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[bookmark: _Toc473537130]Executive summary
Responsibility for the regulation of uranium mining in the Alligator Rivers Region (ARR) has been delegated by the Commonwealth to the Northern Territory (NT) Minister for Primary Industry and Resources via a series of inter-governmental agreements. The working arrangements between the NT and the Commonwealth require the NT Minister for Primary Industry and Resources to seek the advice of the Supervising Scientist with respect to uranium mining activities in the ARR. 
The Environmental Requirements of the Commonwealth of Australia for the Operation of Ranger Uranium Mine stipulate the Commonwealth’s environmental protection conditions for Ranger mine, with which the operator must comply. The mine operator, Energy Resources of Australia Ltd (ERA), is responsible for demonstrating achievement of the Environmental Requirements. The Supervising Scientist plays a key role, along with other stakeholders, in assessing the adequacy and acceptability of the information provided by ERA in doing so.
The Environmental Requirements stipulate that all tailings produced at Ranger mine must be placed in the mine pits for permanent storage, and ERA must demonstrate that for 10,000 years after mine closure tailings will not be exposed; contaminants arising from tailings will not cause environmental impacts in the surrounding Kakadu National Park; and any impacts within the Ranger Project Area are as low as reasonably achievable.
Formal approval for placement of tailings in Pit 1 was initially granted by the NT Government in 1995 and tailings deposition commenced in 1996. In 2005 approval was given to temporarily store tailings to a maximum level of +12 meters Reduced Level (mRL), alleviating the risk (at the time) associated with the high water level in the tailings dam. A condition of the 2005 approval was that further approval would be required, including justification of the final tailings level, prior to the permanent capping and closure of Pit 1. To satisfy this condition, and to demonstrate achievement of the above Environmental Requirements, an application for the approval of the permanent storage of tailings in Pit 1 to a final average tailings level of + 7 mRL, Pit 1 Notification – Final-in-pit tailings level, was submitted to stakeholders on 16 March 2016 by ERA. 
The Supervising Scientist undertook a comprehensive review and assessment of the Application, including seeking technical advice from a range of independent experts and hosting a multi-day, widely attended workshop. Subject to the proposed conditions detailed in Section 3.2, the Supervising Scientist supports approval of an average final tailings level of +7 mRL in Pit 1 and the commencement of the bulk backfill activities, which will improve consolidation of tailings and maximise the recovery of tailings pore water during the operational phase whilst it can be actively treated.
While the approach proposed by ERA for the long-term storage of tailings in Pit 1 was considered to be acceptable, looking at Pit 1 in isolation does not enable a thorough assessment of the potential environmental impacts from the rehabilitated Ranger site as a whole. Therefore, the Supervising Scientist’s assessment focused on the risk associated with a maximum average tailings level in Pit 1 of +7 mRL relative to the cumulative risk associated with the whole rehabilitated mine site. The information presented in the Application was sufficient to demonstrate that the risk to Kakadu National Park specifically from tailings stored in Pit 1 is low compared to the cumulative risk associated with the whole rehabilitated mine site and that transfer of tailings to Pit 3 (the only alternative storage location) in order to reduce the final tailings level in Pit 1 would not further reduce this risk. 
Cumulative risk needs to be considered with a whole-of-site focus in order to fully understand the potential environmental impacts from the whole rehabilitated mine site. The proposed conditions in Section 3.2 include additional whole-of-site investigations and modelling that will enable a more comprehensive, whole-of-site environmental impact assessment. This assessment will be required for ERA to demonstrate their ability to achieve the Environmental Requirements. The proposed conditions also ensure that ERA implement a comprehensive monitoring program for detecting groundwater seepage around Pit 1, and that clear contingencies are planned and available for implantation if mitigation measures are required in the future.
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[bookmark: _Toc473537132]Regulatory Arrangements
The Commonwealth’s environmental protection conditions for Ranger mine, with which the operator must comply, are set out in the Environmental Requirements of the Commonwealth of Australia for the Operation of Ranger Uranium Mine (the Environmental Requirements). The Environmental Requirements are given force through attachment to the Atomic Energy Act 1953 s41 Authority for ERA to mine uranium within the Ranger Project Area and are reflected in the NT Mining Management Act Authorisation under which Ranger operates.
Clause 2 of the Environmental Requirements pertaining to rehabilitation states:
2.1		Subject to subclauses 2.2 and 2.3, the company must rehabilitate the Ranger Project Area to establish an environment similar to the adjacent areas of Kakadu National Park such that, in the opinion of the Minister with the advice of the Supervising Scientist, the rehabilitated area could be incorporated into the Kakadu National Park

2.2	The major objectives of rehabilitation are:

(a) revegetation of the disturbed sites of the Ranger Project Area using local native plant species similar in density and abundance to those existing in adjacent areas of Kakadu National Park, to form an ecosystem the long term viability of which would not require a maintenance regime significantly different from that appropriate to adjacent areas of the park;
(b) stable radiological conditions on areas impacted by mining so that, the health risk to members of the public, including traditional owners, is as low as reasonably achievable; members of the public do not receive a  radiation dose which exceeds applicable limits recommended by the most recently published and relevant Australian standards, codes of practice, and guidelines; and there is a minimum of restrictions on the use of the area;
(c) erosion characteristics which, as far as can reasonably be achieved, do not vary significantly from those of comparable landforms in surrounding undisturbed areas.

2.3 	Where all the major stakeholders agree, a facility connected with Ranger may remain in the Ranger Project Area following the termination of the Authority, provided that adequate provision is made for eventual rehabilitation of the affected area consistent with principles for rehabilitation set out in subclauses 2.1, 2.2 and 3.1.

Clause 11 of the Environmental Requirements pertaining to tailings disposal states:
11.1		During mining operations and prior to final placement, covering and rehabilitation of the tailings, tailings must be securely contained in a manner approved by the Supervising Authority or the Minister with the advice of the Supervising Scientist which prevents detrimental environmental impact.

