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Abstract 

The former Rum Jungle Uranium Mine located approximately 100km south of Darwin, Northern Territory, 

Australia, operated between 1954 and 1971 and underwent rehabilitation from 1983 to 1986. The 

rehabilitation addressed significant environmental impacts caused by acid metalliferous drainage (AMD) 

and achieved objectives related to aesthetic improvements and reducing public health hazards. Recent 

studies documented that the original rehabilitation works do not meet modern environmental standards 

meaning further rehabilitation work would be required for site closure and relinquishment (Hartnett, J, 

2020). 

Since 2009, the Northern Territory and Australian governments have undertaken investigative works 

to develop an improved rehabilitation strategy that is consistent with the views and interests of stakeholders 

and meets contemporary environmental and mined-land rehabilitation standards. The rehabilitation design 

involves relocation of potentially acid forming (PAF) waste rock to new surface emplacement facilities and 

a water and tailings filled pit, treatment of contaminated pit and groundwater, and the realignment of the 

East Branch Finnis River (EBFR) to follow its original course back through the pit (Hartnett, J, 2020). 

There is now general acceptance that human activities are contributing to observed climate change. 

Continued emissions of greenhouse gases are highly likely to cause further warming and changes in all 

components of the climate system. Mean, minimum and maximum temperatures are predicted to keep 

increasing with very high confidence, along with the frequency of hot spells and droughts. While overall 

rainfall is predicted to result in both wetter and drier periods depending upon regional geographical 

influences, climate modelling predicts with high confidence that heavy rainfall events will become more 

intense. Rising temperatures and prolonged hot spells are predicted to lead to an increase in the frequency 
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and intensity of bush fires. Relevant to the Rum Jungle mine’s location, climate change may alter 

evapotranspiration, soil moisture and runoff. The effect of the above climate change-related factors has 

been studied to ascertain the robustness of the rehabilitation design of the mine. Presented here are some of 

the key outcomes of the study, in particularly the impact of climate change on the pit water level, and the 

hydrological processes informing the EBFR flow path design. 

Introduction 

An improved rehabilitation design for the former Rum Jungle mine site was completed in 2020 and involved 

the design of new waste storage facilities and a backfill strategy for the Main pit to accommodate the PAF 

waste rock that is currently impacting the groundwater and downstream reaches of the EBFR. 

The former open cut Main pit was 105m deep and is partially filled with contaminated tailings, 

resulting in a permanent pit lake depth of ~46m. The pit is to be backfilled over the tailings with PAF waste 

rock and then capped with 2m of inert material, to a maximum level of 2m below the currently predicted 

lowest pit water level. 

The EBFR is currently diverted to the south around the Main pit and the adjacent Intermediate pit. 

Once the Main pit is backfilled and capped, the EBFR is to be realigned to follow its original course through 

the Main pit and Intermediate pit (which is to remain as a pit lake). 

To understand the robustness of the backfill capping layer design thickness and the design of the 

EBFR realignment, a climate change sensitivity assessment has been undertaken. This has included 

identification of the relevant climate change influences and a comparison of the hydraulic and hydrologic 

modelling results for the Main pit and realignment for the base case and under the climate change 

influences. 

Climate Change Influencers 

Australia’s NRM Clusters and Sub-Clusters 

The Australian Government developed the Regional Natural Resource Management (NRM) Planning for 

Climate Change Fund, to provide projections of the likely impact of climate change on Australia’s natural 

resources. 

Australia has 54 NRM regions (clusters and sub-clusters), defined by catchments and bioregions, 

which are broadly consistent in terms of history, population, resource base, geography and climate. The 

location of the project site is within the Monsoonal North (West) sub-cluster as shown in Figure 1. The site 

experiences a hot, humid wet season from November to April and a cooler dry season from May to October. 
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Figure 1: Australia’s Natural Resource Management (NRM) clusters & sub-clusters 

IPCC AR5 Climate Change Projections 

The UN’s IPCC (Intergovernmental Panel on Climate Change) Fifth Assessment Report, AR5 (IPCC, 2014) 

(note, the more recent AR6 Synthesis Report is due to be released in September 2022), provides climate 

change projections based on a series of future climate change scenarios encompassing a plausible range of 

likely outcomes. These climate change scenarios have been developed into “Representative Concentration 

Pathways” (RCPs) able to explore credible future options, expressed in terms of future carbon emissions 

and associated radiative forcing. The standard RCPs are as follows: 

• RCP8.5 - chosen to represent a future with little curbing of emissions, with CO2 concentrations 

continuing to rapidly rise, reaching 940 ppm by 2100. 

