the LoM to validate this assessment. Tailings surface improvement by mechanical 
working (such as the operation of an amphibious excavator) may then be adopted in the future if 
deemed practical and economically viable. 

An alternative to the “improved tailings” methodology to improve stability is to construct a 
stabilising buttress on the downstream side of the TSF. This has been demonstrated to 
adequately stabilise the TSF if the current tailings conditions are not improved by the optimised 
tailings management approach or further tailings surface improvement. Design drawings        
32-1747606-C017 and 32-1747606-C019 attached as Appendix A present the likely geometry 
of the buttress, with and without the improved tailings zone. 
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7.4 Instumentation and Monitoring of Dam Safety 

Adequate tailings and water management are prerequisites to successful upstream raising of 
tailings dams. The proposed design therefore features a number of operational and monitoring 
requirements that must be implemented and managed diligently to ensure the ongoing safety of 
the TSF.  Key requirements that have been established include the maintaining of a suitable 
beach freeboard and extreme flood storage at all times and predefined emergency triggers and 
responses. Fundamental requirements are detailed in the following documents: 

 McArthur River Mining Pty Ltd, Tailings Storage Facility (TSF) Cell 2 Operations, 
Maintenance and Surveillance Manual, December 2015 which is currently under revision 
to include Critical Operating Parameters and Trigger Action Reponses Plans. 

 McArthur River Mining Pty Ltd, Cell 1 & 2 TSF and WMD, Dam Safety Emergency Plan 
(DSEP), February 2016 

Specific instrumentation requirements will be further developed during subsequent detailed 
design phases however existing instrumentation includes: 

 Pond level control and hydrostatic sensors; 

 Survey deformation monuments; 

 Piezometers; 

 Seepage monitoring infrastructure (i.e. V-notch Weir, or flow meter) at any seepage 
locations; 

 Down gradient groundwater monitoring bores. 
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8. Tailings Drying and Consolidation 
Modelling 
GHD have completed an initial phase of theoretic tailings drying and self-weight consolidation 
modelling to quantify how the tailings may evolve (in terms of dewatering) once placed and the 
potential resulting seepage via the foundation. The dewatering modelling has been completed 
as a function of a number of variables, but specifically climatic conditions and tailings material 
characteristics. 

The aims of the modelling are to:  

 Estimate the potential density and moisture profile in the TSF; 

 Estimate the rate of consolidation of the tailings; 

 Estimate the potential seepage flux through the base of the TSF as a result of 
consolidation; 

 Develop a better understanding of the TSF water balance (i.e. the fate of water); 

The self-weight consolidation modelling is based on methodologies developed by Li et al. 2009 
and 2012 and Gibson consolidation theory (Gibson, 1967). The model considers: 

 Large deformation (finite strain) and increasing drainage path during deposition. 

 One-way drainage through the top or two-way drainage though both top and bottom 

 Consolidation during and after tailings deposition 

The tailings drying modelling is based on Li et al. 2012.  The evaporative drying model was 
developed based on the framework of Gilliland and Sherwood (1933), which considers moisture 
loss due to evaporative drying as a diffusive process. The constitutive relation can be written in 
terms of soil-water characteristic curves (SWCC) (Fredlund, 2006).  The key input parameters 
include coefficient of consolidation, volumetric water diffusivity (drying coefficient) and SWCC of 
the tailings.  

It is important to note that the modelling completed is part of an initial phase assessment and 
requires further refinement and verification as part of the observational approach aided by 
additional field monitoring of tailings consolidation and evaporation as well as potential 
laboratory settlement and drying simulations.  

8.1 Model Parameterisation and Calibration 

The model parameterisation and calibration has been developed using selected test data from 
existing active tailings beaches and laboratory testing previously conducted on tailings samples. 
Key modelling parameters include: 

 Void ratio vs consolidation pressure for initial settling and final consolidation phases – this 
has been derived based on tailings laboratory consolidation oedometer tests and 
settlement tests with adopted curves as presented in Figure 23; 

 Coefficient of consolidation for the final consolidation phase – this has been derived 
based on selected tailings consolidation oedometer tests with adopted coefficient as 
presented in Figure 24; 

 Soil Water Characteristic Curve – this is essential for the evaporative phase and has 
been derived based on two tests carried out on tailings samples prepared to 1.7 t/m3 and 
1.9 t/m3 respectively.  
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Figure 23 Tailings Void Ratio vs Consolidation Pressure 

 

Figure 24 Coefficient of Consolidation of the Tailings 
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Figure 25 below shows the model predicted void ratio profile after the initial self-weight 
consolidation of a 220 mm layer of freshly deposited tailings using the adopted initial 
consolidation curve and a coefficient of consolidation equal to 12.0 m2/year (0.033 m2/day). 

 

Figure 25 Tailings Void Ratio with Depth in Beach Layer 

For the drying and evaporative phase of the tailings dewatering an average daily potential 
evaporation 5.6 mm/day (assuming a pan factor of 0.75) has been adopted. Additionally, the 
selected SWCC in presented in Figure 26.   The back calculated drying coefficient is 
approximately 0.0015 m2/day to match the field dry density measured at 150 mm depth, 33 days 
after deposition (density 1.68 t/m3, moisture content 26.5%, void ratio 0.92 and saturation 94%).  

 

Figure 26 Tailings Matric Suction with Volumetric Water Content 
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During the evaporative phase, the model predicted void ratio profile at day 1, 4, 9, 16 and 30 is 
shown below in Figure 27. The final layer thickness is 152 mm with a dry density of around 
1.7 t/m3. The model also predicts an actual evaporation equivalent to approximately 50% of 
potential evaporation and interestingly indicates approximately 10 - 15 days of effective drying 
nearly equal to potential evaporation before a significant reduction occurs (refer Figure 28).  

  

Figure 27 Tailings Void Ratio Profile with Depth in Layer - Evaporative Phase 

 

Figure 28 Actual Cumulative Evaporation from Tailings Over Time (Days) 
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8.2 Final Dry Density Profile and Consolidation Seepage Flux 

Following on from the modelling and calibration of the initial tailings settling and drying phases, 
GHD have undertaken transient consolidation modelling for the full depth tailings stack up until 
the end of mining at 2037 when the TSF is approximately 35 m high.  The modelling was based 
on two-way drainage. The estimated degree of consolidation is approximately 95% at the end of 
tailings deposition.  After the cessation of deposition, it would take 3 years to reach 99% 
consolidation. 

The model predicted tailings dry density increases from 1.7 t/m3 at surface to above 2.0 t/m3 at 
the base. It is important to note that these are initial predictive estimates which need further 
verification. As such, more conservative lower densities have been assumed in the estimation of 
the annual lift heights and the estimated final TSF height. 

The consolidation modelling also allows an initial prediction of seepage flux resulting from the 
tailings consolidation process. Table 10 presents the model predicted  total consolidation 
seepage flux into the foundation on the reasonable assumption that half of the consolidation 
seepage travels upwards and half travels downwards into the foundation.  

 

 

Figure 29 Tailings Dry Density with Depth in the Tailings Column - 2037 
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Table 10 Tailings Consolidation Seepage Flux 

YEAR Total Flux 
(m/m2/year) 

Annual Foundation 
Seepage Flux (ML/annum) 
(assuming 50% downward 
and 50% upward seepage)  

2018 0.14 115 
2020 0.15 121 
2022 0.16 125 
2024 0.16 129 
2026 0.17 133 
2028 0.17 136 
2030 0.17 138 
2032 0.18 141 
2034 0.18 143 
2036 0.18 145 
2038 0.18 147 
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9. Embankment Stability Analysis 
9.1 Methodology 

The stability analyses carried out to support the preliminary design of the embankment sections 
is presented in attached Appendix B, Geotechnical Properties and Stability Report.  Analyses 
were undertaken for derived typical embankment cross sections around all sides of the TSF. 

Maximum (ie. highest) sections were adopted in all cases and the typical embankment sections 
were derived on the basis of available design and as-constructed information for previous 
embankment raises as well as historical LiDAR surveys and ground investigations. 

For the purpose of the stability analyses, 2-D seepage modelling was undertaken to assist in 
estimating the phreatic surface through each of the embankments. 

For each typical section three load conditions were considered: 

 Long term drained (effective strength properties for all materials except contractive 
tailings). 

 Short term undrained (total strength properties for all materials). 

 Post-seismic (post-seismic total strength properties). 

There is potential for flooding to occur adjacent to the TSF and therefore rapid drawdown 
conditions may develop in the lower portion of the downstream shoulders of the perimeter 
embankments.  To mitigate against this load condition occurring, the lower portion of the 
downstream buttresses subject to downstream water loading will be constructed of free-draining 
rockfill.  This material will also provide erosion protection around the lower portions of the TSF 
embankments. 

9.2 Stability Analysis Criteria 

The ANCOLD “Guidelines on Tailings Dam Design, Construction, Operation and Closure” 
(ANCOLD 2012) states that there are no “rules” for acceptable factors of safety. However they 
suggest the recommended Factors of Safety (FoS) as shown for the base case in Table 11.  
The target minimum FoS for the sensitivity case stability analyses are also provided in Table 11. 

Table 11 Stability Analysis FoS Acceptance Criteria 

Condition Minimum 
Recommended 

FoS 

Target Minimum 
for Base Case 

Notional Minimum 
FoS for Sensitivity 

Case 

Long term drained conditions 1.5 1.5 1.4 

Short term undrained conditions 1.5 1.5 1.4 

For post seismic stability 1.0 – 1.2 1.1 1.0 

9.3 Stability Analysis Results and TSF Geometry 

A summary of the minimum FoS for the assessed load combinations for the ultimate 
embankment crest level are provided in Table 12. Further details of the analysis are provided in 
Appendix B.   
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Table 12 Stability Analysis Summary of Results (Ultimate Crest) 

Embankment 
Section 

Load Condition Target Minimum 
FoS 

Achieved FoS  
(Non-Circular 
Failure) 

Achieved FoS  
(Circular 
Failure) 

Eastern Drained 1.5 1.5 1.6 
Undrained 1.5 1.5 1.6 
Post-seismic 1.0 1.1 1.2 

Western Drained 1.5 1.5 1.7 
Undrained 1.5 1.5 1.7 
Post-seismic 1.0 1.1 1.5 

Southern Drained 1.5 1.5 1.6 
Undrained 1.5 1.6 1.7 
Post-seismic 1.0 1.1 1.2 

Northern Drained 1.5 1.5 1.6 
Undrained 1.5 1.5 1.6 
Post-seismic 1.0 1.1 1.1 

Design drawings 32-1747606-C017 and 32-1747606-C019 attached as Appendix A indicate the 
preliminary TSF geometry and scenarios considered in the stability analysis. This includes the 
minimum size buttresses to achieve the target minimum FoS with and without the use of 
upstream tailings improvement.  

