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4 PROGRESS OF PIT 1 TO FINAL LANDFORM 

Report: Application of Progress Pit 1 Landform. 2019 

To support progress of the Pit 1 final landform, additional work was undertaken to address 
Supervising Scientific Branch (SSB) comments (Department of the Environment and Energy 2018) 
on an earlier change application (ERA, 2018a). Works included: 

• a risk assessment undertaken to update the 2016 risk assessment;  

• solute mass balance and water balance; 

• soil-vegetation-atmosphere modelling to estimate plant available water under various 
conditions;  

• revision of the final landform cover on Pit 1 to maximise plant available water;  

• review of research relevant to rehabilitation of the Ranger Mine; 

• preliminary flood modelling and hydraulic design work were updated and refined from work in 
2017 to create a Digital Elevation Model (DEM); and  

• erosion and sediment control features were refined based on conceptual designs developed 
in 2017.  

The digital elevation model (DEM) was also provided to the MTC for assessment and SSB feedback 
was included in the change application report (ERA, 2019a). The Pit 1 Progressive Rehabilitation 
Monitoring Framework was developed to facilitate successful rehabilitation of Pit 1 and inform 
ongoing rehabilitation across the RPA. These additional works supported ERAs continued backfilling 
of Pit 1 ahead of the initial tree planting of the Pit 1 landform surface.  

An application was submitted to the Director of Mining Operations, DITT in March 2019 in 
accordance with the requirements of the Ranger Authorisation issued under the Mining Management 
Act (NT) and was approved in May 2019. 

During the life of Pit 1, ERA has undertaken many studies and BPT assessments, including: 

• assessment of the selected tailings deposition options for Pit 1, to ensure the long-term 
stability of tailings as part of the final rehabilitated landform in 1994; 

• assessment of seepage limiting options in 2005; and  

• closure studies undertaken as part of a 2008 PFS, 2009 feasibility study and further review 
and validation of the preferred Pit 1 closure option as part of the ITWC prefeasibility study in 
2012. 

Landform design has involved several iterations of the post-closure landscape models over the life 
of the mine with significant options analysis and refinement of the landscape reconstruction over 
several years. Through supporting investigations and thorough refinement processes, the backfilling 
option being implemented is optimal. In particular, bulk backfilling of Pit 1 has been completed using 
the selected bulk backfill methodology. 
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5 TAILINGS MANAGEMENT 

5.1 Integrated tailings, water and closure – PFS 1 

Report: Integrated, Tailings, Water & Closure Prefeasibility Study (ITWC PFS): Analysis of Best 
Practicable Technology. 2013 

The focus of the ITWC PFS program was to evaluate the technology for reclamation, treatment and 
transfer of tailings from the TSF to the mined-out Pit 3, and salt management technology to ensure 
physical containment of brine (from the BC treatment of process water) within Pit 3 with no 
detrimental impact to the environment for a period of 10,000 years as required by the ERs. 

Options were considered for the reclamation, treatment and deposition of tailings for mine closure, 
which are described in the sub-sections below. 

5.1.1 Tailings reclamation 

Three categories were considered for reclamation of tailings from the TSF: excavation, hydraulic 
mining and dredging. Each category had a subset of transfer options, giving a total of nine options 
taken into the BPT assessment (Table 5-1). 

Table 5-1: Tailings reclamation options 

Category Excavation Hydraulic Mining Dredging 
Transfer 
options 

• dewater and truck 
• dewater and 

conveyor 
• slurry and pump. 

• pump 
• thickener and pump. 
 

• pump 
• thickener and pump 
• thickener, filtration and truck 
• thickener, filtration and conveyor. 

Of the reclamation and transfer options, excavation rated poorly compared with hydraulic mining and 
dredging. The principal deficiencies identified were the sensitivity of excavation techniques to 
extreme rainfall events, environmental protection and OHS issues arising from dust from the 
disturbed tailings, the considerable operational effort that would be required, and the drainage 
requirements required for successful implementation of the process. Hence, excavation was rejected 
as a method for reclamation of tailings from the TSF. 