11.2	By the end of operations all tailings must be placed in the mined out pits.

11.3	Final disposal of tailings shall be undertaken to the satisfaction of the Minister with the advice of the Supervising Scientist on the basis of best available modelling, in such a way to ensure that:
i. the tailings are physically isolated from the environment for at least 10,000 years;
ii. any contaminants arising from the tailings will not result in any detrimental environmental impact for at least 10,000 years;
iii. radiation doses to members of the public will comply with relevant Australian law and be less than limits recommended by the most recently published and relevant Australian standards, codes of practice and guidelines effective at the time of the final disposal.
Whilst the Supervising Scientist oversees ERAs compliance with the Environmental Requirements generally, clauses 2.1, 11.1 and 11.3 specifically require the Supervising Scientist to provide advice to the Minister for Resources and Northern Australia in relation to mine rehabilitation and the final disposal of tailings. This report forms the Supervising Scientist’s advice to the Minister for Resources and Northern Australia, and the NT Minister for Primary Industry and Resources, with respect to the final disposal of tailings in Pit 1.
[bookmark: _Toc473537133]Pit 1 Overview
Ranger Pit 1 is located within the Corridor Creek catchment. Corridor Creek drains surface water and shallow groundwater to Magela Creek, via Georgetown Billabong. 
Pit 1 is a conventional open cut pit that was mined between May 1980 and December 1994. The excavated surface area is 42 ha, with a surface diameter of approximately 700 m and a final depth of 170 m below the surrounding land surface. Tailings were deposited into the pit from August 1996 and reached the maximum permitted (average) level of +12 mRL in December 2008. 
Modelling has demonstrated that the tailings will consolidate up until the end of 2018 and that the final average tailings level will be +7 mRL (minimum elevation less than +1 mRL in the centre to a maximum elevation of +15 mRL at the pit edges) (ATC Williams, 2012). Final consolidation is dependent on the timing of load placements, including the bulk waste rock backfill that will be placed over the tailings. 
[bookmark: _Toc473537134]Previous Applications
Previous regulatory approvals for the deposition of tailings in Pit 1 are summarised below. 
 Deposition of Neutralised Tailings in Ranger #1 Pit - 1995
The original application for the use of Pit 1 as a repository for tailings was submitted by ERA on 3 August 1995 and was subsequently approved on 5 September 1995 (ERA, 1995). The Application was titled Deposition of Neutralised Tailings in Ranger #1 Pit and sought approval to deposit and store tailings to a level of 0 mRL with a target density of 1.2 – 1.3 t/m3. The Application indicates that seepage at depth is unlikely due to the low permeabilities of the deeper aquifers. Most seepage outflow from the pit ‘would be concentrated in the Hanging Wall Series rocks at and above bench 0 (0 mRL) in the south-east corner of the pit. Consequently, if tailings are deposited above bench 0 (0 mRL), there would be potential for tailings seepage to reach surface water in a direction generally east of the pit.’ Notably, dry season seepage inflow rates from the Hanging Wall Sequence were estimated, based on dewatering rates from Mine Bore L (MBL) to range between 3.3 L/s to 5.5 L/s. 
Interim Deposition of Tailings to RL+12 in Ranger #1 Pit - 2005
An extension of the original 1995 Application was submitted by ERA on 11 May 2005, entitled Interim Deposition of Tailings to RL+12 in Ranger #1 Pit (ERA, 2005). This Application outlined an interim operational tailings management strategy that involved temporary storage of tailings to a level of +12 mRL. This would allow ERA to field-test the security of in-pit tailings storage and to maximise the volume of tailings in Pit 1. At the time of submission of this Application, the final level of tailings in Pit 1 and strategies for pit decommissioning and rehabilitation had yet to be determined. The Application was intended to cover the period of mine operations until Pit 3 had been prepared and approved for tailings deposition, thereby reducing the requirement to recommission the tailings dam which had reached its maximum level. To reduce the risk of seepage into the permeable zone above 0 mRL, a seepage limiting barrier was constructed in the south-eastern part of Pit 1, which extended from 0 mRL to +15 mRL. A comprehensive monitoring system was installed to enable detection of seepage from the pit and a number of contingency measures were developed for implementation should this occur. These contingencies formed part of the conditions of approval, granted on 6 August 2005: 
The measures that have been designed to correct any significant excursion of seepage from the pit include:
1 treatment and disposal of process water to lower the level of water in the pit;
2 creating an hydraulic barrier to seepage by raising groundwater levels behind the pit wall, for example by stopping pumping at the MB-L dewatering bore;
3 additional grouting;
4 implementing a seepage recovery system;
5 modifying the properties of tailings to reduce the permeability of tailings deposited against the barrier and pit walls;
6 modifying the existing barrier or installing an additional seepage-limiting barrier (for example, a slurry wall);
7 interim deposition of tailings in the tailings dam; and 
8 transfer of tailings out of the pit to a level where seepage is minimised.
The conditions of approval of the 2005 Application, which remain in force, are as follows:
ERA is authorised to store tailings to an average level of RL+12 and process water to RL+14 in Ranger Pit #1 in accordance with the Application titled Interim Deposition of Tailings to RL +12 in Ranger #1 Pit date 11 May 2005 (the Application) subject to the following conditions:
1.1 The Supervising Authority may direct ERA to either implement any, or all, of the contingencies detailed under Section 3.8 of the Application or to remove tailings and process water to a scientifically justifiable level.
1.2 Prior to the permanent storage of tailings in Ranger #1 Pit ERA is required to submit a further Application for the permanent storage of tailings in the Pit #1, including appropriate supporting information, for consideration by the Supervising Authority.
1.3 ERA will monitor potential groundwater impacts resulting from the storage of tailings in Ranger #1 Pit in accordance with section 3.7 of the Application and make all resulting data available to the Supervising Authority as soon as is practicable after the verified data are available.
1.4 In the event that an impact from the storage of tailings in Ranger #1 Pit is determined ERA will implement contingency actions in accordance with section 3.8 of the Application.
1.5 Any alteration to the monitoring program or contingency actions contained in the Application must have the approval of the Supervising Authority.
Section 3.3.2 of the 2005 Application indicated that ‘downstream groundwater interception bores’ were a feasible option for minimising and managing seepage from Pit 1. 
These conditions remain in force until the current Application is approved.
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[bookmark: _Toc473537136]Application Summary
Condition 1.2 of the 2005 approval for interim storage of tailings in Pit 1 was that ERA would, prior to the permanent storage of tailings in Pit 1, submit a further Application for consideration and approval by the Supervising Authority, including a final maximum tailings level in Pit 1, along with appropriate supporting information to demonstrate this maximum level minimises potential environmental harm. The application Pit 1 Notification – Final-in-pit tailings level, dated 16 March 2016, was submitted to satisfy this condition and is the subject of this assessment report (ERA, 2016). 
The 2016 Application for a final tailings level in Pit 1 includes information related to:
· the Pit 1 closure strategy
· a best practicable technology assessment
· an environmental risk assessment
· potential impacts related to identified risks
· future monitoring requirements.
In particular, the Application includes information on a numerical groundwater contaminant transport model that describes transport of contaminants of potential concern (COPCs) in groundwater from the pit to the surrounding environment. The model simulates groundwater flow and non-reactive transport of contaminants to enable estimation of contaminant loads delivered from Pit 1 sources (tailings and waste rock) to Corridor Creek for 10,000 years after closure, in accordance with the Environmental Requirements. 
Various other models are also referenced, including a tailings consolidation model, a landform evolution model, a stockpile resource model, the Ranger groundwater conceptual model and the method used to predict concentrations of radon decay products.
[bookmark: _Toc473537137]Assessment Process
A review and assessment of the Application was conducted by the Supervising Scientist Branch of the Department of the Environment and Energy’s Science Division (Appendix 2). The Office of Water Science Branch of the Department of the Environment and Energy’s Science Division provided advice on the general hydrogeological aspects of the Application (Appendix 3). In addition to this, external expertise was sought to undertake independent technical reviews of the tailings consolidation strategy and modelling, the groundwater and contaminant transport modelling and the source term geochemistry. Hydrogeologic Pty Ltd, the South Australian (SA) Department of Environment, Water and Natural Resources (DEWNR) and DR Jones Environmental Excellence were engaged to undertake these reviews and their reports are presented in Appendices 4, 5 and 6, respectively. 
The tailings consolidation review focuses specifically on Pit 1 whereas the groundwater modelling and the source term geochemistry reviews have more of a whole-of-site focus. As a result, a number of issues raised by the reviewers were not considered to be directly relevant to assessing the appropriateness of +7 mRL as a final maximum average tailings level. These concerns have been acknowledged in this report as key knowledge gaps that will need to be investigated further to determine potential whole-of-site impacts on the environment. The review findings are summarised in this report.
A groundwater workshop was held by SSB on 5–7 September 2016 to discuss the Pit 1  groundwater and contaminant transport modelling along with the broader Ranger hydrogeological system, as represented in the Ranger Conceptual Model (INTERA, 2016). Participating stakeholders included ERA, the Gundjeihmi Aboriginal Corporation (the representative body of the Mirrarr Aboriginal people), the Northern Land Council, the Office of Water Science, Geoscience Australia, NT DPIR, SA DEWNR, DR Jones Environmental Excellence and staff from the Supervising Scientist Branch. The outcomes of the workshop are summarised in Appendix 7 and have informed this assessment report.
[bookmark: _Toc473537138]Key Environmental Risks
2.1.1 [bookmark: _Toc473537139]Groundwater
A key risk to the environment associated with permanent disposal of tailings in Pit 1 is from contaminants transported via groundwater seepage to surrounding surface water bodies, both on and off the Ranger Project Area. The key components that govern the transport of contaminants from Pit 1 are outlined below, along with the key findings from the reviews as they relate to each component.
2.1.1.1 [bookmark: _Toc473537140]Source Term Geochemistry
DR Jones Environmental Excellence conducted an independent review of the source term characterisation for tailings, pit tailings flux, waste rock and groundwater in, and surrounding Pit 1. In the context of this report, a source term is considered to be an estimate of the concentration of a contaminant that is potentially available for transport into the receiving environment from a specific source over a certain period of time. The review covered geochemical processes and associated assumptions made in the contaminant transport modelling undertaken by ERA. While the review extends to broader site-wide issues, a number of recommendations apply to this Application and the assessment of the final tailings level in Pit 1. 
Importantly, the review found that the list of COPCs identified was appropriate and that the overall approach of assuming non-reactive transport to estimate loads of contaminants discharged from Pit 1 through time was adequate. However, the reviewer recommended that calcium should be included in the model and that further consideration should be given to the anticipated magnesium/calcium ratio of Pit 1 discharges to ensure a better understanding of potential magnesium toxicity in receiving surface waters. 
The review indicated that the modelled annual contaminant loads delivered to Corridor Creek from Pit 1 may be underestimated due to uncertainty in the source term characterisation. In relation to the final tailings level in Pit 1, this is not considered to be of concern as the contaminant loads predicted to be delivered to Corridor Creek from Pit 1 tailings are significantly lower than the loads currently reporting to the creeks during mine operations. Further to this, the data presented in the Ranger Conceptual Model indicates that that most significant source of contaminants on the rehabilitated mine site is waste rock, and that the peak annual magnesium load from Pit 1 tailings is equivalent to approximately 1.5% of the peak annual magnesium load that is expected to be generated from the waste rock landform. While further refinement of the source terms will improve confidence in the overall site-wide contaminant loading estimates, any changes to the current load estimates for Pit 1 would be negligible compared to other contaminant sources. 
The Supervising Scientist agrees with the recommendation to include calcium in the contaminant transport modelling and to improve the general characterisation of the key sources terms. Both of these recommendations have been included in the proposed conditions for approval (Section 3.2).
2.1.1.2 [bookmark: _Toc473537141]Tailings Consolidation Modelling
The tailings consolidation model estimates the volume of tailings pore water that will be expressed from Pit 1 during the consolidation process, as the tailings settle underneath the load of waste rock above to a final average level of +7 mRL. The pore water expressed from the Pit requires active management and treatment prior to release, which is only possible up to 2025 after which time the water treatment facilities on site will be decommissioned. Any remaining pore will become a long-term source of contaminants (pit tailings flux) and maximising its removal whilst it can be treated is critical to reduce future potential environmental effects. 
Modelling indicates that the majority of consolidation, and hence expression of pore water, will occur during the placement of the initial 20 MT of waste rock bulk backfill. The model predicts that if bulk backfill commenced in August 2016, the peak in pore water expression will occur during 2018, at around 300 m3 per day. The model estimates that ‘minimal’ volumes are likely to be expressed beyond 2026. The consolidation model was reviewed by Hydrogeologic Pty Ltd on behalf of SSB. Despite concern about the model uncertainly the review indicated that the model was ‘generally fit for purpose’ for estimating the final level of tailings after consolidation and the associated pore water volumes expressed during consolidation. The model demonstrated adequate performance as predicted settlement values corresponded well with actual settlement values measured between 2013 and 2015. However, the review recommended that ongoing settlement monitoring was necessary to allow further verification and to improve quantification of model uncertainty. The Supervising Scientist agrees with this recommendation and has included it in the proposed approval conditions (Section 3.2).
A further concern raised in the review was that the tailings consolidation model did not include sufficient data to represent the existing water balance for Pit 1. A water balance defines the water flowing in and out of the pit and should include measurements of rainfall, groundwater inflows, evapotranspiration and expressed pore water. The review considered that a water balance is required to improve the accuracy of flow estimates over time and that the lack of an adequate water balance results in significant uncertainty in the current modelled flow predictions. The review recommended that water balance measurements should be collected to improve confidence in the consolidation model capability. The Supervising Scientist agrees with this recommendation and has included it in the proposed approval conditions (Section 3.2).
2.1.1.3 [bookmark: _Toc473537142]Contaminant Transport Modelling
The movement of contaminants in groundwater away from Pit 1 was simulated using a groundwater numerical model. This model was reviewed formally by SA DEWNR and was also scrutinised at a groundwater workshop which was attended by various experts as well as ERA and the model developers.
It was generally considered that the model is suitable for the intended purpose of estimating average and peak annual contaminant loads delivered to Corridor Creek over 10,000 years. The predicted contaminant contribution from tailings within Pit 1 is low relative to the contribution currently delivered to Corridor Creek during mine operations, which has not resulted in any observed environmental impacts. A key criticism of the model was the short calibration period (1 year) compared to the extreme length of the predictive period (10,000 years). However, while model calibration to a longer and/or wider dataset may increase the accuracy of the predicted timing of peak contaminant delivery to Corridor Creek, it would be unlikely to increase the magnitude of the peak contaminant load, which is more important for determining environmental impact. 
The review found that the overall model uncertainly was high, resulting in low confidence in the modelled results. The low confidence was mainly due to:
· The short calibration period (1 year) compared to the extreme length of the predictive period (10,000 years), as indicated above.
· Uncertainty in the assumed initial conditions for the model, specifically with respect to groundwater levels (which are assumed to return to pre-mining levels by 2025) and groundwater quality (which is assumed to represent background quality). 
· Insufficient sensitivity and uncertainty analysis for parameters that may govern the migration of contaminants, including porosity and hydraulic conductivity.
The geochemical review undertaken DR Jones Environmental Excellence also identified the above issues and the associated recommendations have been included in the proposed approval conditions (Section 3.2).
The groundwater modelling will need to integrate with surface water models to allow the estimation of contaminant concentrations in surface water. Historical stream water quality monitoring data have shown that shallow groundwater in the Corridor Creek catchment expresses into the creek channel under low surface flow conditions, particularly towards the end of the wet season. As a result, contaminants transported from Pit 1 in the shallow groundwater are likely to enter the creek channel primarily during periods of recessional flow. To be able to estimate the contaminant concentrations during these low flow periods, the groundwater contaminant transport model would need to produce outputs at a higher temporal resolution. Both reviews agree that further work is required to enable the estimation of loads at a spatial and temporal resolution more appropriate for estimating contaminant concentrations in Corridor Creek over the seasonal flow cycle. Improving the model resolution is necessary to inform the future assessment of whole-of-site surface water impacts. 
The need for undertaking higher resolution modelling to assess impacts arising from contaminant toxicity on a whole-of-site basis is included in the proposed approval conditions (3.2). 
Further to the findings outlined above, the Pit 1 groundwater and surface water monitoring plan included in the Application was deficient. Given the overall model uncertainty there is a need for ongoing monitoring to enhance the hydrogeological conceptualisation and improve model calibration. The current monitoring proposal does not indicate how these issues will be addressed and may be inadequate for detection of seepage from the pit. Some of the proposed monitoring bores have screen lengths intersecting multiple aquifers which will confound the water level and water quality data. In order to enable implementation of future mitigation measures, if required, an ongoing understanding of groundwater movement and quality is needed. To achieve this, a more substantial groundwater monitoring program is necessary. Associated recommendations have been included in the proposed approval conditions (Section 2.3).
2.1.1.4 [bookmark: _Toc473537143]Groundwater/Surface Water Interactions and Stream Flow
Understanding groundwater/surface water interactions is important for the conversion of predicted annual contaminant loads to concentrations that can be used to assess toxicological impacts in surface waters. Further work is required to define these interactions to enable a better understanding of the locations and rates of delivery of contaminants from Pit 1, and more broadly across the mine site, to the surrounding surface waters. In the case of Pit 1, modelling is required to characterise the surface water flow dynamics in Corridor Creek post-rehabilitation, after the removal of several small dams and the cessation of treated mine water inputs. 
The Application included an estimate of the stream-flow rate that would be required in Corridor Creek (1 m3 second) to effectively dilute contaminant concentrations to environmentally acceptable levels. This estimate assumes that the groundwater enters the creek at a constant rate throughout each year, which is not the case and oversimplifies the dynamic interactions between groundwater and surface water. This is a critical knowledge gap that reduces the overall confidence in the Ranger mine hydrogeological conceptualisation as well as current and future predictive modelling. Associated recommendations have been included in the proposed approval conditions (Section 3.2).
The contaminants arising from tailings in Pit 1 will report to Corridor Creek, however as discussed above, the possible environmental impacts from tailings in Pit 1 need to be considered in the context of the entire rehabilitated mine site. This includes any existing groundwater contamination, the tailings stored in Pit 3 and the final landform itself. The peak annual contaminant loads estimated to be delivered to Corridor Creek from Pit 1 were small in comparison to the loads estimated for other contaminant sources. This suggests that impacts to the surrounding Kakadu National Park arising specifically from tailings in Pit 1 are highly unlikely, and would not be meaningfully reduced by a reduction in tailings level.
2.1.2 [bookmark: _Toc473537144]Landform
To demonstrate achievement of a number of the rehabilitation Environmental Requirements, the final landform design must demonstrate that gully formation will not result in the exposure of tailings, and that the landform will support and sustain plant growth. The final landform design is still undergoing assessment and has not yet been approved.
The landform evolution modelling presented in the Application shows the formation of a gully over the southern portion of Pit 1, reducing the depth of the waste rock cap above the tailings from approximately 15 meters to 5 meters. The error associated with this distance is likely to be ± 10 m because the digital elevation model used to represent the landform surface in the landform evolution modelling had a vertical resolution of approximately 10 metres. This suggests that the gully shown in the Application could possibly lead to exposure of tailings in the long term. In relation to Pit 1 (and eventually Pit 3), the final landform design should be revised to minimise gully formation over tailings and will not be endorsed until the Supervising Scientist is satisfied that the risk of tailings exposure within 10,000 years in minimised. Related recommendations have been included in the proposed approval conditions (Section 3.2). 
The Application includes a schedule of works for the rehabilitation and closure of Pit 1, indicating that revegetation of the Pit 1 waste rock cap will commence 12 months after the commencement of the bulk backfill process. Prior to completion of the bulk backfill and commencement of vegetation, the final landform design must be approved. Additional information relating to the ability of the waste rock cap on Pit 1 to support and sustain plant growth (such as plant available water) is required before the design can be approved. Related recommendations have been included in the proposed approval conditions (Section 3.2). 
The final tailings level in Pit 1, and the placement of the initial layer of bulk backfill, does not impact on the ability to further revise the final landform surface or the design of a plant growth medium. Therefore the need to complete this additional work should not prevent approval of the final tailings level and the commencement of the initial stage of bulk backfill. However, the Application contained very little information on the bulk backfill strategy, such as the methods and timing of rock placement. This should be provided before bulk backfill commences. Associated recommendations have been included in the proposed approval conditions (Section 3.2). 

2.1.3 [bookmark: _Toc473537145]Radiation
Exposure to radiation from the tailings permanently stored in Pit 1 can occur via three pathways: inhalation of radon decay products; ingestion of radionuclides in food, dust and water; and external exposure to gamma radiation. According to Environmental Requirement 11.3 the total radiation dose to members of the public from all pathways must not exceed applicable limits, and land use restrictions required to ensure this must be kept to a minimum. The most current limit applicable to mining in Australia is 1mSv per year, which excludes the dose received from natural and medical sources (ARPANSA, 2005). 
The Application addressed each of the three exposure pathways and concluded that, provided tailings are not exposed due to erosional process, radiation exposure from tailings will be negligible. The Supervising Scientist agrees that the majority of the total radiation dose from the rehabilitated mine site will come from the waste rock landform, with a negligible contribution from the buried tailings. 
2.1.3.1 Inhalation pathway
The risk of radiation exposure from the inhalation of radon decay products from tailings is considered to be negligible because the proposed depth of the waste rock cap will significantly reduce the emanation of radon. The Supervising Scientist is satisfied that a reduction in tailings level in Pit 1 will not meaningfully reduce radon emanation rates. 
Landform modelling indicates there is a possibility that gullies may form above Pit 1. This would reduce the waste rock depth above the stored tailings and result in an increase in radon emanation rate in the immediate vicinity of the gully. Given the localised nature of the increased risk, it is not considered to significantly increase the overall risk of radiation exposure from radon decay products from the tailings source.
2.1.3.2 Ingestion pathway
Radiation exposure to people via the ingestion pathway occurs when radionuclides in dust, bushfoods or water are ingested. Ingestion of radionuclides from tailings dust is not possible unless tailings are exposed, so the main risk to people is from ingesting contaminated bushfoods, such as mussels and native fruits and from the contamination of surface water. 
In the absence of exposed tailings, the primary mechanism for tailings derived radionuclides to enter the surrounding environment is via groundwater seepage into surrounding surface waters. Key radionuclides, radium and polonium, were included in the groundwater contaminant transport modelling discussed in Section 2.3.1.3. The average annual loads of radium and polonium predicted to seep from tailings in Pit 1 into surrounding surface waters were low compared to the loads currently released during mine operations, and compared to the annual load limits for these radionuclides in surface waters. An extensive monitoring data set has shown that operational radionuclide  loads have not been of human health significance. Accordingly, radiation dose to the public from Pit 1 tailings via the ingestion pathway is not of significance.
The Application suggests that the depth of the waste rock cap is sufficient to prevent any interaction between tailings and the roots of plants growing on the surface, however this is not well supported. The Supervising Scientist considers that further work is required to validate this and has included associated recommendations in the proposed conditions for approval (Section 3.2). 
2.1.3.3 External pathway
Radiation exposure via the external gamma pathway can only occur in the immediate vicinity of exposed tailings. Provided they are not exposed, tailings in Pit 1 should not provide any external gamma dose to humans.