It should be noted that for the purposes of assessing the potential use of large mining plant to 
construct the buttresses at lower cost, drawing 32-1747606-C017 shows a potential enlarged 
buttress which may be further considered in the future subject to ongoing optimisation and the 
observational approach. This LoM plan proposes that the downstream buttress geometry is 
further optimised and refined annually as part of the detailed design of each embankment raise. 

 



 

58 | GHD | Report for McArthur River Mining Pty Ltd - Tailings Storage Facility, 32/17476  

10. Tailings and Surface Water 
Management 
10.1 Tailings Management Concept 

Process tailings are thickened and pumped through a 4.2 km long pipeline to the TSF. The 
slurry solids content can be controlled by MRM and typically ranges between 52% - 55% 
(w/w%). The average LOM projected tailings production rate is approximately 3.3 Mtpa.  

Currently there are spigots spaced at 100 m intervals along the perimeter embankments of 
Cell 2 to enable staged deposition of tailings. These are adjusted daily. Spigots will eventually 
be extended around the combined Cell 1 and 2, with the spigot spacing likely to be halved to 
50 m to ensure a uniform and consistent beach. This will be subject to ongoing monitoring of 
beach surveys. Tailings deposition will be controlled to ensure placement of uniform, 
approximately 150 mm thick layers (assuming monthly cycles).  

 A major benefit with the proposed MRM TSF LOM design is the improved potential for safe 
water management, given the relatively flat beach profile achieved with the MRM tailings. The 
predicted beach slope based on field measurements from survey in September 2015, and 
confirmed by survey in September 2016, is shown in Table 13. Beach slope is a critical design 
input and needs to be routinely checked. 

Table 13 Predicted Beach Slope 

Distance from Embankment 
Contact 

Slope 

0 – 50 m 1:100 
50 - 150 1:175 
150 +  1:250 

The total potential beach area of the combined Cell 1/2 is 180 Ha, and has a nearly circular 
footprint, giving an effective radius (beach length) of approximately 750 m, nearly double the 
distance from the perimeter to the current decant in Cell 2. This results in an expected total 
beach fall of approximately 2.5 – 3.0 m between the edge of the beach and a central decant 
pond. The safe stormwater storage can be estimated by the available volume between the 
normal decant pond level and a level 50 m from the dam crest resulting in a safe storage of 
approximately 1600 ML as shown in Figure 30. This compares with the estimated safe water 
storage for the current Cell 2 arrangement of only approximately 750 ML. This safe storage can 
only be fully utilised by a well-managed tailings beach with minimal level variability along the 
perimeter embankment.  
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Figure 30 Water Storage Capacity Curves for Cell 1/2 and Cell 2 Only 

Water management of Cell 1 and Cell 2 individually, and during the period whilst tailings 
deposition transitions from separate Cell 1 and Cell 2 to a combined cell, must also be 
considered to cover all phases of the facility.  

10.2 Water Management Overview 

The water management philosophy at the MRM TSF has been modified significantly since 2015 
with the major change being that the TSF surface is not to be used for water storage. This is 
due to the upstream construction being unsuitable for containing water against the outer 
embankment from a stability, internal erosion (piping) and seepage risk perspective. Instead, a 
maximum operating level is set in relation to the lowest point on the tailings beach with the 
intention of having capacity for storage of a design storm event with water being removed as 
quickly as possible if this limit is exceeded. 

The current plan for removal is to prioritise return water to the mill or to storage at the 
underground workings as a contingency, while this resource is available. In the future, the PWD 
will take the place of the underground workings as the contingency storage, as the process 
water is significantly poorer quality than the underground water. Mixing of process water with 
underground water threatens the operation of the proposed mine water treatment plants. 

The new enlarged TSF operational area provides improved water storage capability to 
temporarily store stormwater from extreme events while maintaining a more conservative beach 
freeboard compared to the existing TSF Cell 2. This is highlighted by the storage curve 
presented in Figure 31. This shows that up to 605 ML can be stored between the target and 
maximum operating levels, while still leaving sufficient storage for the Extreme Storm event 
(ESS). 

The emergency spillway is proposed to be progressively raised in 200 mm increments to follow 
the continuous tailings level rise. This is discussed further in Section 10.5. 
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Figure 31 MRM TSF Water Storage Curve 
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Contaminated water from the TSF is currently not to be released to the WMD. Cell 1, which has 
been capped with an interim clay cover, has 2 sumps on the east and western sides of Cell 1. 
The eastern sump has been lined with HDPE. The new arrangement of combining Cells 1 and 2 
removes the need to separately manage contaminated water from Cell 1. 

10.2.1 Operating Levels and Freeboard 

GHD has defined operating levels and freeboard for the MRM TSF. The nomenclature used for 
this design has been adopted from ANCOLD. The nomenclature is presented in Figure 32. 

 

 

Figure 32 Freeboard Definitions 

The calculations of the operating levels and freeboard are based on the beach shape with the 
intention that a minimum beach width of 50 m is never compromised. The exception is when the 
TSF is spilling, in which case the minimum beach width may be compromised but no water is 
allowed to temporarily form against the perimeter embankment (except at the spillway location).  

If the tailings beach is properly managed to form an even beach around the entire TSF 
perimeter, the spillway will activate prior to the minimum beach width being compromised. If 
poor tailings beach management allows the beach width to reduce below 50 m, this is a trigger 
to cease production until the MOL is achieved, allowing storage capacity for the extreme storm 
event. 

The storage volumes have been based on the measured beach profile as determined from 
survey in September 2015 and confirmed from the survey in September 2016. The typical 
beach slope has been defined as shown in Table 14. 

Table 14 Measured Beach Slope Sept 2015 and Sept 2016 

Distance from Embankment Contact Slope 

0 – 50 m 1:100 

50 – 150 m 1:175 

150 – 250 m 1:250 

 

  

Maximum Safe (Operating) Level 
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10.2.2 Extreme Storm Storage Allowance and Maximum Operating Level 

The adopted Extreme Storm Storage Allowance is the 1:100 AEP, 72 hour flood, as 
recommended by ANCOLD for a Significant Environmental Spill Consequence Category TSF. 
Rainfall Depth-Frequency-Duration data at the site has been sourced from the Bureau of 
Meteorology and is presented in Table 15. 

 

Table 15 Rainfall Depth -Frequency-Duration 

Duration 
Annual Exceedance Probability (AEP) 

1EY 50% 20% 10% 5% 2% 1% 

24 hour 78.8 91.8 135.2 167.2 200.5 247.8 286.7 

72 hour 114.3 134.5 203.2 254.7 309.2 387.8 453.5 

 

Review of the BOM daily rainfall record at the site indicates an increase in the frequency and 
the magnitude of peak rainfall events in recent years. This trend is consistent with climate 
change projections by BOM/CSIRO for rainfall in tropical northern Australia (CSIRO, 2015) 
which predicts an increased intensity of extreme rainfall events. However, for the present time 
the rainfall statistical analysis is considered acceptable for the design life of the TSF. Derivation 
of the Extreme Storm Storage (ESS) Allowance for the MRM TSF is summarised in Table 16.  

It is recommended that future annual TSF reviews consider any updates/improvements to BOM 
historical rainfall records. As additional or updated data is released, the TSF hydrology and 
water management should be reviewed and the ESS allowance and MOL refined accordingly.  

 

Table 16 Extreme Storm Storage Allowance 
 

Cell 1 Cell 2 Combined Cell 1/2 

1:100 AEP 72 hr rainfall (mm) 454 454 454 

Catchment Area (Ha) 40 135 180 

Runoff Coefficient 1 1 1 

Extreme Storage Allowance (ML) 180 610 820 

 

10.2.3 Target Operating Level 

A target operating volume for the MRM TSF decant pond is proposed as 50 ML to provide some 
buffer storage for dry periods while maintaining a suitably small pond surface area. This is 
nominally 2.5 m below the top of the tailings beach once a full beach is developed on the 
combined cell, with 0.5 m pond depth. 

Water balance completed by WRM (WRM, 2016) confirmed this is achievable with the model 
predicting decant pond volume of approx. 50 ML from Feb to July 2016 (refer to Section 8.3.3 of 
WRM (2016)). 
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10.2.4 Wet Season Storage Allowance 

The design Wet Season Storage Allowance is the 1:10 AEP (2 month) wet season rainfall 
event. 

This translates to a predicted rainfall of 788 mm and storage allowances are shown in Table 17. 

Table 17 Cell 1/2 Wet Season Storage Allowance 
 

Combined Cell 1/2 

1:10 AEP (2 month) wet season rainfall event (mm) 788 

Catchment Area (Ha) 180 

Runoff Coefficient 1 

Calculated run-off (ML) 1410 

Process input over 2 months (ML) 304 

Wet Season Storage Allowance (ML) 1714 

Available storage in pond to Maximum Operating Level (ML) 605 

Required minimum removal rate to maintain MOL (ML/day) 19 

Required minimum removal rate to maintain minimum pond 
(ML/day) 29 

As there is neither the capacity to store the full Wet Season Storage Allowance on the MRM 
TSF surface without compromising the Extreme Storage Allowance or minimum beach 
freeboard, or the desire to store any excess water from a seepage perspective, MRM would 
need to remove at least 19 ML/day and preferably 29 ML/day over the 2-month period during a 
1:10 AEP wet season. Historically it has been possible to transfer in the order of 9.5 ML/day 
back to the plant storage ponds and MRM advise that this capability is increased in the wet 
season by the use of a standby pump to a total capacity of 19 ML/day as required, including on-
pumping to underground workings as necessary (note that this is an interim contingency only 
until the PWD has been constructed).  This would transfer the majority of the water however the 
excess water in this scenario may need to be transferred to the WMD as an emergency 
measure and contingencies should be planned for this. This is considered an interim emergency 
contingency measure with the MRM site water management plan to move away from the risk of 
storing contaminated water in unlined storages. 
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10.3 Proposed TSF Water Management Operating Rules 

Based on the above discussion the following TSF Water Management Operating Rules are 
proposed. 