Hydraulic mining and dredging emerged from the workshop with approximately equal BPT 
assessment scores. An overall assessment of the relative significance of the various advantages 
and disadvantages of the two options led to the conclusion that the disadvantages of the dredging 
option (operability, maintainability, radiation protection) are much more amenable to management 
than those associated with hydraulic mining (sensitivity to extreme rainfall, environmental protection, 
high capital costs). This is particularly the case for the issue of sensitivity to extreme rainfall events 
where management options are extremely limited, and the occurrence of such events could have a 
major impact on the rehabilitation schedule. For this reason, dredging was selected as the preferred 
option. 
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5.1.2 Tailings treatment 

The principal technical advantage of filtration is the reduced time required for tailings consolidation. 
It was thought to have some advantages for long-term dispersal of contaminants in groundwater, but 
this was yet to be demonstrated and the advantage was considered to be small. Disadvantages of 
this option included high costs to construct, install and operate, and the high maintenance 
requirements. The assessment outcome of filtration at the tailings workshop was that the option 
should be retained for whole-of-project BPT assessment, but it appeared to be a very expensive 
option with limited advantages. 

Cementation was considered an option to potentially reduce dispersion of solutes in groundwater if 
required, however, it did not emerge as a viable treatment option. The initial BPT workshop was 
conducted prior to the groundwater solute transport modelling from Pit 3; this option was assessed 
in case treatment of tailings was required in order to achieve the 10,000 year requirement for no 
detrimental environmental impact. Subsequent to this BPT assessment modelling has shown that 
additional tailings treatment is not required to mitigate solute transport. 

Further trials would be required, capital costs would be high because of the need to include filtration 
as a preliminary step, and operational costs would be extremely high as a result of the high cement 
consumption implicit in the process 

5.1.3 Tailings deposition 

Options assessed for deposition of tailings into Pit 3 considered either subaerial or subaqueous 
techniques for thickened tailings and dry stacking or co-disposal with waste rock for filtered tailings. 

The assessment outcome for deposition of thickened tailings was that either option would be 
acceptable, however subaqueous deposition was preferred principally because it rated higher on the 
operability and operating costs criteria and was assessed that Traditional Owners would have a 
distinct visual preference for tailings covered by water rather than an exposed tailings surface. 
Subsequently, initial BPT workshop consolidation modelling demonstrated that subaerial deposition 
would provide an advantage over sub aqueous deposition. Since both options were determined to 
be BPT, the method was changed without the need for an additional assessment.  

With filtration of tailings being retained as an option, the deposition of tailings needed to be 
considered. Two options were considered: dry stacking, and co-disposal with waste rock. 
Co disposal of filter cake and waste rock led to higher maximum elevation of tailings in Pit 3, giving 
preference to dry stacking. There were, however, concerns expressed about the degree to which 
either technique had a proven track record, and it was noted that both would be sensitive to rainfall 
(a dry pit would be required). 

The conclusions arising from the BPT workshop on tailings management were: 

• dredging is the preferred tailings reclamation method; 

• cementation is not currently considered viable as a treatment method; and 

• tailings filtration should be retained as a potential treatment method to be considered in the 
overall strategic workshops but is a very expensive option that produces little benefit. 
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5.2 Integrated tailings, water and closure – PFS 2 

The combination of the feasible tailings management options and the feasible salt management 
options resulting from PFS1 and the BPT assessment are provided below: 

• dredged tailings, thickened and pumped to Pit 3 combined with injection of brine into the 
constructed base of Pit 3 (underfill); 

• dredged tailings, thickened, filtered, then pumped to Pit 3 combined with injection of brine 
into the constructed base of Pit 3 (underfill); 

• dredged tailings, thickened then pumped to Pit 3 combined with crystallisation of brine to be 
placed within Pit 3; or 

• dredged tailings, thickened, filtered, then pumped to Pit 3 combined with crystallisation of 
brine to be placed within Pit 3. 

These options progressed through ITWC PFS2 and were assembled into closure strategies where 
the preferred technical options from PFS1 were combined with two possible processing cessation 
dates: 

• milling will cease in 2016 - these options were given a ‘C’ designation; or 

• milling will cease at the end of 2020 consistent with the terms of the Ranger Authorisation - 
these options were given a ‘B’ designation. 

This provided a total of eight closure strategies that were assessed in two stages; these are shown 
in Table 5-2. 