3 [bookmark: _Toc473537146]Assessment Outcomes
[bookmark: _Toc473537147]Summary
The Supervising Scientist has undertaken a detailed review and assessment of the 2016 application, Pit 1 Notification – Final-in-pit tailings level, including the tailings consolidation modelling and the numerical groundwater modelling, both used to estimate loads of contaminants reporting to Corridor Creek over time. 
Subject to specific proposed approval conditions outlined in Section 3.2, the Supervising Scientist supports approval of a final average tailings level of +7 mRL in Pit 1 and the commencement of the bulk backfill activities, which will improve consolidation of tailings and maximise the recovery of tailings pore water during the operational phase whilst it can be actively treated. 
The level of tailings currently contained in Pit 1 could only be reduced by transferring tailings to Pit 3. A reduction in the final tailings level in Pit 1 from the proposed average level of +7 mRL to 0 mRL (an historically acceptable level) would reduce the total tailings volume in the pit by approximately 8%, representing a negligible reduction in the tailings contaminant source. This is unlikely to reduce the risk to the environment. Furthermore, elevating the final tailings level in Pit 3 may increase the risk to the environment by resulting in:
· increased risk of tailings exposure should the Djalkmara watercourse re-form near its original location, which would reduce the cover between the tailings and the surface of the landform
· increased risk of contaminants entering Magela Creek through zones of comparatively high permeability, including the ‘Djalkmara Sands’ zone located to the north-east of Pit 3 and the fault-zone, located to the north of Pit 3
· decreased opportunity for dilution of contaminants prior to surface waters flowing into the surrounding Kakadu National Park, as Pit 3 is located about 100 m from Magela Creek (whereas Pit 1 is located adjacent to Corridor Creek, a minor tributary that flows into Magela Creek via Georgetown Billabong thus offering significant opportunity for dilution).
The Application and the Ranger Conceptual Model (INTERA, 2016)  provided sufficient information to conclude that the risk to Kakadu National Park specifically from the tailings in Pit 1 is low compared to the cumulative risk associated with the whole rehabilitated mine site, and unlikely to impact human health or the environment.
Cumulative risk needs to be considered with a whole-of-site focus in order to fully understand the potential environmental impacts from the whole rehabilitated mine site. The proposed conditions in Section 3.2 include additional whole-of-site investigations and modelling that will enable a more comprehensive, whole-of-site environmental impact assessment. This assessment will be required for ERA to demonstrate their ability to achieve the Environmental Requirements. While these proposed approval conditions are specific to Pit 1, ERA should consider the cumulative risk to the environment from the whole mine site in their implementation. 
[bookmark: _Toc473537148]Recommended approval conditions 
Based on the best available modelling the Supervising Scientist supports the approval of a final average tailings level of +7 mRL in Pit 1 of the Ranger uranium mine, subject to the following conditions:
1. Bulk backfill. Prior to the commencement of any further Pit 1 backfill works ERA must provide a detailed Pit 1 backfill plan for the approval of the Director with the advice of the Supervising Scientist. The plan must demonstrate how the work will reconcile assumptions made in the tailings consolidation model and should include a detailed method and schedule for fill placement, and a comprehensive monitoring program for tailings consolidation, including settlement surveys and water balance measurements.
2. Landform design. Prior to commencing the placement of the final six million tons of backfill in Pit 1 ERA must have obtained approval for the final landform design from the Director with the advice of the Supervising Scientist. The design must specifically address issues including plant available water, the potential for plant root interactions with tailings and the formation of gullies over the top of tailings.
3. Within eight weeks of the release of this report ERA should propose a schedule for completion of each of the following for the approval of the Director with the advice of the Supervising Scientist:
a. Risk assessment. A revised environmental risk assessment that clearly indicates how each risk was identified, how each risk scenario was evaluated, and how the risk ratings and related management classes were assigned. The assessment must clearly describe each of the existing and proposed controls, including demonstrating how effectiveness and manageability of each control was ranked.
b. Geochemistry. A reactive-transport model for calcium in groundwater and further characterisation of source terms in and around Pit 1, including saturated waste rock, pit tailings flux and groundwater surrounding Pit 1.
c. Tailings consolidation. A plan that outlines an approach to ongoing verification of the tailings consolidation model, which should enable refinement of the pit tailings flux source term for contaminant transport modelling as well as an ongoing understanding of how the groundwater system will respond throughout the bulk backfill process. The plan must include a detailed evaluation of model uncertainty, a monitoring program for settlement plates in Pit 1 and a monitoring program that enables better understanding of the Pit 1 water balance (including measurement of the quantity and conductivity of decant water removed from the pit).
d. Groundwater modelling. Additional groundwater modelling to better estimate the timing and magnitude of contaminant delivery to Corridor Creek throughout the seasonal stream-flow cycle and to better understand the initial period of groundwater stabilisation. Groundwater modelling must be conducted in consideration of groundwater/surface water interactions to allow integration with surface water modelling. Further investigation should be carried out on specific hydrogeological zones that represent potential pathways (e.g. the ‘MBL zone’ and the Lower Mine Sequence carbonate zone between Pit 1 and Pit 3).
e. Surface water modelling. Additional surface water modelling for the Ranger site and surrounds, including the Corridor and Magela Creek systems, to estimate post-closure surface water flows and associated concentrations of contaminants in surface waters at a resolution suitable for aquatic toxicity assessment. Surface water modelling must be conducted in consideration of groundwater/surface water interactions to allow integration with groundwater modelling.
f. Groundwater monitoring. A groundwater monitoring program appropriate for further refinement of the Ranger hydrogeological conceptualisation, ongoing model validation and early detection of seepage from Pit 1. The program must include a schedule for the routine measurement of groundwater levels, quality and gradients at key locations along with trigger values that can be used to identify seepage from the pit and provide the basis on which to consider implementing contingency measures. Where these locations differ to those in the current Pit 1 monitoring program, as approved in 2005, justification must be provided. 
g. Contingency planning. A contingency plan that explicitly details all controls that are currently in place to reduce environmental risk, and any planned contingency measures that can be implemented to mitigate impacts in the event that monitoring detects concentrations of contaminants in groundwater that are in excess of those predicted or are likely to be of environmental significance.
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Advice on Pit 1 Notification: final in-pit tailings level from the Supervising Scientist to the Northern Territory Minister for Primary Industry and Resources
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Appendix 2


Supervising Scientist Branch review of Pit 1 Notification: final in-pit tailings level
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Office of Water Science Branch review of Pit 1 Notification: final in-pit tailings level
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Hydrogeologic Pty Ltd – Pit 1 consolidation model review: Ranger Pit 1 Consolidation Modelling Independent Review
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South Australian Department of Environment, Water and Natural Resources – Pit 1 groundwater and contaminant transport model review: Review of Contaminant Egress Mitigation Modelling for Ranger Pit 1 Closure
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Appendix 6


DR Jones Environmental Excellence – Mine site geochemistry review: Review of Geochemistry-Related Aspects of Closure Modelling for Ranger Pit 1 and Pit 3
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Appendix 7


Summary outcomes of the Groundwater Workshop hosted by the Supervising Scientist Branch, 5-7 September 2016[image: \\pvnt01flpr01\user$\A09831\Profile\Desktop\appendices\appendix_Page_091.jpg]
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Ranger Groundwater Warkshop.
Jabirs Feld Staton
Monday 5.7 September 2016
Summary Record of Workshop
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Overview of Ranger Min and ERA closure srstegy - ERA
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e group discussed eevant matters fllowing the presentation. Topicsof discussion ncuded:
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The group discussed relevant matters following the presentation. Topics of discussion included:

e The capacity of faults to transmit groundwater.

o The height of tailings deposition in Pit 3 and Pit 1.

o The geomorphology of the Magela Creek channel, including how the channel supports biodiversity
within Magela Creek.

Workshop Wrap-Up and Next Steps — SSB

The key issues were discussed — open forum. A summary of high-level, non-technical issues to assist in
moving the process towards closure and rehabilitation was the focus. To support this outcome, a
number of potential next steps were identified. These included:

o Understanding and predicting finer temporal (weekly/monthly/seasonal) details and quantities of
solute transport to surface waters both immediately post decommissioning and up to peak loading.

o Validation and, eventually, re-calibration of groundwater flow and solute transport models through
ongoing monitoring and gathering of new data.

e Improve understanding and clarification of COPC source terms.

e Reactive transport analysis of calcium.

e Investigate potential contaminant plume below the TSF.

o Undertake focussed studies on specific areas, including the TSF, Djalkmara Sands, Magela Creek,
the “MBL higher permeability zone” and faulting in Pit 3 walls.

o Analysis of final landform design to prevent gully erosion exposing tailings, and address risks
associated with break of slope erosion.

A surface water and TSF plume model were noted to be in development.

INTERA were commended on the enormous amount of work they had undertaken to date and for their
significant participation during the workshop.

Other presenters and participants were thanked for their substantial contributions.

Meeting closed 11:10 am Wednesday 7 September.
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ATTACHMENT C

Acronym Definition

BPT Best practicable technology

Ca Calcium

COPC Contaminants/constituents of potential concern

DEWNR Department of Environment, Water and Natural Resources, South Australia

DJ David Jones, D R Jones Environmental Excellence

DME Department of Mines and Energy

ERA Energy Resources of Australia Limited

ET Evapotranspiration

GAC Gundjeihmi Aboriginal Corporation

GA Geoscience Australia

INTERA INTERA Geoscience and Engineering Solutions

ITWC PFS Integrated Tailings, Water and Closure Pre-feasibility Study

LAA Land Application Area

MBL Mine Bore L - MBL is a zone (based on the MB-L bore) of relatively higher
permeability in the south-east part of Pit 1

Mg Magnesium

Mn Manganese

NLC Northern Land Council

OowSs Office of Water Science Branch, Department of the Environment and Energy

PPA Processing Plant Area

PEST Model-Independent Parameter Estimation and Uncertainty Analysis

PTF Pit tailings flux (expressed tailings water)

R3D Ranger 3 Deeps

RCM Ranger Conceptual model

RL Reduced level

SSB Supervising Scientist Branch, Department of the Environment and Energy

TAN Total ammonia N

TSF Tailings Storage Facility

u Uranium
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Department of the Environment and Energy

Supervising Scientist

31 January 2017

Mr Peter Waggitt

Director of Mining Compliance

Department of Primary Industry and Resources
GPO Box 4550

Darwin NT 0801

Dear Mr Waggitt
Re: Pit 1 Notification — final in-pit tailings level

The Environmental Requirements of the Commonwealth of Australia for the Operation of
Ranger Uranium Mine stipulate the Commonwealth’s environmental protection conditions for
the Ranger uranium mine, with which the operator, Energy Resources of Australia Ltd
(ERA), must comply. In relation to mine site rehabilitation, the requirements specify that all
tailings produced at Ranger mine must be placed in the mine pits for permanent storage,
and that for 10,000 years after mine closure, tailings must not be exposed and contaminants
arising from tailings must not cause environmental impacts in the surrounding Kakadu
National Park

In 2005 interim approval was given to temporarily store tailings to a maximum level of +12
meters Reduced Level (mRL) in Pit 1. A condition of the 2005 approval was that further
approval would be required, -including justification of the final tailings level, prior to the
permanent capping and closure of Pit 1. To satisfy this condition, and to demonstrate
achievement of the above Environmental Requirements, an application for the approval of
the permanent storage of tailings in Pit 1 to a final average tailings level of + 7 mRL, Pit 1
Notification — Final-in-pit tailings level, was submitted to stakeholders on 16 March 2016 by
ERA.

The Supervising Scientist Branch has undertaken a detailed assessment of the Application,
seeking independent technical advice on groundwater solute transport modelling, tailings
consolidation modelling and source term geochemistry. The Branch hosted a groundwater
workshop on 5-7 September 2016 where issues identified by the Branch and the
independent experts were discussed with ERA and other key stakeholders. The assessment
findings, taking into account the workshop outcomes, are summarised in an assessment
report, which is provided for your information at Attachment A.

Subject to the recommended approval conditions outlined in Section 3.2 of the assessment
report, the Supervising Scientist supports approval of a final tailings level of +7 mRL in Pit 1
and the commencement of the bulk backfill activities.

The information presented in the Application was sufficient to demonstrate that the risk to
Kakadu National Park specifically from tailings stored in Pit 1 is low compared to the
cumulative risk associated with the whole rehabilitated mine site. Transfer of tailings to Pit 3

Darwin Office: GPO Box 461 Darwin NT 0801 » Telephone 08 8920 1100 « Facsimile 02 8320 1199
Jabiru Field Station: Locked Bag 2 Jabiru NT 0886 « Telephone 08 8979 9711 « Facsimile 08 8979 2076
www environment gov.au
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Recommended Approval Conditions

Based on the best available information and modelling the Supervising Scientist supports the
approval of a final tailings level of +7 mRL in Pit 1 of the Ranger uranium mine, subject to
the following conditions:

1.

Bulk backfill. Prior to the commencement of any further Pit 1 backfill works ERA must
provide a detailed Pit 1 backfill plan for the approval of the Director with the advice of the
Supervising Scientist. The plan must demonstrate how the work will reconcile
assumptions made in the tailings consolidation model and should include a detailed
method and schedule for fill placement, and a comprehensive monitoring program for
tailings consolidation, including settlement surveys and water balance measurements.
Landform design. Prior to commencing the placement of the final six million tons of
backfill in Pit 1 ERA must have obtained approval for the final landform design from the
Director with the advice of the Supervising Scientist. The design must specifically
address issues including plant available water, the potential for plant root interactions
with tailings and the formation of gullies over the top of taifings.