Water Level Operation 

At or below Target Operating Level – 
nominal 50 ML 

Normal return pump-back 

Up to Maximum Operating Level – approx. 
1.27 m below lowest beach level at 
perimeter 

Maximum pump-back 

Above MOL Maintain maximum pump back, shut down or 
redirect any non-plant water inputs. Consider 
additional contingency pumping capacity.  

At Maximum Safe Level (MSL) (<50 m 
beach width) 

Shut down plant inputs (spillway operation 
should commence - see Section 10.5) 

 

WRM completed a site water balance model adopting these operating rules with a slightly 
different return water rate of 20 ML/d when water levels exceed its MOL (for TSF Cell 2 only) 
(refer to Section 9.5 of WRM (2016)). 

10.4 Water Management Dam 

The existing WMD site will be retained into the future but is to be further developed into two 
separate lined cells for site-wide water management purposes. The larger cell will be used as 
the site Process Water Dam (PWD) and a smaller cell will be used as the site Water 
Management Dam (WMD) for storage of Class 4 water or better prior to release. Class 4 can be 
released subject to WDL conditions with a certain dilution ratio. 

Unsuitable materials from the construction of the PWD and WMD would be stockpiled locally for 
future rehabilitation works and for backfilling the deeper areas of the existing Cell 4 borrow.  

10.5  Emergency Spillway 

10.5.1 Existing Spillway 

ANCOLD (2012) recommends that all TSF’s have an emergency spillway to safely pass 
extreme floods. The existing Cell 2 spillway comprises a partially concrete lined overtopping 
embankment on the TSF southern embankment. Similarly, the Cell 1 east and west surface 
water collection sumps have overtopping rock lined spillways on the TSF perimeter 
embankments. The existing TSF and spillway locations are shown in Figure 33. 
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Figure 33 Existing TSF Spillway Locations 

Once TSF Cell 1 is raised to the equivalent height of Cell 2 (to form the combined single TSF), 
the respective TSF cells will share a common spillway. 

For an upstream raised tailings dam, as a critical control to mitigate piping risk, the LOM 
preliminary design has adopted a minimum beach width of 50 m.  Assuming a 1% beach slope 
the corresponding minimum beach freeboard is 0.5 m. The existing emergency spillway 
arrangement does not allow emergency release of excess flood waters without compromising 
this minimum beach freeboard. With this being the case, for the future TSF spillway to be 
maintained at its current location on the southern wall (Cell 2 spillway), the southern 
embankment would need to be modified to safely retain a pond against its wall. This would 
mean transitioning to a more robust embankment at this location that incorporates the use of 
filters and drains for piping protection. 

10.5.2 Proposed LOM Spillway 

A number of alternative spillway solutions have been identified and assessed during the design 
process.  

 

Adopting an overtopping spillway at the perimeter embankment is the recommended soluti

WMD.

on, 
by providing a new spillway at an alternative location, further west along the southern 
embankment. The intent is that during operations the spillway will discharge into the  It is 
therefore critical that the future WMD spillway design considers input from the TSF, however the
 flood outflow peak is significantly routed by the large TSF storage capacity. 
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An embankment overtopping spillway is the most common approach to providing emergency 
spillways on paddock-style TSF facilities with a full perimeter embankment. However, the risk of 
piping / internal erosion of upstream constructed embankments is sometimes not adequately 
addressed in spillway designs. The challenge arises from managing a constantly rising tailings 
beach level (and therefore constantly rising target spillway level) during operation. 

A concept has been developed to provide the required spillway capacity and mitigate the risk of 
piping / internal erosion of upstream constructed embankments, as described in the following 
sections. 

10.5.3 Design philosophy 

In order to maintain an exposed beach at all times during operation away from the spillway 
location (and mitigate the risk of piping), the concept is to gradually raise the spillway crest level 
in conjunction with the rising tailings level. Tailings deposition will need to be managed to form a 
lower beach at the spillway, and a higher beach along the perimeter embankment, with the 
height difference required to be greater than the design flood spill depth. The spillway crest 
would be constructed to a level to suit the existing tailings beach at the time of annual 
embankment raise construction, and would be gradually raised during the year as the tailings 
level rises, at a nominal rate of 1.1 m/a.  

In order to gradually raise the spillway in small, discrete stages (such as 2-monthly, or 
approximately 200 mm at a time) the gradual raise method must: 

 Be constructible for the TSF operations crew even in the wet season, and 

 Continuously allow for passage of the design flood, without suffering significant structural 
damage that may lead to release of tailings. 

10.5.4 Design solution 

The selected solution is to gradually raise an upstream bund using erosion resistant and 
relatively low permeability material such as clayey gravel wearing course, with coarse rockfill 
erosion protection over the back of the bund. The crest downstream of the bund may either be 
protected with gravel wearing course over coarse rockfill, or an alternative material such as a 
revetment mattress -  Revetment Systems International “FLEXBLOCK”. The wearing course, 
coarse rockfill (and revetment mattress) would need to be removed and replaced with each 
annual TSF raise, but the upstream bund could remain in place, as it is upstream of the required 
internal “Zone 1” extent for the perimeter embankment. 
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Figure 34 Typical Section through Spillway (shown for Next TSF Raise) 

10.5.5 Filter zone 

Temporary, shallow water storage at the spillway may instigate a piping / internal erosion failure 
mode through an embankment defect such as a transverse crack. This is the basis for 
maintaining an exposed beach along the perimeter embankment (away from the spillway 
location) at all times. In order to properly evaluate this risk, it is recommended to complete a 
quantitative risk assessment to determine the overall combined probability of this failure 
mechanism occurring specifically at the spillway location. 

Assuming that the probability of embankment piping at the spillway is unacceptable, this risk 
can be mitigated by inclusion of a filter zone constructed downstream of the Zone 1 clay 
material at the spillway location. Sufficient weighting material (downstream shoulder) will need 
to be constructed downstream of the filter to resist hydraulic uplift forces in the event of a 
blocked filter. The downstream shoulder would be constructed from rockfill, as it would assist in 
controlling pore pressures and could be incorporated into the downstream spillway protection. 

10.5.6 Overflow spillway erosion protection 

The downstream batter will need to be protected from erosion during spillway flows. 

The erosion protection on the downstream batter of the raises will need to be relatively flexible 
in order to compensate for the likely settlements of the upstream raises over time. The simplest 
method would be to construct a thick, coarse rockfill zone on the downstream face, and 
maintain a batter slope of 4H : 1V to limit the flow velocities.  

Given that a stabilising buttress is likely to be required in the later stages of the TSF, it would be 
preferable to construct the buttress at the spillway location to the final dimensions prior to 
installing the spillway structure. Otherwise the spillway may need to be rebuilt in the later stages 
when the buttress is installed. 

The final option will be selected and developed in detailed design, based on availability of 
materials, constructability, cost and other criteria. 
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10.5.7 Options considered and discarded 

A number of emergency spillway options were considered and discarded in the concept design 
process, including: 

 Overtopping spillway with pre-filling and mud-farming of a 50 m wide tailings “buffer zone” 

 Siphon system 

 Drop inlet structure, and 

 “Duckbill” overflow spillway 

Pre-filled “buffer zone” method 

An alternate option for the overtopping spillway arrangement is to construct a 50 m wide tailings 
zone upstream of the embankment by hydraulic placement of tailings into cells. This is to 
provide a buffer and prevent the pond encroaching upon the perimeter embankment (outside 
the spillway location) at all times.  

The spillway could then be constructed at a set level for each embankment raise, and the pond 
would always be at least 50 m from the perimeter embankment for pond levels below the 
spillway level. The tailings deposited into cells would need to be improved by methods such as 
mud-farming in order to achieve a satisfactory density and avoid a potential lower strength / 
higher liquefaction susceptibility foundation for further upstream raising. 

The tailings discharge pipework system would need to be capable of discharging into the 
tailings cells for short periods, and also into the main storage area. The tailings cells may 
require filling, drying, and mud farming in stages to fill to the crest level. Therefore, the tailings 
discharge system would include a discharge main around the perimeter embankment, with 
spigots depositing into the cells, and larger, single point discharging outlets extending along 
fingers to the main storage area.  

Once the cells are filled and complete, the discharge main can be relocated out on to the 
upstream side of the tailings cells. This also clears the discharge main from the perimeter 
embankment to allow for the next raise. 

This method would only be cost-effective if mud-farming was adopted for the overall TSF 
management, rather than implementing mud-farming specifically for this purpose. 

Siphon system 

The advantage of a siphon is that water may be transferred from the storage without requiring 
pipes to be installed through the perimeter embankment, removing a potential dam failure 
mode. However, the operation of a siphon has many limitations, and has not been considered 
further for the following reasons: 

 A siphon requires priming to commence flow. In an emergency situation (such as a 
1:100,000 AEP flood) it is extremely unlikely that personnel and equipment could access 
the facility to prime by use of a vacuum pump or similar. Reliance on automation for an 
emergency spillway is not acceptable. 

 The high discharge rates require large pipes (2 x 1000 mm diameter) or many pipes (10 x 
600 mm).  

 The resultant high velocities would require an inlet submergence depth in the order of 5 
metres to reduce the risk of inlet vortices forming and breaking flow. This is well beyond 
the 400 mm flood spill depth available. 
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Drop inlet structure option 

The drop structure style spillway allows for an internal intake (to prevent water ponding against 
the perimeter embankment) and the inlet level could be progressively raised by adding 
prefabricated rings during operation. 

By limiting the flood spill depth to 400 mm, preliminary analysis suggests a 7 m diameter drop 
inlet with 2 x 2 m diameter pipes would be required to pass the design flows.  

The drop inlet structure solution also has a number of design challenges including the complex 
and potentially risky structural and geotechnical design of a buried pipe system to withstand 
likely settlement and future tailings and embankment loading.  

Duckbill overflow spillway 

An overflow spillway channel, with an intake channel projected into the storage away from the 
embankment (shaped like a duckbill), was considered as an alternative. By constructing a 
projected inlet channel, the pond will overtop the spillway prior to reaching the perimeter 
embankment. 