Table 5-2: Initial closure strategies to be assessed 

Strategy Brine strategy Tailings strategy Milling end 
1C Injection Thickened  2016 

2C Injection Thickened and filtered  2016 

3C Crystallisation Thickened  2016 

4C Crystallisation Thickened and filtered  2016 

1B Injection Thickened  2020 

2B Injection Thickened and filtered  2020 

3B Crystallisation Thickened  2020 

4B Crystallisation Thickened and filtered  2020 

5.2.1 Stage 1 assessment 

The BPT assessment of the eight identified strategies was divided into two stages. Stage 1, or the 
preliminary strategic assessment, was conducted soon after completion of the individual component 
assessments. The intention was to eliminate strategic options that clearly did not constitute BPT, 
and to more clearly identify information gaps in the remaining options needing to be addressed prior 
to the final BPT assessment of the strategic options. 

The key options that were eliminated in the stage 1 assessment were tailings filtration and brine 
crystallisation. The results of the stage 1 assessment are shown in Figure 5-1. 
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Figure 5-1: Outcomes of the Stage 1 assessment 

The tailings management workshop confirmed filtration was a very expensive option with limited 
advantages and therefore it was decided that filtration of tailings (2C, 2B) should not be considered 
further in the development of the best practice strategy for rehabilitation and closure of the Ranger 
Mine. 

Further analysis and test work completed following the initial technical options BPT workshops 
confirmed brine injection was the best option for management of salt. Further to this, the Stage 1 
BPT confirmed brine crystallisation was not a viable option, performing poorly under several criteria. 
As a result, the strategies that included crystallisation (3B, 3C, 4B, 4C) of the brine stream from the 
water treatment plant were rejected. 

5.2.2 Stage 2 assessment 

Based on the Stage 1 BPT assessment, all filtration and crystallisation options were eliminated (this 
was further validated by programs conducted between the stage 1 BPT and the stage 2 BPT). 
As such, the closure strategies considered in the Stage 2 BPT workshop were limited to 1B and 1C, 
however, extended water treatment cases (5B and 5C) were considered as well. This was to allow 
for the scenario where process water volumes exceed the BC treatment capacity, allowing for longer 
term treatment of process water.  

Table 5-3 lists the options assessed in Stage 2 (detailed ranking matrices at the end of Section 6.5). 

Table 5-3: Final closure strategies assessed 

Strategy Brief description 
1C Brine injection, thickened tailings, milling until 2016 

1B Brine injection, thickened tailings, milling until 2020 

5C Strategy 1C with extended water treatment 

5B Strategy 1B with extended water treatment 
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The highest BPT score of 19 was recorded for Strategy 1B; the three other options scored 15. To put 
this result in perspective, changing the assessed score for any individual criterion by one unit would 
change the overall score for that option by about two units. Hence, these results imply that option 
1B is the favoured option based on the BPT assessment process, but the result is marginal.  

The criteria where differences were recorded were: 

• socio-economic impact on Jabiru and the region: the two extended options provide additional 
time for community partnerships to run and continued retention of services, the 5B case also 
provides additional royalty income; 

• technical performance: both 2020 options scored higher because the extended milling period 
enables the processing of lower grade ores, previously assessed as not commercially viable; 

• capital expenditure: the two extended options scored higher primarily because only one BC is 
required for these options;  

• maintainability: the 2020 milling option with extended water treatment results in the use of the 
BC for nine years beyond its planned lifetime; 

• operating costs: the operating costs of the extended 2020 option would be higher because 
replacement of major BC parts would almost certainly be required; and  

• schedule: both extended options scored lower than the primary options under the schedule 
criterion. 

5.2.3 Supplementary integrated tailings, water and closure prefeasibility study 

A review of the ITWC BPT assessment was conducted in August 2016. This determined, with the 
exception of tailings treatment, all technical options selected as BPT remained valid. 

Eight options were assessed using the same assessment criteria, scoring and weighting, as used in 
the ITWC PFS assessment. The results are presented in Table 5-4. Of the eight options assessed, 
one hard show-stopper and four soft show-stoppers were identified by workshop participants. 