Within eight weeks of the release of this report ERA should propose a schedule for
completion of each of the following for the approval of the Director with the advice of the
Supervising Scientist:

a. Risk assessment. A revised environmental risk assessment that clearly
indicates how each risk was identified, how each risk scenario was evaluated,
and how the risk ratings and related management classes were assigned. The
assessment must clearly describe each of the existing and proposed controls,
including demonstrating how effectiveness and manageability of each control was
ranked.

b. Geochemistry. A reactive-transport model for calcium in groundwater and further
characterisation of source terms in and around Pit 1, including saturated waste
rock, pit taifings flux and groundwater surrounding Pit 1.

c. Tailings consolidation. A plan that outlines an approach to ongoing verification
of the tailings consolidation model, which should enable refinement of the pit
tailings flux source term for contaminant transport modelling as well as an
ongoing understanding of how the groundwater system wili respond throughout
the bulk backfill process. The plan must include a detailed evaluation of model
uncertainty, a monitoring program for settlement plates in Pit 1 and a monitoring
program that enables better understanding of the Pit 1 water balance (including
measurement of the quantity and conductivity of decant water removed from the
pit).

d. Groundwater modelling. Additional groundwater modelling to better estimate
the timing and magnitude of contaminant delivery to Corridor Creek throughout
the seasonal stream-flow cycle and to better understand the initial period of
groundwater stabilisation. Groundwater modelling must be conducted in
consideration of groundwater/surface water interactions to allow integration with
surface water modelling. Further investigation should be carried out on specific
hydrogeological zones that represent potential pathways (e.g. the ‘MBL zone’ and
the Lower Mine Sequence carbonate zone between Pit 1 and Pit 3).

e. Surface water modelling. Additional surface water modeliing for the Ranger site
and surrounds, including the Corridor and Magela Creek systems, to estimate
post-closure surface water flows and associated concentrations of contaminants
in surface waters at a resolution suitable for aquatic toxicity assessment. Surface
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water modelling must be conducted in consideration of groundwater/surface
water interactions to allow integration with groundwater modelling.

Groundwater monitoring. A groundwater monitoring program appropriate for
further refinement of the Ranger hydrogeological conceptualisation, ongoing
model validation and early detection of seepage from Pit 1. The program must
include a schedule for the routine measurement of groundwater levels, quality
and gradients at key locations along with trigger values that can be used to
identify seepage from the pit and provide the basis on which to consider
implementing contingency measures. Where these locations differ to those in the
current Pit 1 monitoring program, as approved in 2005, justification must be
provided.

Contingency planning. A contingency plan that explicitly details all controls that
are currently in place to reduce environmental risk, and any planned contingency
measures that can be implemented to mitigate impacts in the event that
monitoring detects concentrations of contaminants in groundwater that are in
excess of those predicted or are likely to be of environmental significance.
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decommissioning should be undertaken with a view to validating and hence reducing uncertainty in the models. Model
calibration to a longer and/or wider dataset would likely result in refinements to hydraulic parameters. This would be
expected to result in more accurate predictions of the timing of peak solute flux to Corridor Creek. However, given the
way that the model has been constructed, it would be unlikely to increase the magnitude of the peak contaminant flux.

3.2

It would be useful to be more explicit regarding how average tailings levels are derived i.e. states “at the end of
deposition (i.e. 2008), the average tailings level was less than +12 mRL".

Fig. 1 missing location of decant towers/structures.
For Figs. 1a, 2, 3, 4 it would be useful to show any engineering works i.e. the seepage limiting barrier (SLB).

It is understood that the “consolidation model predicted that the average final tailings level in Pit 1 would be +7 mRL...” it
would be useful to be more explicit as to when (i.e. year) this will occur and under what conditions.

41

There is discussion of “tailings placed above 0 mRL may allow contaminated seepage to egress via shallow aquifers
along the south eastern zone of the pit wall...solutes would then enter Magela Creek at concentrations potentially in
excess of the receiving water criteria”. While the SLB was installed to mitigate this issue (if tailings are placed above
0 mRL), the SLB has been breached and longevity of any engineering structures over 10,000 years is questionable.
There is reference (i.e. no documented detail provided in the Notification) to risk assessments that have been conducted
in the likely hood of no SLB, however it is still unclear (due to the lack of detail) why there is no longer a concern of
tailings being placed above 0 mRL.

MBL aquifer has been introduced as a key hydrogeological feature that could influence groundwater movement
however there is no clarity around what the MBL aquifer actually is (i.e. is it a zone?).

4223

Aside from one line identifying Class Il as high risk, there does not appear to be a concise description or explanation of
the significance of risk rankings classified as | — lll, or how they were derived or identified.

42242

Derived dilution factor (for Corridor Creek) is based on ratio of average predicted seepage rate from Pit 1 to base flow in
Corridor Creek. The actual receiving stream concentration may be underestimated, especially towards the end of
the wet season, if the egress of solutes lags the recessional fall in stream flow. Flow duration character of Corridor
Creek would be useful to evaluate the dilution flow requirements.

42243

Reference to the horizontal and vertical spatial resolution of the DEM representing the landforms is missing; the
resolution of the model is key to this discussion. The DEM representing the landform surface has a horizontal resolution
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of 10 m (note vertical resolution could be >10 m). Consequently, care should be taken not to interpret model predictions
as absolute depths but rather an indication. Risk assessments on differences between a predicted final tailings level and
a predicted erosion depth on a relatively coarse elevation from the landform model may result in an inaccurate risk
assessment.

42244

The thickness of the waste rock cover (i.e. >20 m) is likely to be sufficient to ensure tree roots do not penetrate into the
tailings. However, the reference to research (i.e. Hutley et al. 2000) showing that tree roots are mainly found within the
top 1 m of soil could be misinterpreted, given that tree roots in tropical savannas can penetrate to much greater depths
(eg.12-15m).

Current groundwater modelling shows impacts to Corridor Creek are unlikely, but further refinement of the modelling is
required. SSB accepts that the information provided is sufficient to show that impacts off the Ranger Project Area
(“surrounding environment”) as a result of contaminants arising from the Pit 1 tailings are unlikely.

511

Fig. 3.24 presents the predicted annual Mg loading to Corridor Creek from Pit 1 from sources such as tailings, waste
rock and the pit tailings flux (PTF) at a predicted 95% removal case however a more conservative approach is to
consider PTF at the 90% removal case represented in Table 6 and Appendix D 3.23.

The Mg loading to Corridor Creek continues to increase up to the end of the model run time of 10,000 years. It appears
that the loading to Corridor Creek may increase above 2.29 tonnes per annum beyond the 10,000 year model run time.
If the hydraulic parameters of the model do not adequately represent the groundwater flow or solute reaction conditions
of the site, a greater annual flux of tailings-derived contaminants may reach Corridor Creek within 10,000 years. Thus,
the model may under-predict the peak load and timing for the tailings Mg source to be expressed at Corridor Creek.

5.1.1

The major sensitivity for solute egress from Pit 1 over the 1st 50 years will be the amount of PTF that is initially
extracted as the tailings consolidates over the first 6 years, including the time required for placement of backfill.
Extracting the PTF as it is produced will be the key to ensuring that downstream environmental impact is minimised. It is
inferred by ERA in its Notification for Pit 1 closure (ERA 2016) that 99% of the PTF will be removed. This reviewer
disagrees with this proposition. In the absence of guidance to the contrary it has been assumed for this review that 90%
removal is more realistic (expressed by OWS above).

The combined effects through time of Pits 1 and 3 need to be considered. Simple addition of the predicted Mg loads
from each pit through time provides a reasonable first pass basis for doing this. Running a combined pits model would
probably not provide much more insight. However, in this context it appears that the pre-existing (impacted) solute loads
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in groundwater in the areas between the domains defined by the pit footprints may not have been taken into account by
the model. There will also be a substantial amount of waste rock remaining on the surface after the pits are backfilled.
The contribution of this solute source to annual loads of Mg leaving the site may not have been adequately addressed
by the model, and could be significant.

The magnitude of the PTF-derived source in Pit 1 may have been significantly underestimated by virtue of a higher
transient elevation of the PTF occurring in waste rock, compared with the model assumption that the final elevation
corresponding to a given % removal is the starting point for the model. This is an issue since the PTF-wetted material
will retain a significant proportion of the PTF solute load, despite subsequent drain down to the target removal level.

511

Figure 8 shows a time series of the predicted mass of Mg released from the waste rock and also the tailings sources
that appears to be reasonable except for the substantial decrease in Mg load from the waste rock source immediately
after 270 years. This sudden change is not explained (simplistic statements to the effect that the peak occurs at year
270 do not form an explanation, although detailed explanations may be made in other reports not sighted).

513

The Mg ratio approach to estimating concentrations (and loadings) of COPC discharged from the site through time is
appropriate, assuming conservative behaviour for them. However, the predictions may not necessarily be valid given the
likely underestimation of some of the contributing source terms.

6.1

From a modelling perspective, it should also be noted that only limited rainfall scenarios were incorporated into model
simulations to date. Similarly the simulations did not attempt to model the effect of armouring the surface.

As above when quoting model predictions, it is also important to recognise that the DEM representing the landform
surface has a horizontal resolution of 10 m (vertical resolution could be >10 m). This has implications in terms of
accurately predicting erosion depth and distance/depth between gullies and buried tailings.

6.1.1

To be specific, the Supervising Scientist provided surfaces which had been modelled for a simulated period of 10,000
years. The source landform on which the simulations were based were supplied by ERA.

The statement that “the risk of exposure of tailings at final consolidated level over a 10,000 year period is considered
very low” assumes that the predicted erosion depths are absolute. Note the earlier comment that due to the resolution of
the DEM, predicted erosion depths should only be considered as an indicator of potential erosion — further erosion may
occur, and the separation between buried tailings and exposure may potentially be less, which may not mean a very low
risk.
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Some concern about where the gullies have been shown to develop in Fig. 13. Potentially these gullies are located
where the cover over Pit 1 is the thinnest as shown in Fig. 14.
71,72&73 No temporal aspect is included with the largely qualitative assessment of potential radiation exposure pathways. The

assessment of radon decay product and external gamma pathways in particular seem to relate to the initial conditions of
the as-built landform. There is no consideration of potential increases in radon exhalation from tailings in areas of gully
formation over the 10,000 year period. Section 6.1.1 of the report indicates that gullies may come to within 5 vertical m
of the top of the tailings within 10,000 years, which means an increase in radon exhalation in those areas. The
radiological significance of such temporal changes should be discussed.

No radiological characterisation of the tailings (other than gamma dose rates) is provided in the report. What are the
activity concentrations of uranium series radionuclides (particularly radium-226) in the tailings? What are the typical
radon exhalation fluxes from the uncovered tailings? This would help with the interpretation of some of the information in
Section 7. For example, it would enable determination of the actual flux of tailings-related radon out of the surface cap,
rather than just knowing the percentage reduction.

The report only considers the potential radiation impacts from the tailings material alone. It does not consider the
radiation impacts from the 1's and 2’s grade material that will cap the tailings. Radiation impacts from the capping
material are likely to be much larger than those from the tailings.

9.2

SLB mentioned in text however the location is missing from Fig. 19, only bores MB-L and R1C3-1 (and proposed new
bores) are shown.

Pit 1 numerical groundwater model validation should be a key objective of the groundwater monitoring program (as
discussed below for Appendix A). It would be useful to know where the bores used in model calibration are or were and
what aquifer they monitored.

Only 5 bores are proposed for groundwater monitoring which is very limited (Table 11). While final depths of new bores
may change, the bore design suggests long screens which implies the bore may potentially screen multiple aquifers. It
would be useful to have “aquifer monitored” as a field in Table 11.

It would be useful to monitor the “shallow weathered rock”, the “deep weathered bedrock”, the MBL zone (multiple
bores), the “undifferentiated bedrock” and set up bore transects not only parallel to Corridor Creek but perpendicular
(between the pit and the creek).
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Appendix A It is recommended that a groundwater monitoring plan be developed with the explicit aim of reducing uncertainty in the

numerical groundwater model. The plan documented here outlines surface water monitoring and groundwater
monitoring in the vicinity of Pit 1. However, there is no discussion of how the monitoring will improve understanding of
the hydrogeological system or allow validation (or recalibration) of the numerical model. Improving confidence in
numerical modelling (through validation and/or addition to the calibration dataset) should be a key aim of a monitoring
program. To improve modelling confidence, the monitoring plan will need to include, as a minimum, monitoring of
groundwater levels, quality and gradients.

Appendix B 4.3

States "waste rock used to cover the geotextile must be limited to 0.5 m maximum particle size” and that “it will be
necessary to remove rocks larger than 0.5 m particle size at the waste rock dump”. No information on how this will be
conducted; presumably the rock will have to be screened to remove those larger than 0.5 m.

Appendix A4.42 &53

It is not clear whether statements of expressed pore water percentages are based on assumptions (or perhaps are rules
of thumb derived from interpretations of model results), or are actually results from the consolidation model. For
example, Section 5.3 states that about 60% of the expressed pore water reports as upwards flow (and thus would be
decanted, in which case, one would expect to see volume measurements documented), while Section 4.4.2 states that
“40-45%" reports as downwards flow (and thus is lost to groundwater, which cannot be measured directly, and thus it
remains a fundamental uncertainty).

Appendix D TOC

Page numbers are missing for figures.

Appendix D Exec
summary

States “PTF source only persists for several decades”. Should be more specific than “several”.

States “in the context of environmental modelling under uncertainty, a conservative approach is one that intentionally
increases the likelihood that impacts will occur when selecting from ranges of uncertain model inputs” however a
general comment to Appendix D and Pit 1 modelling is whether a conservative approach has consistently been applied.
See comments below related to sections of Appendix D.

Appendix D 2.1

Although calcium (Ca) is not a COPC, it should be included in the suite of solutes modelled due to its strong
ameliorative effect on magnesium (Mg) toxicity, i.e. Mg:Ca ratio is important for determining toxicity and guideline values
(GVs). However, the conservative approach for solute transport modelling Ca will need to be considered given its
“protective” function.