However, construction of the “duckbill” spillway would be challenging, and was not considered 
further due to the following risks: 

 Differential settlement of the tailing beneath, especially for the first lift. The differential 
settlement is likely to occur due to varying consolidation characteristics of the tailings and 
previous decant causeway material. Differential settlement may cause the compacted 
clay to slump or crack, allowing the passage of water from the spillway through the 
cracked floor into the tailings during a storm event, piping of the spillway side bunds or 
localised low points resulting in turbulent flow and focussed erosion points. The channel 
may also not be free draining leading to further problems.  

 Constructability due to required excavation into the tailings and placement of clayey fill to 
initially construct the spillway. The tailings may not have sufficient strength to support the 
embankment during construction, especially if they are saturated. Placement and 
compaction of clay over a soft surface is difficult to achieve. Placement of a rockfill “raft” 
is not suitable as it creates a potential hydraulic connection from the spillway inlet to the 
perimeter embankment wall. 

10.5.8 Design flows 

As discussed in Section 4, the critical duration 1:100,000 AEP flood is recommended as the 
minimum spillway design event during the operational phase with the PMF flood adopted for 
post-closure conditions. The 1:100,000 AEP rainfall hydrograph has been calculated through 
interpolation between the 1:50 AEP, 1:100 AEP, and PMP events in accordance with Australian 
Rainfall and Runoff (AR&R), 1997. The Probable Maximum Precipitation (PMP) has been 
calculated based on the Generalised Short Duration Method (GSDM) up to the 6 hour duration 
rainfall event, and the Generalised South Australian Method (GSAM) for events between 24 
hour and 72 hour. Large Rainfall Events (in particular the 1:50 and 1:100 AEP events) have 
been calculated using the Bureau of Meteorology (BoM) provided Intensity-Duration-Frequency 
(IFD) web based software. Design rainfall depths for 1:50, 1:100, 1:100,000 AEP and PMP are 
tabulated in Table 18. 
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Table 18 Rainfall Depth (mm) for Various Durations 

AEP 15 min 30 min 1hr 2hr 3hr 6hr 24hr 72hr 
1:50 43.4 63 83.6 104.9 118.5 147 247.8 387.8 
1:100 47.1 68.2 90.6 114.4 130.1 163.8 286.7 453.5 
1:100,000 159 225 317 430 500 645 940 1650 
PMP 270 380 556 776 908 1166 1460 2660 

The 1:100:000 AEP, 72 hr rainfall event equates to approximately 11 m3/s inflow into the TSF. 
However, significant routing capacity is available assuming that the decant pond will be limited 
to below the Maximum Operating Level at commencement of the storm event and the 
preliminary sizing of the spillway is expected to achieve a sufficiently low risk of having the 
decant pond against the TSF perimeter embankment for any sustained period. As part of the 
detailed design it will be necessary to carry out quantitative risk assessment to ensure the final 
arrangement of the spillway combined with tailings management strategy achieves a tolerable 
risk of TSF overtopping and piping risk. Such methods for quantitative risk assessment are 
detailed within ANCOLD Guidelines on Risk Assessment (2003). 

10.5.9 Spillway design and flood spill depth 

The facility is required to safely store a 1:100 AEP 72-hour rainfall event above the MOL, 
assuming that the decant is non-operational. This is equivalent to 820 ML of inflow to the decant 
pond. Assuming a starting pond volume of 655 ML and a depth of 1.73 m (MOL), the pond after 
the 1:100 AEP 72-hour rainfall event would have a volume of 1475 ML and depth of 2.41 m. 

The maximum pond depth at which level the pond would encroach upon the perimeter 
embankment is 3.00 m. 

Given that the spillway level varies by 200 mm, this allows for a 390 mm flood spill depth if no 
contingency storage allowance is included. Alternatively, a lesser flood spill depth could be 
adopted to allow for variation in tailings beach level relative to the spillway level. 

A 50 m wide broad crested weir would pass the 1:100:000 AEP, 72 hr rainfall event with a 
maximum flood spill depth of 350 mm, assuming the pond starts at the MOL. 

10.6 Probability of Water Forming Against Perimeter 
Embankment 

10.6.1 Event Identification and Likelihood 

There are a number of events that could lead to water forming against the perimeter 
embankment. It is not likely that any one event would lead to water forming against the 
embankment, but a scenario including a combination of events may result in this outcome. The 
probability of the outcome can then be assessed by estimating the probability of each event 
occurring and combining the events into a scenario. 

The identified individual events and their likelihood of occurring are as follows. 
 

1. Poor pond management such that the pond is allowed to form above the maximum operating 
level (MOL). This would occur if the operating rules are not followed or if an event greater than 
1:10 occurs during the life of the facility. The likelihood of this occurring at any one time may be 
estimated as 10%. 

2. Poor beach management such that a level differential of over 400 mm is allowed (excluding 
localised spigot mounding). This may be at risk of occurring approximately 25% of the time. 
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3. Poor spillway raise management such that the spillway level is greater than 200 mm above the 
tailings level at the spillway. The likelihood of this occurring near the start of the project may be 
relatively high (say 50%) but would reduce as operations improve the practice from experience 
(to say 10%), with an average probability of 20%. 

4. Large rainfall event. Varies depending upon the selected event, and the likelihood is estimated 
based on the event occurring over the design life of the facility (30 years) as it is combined with 
other events, using the binominal distribution.  

5.  

6. In each event, however, the large rainfall event is required to occur in combination with a 1:10 
year wet season (as the pond is assumed to be at the MOL). Over the design life, this may 
occur for approximately 6 months over 30 years (i.e. 1.7% of the time) assuming unbiased 
likelihood each year. However, larger rainfall events are more likely to occur concurrently with a 
1 in 10 wet year, rather than with an average or dry year – increasing this likelihood to, say, 5%. 
Therefore, a total duration of 1.5 years is assumed for this scenario. 

 
Table 19 Event probability based on 30 year design life 

Event 
return 
interval 
(years) 

Probability of 
event 
occurrence over 
design life 

Adopted 
probability of 
event 
occurrence 
during a 1:10 
AEP 2-month 
wet season 

10 95.76% 14.6% 

100 26.03% 1.50% 

1000 2.96% 0.15% 

10000 0.30% 0.01% 

100000 0.03% 0.001% 
 

 

10.6.2 Scenario Identification 

1. Potential scenarios are as follows: 

 Scenario 1: Poor pond management (event 1) plus a large rainfall event (event 4) leading 
to temporary water forming against the perimeter embankment whilst the spillway is 
active. If the pond is allowed to be maintained at the spillway level prior to the rainfall 
event, then a 1:100,000 AEP event would result in a 410 mm flood spill depth, forming 
water against the wall. This would either be due to a season wetter than 1:10 or from not 
following the pond operating rules. 
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 Scenario 2: Poor beach management (event 2) plus a large rainfall event (event 4) 
leading to temporary water forming against the perimeter embankment whilst the spillway 
is active. If the low points are allowed to form on the beach around the perimeter, then as 
soon as the spillway is active, water will pond against the embankment. This would 
require a rainfall event in excess of 1:100 AEP event. 

 Scenario 3: Poor spillway raise management (event 3) plus a large rainfall event (event 4) 
leading to temporary water forming against the perimeter embankment whilst the spillway 
is active. If the spillway is raised ahead of time (such that it is level with low points around 
the beach perimeter) then as soon as the spillway is active, water will pond against the 
embankment. This higher relative spillway level would then require 1775 ML decant pond 
volume above the MOL to spill, which is equivalent to a depth of 986 mm (approximately 
a 1:1000 AEP event). 

2. In each scenario, it is assumed that the pond is at the MOL, which should only occur during a 
1:10 wet season. 

3. There are a number of other scenarios and combinations, however the above scenarios are 
suitable for a preliminary assessment of the likelihood of water forming against the perimeter 
embankment. 

10.6.3 Scenario Likelihood 

The likelihood of each scenario is then the product of the likelihood of each event, as follows 

 Scenario 1 probability = 14.6% * 0.03% = 0.0044% or 1 in 22,727 

 Scenario 2 probability = 25% * 1.50% = 0.375% or 1 in 267 

 Scenario 3 probability = 20% * 0.15% = 0.03% or 1 in 3,333 

Scenario 2 was estimated as being the most likely to occur, with a probability of 1 in 267 over 
the life of the TSF.  

This highlights the importance of achieving successful beach management, and the potential 
impacts if the facility is not operated in accordance with the design intent. The likelihood may be 
reduced by initiatives such as including operator training, increasing the frequency of 
inspections of the active spigots, and regular survey of the tailings beach. 
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10.7 LOM Conceptual Water Balance 

A detailed site water balance including the TSF is being carried out for the LOM EIS project by 
WRM. A conceptual level water balance is provided herein.  

The TSF water balance is affected by process water and rainfall inputs as well as decant 
pumping, evaporation and seepage outputs.  

Table 20 presents data showing expected process water behaviour during discharge and initial 
settlement in the TSF. This shows that for settlement to a density of 1.25 t/m3 decant water 
would be expected to average 3.3 ML/day with the tailings reaching an estimated 69% solids. 

Table 20 also shows the potential impact of rainfall and evaporation on the decant water 
release. This shows that for a well-controlled beach operation with regular cycling of the 
discharge to result in thin uniform layers of tailings, evaporation on the exposed moist beaches 
is likely to significantly reduce the volume of released water reaching the decant pond and being 
available for return to the mill. Potential evaporation exceeds the release rate during the dry 
season and reduces the potential runoff during the wet season. 

This outcome has been confirmed during TSF operation over the dry season of 2015 when no 
decant return was achieved. Allowing for average wet-season rainfall over a 4-month period 
resulted in a predicted return water flow of just over 2.8 ML/day. The predicted wet-season 
return water values for the combined Cell 1/2 pond is expected to be similar to historic values as 
the additional rainfall collected will be balanced by additional evaporation. 

Seepage has not been included in this conceptual water balance assessment at this stage 
however will be accounted for in the detailed site water balance being carried out for the LOM 
by WRM.   

10.8 Cell 1 Transition Phase Water Management 

During the transition phase from separate cells to a combined cell, perimeter tailings discharge 
into Cell 1 will form two separate decant ponds at the eastern and western corners, due to the 
existing centrally-discharged tailings having formed low points at the perimeter embankments.  

At the commencement of perimeter discharge, the tailings rate of rise will be relatively high 
whilst new beaches are formed at the embankments. To reduce the risk of under-consolidated, 
poorly drained tailings forming at the perimeter (which will be relied upon as foundation for 
future raises) it is proposed to pre-construct a compacted tailings zone adjacent to the perimeter 
embankment. This will also provide a “buffer” between the decant pond and the perimeter 
embankment during the initial phases of filling of Cell 1, prior to a perimeter beach developing, 
thus reducing the risk of embankment piping. 