Table 5-4: Supplementary tailings treatment assessment 

Strategy Technology 
Show-stopper 

Overall rank 
Hard Soft 

A1 Thickened tailings (ITWC base case)   32.6 

A2 Unthickened tailings    -100 

A3 Unthickened tailings, with prefabricated vertical drains 
(wicks) 

  41.3 

A4 Unthickened tailings, with extended water treatment   -6.5 

A5 Unthickened tailings, with inline agglomeration and 
wicks 

  10.9 

A6 Unthickened tailings with neutralisation and wicks   17.5 

A7 Thickened and filtered tailings (ITWC assessed)   13.0 

A8 Thickened, filtered and cemented tailings (ITWC 
assessed) 

 
 6.8 
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For most of the detailed options assessed, a NA (not applicable) result was obtained for criteria in 
the ‘Culture and Heritage’, and ‘Ecosystems and Natural World Heritage Values of Kakadu NP’ 
categories. All activities associated with all options occur within the cultural heritage exemption zone. 
In addition, these methods do not have any impact on the surrounding ecosystems and World 
Heritage values of Kakadu during the operational phase. Hence, the BPT assessment of the tailings 
treatment options was dominated by the criteria under the ‘Fit for Purpose’, ‘Operational Adequacy’ 
and ‘Constructability’ categories. 

The base case for this assessment assumed tailings would be unthickened, with three options being 
considered a) with wicks, b) with extended water treatment, and c) with inline agglomeration and 
wicks. These were assessed against the previous ITWC thickened tailings options. 

The results of the BPT indicate that unthickened tailings with wicks (A3) have advantages over 
unthickened tailings and extended water treatment (A4) and unthickened tailings with inline 
agglomeration (A6). It was assessed that the use of wicks would be viewed more favourably by 
Traditional Owners under the ‘Living Culture’ criterion compared to unthickened (A2). 
The unthickened tailings option (A2) was hard show-stopped due to factors including: not all process 
water being removed during consolidation, subsidence and erosion of the landform, impacts on 
rehabilitation performance, impacts to water quality and the formation of visible salts in the landform 
surface, all of which could lead to an unwillingness for Traditional Owners to resume cultural 
practices on the site post-closure.  

Unthickened tailings with wicks (A3) have been demonstrated as proven technology through its 
application in Pit 1. Prefabricated vertical drains, or wicks, present a sound technical method of 
achieving increased consolidation and ensuring the schedule requirements on rehabilitation on the 
RPA are met. 

Inline agglomeration and wicks (A5) option faired less favourably across ‘Fit for Purpose’ and 
‘Operational Adequacy’ categories than options A1 and A3, predominantly based on less certainty 
around achieving consolidation targets and potential reliability issues related to inconsistent input 
densities. There was also a high uncertainty around the complexity of integration with existing 
dredging operations, high operational expenditure and complexities associated with construction of 
the plant on the pit access ramp. 

Unthickened with extended water treatment (A4) was soft show-stopped under category 
‘Construction, Environmental and Cultural risks’ because of the increased number of vehicles 
through Kakadu National Park necessary to transport new infrastructure and the substantial increase 
in workforce required to construct a new water treatment plant. It emerged as the least favoured 
option, scoring ‘inadequate to ‘poor’ against most categories under ‘Fit for Purpose’, ‘Operational 
Adequacy’ and ‘Constructability’. The low ranking against these criteria was strongly influenced by 
high sustaining capital and operating costs associated with the existing BC, long procurement lead 
times required to purchase a new plant or additional infrastructure to expand the existing plant, and 
the complex operational nature of the plant potentially leading to a high number of interruptions and 
downtime.  
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Strategies A6 through A8 all recorded soft show-stoppers under ‘Construction’, ‘Environmental’ and 
‘Cultural’ risks criterion, attributed to the effects of increased traffic volumes through Kakadu NP 
associated with new infrastructure and increased construction workforce in Jabiru. These options 
also recorded soft show-stoppers under OHS, attributed to increased risks of vehicle incidents during 
tailings transfer to Pit 3. In addition to the above, concerns identified during the ITWC PFS around 
strategy A8 (thickened, filtered and cemented) remain. These include the extremely high operational 
costs as a result of high cement consumption and uncertainty around the long-term stability of 
cement, which is susceptible to sulfate attack. Significantly more development work would be 
required before this would be considered a viable option when compared to strategies that were 
assessed. 