Appendix D 2.2

“Source concentrations for Mg, U, Mn, and Ra-226 in waste rock backfill were estimated using the arithmetic mean to
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represent the relatively larger data set for saturated waste rock.” No statistics reported, i.e. sample numbers, max, mins
etc.

Appendix D 2.2.1

“A combination of predominantly 1s and some 2s waste rock will be used to create the saturated waste rock above the
tailings”. No specific proportions stated.

“Geochemical analyses of samples from bores that represent undisturbed groundwaters in the Ranger area were used
as the basis for determining source concentrations for the saturated waste rock backfill in Pit 1”. Use of the term
“undisturbed groundwaters” is misleading. Undisturbed suggests that these groundwaters are background however the
passage suggests groundwaters are contaminated by stockpiles.

Appendix D 2.2.1

The Mg source concentration assigned by INTERA for the vadose zone waste rock backfill is consistent with the existing
empirical data set for Type 1 waters (the most relevant). In contrast, the source strength for this zone may have been
substantially underestimated for U.

The source terms for laterally inflowing groundwater have been underestimated, especially for the shorter term, given
the likely presence of waste rock and tailings dam leachates in the up-gradient groundwater flow field. INTERA has
assigned country rock (background) COPC values to this source in perpetuity.

The initial COPC source strength of the saturated zone of waste rock has likely been under-estimated (substantially so
for U) as it has been assigned “background” source strength in perpetuity. In practice this rock will contain a pre-existing
elevated leachable load that will be eluted through time. This issue is likely to be of most import for Pit 3 given the
greater thickness of this layer than for Pit 1.

The use of a geochemical model coupling pyrite oxidation with dissolution of Mg (from chlorite) to predict the length of
the time window for elution of above background concentrations of Mg from the waste rock vadose zone should be
regarded as indicative only, given the numbers of assumptions that had to be made about initial pyrite content and
oxygen concentrations in the backfill.

Appendix D 2.2.2

States “0.874 quantile (87.4 percentile)”. No justification for using this percentile.

However the use of the 87.4 quantile (i.e. percentile) of the data set is appropriate to define the composition of the
tailings pore water and PTF source terms. This is because the 87.4 quantile is even higher than the 80th percentile that
is usually used as the basis for delimiting water quality data for environmental assessments (ANZECC and ARMCANZ
2000).
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Appendix D 3.1

Using removal of 90% of the PTF volume is a more conservative approach than using 95% (as expressed previously).

Appendix D 3.4.2

As above confusion over what is meant by groundwater “background concentrations”. 60 mg/L should not be
considered as “background”.

Appendix D 3.3.4

Important in the behaviour of the modelled system is the hydraulic conductivity of the tailings, which is low compared to
neighbouring hydrolithologic units. The tailings have been assigned a hydraulic conductivity value of 1.0 x 103 m/d,
compared to 4.8 x 102 m/d for shallow weathered rock and 8.5 x 10-3 m/d for deep weathered rock. The low tailings
hydraulic conductivity limits the rate at which tailings pore water is able to flow towards Corridor Creek. Limited
information is available although it is noted that key information sources are ATC Williams 2013 (e-mail as per INTERA
2014a) and Williams et al. (2007).
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PIT 1 FINAL TAILINGS LEVEL ADVICE

Recommendations:

1. That the application to have an average final tailings level of +7 mAHD be approved.

a. This recommendation is based on the potentially greater risk to the surrounding
environment from the resultant higher tailings level in Pit 3 and its proximity to
Magela Creek.

2. That the Department undertakes further work to identify key knowledge gaps
particularly in regards to the MBL zone' and potential, seasonal, impacts on Corridor
Creek and Georgetown Billabong.

Issue

1.

ERA received approval in 1995 for deposition of tailings in Pit 1 to RLO m and commenced
deposition in August 1996 (NT Government 2005; ERA 2005: p4). Approval for deposition
to proceed to an interim level of RL12m was provided in 2005 and deposition ceased at
this level in Nov—Dec 2008 (ERA 2016 Appendix D: p4).

ERA is seeking approval of a final consolidated tailings level of approximately 7 mRL. The
level of 7 mRL is the estimated average level that these tailings will consolidate to but
reflects a range from up to 15 mRL at the edge of the pit (though 12 mRL around most of
the pit's circumference) to less than 1 mRL near the middle of the pit (Appendix D: Figure
3.1). The crest of the pit is approximately 19 mRL at its lowest point (Energy Resources
Australia 2016: p8).

A number of documents have been provided as evidence that the final tailings level will
meet the requirements of Ranger Authorisation 0108-17 granted under the Northern
Territory Mining Management Act 2013. Schedule 5.8 of the Ranger Authorisation states:

Final disposal of tailings shall be undertaken to the satisfaction of the Minister on the basis
of best available modelling, in such a way to ensure that:

5.8.1 the tailings are physically isolated from the environment for at least 10,000 years;

5.8.2 any contaminants arising from the tailings will not result in any detrimental
environmental impact for at least 10,000 years;

5.8.3 radiation doses to members of the public will comply with relevant Australian law
and be less than limits recommended by the most recently published and relevant
Australian standards, codes of practice and guidelines effective at the time of the
final disposal; and

5.8.4 by the end of operations all tailings must be placed in the mined out pits

Issues in regards to tailings deposition

Given legislative requirements?, the only alternative to approval of the currently proposed final
tailings level for Pit 1 is to remove tailings from Pit 1 and place them in Pit 3.

' MBL zone (literally “mine bore L zone") refers to a high hydraulic conductivity zone between Pit 1 and
Corridor Creek.
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4. Below the zone of weathering, the Ranger Mine Lease area occurs within an area
dominated by igneous or recrystallised metamorphic rocks. This type of geology is
composed of a crystalline matrix where groundwater flow is largely through fracture
networks and bulk permeability is low. Fractures in crystalline rocks are likely to increase in
connectivity, length and aperture in proximity to the surface or structural features. While
the shallow alluvial and weathered rock zones contain bulk flow groundwater systems, the
Office of Water Science considers that the deeper hydrogeology at Ranger is likely to be
dominated by a range of structural features and fracture networks of varying scale. The
groundwater flow system is complex, and is likely controlled by a mix of primary and
secondary porosity features that vary across the site (see Appendix 3 for examples of Pit 1
inflows through a fracture network).

5. The MBL zone is of particular importance for solute transport from Pit 1 to Corridor Creek.
This zone is described by Anderson et al. (2009) as occurring adjacent to pegmatites,
presumably the alteration zone affected by the pegmatite intrusions. Anderson et al.
(2009: p10) describe it as being “up to 350 m wide along a major fault zone generally
aligned with Corridor Creek.” It is not considered to actually intersect Pit 1, as if it did,
substantially greater pit inflows would have resulted from the high hydraulic conductivity
(Anderson et al. 2009: p10). Further details regarding the representation of the MBL zone
within the solute transport model are in Appendix 1.

6. Modelling has also been undertaken for simulation of solute transport from Pit 3: the same
base model as used for Pit 1. Pit 3 is located substantially closer to Magela Creek than is
Pit 1, making isolation of contaminants in the pit from Magela Creek potentially more
challenging. The edge of Pit 3 is located around 100 m from Magela Creek, whereas Pit 1
is located around 150 m from Corridor Creek, a tributary of Magela Creek. Concerns about
the modelling in regards to Pit 1 are presented in Appendix 1.

7. The presence and location of the Djalkmara Sands on the north-eastern side of Pit 3
provides a high conductive zone that could provide a conduit for COPCs to enter Magela
Creek. Removal of some of the tailings from Pit 1 into Pit 3 may result in tailings directly
‘resting’ against these sands, which is a situation that should be avoided. Further the
Office of Water Science has ongoing concerns in regards to the fault ‘zone’ in the northern
side of Pit 3, and possibly the carbonate unit, as potential pathways for COPCs into
Magela Creek.

8. Removal of tailings from Pit 1 into Pit 3 may require changes in the final landform, which
has already been planned and is subject to a separate approval process.

9. Deposition of additional tailings in Pit 3 may also increase the erosion risks. The Office of
Water Science is also concerned about the erosion risks potentially associated with the
backfilled Pit 3. Djalkmara Billabong was removed when Pit 3 was mined. It is understood
that the final landform will be designed to have a new watercourse (i.e. upstream segment
of the old Djalkmara Creek) form to the east of Pit 3. However, if the watercourse were to
reform near its original location, erosion could potentially expose tailings deposited in Pit 3.
Having the tailings at a higher elevation than currently planned would result in a thinner
layer of waste rock ‘protecting’ the tailings from direct erosion. A higher elevation of tailings
in Pit 3 is the inevitable consequence of a lower final tailings elevation in Pit 1, since

2 Ranger Authorisation 0108-17, schedule 5: 5.8.4 and Atomic Energy Act 1953 Section 41 Authority,
Appendix A, section 11 paragraph 11.2
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tailngs are legisiatvely required o be deposted inthe pis (Ranger Authorisaton 0108-17.
schedue 8.4

Monitoring.

10, The Offcs of Water Science recommends that  groundater monioring plan bo
developad wth the expict aim o reducing uncertaity in the numerical groundater
model. Amorioring plan was submited as Appendix A o the Ntifcation (ERA 2016). I
outines surtace water moritoring and groundwater monoring in the vicnfy of it 1
However, thre i no discussion of how the moritoring vl improve undorstanding of the
hydrogeclgicalsystem or allow valdation (o recabration) of the numarical modal. The
Offce of Water Science considers tha improving confidence n numerical modeling
(hrough vabdation andior addton o the calbation datase) should bo s key am of 3
montoring program. To improve modeling confidence, the moritoring plan wil need fo
nclude, 33.3 minimum, montoring of groundviter leves, qualty an gradents

11, As stated above, the Offe of Water Scence considers that the model & ft for the
immediate purpose of making a decison on the fnal talings love n P 1: nevertheles, t
considers that arevised morioring plan i this aim should be prepared.

Further work

12. The Department wil undartake further work to identy key inormation gaps tht need to be
addrassad by the proponant t inform ongaing management an closure o the te. This.
work would incude, bt not b lmtad t:

. Finerscale undorstanding of the MBL zone, incuding prforential patays:
surface water-groundvator neractions; and the impications for seasonal and
locak-scal surface vater solute concaniations to mact on Corridor Creok and
Georgetown Bilabong.

b, Targetod groundvater moritringfo e purpose of valkdaton o roduce.
uncertainy associated with the numerica groundater model.

.. Investigaton o erosional isks associated wih the fna andform ncluding
breakof-sopo erosion.

. Confimation o soluto sourcs toms, particulaly or the vt fock and
confirmatin ofthe consaldation charactristcs of PR 1

13,11 furthr verk were o dentéy sigifcant snvironmonialfssues, given th dlosure
constraints, gootechnical solutions would need t be looked t. Remediatin options caukd
Include measures such as interception trenches, grou curtains and parial extraction of
taiings from the pt ocge.
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‘Appendi 1 - Modelling Assumptions and Concerns.

14 ERA commissionsd a solut ransport model 1 consenvatively evaluate annual peak oad
to Comidor Crook oach yoar fora 10 000-year simuation poiod. Whiks the model has a
umber ofimtatons — some of ther substantal ~ the Office of Water Scence considers t
Suffcient for this puspose. Issues and concorns with the assumptons used and the
modsling process are outined biely bolow.

Norresctive transport

15. The modoling assumes that al contaminants of potential concern (COPCs) are
Roreactve. Thus, thl olative conceniratons a the point ofdscharge nfo the surface
water system ara the sama as th itialconcarations. Magnesium isconsidarad to be &
contaminant of potorital concern (nera 2016 Appendie D:p 8). Mg s considored a non-
reactive or conservative sokte, that i, concentraton vl not be reccad by
geochemicalreactons along s lowpath (intera 2014 App D: ppS, 11-12). Th ofher
COPCs — namely, U, Mn, Ra, availabe itrogen (rsporied as ota avaiatie nitrogen
TAN), nitrat (1spored as nitrogen, NO-N),ttalPand *“Po ~ are thought o be reactive
that s, reduce i concentratin trough geocherscal reactions. They have, however, boen
modaled as being conservativo (Intera 2014 App D: p). The predicted conceniratons and
luxes for reactive COPCs vould therefore over-stmats aciusl values, presuming other
assumptons 1 be accurte,

16. Tis modeling indcates that annalfloxof magnesium rom Pt 1 tangs il poak at
229 tonnes per year® (ERA 2016 Appendix D: p25) whichis withinthe 10 000 year
Statutorytmeframe. This compares t a total stimated 178 fonnes per annum average for
the whole Ranger Uranium Mine sits during operation (intera 2016: p251). I the context of
postcisure impacts, by far the lrgest prodiied impact s from the vasta fock (pt waste
fock and lancform st fock), from vhich a pesk of 136° onnes par annum of
magnesium are expected to migrateto Magela Creak (ntera 206, p253). I this context
the snvironmartal impact indicated by the modeling from tiings in Pt 1 s neglgie.

17. However ths is based on the modafied resul of the talngs pore water notentaring, in any.
substantive vy, Coridor Creak until 10 000 years post losure. The magnesium loading
1o Coridor Creek continues o ncrease up o the end of the model run tme o 10 000
years. it sppaars tha he talings source loading o Corridor Cresk may increase above
229 tonnes per year beyond the 10 000 year modelrun time. 1 the hydraulc parameters
ofthe model do not adequtely epresant the groundhetar flow of s0ute eacton
condtions ofthesite, a greater annal lx o talngs-deried contaminants may reach
(Corrdor Crook within 10 000 years. Thus, the modol may under-prodic the poak oad and
timing forthetaings magnesium source o be expressed at Corridor Croek.

18, Bacause of both the sttenuatin expected for COPC other than Mg and the sface vater
imit values for COPCS compared withtheintal concentrations (see ERA 2014:pS5 and
ERA 2016 Appandix A p2) in the ovent of water qualty crera being excosded, £ kel
hat Mg would bo the irst COPC 1o excaed liits. Both or this reason and because all

ote tht s fgure = coelted asauming 0% o tiings e remova o 1o closure. Fredictors.
Were e provied or 99% Ings o emoval, 1 Stmte 65 Corsenaie and 50 ot
guoted i tis ocument

omprsng 13 tones via groundwatr 3 <0 8 tonnes trugh dvect uncf
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19.

contaminants are modelled as being in constant proportion to one another, discussion of
modelling results can appropriately only (explicitly) consider Mg concentration.