A preliminary assessment of the required surface water management for Cell 1 has been 
completed, to establish requirements for water management during a 1:10 wet season, assess 
the ability to store an extreme flood event (1:100 yr 72 hour rainfall event) and provide a 
preliminary spillway design to safely pass the design spillway flood (1:100,000 yr 72 hr rainfall 
event). 

The assessment shows that, in order to maintain extreme storm storage below the spillway level 
during a 1:10 wet season, a nominal decant return rate of 6 ML/day is required, and all tailings 
discharge will need to be directed to Cell 2 during this period. 

One of the existing Cell 1 spillways (either at the western or eastern side) will need to be 
upgraded, and then gradually raised in conjunction with the rising tailings level, in a similar 
manner as is proposed for the LoM TSF spillway design. 
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Table 20 Process Water and Conceptual Water Balance for Combined TSF 

Parameter Value Unit 
production Rate 3.3 Mtpa 
slurry density 55% solids 
slurry mass 6.00 Mtpa 
mass water in slurry 2.70 Mtpa 
solids SG 3.2   
volume solids 1.03 Mm3pa 
volume water 2.70 Mm3pa 
volume slurry 3.73 Mm3pa 
dry density slurry 0.88 t/m3 

settled density on beach 1.25 t/m3 
volume solids in settled tails 0.39 m3/m3 
volume water in settled tails 0.61 m3/m3 
total mass settled tails 1.86 t/m3 
solids content settled tails 67% solids 
total mass settled tailings 4.91 Mt 
mass of water released 1.09 Mt 
% water released in settling 40%   
mass water retained 1.61 Mt 

Process water release rate 3.0 ML/day 
assumed area of beach 1.75 km2 
pan evaporation rate 2.5 m 
assumed beach evaporation factor 0.5   
potential evaporation 6.0 ML/day 
average wet season rainfall 0.8 m 
average runoff factor 0.5   
average potential return water from rainfall 
(over wet season) 

700 ML 

average Return water flow from rainfall (over 
wet season assumed 4 months) 

5.8 ML/day 

net potential return water flow - dry season 
(evaporation excess) 

-3.0 ML/day 

net potential return water flow - wet season 2.8 ML/day 
final dried density 1.7 t/m3 
volume solids in dried tails 0.53 m3 
volume water in dried tails 0.47 m3 
total mass dried tails 2.17 t/m3 
solids content dried tails 78% solids 
total mass dried tailings 4.21 Mt 
mass of water evaporated 0.70 Mt 
% water released in drying 43%   
required evaporation excess 1.9 ML/day 
actual evaporation excess 157%   
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10.1 External Surface Water Management 

The potential for flooding to occur adjacent to the TSF, especially along Surprise Creek, is 
identified as a risk to the TSF stability. This may be a result of erosion of the embankment toe 
during a large flood event, or the development of rapid drawdown conditions as the flood waters 
recede. 

To provide erosion protection and mitigate against rapid drawdown occurring, the lower portion 
of the downstream buttresses subject to inundation in a suitable design flood event will be 
constructed of free-draining rockfill. If a buttress is not adopted in the final design, suitable 
consideration to scour protection and rapid drawdown conditions will need to be made for the 
existing embankment. 

Flood modelling along Surprise Creek will be updated as part of the detailed design phase, to 
determine flood depths, velocities and scour potential. Based on these results, appropriate rock 
armouring will be designed accordingly. 

 

  

Toe drains will be included at the downstream toe to intercept embankment surface runoff and 
potential toe seepage from the TSF, and direct it safely to adjacent creeks or the TSF subject 
to water quality. Further details regarding the toe drainage system will be considered in 
detailed design. 
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11. TSF Seepage and Groundwater 
Management 
11.1 TSF Seepage and Groundwater Management Strategy 

Groundwater management is a key issue to be resolved as part of the LoM TSF plan. Previous 
and ongoing impact from sulphate contamination to Surprise Creek has been monitored by 
MRM and various attempts made to reduce seepage. In addition, recent review of TSF water 
quality suggests that high sulphate levels and metal contamination in the TSF appears to 
originate from process water rather than by oxidation of the tailings beach which is a less 
significant contributor than originally thought. 

Significant factors in past failure to adequately control seepage impacts are: 

 Poor quality water in the Decant Pond from process water; 

 Ongoing high water levels in the TSF; 

 Relatively high permeability of foundations; 

 Past perimeter polymer curtain barrier wall proven to be ineffective; 

 Shallow depth and insufficient number of groundwater recovery bores, perceived extent 
of collection of “non-seepage” groundwater and failure to maintain consistent retrieval. 

For groundwater management from MRM TSF it is proposed to initiate an improved system 
involving management of source, implementation of barriers (where feasible) and a final level of 
extraction, as shown diagrammatically in Figure 35. 

The primary method of seepage impact reduction is control of the source from both quality and 
quantity perspectives. Control of quality will be undertaken by strict management of tailings 
beaching to reduce oxidation, additionally MRM have made improvements to the management 
of PbOx bleed water as described earlier. Subject to further assessment and possible trials, 
GHD considers there to be a good opportunity for further “tailings improvement” by using 
economical methods to promote additional drying and densification of the tailings to remove 
additional pore water at the surface and therefore further reduce potential for seepage.  

A potential secondary method of seepage control will comprise the construction of engineered 
barriers (if necessary) to seepage currently reporting to critical areas such as Surprise Creek. 
Specifically, it is recognised that structural features (i.e. faults) in the foundation of the TSF may 
act as preferential pathways for seepage. Any such highly permeable bedrock to depth may be 
suitable for conventional cement grouting. Specifications and requirements for this type of 
treatment will be determined during the detailed design phase based on the results of additional 
geophysical survey and drilling investigations carried out by MRM in 2016.  

As a final level of seepage control, it is intended to recover groundwater at locations where 
impact is being caused. This includes Surprise Creek. Detailed TSF groundwater modelling has 
been completed by consultants Klohn Crippen Berger (KCB) to validate this concept as 
presented in their report entitled “TSF Seepage & Mitigation Modelling”, November 2016 (KCB 
2016b).  
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Groundwater recovery along Surprise Creek will comprise the excavation of a deep trench to 
below the invert level of Surprise Creek. At the base of the excavation a gravel filled trench with 
slotted pipe and appropriate pump-out wells will be installed. The drain would be located to 
allow drainage of the water table to a level below the level of Surprise Creek. This would allow 
generation of a slight negative hydraulic gradient to the creek and capture of seepage from the 
TSF impacting on creek water. The drain would be designed in sections to allow an appropriate 
drainage level, relative to the various pools along the creek. In the future, this type of recovery 
system could be extended around the eastern and southern sides.  

A preliminary design for the Surprise Creek Groundwater Interception Trench is provided in 
Appendix A, Drawings 32-1747606-C025 to 32-1747606-C028. 

Detailed designs will involve the further development of a groundwater and surface water 
monitoring regime which will be established to measure and monitor the success of the 
proposed TSF strategy in line with the MRM EIS environmental objectives. This will also allow 
for further adaptation of mitigation systems in the future.   

 

Figure 35 Seepage Mitigation Measures 

11.2 Groundwater Modelling Results and Detailed Design 

To provide input for the overall EIS, considering the life of mine and post closure period, 
detailed groundwater modelling has been completed by consultants Klohn Crippen Berger 
(KCB) to better assess the potential impact of the TSF and allow evaluation of the effectiveness 
of the proposed groundwater interception trench. This includes the following key tasks: 

 Fate of emergent seepage from the TSF under current conditions and for proposed TSF 
future development; 

 Changes to phreatic conditions in the immediate TSF surrounds;  

 Effectiveness of seepage mitigation strategy to intercept and control seepage from the 
facility during its operational life. 
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The KCB report, TSF Seepage & Mitigation Modelling”, November 2016 (KCB 2016b) provides 
the following key information: 

 Description of the conceptual hydrogeological model for the TSF;  

 Numerical model calibration; and  

 Results of the predictive modelling, with and without the proposed groundwater 
interception measures. 

The results of the model have not been repeated herein however the performance of the 
calibrated model was considered by KCB to be very good. GHD considers the model to be 
reliable at assessing the likely effectiveness of the proposed groundwater interception trench at 
mitigating impacts on Surprise Creek. The initial results of the model conceptually validate that 
the proposed Surprise Creek Interception Trench is effective at preventing the majority of TSF 
seepage from reaching Surprise Creek.  

Detailed designs for seepage mitigation will now commence with additional groundwater 
modelling will be carried out to also incorporate the proposed source control mitigation 
measures as described in Section 11.1. The modelling work to date as described in KCB 2016b, 
is considered by GHD to give conservatively high estimates of overall TSF seepage due to the 
large extent of the General Head Boundary (GHB) which was modelled over the entire footprint 
of the TSF. This neglects to account for the proposed primary source control involving 
significantly improved TSF beach and pond management. This will be updated in the detailed 
design modelling by: 

 Adopting a reduced size GHB on the TSF to reflect the reduced pond;  

 Applying an appropriate beach recharge derived from the tailings consolidation and 
drying modelling work; 

 Varying the modelled tailings conductance with time which may have a significant impact 
on seepage predictions. 
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12. Closure - Rehabilitation and 
Decommissioning 
Closure objectives for the TSF are consistent with the overall EIS objectives as summarised in 
Section 2.4. 

MRM have considered a number of closure options for the TSF.  The preferred option is for 
tailings to be reprocessed and deposited back into the base of the final mine void that will be 
flooded as part of the mine closure. This preferred closure option is described below in Section 
12.1.  

An alternative option for a land based TSF closure with engineered cover system was 
considered by MRM however is not the preferred option. This option is described in Section 
12.2. 

12.1 Tailings Reprocessing and Final Mine Void Backfill 

12.1.1 General 

This option involves the remining, reprocessing and final void backfill of all tailings. The existing 
plant will be utilised to reprocess the tailings at approximately 10 Mtpa over a 10 year period for 
deposition of the reprocessed tails into the final void. Rehabilitation of the former TSF footprint 
would be undertaken to an environmental condition that will reduce the requirement for long 
term post closure environmental monitoring and management.  

This section describes concept development of the tailings reclamation process and long term 
rehabilitation of the TSF. 