• RCP6.0 - represents lower emissions, achieved by application of some mitigation strategies and 

technologies. CO2 concentrations rise less rapidly than RCP8.5, but still reach 660 ppm by 2100 

with total radiative forcing stabilising shortly after 2100. 

• RCP4.5 - concentrations are set slightly above those of RCP6.0 until after mid-century, but 

emissions peak earlier (around 2040). CO2 concentrations reach 540 ppm by 2100. 

• RCP2.6 - represents the most ambitious mitigation scenario, with emissions peaking rapidly 

(around 2020), then rapidly declining. 

In response to the AR5 Report, Australia’s CSIRO and Bureau of Meteorology (BOM) (CSIRO and 

BOM, 2015) prepared tailored climate change projections for each of Australia’s NRM clusters. Regional 

highlights relevant to the project site include: 

Project site 
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• By 2030, warming will range from 0.5°C to 1.2°C (low emissions RCP) to 0.7°C to 1.3°C (high 

emissions RCP). 

• By 2090, warming will range from 0.9°C to 1.6°C (low emissions RCP) to 2.8°C to 5.1°C (high 

emissions RCP). 

• Near-future projections for the dry season range from 35% drier to 29% wetter, depending on RCP 

scenario. For the west season, projected changes range from 8% wetter to 7% drier. 

• By 2090, the projected dry season changes range from 45% drier to 44% wetter, depending on RCP 

scenario. For the wet season, the projected range is 23% drier to 19% wetter.  

• Under all future RCP scenarios, fire weather will become more frequent and harsher. 

Climate Change Influencers on Rehabilitation Design 

Key climate change indicators likely to influence the Rum Jungle rehabilitation design are: 

• Climate change induced rainfall: especially peak intensity rainfall events. 

• Climate change impacts on fire weather I: considering the potential for a catastrophic fire 

decimating the vegetation throughout the project site catchment. 

• Climate change impacts on fire weather II: considering how the intense heat from an extreme bush 

fire might change the structure of the soil resulting in hydrophobic conditions. 

The above influencers will impact the hydrological and hydraulic behaviour by changing the 

following inputs to the modelling: 

• Rainfall intensity. 

• Surface water infiltration parameters, including initial and continuing losses. 

• Surface roughness (Manning’s ‘n’). 

Climate Change and Effect on Rainfall 

Estimating Climate Change Impacts on Rainfall Intensity 

The Australian Rainfall and Runoff Guideline (ARR, 2019) identifies two alternative methods to estimate 

the impact of climate change on rainfall depths: 

Simplified Method 

This allows for the incorporation of the effects of climate change in the design rainfall used in flood 

estimation by modelling of the 0.5% (1 in 200) Annual Exceedance Probability (AEP) as a proxy for future 

estimates of the 1% (1 in 100) AEP event. For the critical duration 30-hour rainfall event this would 
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represent an increase in rainfall depth and intensity of 15%. 

Detailed Assessment 

The detailed assessment is based on predictive modelling of temperature increases sourced from the Climate 

Change in Australia website and applying a change in design rainfall from global warming in accordance 

with the following formula: 

𝐼𝑝 =  𝐼𝐴𝑅𝑅 .  1.05 𝑇𝑚 Eq.1.6.1 (ARR,2019) 

where:  𝐼𝑝 = Projected rainfall intensity (or depth) 

  𝐼𝐴𝑅𝑅 = Design rainfall intensity (or depth) 

  𝑇𝑚 = Temperature at the midpoint of the selected class interval 

Based on AR5 climate change scenarios for the year 2070 (the minimum period for analysis for long 

standing projects, ARR 2019), a conservative temperature increase for the project site of 2.25°C is 

considered suitable for estimating future rainfall intensity increases. Using Eq.1.6.1 in (ARR, 2019) this 

would equate to an 11.6% increase in rainfall intensity. 

Table 1 provides a comparison of the resulting rainfall depths. The conservative approach is therefore 

to adopt the 0.5% AEP rainfall.  

Table 1: Comparison of climate change rainfall increases 

Duration Rainfall Depth, 30-hour duration Comment 

2019 Rainfall – 1% AEP 318 mm Baseline 

Simplified Method 366 mm (+15.0%) Adopted for sensitivity analysis 

Detailed Method 355 mm (+ 11.6%) Is of similar magnitude 

Climate Change and Effect on Infiltration of Soils 

Physical Impact 

Catastrophic fire has the potential to destroy the entire contributing catchment relevant to Rum Jungle. The 

result is exposure of erodible soils via burning of the vegetation on the soil surface. Under intense heat, the 

following soil changes can occur: 

• The predominant sandy clay soil in the upper catchment will crystallize at temperatures of 350°C to 

800°C, similar to the firing of clay in a kiln. 