The Office of Water Science contracted Dr David Jones to provide advice on geochemical
aspects of the Pit 1 and Pit 3 modelling. In his advice, Jones (20186) raised concerns
regarding the initial concentrations used for a number of COPCs. Further investigation of
this issue may alter somewhat the relative concentrations of different COPCs.
Nevertheless, given the extremely low predicted flux of COPCs from Pit 1 to the surface
water system, the Office of Water Science does not consider this a major issue regarding
making a decision on the final tailings level in Pit 1. It will be a focus for further work by the
Department to inform other closure considerations. Jones (2016) also raised concerns
about the way that calcium had been modelled, given its ameliorative role in magnesium
toxicity. This will also be a focus for further work by the Department.

Time period

20.

21.

It is assumed in the modelling that Pit 1 is fully resaturated at the start of the simulation
period. ERA suggest (2016 App D: p20) that this is likely to have the effect of shortening
the transport time and is therefore a conservative assumption. As the peak contaminant
flux from the pit to the surface water system occurs within a few centuries — well within the
10 000-year period under consideration — the Office of Water Science considers that, this
and other assumptions that affect the timing of the estimated peak in contaminant flux are
unlikely to affect the conclusions drawn from modelling.

Whether all the predicted pore tailings flux is removed remains questionable. To date no
measurements of expressed water from the tailings has been provided as noted in
Middlemis (20186). It is also based on an assumed (modelled) porosity for the tailings.
Further the consolidation modelling assumes that between 35-40% of the tailings pore
fluid will be lost through the bottom of the pit. Given the likely hydraulic conductivities at
this depth this is deemed unlikely in the timeframe of the modelled consolidation.
Consequently this requires further investigation.

Boundaries

22.

23

Features interpreted as groundwater divides were incorporated into Intera’s model as
no-flow boundaries (Intera 2016 App D: p16). The northern boundary follows the north
bank of Magela Creek. The eastern boundary is the ridge near to Corridor Creek. Intera
argue that making the Magela Creek boundary a no-flow boundary is conservative, as it
forces all groundwater flowing north in the direction of Magela Creek to enter the creek.

The southern boundary — also a no-flow boundary — is aligned with the Ranger fault. The
interpretation of this fault area as a groundwater barrier is consistent with its treatment by
other authors. For example, Anderson et al. (2009: p18) also consider the Ranger Fault to
be a low permeability zone. The Office of Water Science considers that the representation
of the southern boundary is also appropriate based on the available evidence but notes
that it is rare for a fault of this size to be a hydraulic barrier along its entire length.

Hydraulic parameters

24.

Intera’s model uses 30 layers to represent the hydrogeology, with model cells measuring
25 x 25 m (ERA 2014: p63). The model contains approximately half a million cells.
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25 Hyarauic conductiviy values used inthe model have been determined partly through
model caliration and party based on fisd testng. It sated that hydraulc conductvy
Valuos, along with othor paramaters, wero based on the results of modeling fo PRt 3 for
the uppermost 12 layers. The valy of this assumpton neods o bo futhar explored.
Valuesforthe Hanging Wall Sequence, Upper Mine Sequence, Lower Mine Sequence,
Daeps vater-producing zone and the Nanarmbu Complex wers assigned based on the
resuts from the straddle-packor testing and low measurements i exploration bores” (ERA
2016 App D p19). Given the constructon o the modal, wth model boundaries that force
contaminant fluito Coridor Crook,changes in hydraubc conductivy values wouid bo
unikely o atr the magnitude of the peak conaminant lux, athough they could ale ts
timing,

26.Th MBL aquifer s represented i the model s a higher hyraulc conduciviy zone
Ku=2.54x 10 mid (ntra 2016 Appandic D: p18). As poviously noled this is considered
an important zone fo transport of COPCs from Pt 1 to Corridor Creek. Consisent with
this, the modal shows groundaterflow “east acoss Pi 1 into the MBL zone and along the
(Corridor Creok drainage” (ERA 2016 Appendix D: 22). Whist i a ross sense tis i
appropriate, the ptenta for preferentl patiuays n the MBL aquder has not been
considared.

27. Furthe, anaysis ofcrlig data by the Offce of Water Science indcates that the MBL
2one may be despar than that represertad in the model.

28 Important i the behaviour of the modalled system s the hydraullc conductivty of the
taiings, which s low compared to naighbouring hydrolihologic units. The tangs have
boon assigned a hydraulc conductivty vaue of 1.0 10° mid, compared o 4.8 x 10° mid
for shallow weathered fock and 8.5 x 10° myd for deop weathered rock.The low aiings
ycrauic conductivy imits the rate at which talngs pore vater is 3le toflow towards
Magela Creek The hydraul conductity valuefr the talings was based on anaysis
undortaken by ATC Willams n 2013 (ERA 2014: pp22-23). The Offco of Watar Science
has not boen abl t roview this documont. Howevor the value appoars reasonable based
on the (somowatlmitod) nformation provided in Wikams ot a. (2007)

29.Tho seapage barre s rapresentad in the medsl. Groundwater flow, as commantad on by
the independent reviewer (ERA 2018 Append E) flows around the barer as modeled.
Including through exfitratig. The barie s therefre inaffectve n retarding (and certanly
in provonting) flow of COPC from P 1 to Carridor Croek post closure: which s not
Surprsing, a5 this was o s design purpose. The Office of Water Scienco considers that
tho barior i kel o bo  less offoctive barrie than modeled, particularly over the 10.000-
year simulaton period; however, s is ot kel to signficanty affct the conclusions from
the model,given that groundviatr flow n the mode readiy flows around the barier. T
barrer as modslied would (compared o no barier)increase the transport5me for soute
getting to Corridor Creok through drect groundwater discharge. Converssly, groundvater
hat s forcedto the suface by the barer (ss modelled) would ravel t Corridor Creek
more slowy without the barriar.

30, The proponent's modeling does nt expicily conside racture flow. This has impiiations
for the solte transpart modsling. One impicaton s that the offective porosiy i fracture
lowsystoms can be substartallylower than bulk porosity. Work by Turer ot al. 2014:
P376-77) shows this to bo the caso on the Rangar st in the vicity of Pi 1. The sffoct
of this would be o roduca the travel times; i would be unlikely 10 affect the prodicted
annual flox o contaminants. Given the yesr n which the pesk fluof contaminants occirs
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is immaterial (so long as it is within 10 000 years), the choice of porosity values is not
important to the applicability of the model.

31. Another potential implication of fracture flow is that there is the potential for preferential
flow pathways. This could result in localised high concentrations of contaminants. The
implications of this for the Ranger site should be further explored.

Model calibration

32. The numerical model has only been calibrated based on groundwater heads from 2005-06
(ERA 2006: p23). While a longer calibration period would give greater confidence in the
results of modelling, the Office of Water Science recognises that there are limitations with
the available data, though notes there is other data that could have been used. For this
reason, as noted in the monitoring section of this report, monitoring in the lead-up to
decommissioning should be undertaken with a view to validating and hence reducing
uncertainty in the modelling.

33. Despite limitations of the calibration, the Office of Water Science considers that the
existing modelling is sufficient for making a decision on the final Pit 1 tailings level. Model
calibration to a longer and/or wider dataset would likely result in refinements to hydraulic
parameters. This would be expected to result in more accurate predictions of the timing of
peak solute flux to Corridor Creek. However, given the way that the model has been
constructed, it would be unlikely to increase the magnitude of the peak contaminant flux.

Exfiltration

34. Numerical groundwater modelling also indicates that some groundwater will discharge to
the surface, i.e. exfiltrate (Intera 2016 Appendix D: p7). These are the two paths by which
COPCs arising from Pit 1 can reach the surface water system: groundwater discharge into
Corridor Creek and groundwater exfiltration, with subsequent surface flow, following the
topography, to Corridor Creek. It is therefore accounted for within the modelling. Any
environmental impacts from this groundwater exfiltration would be highly localised, given
the small solute flux involved.
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Appendix 2 — Geology

35.

36.

A number of structural features have been mapped and intersected by the excavation of
Pit 1. Faults and shear structures are predominately reverse, indicating they formed during
a compressional regime (Hein 2002). These include a major shear zone at the contact
between the Nanambu and Cabhill Formations, a shear zone within the lower mine
sequence (also known as the lenticular schist) and an “upper thrust” fault within the upper
and lower mine sequences (Savory 1994; Hein 2002). The upper thrust fault is a significant
structure which resulted in up to 200 m of displacement in the vicinity of Pit 1. Water
seepages into the pit occurred where the upper thrust fault structure intersected the wall of
Pit 1 (Savory 1994).

Many other small scale shears and faults have also been mapped or intersected by the
excavation of the pit. These features typically occur at the contacts between different rock
types, close to the weathered zone or associated with the contacts with pegmatite
intrusions (Hein 2002). For example, shears located along the contact between a
pegmatite vein and weathered rock were encountered during construction of the seepage
limiting barrier at approximately 1 and 3 mAHD (URS 2006: p3-8). These features allowed
sufficient flows of water to hinder construction of the barrier.
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hydrogeologic RANGER PIT 1 REVIEW

1 Background, Scope and Evidentiary Basis

Energy Resources of Austalia Ltd (ERA) owns and operates the Ranger uranium mine, within
the Ranger Project Area (RPA). The RPA i located on Aboriginal land and is surrounded by
{butseparate to) Kakadu National Park. Uranium ore was mined from Ranger Pt 1 untl 1994
using conventional open-cut methods, Subsequentl, tailings were deposited in Pit 1
between 1996 and 2008, and the Pi 1 (Figure 1) has now been capped with a waste-ock
and aterte layer.

Figure 1 - Ranger Pit 1 location (GoogleEarth image captured August 2016)

Corridor Croek

Google

The Environmental Requirements pertaining o disposal of talings at Ranger mine stat

“Final diposal of talins must be undertaken, to the satisaction of the Miniser
with the advice o the Supervising Scientis on the basis of best avaable
modelling i such a ey as to ensure tht:

(1) the talings e physially solated from the environment for atleas 10,000 years

(i) ary contaminantsarisin from the talings wil not resu n oy detrimental
environmental Impocts for at east 10,000 years.”

A range of investigations and modellng stuces o Pit 1 tailings disposal and contaminant
transport have been undertaken by consultants and’or ERA, culminating in:

« ATC Willlams (2012): tailngs conscldation model development and scenarics
= Fitton Tailings Consutants (2015): updated and re-ran the consolidation madel

« ERA (2016): comprehensive Pit 1 Notifcation report on the long term tallngs
consolidation and contaminant transport modeling studies.

e 7016 P oo docx 3
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“The objectives of the tailings consolidtion modellng investgations were ta estimate the
rate and magritude of tailings consoldation and settlement, th flow of pore waer from
the tailings that 1 expressed cue to the consalidation process, and the contribution of
consalidation lows to otal flow from Pit 1.
The Supervising Scientist Branch (558) requested a detailed desktop review be undertaken
into the consolidation processes and assumptions of the modelling work conducted by ATC
Willams and Fitton Tailings Consultant. A key review focus % (o assess whether the
approach is consistent with current modeling guidelines and can be considered 10 be
representative of natlonal and of internationsl best pactice.
The scope of thisindependent review comprises:

1. Formal review of the following reports:

2. Fitton 2015 Pit 1 Consoldation review. 28 October 2015, (sppendix C of ERA 2016
Pit 1 Notification. Final in-pt taiing level. 16 March 2016).

b, ATC Willams (2012). Energy Resources of Australa Lid, ERA Ranger Integrated
Water, Tailings and Closure Pre-Feasbillty Study, Oraft Repart - Pit #1 Updated
Consolidation Anaysis. December, (sppendic 4 of Fitton 2015)

Note 1: Reference material provided by S5
-ERA 2016 Pit 1 Notfication. Final ipit tailings level. 16 March 2016;
-OWS Advice 2016.011 Pit 1 Tailings Level;

. Note 2: Additional reference material may be provided upon request
throughout the duration of the contract.

2. Final report detailing the review outcomes, Including assessment o the vesacity of
the Information prowided, the approprateness of assumptions made, and the valdity
of the outcomes reported. Adice s lso sought on:

a. The level of confidence that can be placed on the values used as model input by
ATC Willams and Fitton Talings Conultants, and generated as model output by
Fitton Tailings Consultants;

b.. Recommendations for improving the simulations and predictions; and
.. Any specifc gaps in knowtedge or other ssues dentifed during the review.

2 Findings

It my professionsl opinion that, while many siements of the Rangar Pi { Consolidation
Modelling appear to have been well designed and executed, there are also many
inconsistencies and/or nadequate Justifcations for certain assumptions that render the
overall study not acceptable in bestpractice terms, as explored below.

2.1 FITTON (2015) PIT 1 CONSOLIDATION REVIEW

The comoldation modelling itsef appears o have been undertaken with fewer
inconsistencies and issues of concern than ave been identified i relation to the other
studies, 50 his will be iscussed frst.

“The bass for the conslidation modellng s to acept the valdity of the ATCW (2012) model
and to apply better Information to the madel based on tailings urvey measurements post-
June 2013, along with better information on the extent, depthand timing o il pacement.
The methadology s appropriate iven the acknowledged uncertainties appying prior 102013
in measuring the volumes (o tonnages) of tailings depasition (erors n order of +5%) and
the tailngs surfoce topelogy {ertorsof up t 1.5 m dentified i the “average” talings evel).
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‘The consolidation modelling method has been upgraded with improved data quality on
depasitin and measured settlement from 2013 to 2015, which i a sound approach to
Valdate the model as  predictve too forthe inal stages of backfil Secton 5.2 ndicates
that, at 2015, the computed volume of setlement (199,200 ) is within about 10% of the
“mezsured” volume (227,500 m), and the computed and average settlements are vithin 5%
(0.78 and .74 m). This should be classiied as good model performance in relaton to
improved measurements, and is considered it for the purpose of the final stages of
consoldation and capping (based on the reported data avalable; more on tislater).