12.1.2 Reclamation Quantities 

GHD have estimated the likely tailings and embankment earthwork quantities that might be 
involved with future reclamation operations.  These are tabulated in Table 21. 

Based on available information, the analysis indicates that there should be at least 95 Mt of 
tailings for reclamation at the completion of conventional mining.  

Between 4 - 5 Mm3 of embankment material in the perimeter walls and buttress could be 
available for reclamation with much of this likely to be suitable for use in rehabilitation of the site. 

In addition to tailings and embankment materials there may be a need to reclaim contaminated 
in-situ material from the TSF footprint and dispose in-pit or at the Northern Overburden 
Emplacement Facility (NOEF), to reduce closure legacy - refer Section 12.1.5. The need for and 
extent of any such reclamation of in-situ materials is unclear and will be the subject of future 
investigations.  Over the tailings storage cell footprint (200 ha), 0.5 m average depth of 
reclamation of in-situ material would generate an additional 1 Mm3 of material. 
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Table 21 Estimated Tailings and Embankment Earthworks for Re-Mining 

 Existing (Pre 2016) Projected (2016-3036) Total Life Of Mine 
 Mt Mm3 Mt Mm3 Mt Mm3 
Tailings 30.7i 16.2ii 69.0iii 36.3iv 99.7 52.5 
Earthworks 2.5v 1.2vi 7.3v 3.5 9.8 5.0 
Total     109.5 57.5 

iMRM supplied monthly tailings production figures from July 1995-February 2016 
iiEstimated based on tonnage and an assumed tailings density of 1.9 t/m3 
iiiLife of Mine tailings production is 20 years at 3.2 Mtpa 
ivLife of Mine target tailings density is 1.9 t/m3 
vEmbankment density assumed 2.1 t/m3 
viGHD volumetric analysis based on previous construction records where available and typical embankment sections 

where not available 

12.1.3 Reclamation of tailings 

The following options were considered for reclamation of tailings from the TSF: 

 Dry Mining; 

 Hydraulic Mining; and 

 Dredging. 

Hydraulic mining is considered to be the most efficient and cost effective means of reclaiming 
the tailings, and offers a number of other advantages over the other methods in terms of 
improved outcomes for water management and seepage.  Conventional dry mining techniques 
will be necessary for reclamation of the embankment materials and areas (i.e. borrow pits) 
where tailings cannot be effectively reclaimed using hydraulic mining methods. 

Hydraulic mining allows for breakdown or erosion of exposed tailings with water cannon jetting 
and collection and transport of the slurry produced using slurry pumps.  

A typical hydraulic mining operation would consist of the following equipment: 

 High pressure water monitor(s); 

 High pressure pump located at a local process water pond for water supply to cannon; 

 Slurry pump to return tailings slurry to the process plant; 

 Pipelines from the water pond to the water cannon and from the slurry pump to the 
process plant; and 

 A make-up water system from a water source. 

A typical process diagram is presented in Figure 36.  This method has been used since the 
1960’s including more recent published case studies for the Kaltails Project, Kalgoorlie and 
Disputada Mine, Chile for example. 
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Figure 36 Simplified Diagram showing the Hydraulic Mining of Tailings (J. 
Engels, TAILSAFE 2014) 

A concept for hydraulic re-mining the tailings at the MRM TSF has been developed and a 
general arrangement is outlined in Drawing 32-17476-C020 in Appendix A.  The concept has 
been developed to reduce dam safety and environmental risks associated with the TSF. 
Optimisation of the reclamation process to balance environmental and production objectives will 
require further consideration during detailed design. 

The concept is for hydraulic mining to occur on multiple radial production faces.  Autonomous 
hydraulic monitors would track along the top of the production face, tethered to a high pressure 
perimeter ring main on the TSF embankments that would supply water from pumps at the 
Process Water Dam (PWD). 

Tailings mobilised by the monitors, would flow along the base of the production face to the 
centre of the TSF where slurry pumps, accessed via the decant causeway would return the 
slurry to the plant for reprocessing. At other sites, a slurry density of approximately 45% solids 
has been achieved for pumping to the processing plant. There may be some difficulty controlling 
solids content in the feed to the plant and detail design should consider this further. 

Precise operation of the monitors would be required to maintain sufficient velocities on the 
beach to keep the tailings mobilised within the slurry.  Future design should consider both the 
radial slope and cross slope towards the production face necessary to concentrate slurry flow.  
Intermediate slurry pumps may be required. 

A single monitoring unit should be capable of sustaining a production rate of 8,000 to 10,000 
tonnes per day. At this rate, 3 to 4 No. active monitors and production faces would be required 
to achieve the daily production rate.  Multiple production faces also provide redundancy, and 
allow for quicker cycling times potentially reducing tailings oxidation risk by reducing the 
exposure time of the tailings to the atmosphere. Drying and disturbance of the surface tailings 
may result in generation of dust.  This could be managed by reducing the areas of disturbance 
at a given time and by keeping a moist tailings surface. 

  

open cut 
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For this concept, the decant pond is reduced to maintain slurry flow to the central pumps.  This 
will have a beneficial impact by reducing seepage potential from the TSF.  At other sites, 
separate decant pumps have been used to transfer run-off to another water storage (i.e. during 
rainfall events/the wet season).  At MRM, run-off could be transferred to the PWD.  The 
emergency spillway from the active TSF would be retained, and lowered concurrently with the 
tailings surface to provide for safe passage of extreme flood events. 

Seepage collection systems operating during the deposition phase of TSF development would 
likely be maintained throughout the reclamation phase in preparation for closure of the site. 

Reclamation of tailings in the vicinity of the perimeter embankments would have the potential to 
lead to instability of the upstream constructed embankments if not properly controlled, so strict 
control measures would be required when mining within the vicinity of the embankments.  

12.1.4 Embankment Deconstruction 

Whilst hydraulic mining can be applied to earth fill zones within the embankments, the concept 
allows for reclamation of the embankment materials using conventional dry mining techniques to 
allow for classification and reuse of suitable material. 

The embankment deconstruction work presents an opportunity to use the excavated 
embankment materials for other closure activities at the site such as capping of overburden 
emplacement facilities and borrows. 

Some embankment material will be contaminated by tailings and an appropriate plan for the 
treatment of this material will need to be developed. This could involve decontamination such as 
lime dosing of contaminated earth fill, washing rock-fill with a trommel, or disposal, either within 
the final mine void or in a dedicated encapsulation cell. 

There is potentially scope to retain the (existing) Cell 1 embankment and the Stage 1 Cell 2 
embankment which are not founded on tailings, however post reprocessing closure of the area 
will need to consider drainage and may necessitate breaching of the embankments in some 
areas.  

A minimal fleet of existing mine plant could be retained for dry mining purposes. 
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Figure 37 Hydraulic Mining example (Colihues tailings deposit, Chile) 

 

 

Figure 38 Disputada Mine Hydraulic Mining (courtesy Anglo American) 
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12.1.5 Post re-mining rehabilitation 

Decommissioning and rehabilitation of the TSF will be undertaken to achieve the site’s closure 
objectives as summarised in Section 2.4. A closure concept for the TSF footprint following 
reprocessing has been developed and a general arrangement is attached as Drawing 321747606-
C012. 

The pre-tailings deposition TSF footprint is understood to be highly modified with borrow material 
for embankment construction initially won from within the TSF footprint. As for the reclaimed 
embankment material, some of the in-situ foundation material will be contaminated and an 
appropriate plan for the treatment of this material will need to be developed. It is anticipated that 
much of this material could be removed using hydraulic mining with the remainder to be removed 
using conventional excavation.  Material recovered during the embankment deconstruction would 
be used to fill these historical borrow areas and other groundwater windows.  Surface drainage will 
need to be managed to reduce erosion and sediment transport to waterways. Concentrated flows 
should be avoided but where necessary should be armoured to reduce erosion. Settling ponds and 
wetlands would be developed in strategic locations to facilitate collection of sediment/run off from 
the footprint.  Stockpiled topsoil and materials previously unsuitable for construction of 
embankments would be spread over the TSF area as a growth medium for re-establishment of 
vegetation.  Closure of the TSF footprint should consider closure staging of the Water Management 
Dam and Process Water Dam and borrow areas and complement the closure design for the 
broader TSF domain area. 

Seepage recovery systems will need to be operated until seepage water quantity and quality 
enables the closure objectives to be met.  

12.1.6 Risks 

A high level risk assessment has been undertaken to identify additional key risks (in addition to 
risks associated with the earlier tailings depositional phase) to be addressed during future detailed 
design.  In addition to financial feasibility risks, the key risks identified as part of this study are listed 
as follows: 

 Excavation of tailings would expose the tailings to the atmosphere potentially leading to 
generation of AMD.  This can be managed by keeping tailings sufficiently moist by irrigation 
and planning the works as a continuous operation to keep tailings moist and reduce the 
exposure time of the tailings to the atmosphere. 

 Excavation of the tailings in the vicinity of the perimeter embankments may lead to instability 
of the upstream constructed embankments.  Water management requires careful control and 
excavation needs strict control measures within the vicinity of the embankments. Outside 
embankment and tailings will require removal by conventional or mining earthmoving 
equipment. 

 Potential safety issues when mining targets deep excavations where high tailings walls could 
be unstable. Particularly in the event of an earthquake event. Temporary stability needs to 
be modelled in detailed design.  

 Drying and disturbance of the surface tailings may result in generation of dust.  This could be 
managed by reducing the areas of disturbance at a given time and using water carts, 
sprinkler systems etc. to moisten the tailings surface. 

 Potentially difficulty controlling solids content when hydraulic mining. 
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12.2 Land Based Closure – Engineered Cover System 

12.2.1 Rehabilitation Strategy 

For the non-preferred land based closure option, the stages of decommissioning the TSF are 
expected to be as follows:  

1. Re-profiling of the final tailings surface and embankment batters/benches to prevent 
ponding and facilitate surface runoff. This will likely require a final campaign of targeted 
tailings deposition to infill any significant depressions and to move the decant pond 
towards the south western embankment where the spillway can discharge to the Process 
Water Dam. In addition, “mud farming” or “tailings improvement” may be required in 
advance of closure to provide a higher strength surface for the cover system.  

2. Construction of a cover over the TSF as described in Section 12.2.2. 

3. Constructing drainage channels at locations of concentrated flow to collect clean 
rainwater that falls within the TSF and discharge it to the environment without erosion of 
the TSF. 