• Intensely burning organic material can release a waxy substance which penetrates the soil as a gas 

and solidifies after cooling, bonding the soil particles together. 

• The open pores of a sandy clay soil allow the penetration of heat deep into the soil profile. 
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These processes result in the top layer of soil becoming hydrophobic which has the following impacts 

on hydrologic and hydraulic processes: 

• The infiltration rate is reduced or stopped. 

• The runoff rate increases. 

• Velocities increase. 

• Flood depths increase. 

• The surface shear stress increases resulting in greater erosion and soils loss. 

Impact on Modelling Parameters 

The calibrated infiltration parameters were reassessed to emulate the behaviour of an intense catastrophic 

fire engulfing the catchment. The results are summarised in Table 2. 

Table 2: Climate change impact on infiltration 

Parameter Base Case Climate Change Influence 

Initial Loss 38 mm 10 mm 

Continuing Loss 0.6 mm/hour 0 mm/hour 

Climate Change and Effect on Catchment Roughness 

Physical Impact 

The contributing catchments are heavily wooded with dense undergrowth and tuff grasses. The effect of a 

fire denuding the surface is akin to the urbanisation of a catchment. 

Effect to Modelling Parameters 

• The vegetation in the contributing catchment of Rum Jungle was calibrated with a Manning’s ‘n’ 

between 0.06 and 0.1. 

• In the event of a catastrophic fire the whole catchment would be converted to a Manning’s ‘n’ of 

0.04 representing charred stumps and branches with no undergrowth. 

The hydrological effects to the runoff calculations included increased runoff rate, increased volume 

of runoff and increased flooding. 

Hydrological Effects of the Influencers 

Rainfall Temporal Patterns and the Adoption of Temporal Pattern Ensembles 

The use of an ensemble of 10 temporal patterns for each storm duration (a total of 290 different storms for 

each magnitude) is now required by ARR, 2019. The temporal patterns have been chosen to represent the 
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variability in observed patterns. The required approach is to select the storm which represents the mean of 

the ensemble maxima (ARR 2019).  

The Baseline 1% AEP Discharge 

The Rum Jungle Rehabilitation hydraulic infrastructure has been designed to safely pass the 1% AEP event. 

Modelling shows: 

• The 30-hour duration 1% AEP storm with temporal pattern no.6 is the mean of the maximum 

ensembles and produces a peak flow of 195m3/s. This storm is to be used for design purposes and is 

considered the baseline for climate change influencer effects. 

• The critical duration is the 18-hour rainfall event which produces a maximum flow of 231m3/s. 

Modelling for the climate change influencers has been simulated for the following scenarios: 

• Increased rainfall intensity impact. 

• Fire weather impact – i.e., change of surface roughness (Manning’s ‘n’). 

• Soil structure impact – hydrophobic conditions leading to reduced initial and continuing losses. 

• A combination of all three influencers. 

The results are shown in Figure 2 and comparison of the base case results to the results from modelling 

for the climate change influencers is given in Table 3. 

Table 3: Hydrological modelling results 

Parameter Base Case Climate Change Influence 

  Increased 
Rainfall 

Fire Weather  Soil Structure  Combined 

Mean storm 
duration 

30-hour 30-hour 4.5-hour 6-hour 24-hour 

Meanflow peak 195m3/s 230m3/s 259m3/s 217 m3/s 340m3/s 

Critical storm 
duration 

18-hour 18-hour 18-hour 18-hour 6-hour 

Critical flow 
peak 

231m3/s 276m3/s 311m3/s 257m3/s 428m3/s 

 

The results indicate that: 

• Catastrophic fire which denudes the catchment of vegetation will have the greatest influence on 

runoff increases at the site. 

• The predicted rainfall increases will have a slightly greater influence than the hydrophobic soil 

conditions. 
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• Overall, the peak runoff could increase by approximately 78% should all influencers occur 

simultaneously. 

 

Figure 2: Summary of peak catchment flows for climate change influencers  

Impact of Influencers on the Main Pit and EBFR Designs 

Hydraulic Impact 

Hydraulic modelling using SWMM-XP 2D software was undertaken for the proposed final rehabilitated 

topographical surface to understand flow and velocity distribution, water surface elevation, backwater, 

velocity magnitude and direction, flow depth, and surface shear stress. Comparison has been made between 

the base case and the combined climate change influences. 

The Proposed Remediated Landform 

The proposed final landform was developed to address the following minimum requirements: 

• The diversion channel is to remain to convey surcharge of the EBFR upstream of the Main pit 

during extreme floods to relieve the hydraulic load of the Main pit. 

• The existing culverts at the entry and exit of the Main pit and the entry of the Intermediate pit will 

be removed to provide a continuous flow path. 