Measurement error is a key uncertainty applying to comolidation calculaions at Pit 1.
Aithough the volume of Pt 1 24 M) is based on accurate pit void surveys, the estimation
oftalings infill volumes or tonnages s subject o calculations nvolving the “measurement”
ofthe tailing surface and or the density of the talings, which are subject to considerable
uncertainty. The density sampling and tasting has gencrated some of the best quality data
avallabl, but even that is a lmited data set (e.g. samples (rom only the upper 20 m of
talings, Whereas computed ensity extends down o 150 m depth; Figures 19-21 of ATCW,
2012). The consolidation model tsel comprises algoithms_for calculating a bolance
between the tailings deposition and settiement volumes and the volumes of expressed
porewater aithough the algorithms ae not presented in the repors reviewed, which s ot
best practice). The deposition and settlement volumes are reasonably costrained by
various  measirements (aithough uncertainties _remain). However, there are 1o
measurements presented on water bolance volumes (e.g.  expressed porewater
“conslidation flows"), which is @ ey method used to constrain model calibration and to
reduce model non-unidueness (Bamett et al, 2016).

I this case there is a fundamenta problem that the key slements of the modelling are
ot wellconstrained by measurements (especlly water balance volumes) and the exact
mathematical basis for the algorithms i it presented I the reports reviewed.

The modellng methcdology assumes a discrete increment method o fil placement, which
results in the calculated “peaky” consolidation flows. However, that Is accounted for
{appropriately) by integratng the area under the curve to estimate the tatal flow. The
results are described in section 5.3 of Fitton (2013) i terms of average flows, which i
appropriate when comparing against other water balance slements, but the lack of
presentation/discussionin terms of integrated and/or cumulative volumes i not helpful, It
s not clear from the Filton (2015) report whether the statements of expressed porewater
percentages are based on assumptions (or perhaps are rules of thumb derived from
Interpretations of model results), o are actually resits from the consolidation model. For
‘example, section 5.3 sates that about 60% of the expressed porewater reports s Upwiards
flow (and  thus would bedecanted, in which case, one would expect.fo sce volume
measurements documented), while section 4.4.2 states that “40-45%" reports as downvards
flow (and thus s Iost 1o groundvater, which cannot be measured directly, and this it
remains a fundamental uncertainty).

‘The uncertaintes in measuring the tailings evel/volume has necessitated what s effetively
2 back-calculation (using the consolidation model) of the tallngs volume. The resut s
5.3% ncrease from the reported 25.6 Mt t0.26.9 Mt (TCW, 2012, section 3.3). Whie this
appears 1o be a reasonable calcultion based on the data presented and assumptions
ivolved, there is inconsistent reporting o this velume. For eample, Fitton indicates in
section 2 that tailings deposition was_ approximately 25.6 Mt (+5%)", which actually
comprises a fange of 24.3 10 26.9 T, bul the 25.6 AL vaiue Is repeatéd in ERA (2016)
Section'1,

There is also an fsue regarding the Inconsistent reporting of othe key volumes, noably
that ERA (2016) Indicates 3.1 M’ for the volume of expressed tailngs porewater
(section 1), whereas ATCW (2012) states (in section 3.3) tha the 3.1 Mn® estimate was
revised dowmwards to 1.4 Mn (3 reduction of 55%). The reision dowriards was due o the
back-calculation by the consolidation model (1TCW 2012, section 3.2) using the 26.9 B
estimate, the adopted compression curve of Kright Plesod RO, and the ATCW (2009)
ermeablty curve. Tisreportecly gives the best match t the tailngs infil period and the
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“measured” tilings levels, but there s no other supperting Justifcation for the selection
of those parameter setsfrcm among the wide range of curves availabl.

Further, asFitton (2015) does not mention the calculated volumes (3.1 M’ o 1.4 M), it
i not fmmediately clear which volume assumption has been applied to the modelling
(presumably the 1.4 N, as Fitton adopted the ATCW 2012 model). 1 i not clear whether
this discrepancy i materal to the analysis, patly because the Fitton (2015) and ERA (2016)
reparts are unhelplul in applying 3 focus on flow rates and concentrations father than
presenting adequate detall on integrated or cumulative volumes.

I there s, infact, measurement data avaiable on water balance volumes (e.g. expressed
porewater decant vcumes), then that should be used in a pos-prior model verfcation
proces. Such a “blind” verification process (and/r a postaudit. n modelling guideline
terms; Barnelt et al, 2012) uses measured data that has not been wsed in the model
Calibation process to verify that the modal i indeed & well-constrained predictive too. f
the model €sults ol conform to th verification data, then a detaled model audt would
be required. This involves  detailed review of the conceptualisation’s, algorithm /s and
parameterisation/s (and possbly development of slternative conceptualiations and/or
algorithms), and an audit of their mplementation in the model/digial data sets, before
Tevising the calbration and prediction, and undertaking uncertainty assessmens. If the
verification proces s successfu, however, then that woud substantialy improve
confidence in the consoldation model capability and demonstrate reduced influence of
uncertainies (but ot remove the need for comprehensive uncertainty assessment).

The Fitton (2015) report documentation should be improved o diffrentiate measurements
from calculations, remove Inconsistencies and 1o properly Justify key sssumption. For
‘example, the statement i Fitton (2015) section 4.4.1 that “the magnitude of settement
ecomes relatvely insensitive to filldepth once the depth exceeds about 20 " i confusing
i that 1t seems logical and 1 not clear whether it relates o the taiings il depth or the
waste rock capping. Furthe, Figure 4 of ERA (2016) shows that the predicted final tailngs
levelIs lowest (1. settlerient s greatest) over the deepest parts of the pit (thickest
tailngs), 50 the statement must presumably apply to the vaste rock fil. This is another
‘exampie of the many inconsistent statements i the reports, which serves to reduce
Confidence in the resuts,

Consolidation Review Summary:

In modelling terms, the above fssues demonstrate that the consolidation modelling s not
very well constrained by messurements (especially on water balance volumes). The key
implication s that the consolidation modelling s significantly affected by non-
uniqueness and thus it s subject to considerable uncertainty, unless water balance
measurements become available (e.g. metered volumes o expressed porewater and/or
from the drainage adit dewatering bore) for a successful postpriort verification. A
further implicatio is that significant uncertainties currently apply to the water balance
inputs o the contaminant transport modellng.

Having said that, the consofidation model performance is good in relation to improved
measurements on tailings levels and settiement from 2013 to 2015, and thus it fs
considered fitfor the purpose (assuming that there are no other measured data to help
‘constrain the modei) to inform the inal stages of consolidation and capping. Where the
limited measurement data s the best availabl, then best practice in ths case would
reauire substantial Improvements to the uncertainty assessments, which should be
undertaken with the consolidation model and aiso the solute transport model, consistent
ith best practice guidelines (Barnett t a, 2012).
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2.2 CONCEPTUALISATION

The development of a robust conceptual model i the critcal foundation step n any
hydrogeclogical analysis (Bamett et al, 2012; section 3), and In particular:

«the level of detil within the conceptual model shauld be based on the modeliing
objectives, the avaiability of quality data, knowiedge of the groundvater system of
interest, and its complexity.

« altemative conceptual models should be considered to explore th significance of the
Uncertainty associated with different views of how the system operates.

The ERA (2016) hycrogeological conceptualsation (Figure 18 of ERA, 2016; presented below

s Fgure 2) identies many permeable features between Pit 1 and Corrdor Creck, ncluding

the “WBL aquife z0ne”, which i contiguous with a “Pt 1 permeable zone” and 3 secpage

limiting barrier” (5L8).

Figure 2 - MBL zone conceptualisation (source: ERA, 2016, Figure 18)

The hydrogeclogical conceptualisation assumes an effective seepage limiting barrier,
aithough no information 1 presented to estabish it hydraulic propertiesor how they vary.
with depth (e.g. i the SLB keyed In to the underlying “undiferentiated basement and
‘What are the hydrogeological propertes of the SLB and that basement?). The repart does
indicate that the SLB has been breached at least four times when process water was at a
Level In Pit 1 higher than the groundwater level In the adjacent MBL aquier (ER, 2016;
section .1). Thefeport s deficient ot documenting the (evel, s hi s key conceptual
concern, i that igher water leves vl presumably apply i the long term, given tha the
Pit 1 system i recharged by ainfal and Corridor Creek forms the discharge zone.

Furthermore, ERA (2016) identifes two existing bores in the NBL area as suitable for
monitoring (MB-L and RIC3-1), and states that “there are numerous athers (bores) in the
arear of the MBL zone. This siggests that the MBL area has been Intensively investigated
previously, presumably because this was an area that provided inflows to the operational
DIt that caused dewatering problems. However, no nformation i presented to adequately
et the hydrogeological conditons that are presumably well known in this arca.
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No information is presented on the “undifferentated bedrock” that undertes the SL8 and
‘which could form an aditonal zome of connectity between Pit 1 and the creek. n addition
to.the potential for the ABL one to exhibit potentil high hydraulic conductivity (as
discussed above, this thin zone (Figure 2) could have been subject to fracture enhancement
e o pressure unloading via the pit xcavation, and then subsequent rel0ading effects as
the talings were deposted and then surcharged with additional il material

The folowing explanation reie largely on  comprehensive compilation o information on
pit slope water management (Read and Beale, 2013), but before proceeding, two concepts
My need some itroductior

« effective stres i the lfference between total stress and pore pressure (toal stress
s the total pressure formed by the overlying fock (lthostatic) lad plus the water
(hydrostatic) load).

« ydromechanical (HM) coupling refes to the nterdependence of rock properties and
their fuid behaviour, via a slidto-luid exchange (e.5. aredution in total stres by
pit excavation causig a reduction in fluid pressure) and/or via a fluid-tosolid
exchange (e.g. a reduction in pore pressure leading to fracture dlation and increased
permesbiity)

1 the total stres s reduced by excavation of rock from the pit for example, the ithostatic
unioading can cause a direct Hi coupling resporse as the fractures diate and/or pore
pressures reduce, and an indirect hydromechanical coupling response due 10 increased
aperture (permeabilty)of the fractures tht can change the pressure/low conditions. The
magnitude of deformation from ithostatic unloading depends wpon a range of factors
{including the weight of material removed and the overall size/depth of the pit), and the
effect can extend {aterally beyond the pit and verticaly below the base of the pit. It s
possible that fractures that have diated due to ithotatic unloading could revert 1o their
nitalcondition o subsequent re-ading. However, n this case of taligs depasiton, there:
2050 the potentialfor Infil of fractures with (ow permeabilty tailngs material, o possibly
smearing (“Hlnding") by thetalings of the fracture network expesura in the pit wall. These
factors may act in concert with changes in effective stress due 1o re-loading Vi tailings
depositon causing pore. pressure. changes, closure of fractures and a decrease. 1n
permeabiity.

These potential conceptualisation issues have not been given adequate consideration in the
technica investigations or the rik studies Once the conceptualisation as been property
considered, it may_be_ deemed necessary to_ apply a coupled flow'stress modelling
methodology, whercby load-induced changes n pressure are accounted for (e.q, using TNO-
DIANA or SEEPW-SIGMAW modelling packages). Whie it Is not clear from-the reports
reviewed the degee to which the consolidation modellng considered flow-sress modelling,
the Modflow numerical groundwater modeling package that has been appled in this case:
definitely cannot account for load-induced effects, onty flownduced changes to pressure
{Harrington and Cook, 2011).

Conceptuatisation Review Summary:

The hydrogeological conceptualisation is not underpinned with adequate background
information (e.5. from dewatering operations), technical justfcations for key
assumptions (.8, hydraulic character o the SLB) or senitivity/uncertainty assessment
(e:5. consideration of aiternative conceptualisations), and it ignores. a potentialy
sgnificant pit o creek connection through and MBL zone and the SLS. Depending on the
valdity of the conceptualisation, it may be deemed necessary to apply a coupled flow-
stress modeling methodology, whereby load-induced changes i pressure are accounted
for directy.
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2.3 PIT 1 WATER BALANCE

‘Whilsta vater balance s fundamental to any hydrological investigation or madelling study
(Barnett. et a, 2012}, the modelling sudies presented ar defcient in that they lack wter
balance data'or even plots of clements of the water balance (other than the calculated
consolidation flows of expressed porewiater), even though there are references to various
Water measurement works, inclu

« there are several low key references to the MBL aquifer providing inflows and
dewatering problems fo the cperating mine, but 1o ndication of volumes o rates

« ATCW (2012) mentions a vertcal dewatering bore that was installed to the drainage
adit at the base of Pit 1 (prior to tailings placement) and operated on an intermittent
basis (section 2.2)

« Fitton (2015) mentions a it 1 flow meter (section 5.3) but it is not known whether
this 15 on the decant ystem or the dewatering bore, and o data is presented

« Fitton (2015)sates i section 2 and section 4.4.2 thatsome of the waer eleased due.
to tailings consalidation is “ost to groundwater”. Although such seepage cannat be
measured directly (a fundamental uncertainty that has not been explored adequately
by the modelling), the other part of that process is the expressed tailings porenater
collected via the prefabricated vertical drains (wick), which reported to decant
structure, but no information i presented on the volumes.

« Section 5.3 states that the “measured” consolidation flow is 198 m/c, but it does not
ndicate how or where that measuse is obtaincd. Adopting the "measured” seltlement
volume of 227,500 m (better described as calculated volume) and an assumed 60% of
that comprising expressed (upwards) tailings porewater flid (over a period of about
700 days from 16 June 2013 to 19 May 2015) generates 194 mP/d, This suggests that
the reported 198 m'/d value is Indeed a mode resul, and the 60% factor 1s simply a
ruleof thumb derived from model result. It recommended that the “measurement”
term should be replaced with “estimated” or “calculated, and that improved
documentation o the assumptions and the calculations nvolved s warranted i order
tomeet best practice gudance.

= Despite these problems, the correct conclusions are made in Ftton sections 5 and 6.
that the inflow from the “spring® at 8-12 L/s (690-1040 m*/day) dominates the Pit 1
water balance, although the spring flow estimate s very uncertai (t s not measured).