4. Revegetating the surface of the cover with native grasses and shallow rooted shrub 
species, thus stabilising the cover surface and assisting in the removal of water stored 
within the cover. 

The WMD/PWD would eventually be decommissioned by removing stored water and re-grading 
the embankments to ensure water cannot be stored and provide a more natural landform. 

Detailed design of LoM TSF borrows at the site will need to be carried out according to the 
MRM borrow area design guidelines (MRM 2016) including provisions for rehabilitation.   

Cover trials for the TSF are likely required in lead up to any land based closure to optimise the 
design and thickness of the cover required.  This could include trialling of synthetic liners to help 
reduce the requirement for clay and benign rock material, and further reduce Net Percolation.  

12.2.2 Cover Design Concept 

A range of alternative cover designs would need to be assessed but it is envisaged that a 
solution similar to that recommended for the North Overburden Emplacement Facility (NOEF) 
may be feasible.   The concept is to provide a cover comprising both “store and release” and 
“barrier” concepts.  The “store and release” characteristics of the cover enable rainfall to be 
stored within the cover system during wetter periods and released over drier periods.  The 
“barrier” characteristics of the cover act to reduce net percolation through the cover during 
prolonged wet periods or intense rainfall events. 

The proposed cover system is represented in Figure 39 and comprises the following 
components: 

 Topsoil to enable vegetation to establish on the top of the cover system.  Topsoil would 
be sourced from the TSF area. 

 Growth medium comprising well graded benign rock and alluvials on the plateau. This 
would be sourced from local rock quarries to the west or east.  

 Fine-grained materials (clay/silt) for construction of the CCL sourced from the TSF 
earthfill borrows. 

 Capillary break layer comprising selected non-benign waste rock that would be sourced 
from the open cut.  This layer would also provide a working surface to enable compaction 
of the CCL.   
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 Potential sandy alluvial filter materials above and below the CCL subject to detailed 
design.  

 

Figure 39 Proposed Cover System Concept 

The external batters would be reshaped and covered with hard and durable rock to reduce the 
amount of erosion likely to be experienced in the long-term post-closure.  During periods of 
prolonged and/or intense rainfall exceeding the storage capacity of the cover, the cover would 
shed water to a drain discharging to Little Barney Creek. 

Maintenance into perpetuity would be required: initially on a time basis whilst vegetation was 
establishing and settlement was occuring; and then on a reactive basis based on monitoring 
after events once the system had revegetated and stabilised. 

Further, more detailed modelling of the cover system would need to be undertaken during 
detailed design of the cover system and field trials would also need to be undertaken to confirm 
the performance of the proposed cover system prior to construction of the full cover system. 

An alternative cover system utilising a geosynthetic liner system could be considered. The key 
added benefit or introducing a geosynthetic liner to the proposed cover is to further reduce long-
term TSF cover infiltration to near negligible amounts (where applied to the cover).  This could 
be applied or added over the entire TSF area or only to critical areas such as the northern side 
of the TSF near Surprise Creek for example.  

The following key considerations would need to be made in comparing the currently available 
products including: 

 Service life and longevity 

 Resistance to expected settlements 

 Puncture resistance (including expansion of holes due to tearing) 

 UV resistance (albeit that a buried application is proposed at MRM) 

 Chemical resistance 

 Temperature resistance 

 Tensile strength 

 Conformance to subgrade 

 Resistance to microbial degradation 

 Permeability 

 Ease of Repair and maintenance and even replacement.  

Topsoil 

Growth Medium 

CCL 

Tailings 

0.1 m 

1.5 m 

0.5 m 

0.5 m Possible Capillary Break 
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In terms of constructability the following key consideration would be used to compare feasibility 
of liner options: 

 Safety 

 Subgrade Preparation 

 Resistance to Subgrade Irregularities due to dolines* 

 Wet Weather Productivity 

 Trafficability 

 Placing and Joining 

 Susceptibility to damage 

 Ease of Repair and maintenance.  

Liner Longevity, age hardening and degradation of geosynthetics 

This is a key issue in design for closure and will be the focus of ongoing investigation. There 
has been a significant advancement in the understanding and assessment of liner longevity in 
recent times (refer Koerner et al (2011) for example). With a better understanding of liner 
longevity, manufacturers are able to offer tailored products with very long design life. For 
example, BGM is known to be approved for over 300 years service life within the nuclear 
industry.   

For most lining products, longevity can be attributed to three types of oxidation over time, which 
results in a reduction in tensile strength and elongation at break of the liner: 

 Photo oxidation (exposure to UV) 

 Thermal oxidation (exposure to heat) 

 Chemical oxidation (exposure to chemicals) 

BGM is thought to have very good resistance to all three, although available testing results are 
somewhat limited at this stage (compared to HDPE for example). Additionally, the age 
hardening response of bitumen is presumed to be significantly different than that of polymer 
geomembranes. To our knowledge, bitumen does not have a hardening response due to age. 
From this information, it is expected that age hardening will play an insignificant role on the 
performance of a BGM liner. 

12.2.3 TSF Landform Design 

Embankment slopes typically in the range of 10º - 15º would be considered for the TSF 
embankment slopes at closure.  Shaping of the embankment slopes at closure would be 
undertaken by dozing the proposed buttresses to form the design embankment slope angles 
and hard durable rock would need to be used for erosion protection.  Steepening would be 
required in localised areas close to Surprise Creek where stronger and more durable rock would 
be required. At the top of each batter a crest bund should be incorporated into the design to 
prevent the flow of water from the plateau down the embankment slopes.   

Careful management of tailings would be required during the final stages of tailings deposition 
to reduce the quantities of tailings reshaping required as part of the closure design.  The main 
area of tailings reshaping would be around the drainage channel to Little Barney Creek.  
Therefore, the final beach profile at closure should be targeted to leave a lower area in the 
south-western side of the TSF to reduce the amount of tailings reshaping required to construct 
the drainage channel. The reshaping would also take into account potential settlement as 
tailings consolidate. 
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12.2.4 Drainage Design and Water Management 

The preliminary closure design would include a drainage channel from the plateau of the final 
cell towards temporary sedimentation ponds located at the south-western side of the TSF.  A 
number of spine drains across the plateau would flow into the main drainage channels.  
Discharge water from the TSF would be directed through the settlement ponds to Little Barney 
Creek. The settlement ponds would be lined to reduce the risk of impact on the water table and 
could be removed once vegetation develops on the rehabilitated areas and sediment load 
reduces to acceptable levels or be left to naturally degrade over time.  

The drainage channels would need to be relatively wide and flat to keep flow velocities as low 
as possible, reducing the potential for erosion of the channels.  Consistent with the NOEF 
closure drainage design, the smaller drainage channels (eg: spine drains) should have the 
capacity to accommodate a 1:100 AEP critical duration event but not to be damaged by larger 
flows. The main drainage channels and sedimentation ponds should be designed to 
accommodate a PMF in accordance with ANCOLD Guidelines.  

An example of recent closure drainage at a mine site in similar climatic conditions to MRM is 
presented in Figure 40. This features excavation of tailings and placement of a multilayer 
geotextile/gravel fill erosion control system in lieu of suitable rock armour. 

 

 

Figure 40 Closure Drainage Structure Under Construction in Northern 
Australia 

It is likely that the cover construction would progress over at least one wet season therefore 
water management during the cover construction is an important consideration.  During the first 
year of the cover construction run-off from at least part of the surface would continue to drain 
towards the centre of the cell for dewatering without affecting the cover construction works. 
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However it is likely that a significant part of the area can be covered and diverted.  Over the 
subsequent wet season the TSF would remain a water retaining structure.  During the second 
dry season, a clean water outlet channel would be fully excavated and able to drain the entire 
dam surface.  Water quality monitoring and temporary management measures (i.e. capture) at 
the channel outlet may be required prior to completion of the cover. 

12.2.5 Closure Activities 

Activities required to facilitate the various stages of closure are presented in Table 22. 

Table 22 Closure Activities 

Stage Task 
Pre-Closure Complete detailed closure design; 

Mud-farming for tailings beach improvement below future cover. 
Complete final TSF raise; 
Finalise seepage recovery design/groundwater mitigation; 
Seek necessary regulatory approvals; 
Undertake strategic deposition of tailings to facilitate efficient closure;  
If required, undertake lime dosing of near surface tailings to extend lag 
times and mitigate generation of AMD; 
Install seepage management systems to address impacts on Surprise 
Creek and to mitigate impacts of seepage; 
Commence flattening and re-profiling of external TSF embankment batters 
to suit long term stable landform requirements; 
Commence rehabilitation of existing borrow areas; and 
If appropriate, stockpile materials for construction of the cover system. 

Closure Cease tailings deposition within TSF; 
Dewater decant pond and manage runoff to reduce ponding; 
Assess and monitor tailings consolidation on beach; 
Where possible shape tailings surface to water shedding closure profile; 
Commence cover placement where tailings strength allows around 
perimeter of TSF; 
Assess and monitor tailings consolidation; 
Complete cover placement; 
Subject to detailed design, complete rehabilitation of borrow areas to 
ensure drainage is restored with no ponding areas. Sediment controls will 
be required until establishment of vegetation. 

Post-Closure Operate seepage recovery system until seepage water quantity and quality 
enables the closure objectives to be met; 
Undertake ongoing closure monitoring of TSF; and 
Undertake general maintenance of closure works. 
Decommission/breach WMD and Barney Creek diversion embankments 
and rehabilitate; 

12.2.6 Post-Closure Monitoring and Maintenance 

Post-closure monitoring and maintenance of the TSF would be required, initially to validate the 
closure design assumptions and demonstrate successful closure of the TSF and thereafter following 
events (i.e. cyclones) once the system had revegetated and stabilised.  A detailed post-closure 
monitoring and maintenance program would need to be established during detailed closure design 
considering the following components: 

 Visual assessment of closure works to assess establishment of vegetation and identify any 
eroded areas; 
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 Surface water flow and quality to assess cover performance and compliance with discharge 
guidelines; 

 Groundwater level and quality to assess hydrogeological performance of cover system and 
compliance with environmental guidelines; 

 Sediment quality monitoring to assess the quality of sediment originating from the closed TSF; 

 Pore pressure monitoring within the TSF embankments to confirm acceptable embankment 
stability performance; 

 Tailings moisture content, temperature, and oxygen levels to inform assessment of potential 
AMD processes post-closure. 