• The channel surface would be heavily lined with rip rap to prevent erosion. The interstices of the 

rip rap would be covered with a seeded soil mix to promote vegetation and mitigate the engineering 

appearance. Large boulders and logs placed in a meandering arrangement would provide refuges 

for migratory fish during the wet season. The riverbed would have riffles and depressions to retain 

pools after flows. 
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• During the dry season the capping of the Main pit would be covered by 2m of water. The 

permanent groundwater table will ensure the capping remains covered in the dry season. During the 

wet season the level increases by approximately 2m providing a 3m to 4m submergence over the 

capping. 

• The Main pit has been modelled with the top of the capping surface as level, which is the worst- 

case condition, only likely to occur immediately after rehabilitation or should sediment drop out 

levelling out the surface over time. 

Modelling Results 

Figure 3 shows the flood extent in of the rehabilitated channel for the 1% AEP event with the combination 

of all three influencers. The contours have been displayed to identify the location of the proposed waste 

storage facilities. Figure 4 shows the incremental differences between the base case and the worst-case 

scenario (with vegetation). 

 

Figure 3: 1% AEP flood depth as a consequence of the climate change influencers  
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Figure 4: Increase in flood depth as a consequence of the climate change influencers (1% AEP)  

The results indicate: 

• Climate influencers could increase flood levels within the EBFR between 50mm and 600mm with 

the average increase of approximately 350mm. 

• The flood level increase would not exceed the defined channel and hence would not inundate the 

proposed waste storage facility areas. 

• The modified diversion channel will not be activated. 

Influence of Climate Change on Velocities 

Figure 5 shows the maximum velocity and direction averaged over the depth. Two-dimensional hydraulic 

modelling cannot stratify the velocity across the full depth, however the research by Venn Te Chow, 1959, 

showed an approximation of the channel bed velocities can be made by halving of the average cross-

sectional velocity. Modelling indicated that the climate change influencers could: 

• Increase channel bed velocities by up to 0.6m/s which is within the design safety factor of the rip 

rap. 

• Increase velocities over the Main pit floor by up to 0.2m/s which could cause mobilization of the 

sandy bottom. 
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• Change the flow pattern from a dissipated behaviour to a short circuit between the inlet and outlet 

of the Main pit. 

 

Figure 5: Climate change influencers causing higher velocities and short circuiting behaviour 

Addressing the Hydraulic Conclusions 

The results indicated potential changes in hydraulic behaviour over some areas of the Rum Jungle site due 

to the influence of the climate change variables assessed. These changes suggest a need for minor 

enhancements to the erosion protection in strategic locations, including: 

• To maintain the design safety factor, it will be necessary to enhance the erosion protection 

immediately upstream and downstream of the Main pit. 

• The larger flows are resulting in values within the “line of site” between the inlet and outlet of the 

Main Pit which exceed the mobilization velocity. This can be alleviated by minor modifications 

(i.e., widening) to the inlet design to ensure flow dissipates as it enters or is directed north to 

increase the flow path area and reduce the velocity.  

• No other modifications are necessary to the design to mitigate the effects of climate change. 

Summary 

Evidence (IPCC, 2021) indicates that continued emissions of greenhouse gases are expected to cause further 

warming and changes in all components of the climate system: 

• Mean, minimum and maximum temperatures are predicted to keep increasing with very high 

confidence, along with the frequency of hot spells and droughts. 



MINE WATER SOLUTIONS 2022 ● VANCOUVER, CANADA 

12 

• While overall average rainfall is predicted to result in both wetter and drier periods depending upon 

regional geographical influences, climate modelling predicts that heavy rainfall events will become 

more intense. 

• Rising temperatures and prolonged hot spells are predicted to lead to an increase in the frequency 

and intensity of bush fires. 

• Climate change may alter evapotranspiration, soil moisture and runoff. 

This report has addressed the potential impact of climate change influencers including: 

• Climate change induced rainfall. 

• A catastrophic fire decimating the vegetation throughout the catchment. 

• The intense heat changing the structure of the soil resulting in hydrophobic conditions. 

The specific design elements for which the requests relate to are backfilling of the Main pit and 

realignment of the EBFR to follow its original course back through the Main pit. The results indicate: 

• Climate influencers could increase flood levels within the EBFR between 50mm and 600mm with 

the average increase of approximately 350mm. 

• The flood level increase would not exceed the defined channel and hence would not inundate the 

proposed waste storage facility areas. 

• The modified diversion channel will not be activated. 

• Increased surface water velocities mean it will be necessary to enhance the erosion protection 

immediately upstream and downstream of the Main pit. 

• The larger flows are resulting in values which exceed the mobilization velocity, hence minor 

modifications (i.e., widening) to the inlet design will be required.  
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