5.2.4 Conclusions 

The BPT assessment has considered viable thickened tailings options from the previous ITWC PFS 
and new, unthickened tailings treatments. Of the eight options assessed, one option was hard show-
stopped (unthickened A2) and four were soft show-stopped.  

Three options were considered viable; however inline agglomeration with wicks (A5) scored the 
lowest of the three with the assessment identifying some inherent issues around achieving 
consolidation targets, high operational costs and construction complexities, compared to the other 
two options (e.g. thickened and unthickened with wicks). 

There was no material difference in the assessment scores for the thickened (A1) and unthickened 
with wicks (A3) options. However, ERA has extensive knowledge around strategy A3, based on the 
performance of the Pit 1 backfill strategy and subsequent tailings consolidation being achieved via 
this method. 

6 TAILINGS DEPOSITION INTO PIT 3 FOR MILL TAILINGS AND DREDGE TAILINGS 

Report: Application Pit 3 Tailings Deposition. 2019 

In preparation for cessation of mining and processing activities at Ranger Mine, a further assessment 
of the methods for tailings deposition was undertaken. An application was submitted to the Director 
of Mining Operations, DPIR (now DITT) in March 2019 to change the deposition method of tailings 
in Pit 3 from subaerial (to a tailings beach) to subaqueous (into water) (ERA, Alan Irving & Associates 
2019). The application was approved in July 2019. The change was proposed to improve deposition, 
specifically to: 

• prevent segregation;  

• prevent accumulation of fine tailings in inundated areas of the pit; and  

• accelerate backfilling with consolidated tailings. 

Following detailed assessment of various subaqueous deposition configurations and multi spigot 
subaerial deposition options for Pit 3, a BPT assessment was undertaken in January 2019 to assess 
the range of potentially viable deposition options (GHD, 2019). To conduct this assessment, tailings 
under consideration were separated into either mill tailings or dredge tailings and scored against the 
six major criteria. This resulted in an overall ranking calculated for each option (Table 6-1 and the 
ranking matrices at the end of this sub-section). 
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Table 6-1: Tailings deposition options and best practicable technology assessment summary 

Option Option description Overall Rank 
Mill Tailings 

M1 Subaerial deposition from the current, multiple discharge points (one 
at a time, infrequently changing) 41.7 

M2 Subaerial deposition from multiple spigots on the east wall (one at a 
time, frequently changing) 35.4 

M3 Subaqueous deposition 16.7 

Dredge Tailings 

D1 Dredge 1 and 2 subaerial 20.8 

D2 Dredge 1 and 2 subaqueous 16.7 

D3 Dredge 1 subaqueous & Dredge 2 subaerial 12.5 

D4 Dredge 1 subaerial & Dredge 2 subaqueous 10.4 

The BPT assessment found that for mill tailings, the two subaerial options (M1 and M2) were similarly 
effective, and slightly better, than subaqueous discharge (M3) due to the higher cost and greater 
complexity of subaqueous deposition. Option M2 has the advantage of maintaining a lower, more 
level tailings surface. Both M1 and M2 promote overall drainage from east to west and are more cost 
effective than subaqueous deposition. However, M1 scored lower on schedule and both M1 and M2 
will result in a slightly higher tailings level in the east of the pit.  

The assessment found that for dredge tailings, the subaerial options scored more favourably on 
costs, constructability, operability and maintainability criteria. This is primarily due to the lower 
complexity of the subaerial method and because most of the subaerial facilities are already in place. 
However, the subaerial options scored poorly on schedule and technical performance, as the tailings 
surface will be more steeply sloping with a higher maximum elevation in the pit requiring additional 
work to even out the tailings prior to commencement of pit capping.  

Conversely, the subaqueous option scored more favourably on schedule, technical performance and 
environmental protection, since this method promotes less tailings segregation and more rapid 
consolidation, and the tailings surface will be flatter with a lower maximum elevation in the pit. 

Whilst relative advantages and disadvantages were identified, and all options were considered 
acceptable against each of the assessment criteria, a combination of options M2 (subaerial 
deposition from multiple spigots on the east wall) and D2 (dredge 1 and 2 subaqueous) was selected. 
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