12.2.7 Risk Assessment 

A high level risk assessment has been undertaken to identify key risks for a land based closure 
option.  The key risks identified are as follows. 

 Differential settlement of tailings leading to cracking of the CCL resulting in increased net 
percolation and oxygen ingress to the underlying tailings; 

 Inadequate tailings strength to enable excavation of the outlet channel and construction 
of the cover system, particularly in the central decant pond area. This has the potential to 
cause delays in cover construction; 

 Liquefaction and/or cyclic softening of tailings leading to excessive settlement and 
damage to cover system; 

 Erosion of the external batter slopes during intense rainfall events and during flooding of 
Surprise Creek and Little Barney Creek; 

 Long term erosion of the cover materials leading to exposure and release of the 
underlying tailings; 

 Contamination of the cover growth medium due to capillary rise of salts from underlying 
tailings leads to adverse impacts on surface water quality and vegetation established on 
top of the cover; 

 Drying out and oxidisation of tailings upon ceasing tailings deposition leads to potential 
AMD off exposed beaches and associated water quality impacts. 
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13. Risk Assessment 
13.1 Risk Assessment 

ANCOLD 2012 recommends that a risk assessment be carried out identifying and evaluating 
specific investigations, design, construction, operational and closure risks associated with the 
TSF, and how these risks may be eliminated or mitigated.  

GHD have developed a register in an attempt to capture key risks relevant to the safe design, 
construction and operation of the TSF cells over the life of mine plan duration. The risk register 
does not attempt to capture all opportunities and risks. 

The risk assessment has been made consistent with the overall MRM EIS approach and 
consists of implementing a 'likelihood and consequence’ risk matrix, determining the rating for 
each identified risk, the control measures used to mitigate that risk and then an assessment of 
the residual rating after taking these control measures into account. 

It is important that the owners and operators of a TSF have a clear understanding of the key 
risks to be monitored, managed and budgeted for across the life of the TSF. Furthermore, this 
risk assessment should be incorporated into the mines holistic risk assessment framework and 
management plan.  Upon completion of our current engagement, the risk register is the means 
by which GHD formally hands responsibility of residual risks to MRM so they are aware of and 
can manage residual risks. 

The risk assessment is provided in Appendix C. 

13.2 Critical Operating Parameters and Trigger Actions Response 
Plans 

Key risks associated with the ongoing safety of the tailings dam have been assessed and a total 
of 4 Critical Operating Parameters (COP’s) associated with those risks have been identified at 
this stage. The COPs will be incorporated into the 2016 revision of the TSF Operations and 
Surveillance Manual. 

The COPs relate to parameters that have a real associated risk of eventually leading to a dam 
safety incident, breach of environmental permit requirements, or major impact on the mine 
operations and production. The COPs allow early identification of a potential unsafe event 
occurring and allow early troubleshooting intervention well in advance of reaching an unsafe 
trigger level. Each COP has an individual Trigger Action Reponses Plan which is used to steer 
TSF operations staff through pre-defined action responses to return conditions to the safe zone 
if required. 

The COP’s that have been identified at this stage include: 

 Freeboard between decant pond level and minimum beach level at perimeter 
embankment; 

 Deviation between actual and target pond stage storage curve; 

 Phreatic surface level; 

 Freeboard between tailings and embankment crest. 
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14. Ongoing Works Program 
14.1 Purpose of this Section 

This section introduces key elements of ongoing works required for the TSF design, operations 
and closure. Separate to this Report, a programme in the form of a Gantt chart in being 
developed to capture and schedule ongoing works tasks as detailed in this Section. 

Much of the programme is driven by the need to provide adequate tailings storage for ongoing 
mine operations.  Construction of future TSF raises must be completed prior to available 
storage within the TSF being depleted. 

In addition to those tasks required for future tailings storage development (Section 14.2), there 
are a number of ongoing tasks required to ensure safe operation of the existing facilities and 
address statutory requirements (refer Section 14.3). 

14.2 Future TSF Storage Development 

14.2.1 Mid-term TSF Development Schedule 

The next few years of development are discussed in more detail in the sections that follow.  The 
preliminary interim raise schedule is provided in Figure 41 below. 

 

Figure 41 Projected TSF Development Schedule until July 2020 

TSF Cell 2 Stage 4 Raise - Construction 2017 
Based on the most recent production forecast (October 2016 monthly forecast) and 
assumptions regarding tailings beach slope and density, a new raise to Cell 2 is required in 
2017.  The detailed design for this raise is being progressed currently and will be completed 
within 2016 for necessary approvals.  
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Surprise Creek Groundwater Interception Trench - Construction 2017 
This LOM design proposes the construction of the Surprise Creek Groundwater Interception 
Trench. Detailed designs for this are currently progressing to support approvals to allow 
construction as soon as possible in the future, potentially as early as the dry season of 2017.  

Cell 1 Raise - Construction Completion and Deposition in 2018 

The TSF Cell 1 embankment will need to be raised to match the level of the Cell 2 embankment 
as part of the transition to a combined Cell 1 and Cell 2 TSF. Tailings and water management 
becomes more challenging the longer raising of Cell 1 is deferred, as the relative difference in 
cell pond levels increases. The preliminary programme indicates that the necessary 
investigations, design and approvals for this raise are achieved during 2017 to allow raising of 
Cell 1 to be completed and ready for tailings deposition in 2018. Design will also incorporate the 
critical aspects of the borrow area development including surface water diversion works and 
construction access.  

Combined Cell 1 & Cell 2 Raise in 2020 
Following the initial raise and establishment of a new tailings beach within Cell 1, the first 
combined raise for Cell 1 & Cell 2 is anticipated to occur in 2020. By this time, the TSF will have 
a small centralised decant pond and a new emergency spillway arrangement. Additionally, 
seepage mitigation systems should be commissioned and be operational.  

14.2.2 TSF Geotechnical Investigation Schedule 

A number of investigations are required to guide design work for future TSF raises.  These 
investigations (most of which are underway) are scheduled for completion in late 2016 to early 
2017. 

Tailings Beach Improvement and Mud Farming Feasibility Assessment and Trials 
Tailings surface improvement techniques are recommended to be validated by trials to 
determine the potential benefits, prior to committing into the tailings management strategy. 
Accordingly, MRM are considering to trial the use of an amphibious excavator at the TSF as a 
tailings surface improvement technique. The outcomes of the trial will be considered and 
incorporated into the future detailed designs if successful. 

Clay and Earthfill Borrow Investigations 
To guide detailed design and specifications for future clay and earthfill borrow areas, further 
detailed geotechnical investigations are being carried out. This includes the necessary 
geotechnical investigations for design of surface water diversions, sediment control structures, 
construction access and rehabilitation. Further geochemical assessment is also planned.  

Rock Quarry Development  

Significant quantities of benign rock are necessary for construction of the TSF rock zones. 
There is insufficient benign rock available from the mine and therefore local rock quarries will be 
established around the TSF. The proposed locations have been drilled and sampled for 
geochemical classification and subsequent investigations prior to construction will be carried out 
to confirm the nature and geotechnical characteristics of the rock to be used with the respective 
TSF zones.  

TSF Foundation Investigations  
Extensive field investigations have been carried out at the TSF in 2016 to further improve the 
conceptual hydrogeological model. This has included Electrical Resistivity Imaging survey 
around the entire perimeter of the TSF as well as targeted drilling and testing of suspected 
structural ground features. The results of the investigations are currently being finalised and will 
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be available in early 2017. This will guide the need for and design for potential grouting of any 
deep, high permeability structural features that may act as preferential flows paths for seepage.  

14.3 Ongoing TSF Operations and Management 

14.3.1 Annual Observational Approach Review 

Once indicators and targets are set they must be routinely monitored and reviewed to identify 
any changes and areas for improvement. It is proposed that Routine (6 monthly) reviews are 
conducted to identify trends in the data that might cause concern as early as possible. It is 
essential to react to these concerns well before they impact on the integrity and performance of 
the structure or the receiving environment and become increasing difficult to resolve. As 
modification effort could span several years to reduce its impact on the overall operation, 
addressing a major problem at a later stage might be operationally difficult, expensive, and 
could even be impractical. The observational method provides the ability to address concerns 
through a proactive rather than reactive approach. 

Indicators and targets should be reviewed and if necessary updated during the reviews to 
ensure they remain a valid and useful way of evaluating TSF performance. 

14.3.1 Routine TSF Beach Surveys 

MRM currently undertake routine surveys of the TSF beach on a regular basis.  It is 
recommended that this process continues, as it remains an important part of TSF operations 
and management, allowing design, operation and management of the TSF to be refined. 
Specifically, the beach surveys are critical for monitoring beach slope and pond extent as well 
as for determining average tailings density within the TSF.  

14.3.2 Annual Water Balance 

MRM currently undertake a site wide water balance on an annual basis and this process will 
continue. As part of the development of the site water management strategy the water balance 
will likely be extended to consider longer term performance and water management risk 
including potential risk of consecutive wet years for example.   

14.3.3 Annual Intermediate TSF Surveillance Inspection and Reporting 

ANCOLD 2012 requires annual Intermediate TSF Surveillance Inspections and Reporting for 
High Consequence Category Dams. As such these annual inspections and reporting should 
continue for the MRM TSF. 

14.3.4 Dam Safety Emergency Plan (DSEP) 

A Dam Safety Emergency Plan (DSEP) was developed for TSF Cell 2 in 2015. This plan should 
be reviewed and updated annually. GHD are currently completing detailed dam break modelling 
associated with the TSF which can be incorporated into the 2016 review and update of the 
DSEP. 

14.3.5 Operations Manual 

The TSF Operations, Maintenance and Surveillance Manual is currently being updated to 
incorporate Critical Operating Parameters. Other updates as described earlier in this Section 
should be included. 

14.3.6 TSF Operator Training 

MRM facilitate TSF operators training for their staff. This consists of a 2 day tailings dam 
operators training course that includes office and field based exercises. 
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Effective operations and maintenance of the TSF is dependent on the staff achieving an 
acceptable level of competency. To enable staff to perform their duties to this standard, staff 
need to undergo training specifically addressing the operation and maintenance of tailings 
storage facilities, which should include: 

 Occupational health and safety responsibilities; 

 Operations and maintenance of the dams and outlet works components; 

 Familiarity with the COPs and TARPs ; 

 Dam surveillance; and, 

 Emergency procedures. 
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