= The shrt term rainfall inputs (Fiton, section 6.1) are under-estimated, but this s
arguably ot critica (gven that the spring (low dominates). The 72-hour rainfal event
S appropriate (as this maximises the volume of runoff), and while the adoption of &
10-year ARl involves arelatively high probabilty of occurrence by 2027 (-63¥) it also
imolves a rlatively low rainfall inensty (3.8 mm/hv). Ranfall-unoff estimates
ustally adopt the maximum duration and maximum ARl n order (o calculate the
maximum volume. In this case, an ARI 10Dyear event over 72 hours invlves
6.3 mm/haur, generating amast twice the volume estimated. I practical terms, the
nder-estimate of short-term rainfal inputs in Fitton (section 6.1) i arguably not
critical, because there appears to be capacity to store the related volumes n th pit.
Dealing with the volumes would mean that either 1t would take up to twice as long
(1. 20 days) to discharge at. the reparted rate of 118 L/s, o that higher capacity
pumps may need to be applied to the task to achieve the 10-day target. The report
does o Justiy the selection o the ARI 10-year design event, but it does seem a ttle
under-designed. Table 11-11 of ARR (1987) indicates that an ARl 10-year evert has
~63% chance of occurrence within a 10-year period, while an ARI 100-year evert has
108 chance of occurence in 10 years and -18% chance of occurrence n 20 years.
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Best practice modelling requires consideration of il data and especialy any data on vater
balance elements, mainly becatse that helps address the citical problem of model non-
uniqueness (Barnett et al, 2012).

Substantial measurement uncertainties apply to the Pit 1 water balance in the reports
reviewed. Wessured water baiance volumes have high value in constraining model
calibration and reducing the potential for model non-uniqueness, and thus reducing
uncertaintis inthe consalidation modelling and the contaminant ransport modelling.

2.4 SOLUTE TRANSPORT MODELLING

This review has been completed i relation to only three reports (1. without access toall
the relevant materal). However, some comments are warranted in reation (o the very brief
summary of the resuls o the soute transport modelling presented in ERA (2016). Although
that vork has been independently reviewed, the resuits presented appear to be quite
inconsistent andor unrealistic, notably regarding the following fsues (vith reference to
ERA (2016) Figures 8-12):

= Figure 8 shows a time seres o the predicted mass o M released from the waste rock
and also the tailings sources that appears to b reasonable except fo the substantial
ecrease in g load from the waste rock source immediately after 270 years, This
sudden change is not explained (simplistic statements to the effect that the peak
occurs at year 270 do nat form an explanation, although detailed explanations may be
made in other reports ot sghted). Figure 9 shows a small section o the plume with
concentrations above 100 mg/L present between the pit and the creek at 100 years
‘anstl there at 270 years (possibly it large, hard to tel with such a small plot;
again, ot consistent with guidelines). However, by 400 years (L. after a shorter
subsequent_interval of Just 130 years), this high concentration sub-plume has
disipated, presumably because the waste rock source load has suddenly decreased
ost:270 years. The suden change appears o be completely unrealstc, and aithough
1 may be comprehensively analysed in other report, It i presented here without an
indication of the range of uncertainty. Footnote no. 11 (section 5.1 of ERA, 2016) does
ndicate that a conservative approach has been intentionaly applied, but that is the
only mention of the term “uncertain” o “uncertanty” in the report. At east in terms
of presentation, there are deliciencies with the report i relation to best practice
uidance, 2 further explored below.

« Regarding Figures 10 and 12 showing crosssections of the predicted solute
concentrations out to 10,000 years, with Mg concentrations shown in colour-flood
distrbutions (at ifferentscates, which i not helpful and certainly not consistent with
‘uidelines) emanating from the waste rock (Figure 10)and the tailings (Figure 12), the
folowing inconsistencies are apparent but have not been explaied:

Both plots show the “ground surface”, but whie Figure 10 shows concentrations
up to the ground surface, Figure 12 shows white space below the ground surface.
The results appear to show seepage from the waste rock and from the tailings,
but the concentrations at the Inteface.of the wast rock with the tailings do ot
match (between Figures 10.and 12), which i a serious concern. Taking the resuls
at face value, one possibl interpretation i tha the results were taken from two
separate runs (and this was subsequently confirmed), but that i also of concern
as the information presented then would not corer a cumulative impacts case
(both the waste rock and the tailngs combined), which would be a minimum
requiremen.

I each case, the concentration i quite different between Pt 1 and the creek,
and particularly n the vicinity of Caridor Creek. Figure 12 also shows the plume
‘extending much further beyond the creek and aso to a much greater extent in
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the underlying units than s shown n Figure 10. The report is deficient in not
presenting plots to clearly document the cumulative impacts cases and allow
unambiguous inerpretation of the results (.. n a manner consistent with the
estabiished guidelines).

= Figure 9 shows  plan view of the plume emanating from the waste fock source and
connecting vith the creek, while Figure 11 shows tha the plume from the tailngs inill
source i not connected 6 the plume at the creek tsel (even though both plan view
plots indicate tha the results ar from “Mmodel Layer 1) While this Is consistent in
princple with the cross-section plots (Figures 10 & 12), Figure 11 clearly shovs high
Concentrations contiguaus with the creek (.¢. above 100 mg/L and thus reportedly
above background levels), contrary o Figures 9 10 (.. the issue s that cumulativa
impacts appear to have not been presented).

« Figure 12 shows the plume emanating from the Pit 1 tailings infil via  seepage
pathway over the top of the SLB. In tsel this may be appropriate If the actual
conditons warrant it but it does depend on the confirmation of the hydraulic barrier
effect of the SLB iself and alo ofthe sound foundation of the SLB into the underlying
undifferentiated bedrock, and also of the confirmation that the bedrock tself 1 very
low permeablty. The reports do not estabih those factors.

= The commentary on Figures 5-12 suggests that the Mg plume concentrations “would
ot be distinguishable rom background groundwater™ after about 300 years, b that
rases several ssues of concenn. Firstly, the figures should show the background
concentrations In order to establish the point that s made. Secondly, as Indicated
above re Figure 8, the sudden and unjustified drop in concentration from the waste
rock source at year 270 would appear to be the reason why the concentrations
decrease beyond 300 years, but this sudden change is not justified in the report
reviewed (although it may be justified i other reports not sighted), and ts uncertainty
Fange s not presented or discussed. Thirdly, as indicated above, Figure 11 clearly
shows igh concentrations contiguous with the creek 1.e. above 100 ma/L and thus
repartedly above backaround leves)from 270 years (010,000 years.

= Taken at face value, the solute transport results appear to confirm the average long
term solute loadings and the dilution flow rates equired (Tables , 7, 8 9, and Figure
8). However, there is no data presented on flow in Coridor Creek o Justify the
conclusions. s a minirmu, time series plotsor flow duration curves are required to
confirm that the 1 /s dlution flow requirement would be easily achieved i practice.

Solute Transport Review Summary:
There are many inconsistencies in the solute transport model resuls presented in ERA
(2016) that warrant a detailed mode! audit, whether or not a conceptualiation review

(refer section 2.2 above) confirms the need for a coupled flow-tress modelling
‘methodology, whereby load-induced changes in pressure are accounted for directly.

e 7016 P oo docx T




image38.jpeg
hydrogeologic RANGER PIT 1 REVIEW

3 Summary and Recommendations

Tris independent review has identified that the consolidation madel is not very well
consrained by measurements (.. in modelling terms, t is signficantly afected by non
uriqueness). 1t is therefore subject to_considerable uncertainty, uniess water balance
measurements become avalable (e.g. metered volumes of expréssed porewater and/or
from the drainage adit dewatering bare) for a successful postprior verifcation. A further
implication s that sinificant uncertainties currently apply to the water balance inpats to
the contaminant transport modeliing.

Having said that, the consalidation model performance is good in relation to improved
‘meastrements on tailingslevels and settiement fom 2013 to 2015, and thus it s considered
1t fo the purpose (assuming that there ae o cther measured data to help constrain/verfy
the model) to nform th final stages of consoldation and capping. Ongoing mortring and
measurements are required to provide data to (continue to) verly the model. Where the
limited measurement data s the best available, then best pactice n this case would require
substantial improvements {0 the uncertainty assessments, which should be undertaken ith
the consoldation model and lso the solute transport model, comsisent with best practice:
‘Quidelines (Bamett et al, 2012).

The report documentation should be improved to differentiate_measurements_from
calculations, remove Inconsistencies and to properly justify key assumptions, preferably
with data and commentary on hydrogeological conditions during previous iTvestgations
(5. during mine operations and subsequent tailings Ifill, especialy on the drainage adit
dewatering and the expressed porewater volumes). The reports are deficient without water
balance data or even plos of water balance elements (other than the calcuated
‘consoldation flows of expressed poreviater) and the flow-duration character of Corridor
Creck (in order o evaluate the dilution flow requirements).

The hydrogeclogical conceptualisation is ot underpinned vith adequate background
nformation (e.g. fom dewatering operations, techical justifications for key assumptions
(e:g. hydraulic character of the SLB) o sensitivity/uncertainty assessment  (e.q.
consideation of alternative conceptualisations), and it ignores a potentally sgnificant pit
10 creek connection through and WBL zone and the SLE. Depending on the valdity of the
conceptualsation, it may be deemed necessary to apply a coupled flowstress modelling
methodology, whereby load-induced changes in pressure are accounted for directly (ic.
Modfiow reptaced with TNO-DIANA or SEEPW-SIGHAW or smilar).

There are many inconsistencies in the solute transport model resuls that warrant adetailed
‘model audit, and then further modellng to investgate the uncertainties and alternative:
conceptualsatios.
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4.3 DECLARATION

For the record, the independent reviewer Hugh Middemis) s an enginee and ydrogeclogst with
more than 35 yers experence, Dicector/Princpal ot ydrogeiogic Py L since 2013 Hugh s on
independent modellngspecialstvith 25 years'experence n this i, ncluding developing models
To severa projects i th Norther Terior (bt ot t Range), natably incluing he woodcutters
pen pi talings Nl Investgatons. Hugh s principa author of the NDBA roundvater madeling
ideines (Wadlems et al, 001) and s avarded a Churchil Fllowship 1 004 1o benchmark
aroundater modeling ogaiot intermatonal best pracice. Hugh has boen appointed tondependent
reven rkes by many Astrlln goverrment agencies, including the (Culth) Department of the
Environment and aio the (T) Departmen o Land Resouece Hanagement (in both cases since 2014
Warnat that Hush iddie's hs o undertaken any work for ERA ot or 6 corslants Invesgang
PICY, nor for any ther party relating 1 Uhe Rangor Uranium e inth las ten years. Hoerer, we
pote that Hugh has had limited exposure to investations at Ranger PiL 3 when he worked at
Aquaterra prcr 10 2010, prtof mlt discilary project teams. e belleve thereare 1o conflict
of iterest e 1 reaton 0 s review (o,
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[DEWNR providesth following prefac fo the report Rview of Solute Egress Mitigation
"Modelling for Ranger Pit 1 Closur providedto the Supervising Scintist ranch (S58)in 2016
forany distributon beyond the $58.

The DEWNR groundwate e tean asied the Superising Scentst Branch (55 i 2015 and
2016 by reviewin two Ranger pit closure modeling teorts.In 2015 th team proviled areview o
he Range P 3 groundwate) closure modeL.In August 201, the eam provide the stached oiew
ofthe P 1 csure modeling feport. 1 was itended that both reiews were ot intenal e by 558
nd e therelore more concie than for  pubde document

The rendar st note thatsncethe P 1 cosure model i an eension o the i 3 closure model
both reviews shoud be consdere together

Sioce the completion of i epor the reviewers have become aware o aeiona dta becoming
avalbl. Any appction of th model would e 1o be e aintthis aelional formation
o make surethe mode & of  sound bais an th acktonal formatio should be sed t edend
the modd catbration

The model s notdesigned o simulse the wier ydogeologiclprocesses and even with the
applation o hs ackltonal data the appliction f the mode emains mted 0 quatiing e
mounts and rtes Goadinge) of both consesative and ety groundvate constents of potentl
concern (CoPC) that ill e ransported from P 110 surface wles receptors
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Review of Solute Egress Mitigation Modellng for Ranger Pit 1 Closure
Date: 19 August 2016

Profectteam:  Daniel Pirce  Projoct Manager / Sevor Hydrogeclgis
ulese Woods - Princpa Groundhter Modeller
o urcae oo Grourdater Modekr
Kitiya Bshaway - Groundwater iodeller
Kuradhio s Bons—Senior Hycrogealogis/ Modelr

Depariment ofEnsvunmens, Worrand Noturt Resoures (DEWNR) South Ausoto
Wate Science Un Science Montonngond Knowldge SMI) Bronch

Background
rergy Resources of Ausal 1 (6RA) owns ind opersesthe Ranger uanur i (angee) which

15 suated on the Ranger Project Area (RPA). The RPA i locsted on Aborgiral Iand and suounded
by, bt separse o akad Natonal Park

Uranium ore as been mind from o pts (4 1 and 91 3) sing conversionsl oper-eut methods.
Miring 91 1 coned 1o 1554 whle minng At 3 cosed in 2012, The Enwormental Requisments
peraining to dspossl of tallngs 3 Ranger mine ste:

St dispatol oftings mustbe undetoke, o the stsfochan of he Minste wihthe advce f the
Suparvsing e an the boss o bes avalable modelin, i such  way 0 o e hat:
. thetaings e physicty sloted fromthe enviomentfor o cs 0000 yeors:
0.y comuminoss orsing from the tolings wil no sl any detrmentol svvonmentol
s for Lo 10000 yeors”

s spultesemplacemen o s sscied wastes o the i ps,proces it has
eady commenced.Depostion o aings n 1 occmed berween 195 and 2008 ancthe it s
rowbeen sppedth s wste.rock e L oy

To ensble ssesamert of snvwonmertal sk sssockted ueh long-tem tabings depostion i the
mined-out prs, % engaged exemal consuants NTERS) 1o develop 5 rumencal groundater
el ha smulses sk Tansport (gresd) fom 1 1.

The #4t1 cosue model s o of th A 3 closure model which s b previusy i
by DEWNR. S0 the 7 1 3nd 1t 3 closre models were orstncted and calbsted by INTERA fo
asess the potentl mpacts 1o Magela and Comdor Creeks flom closure of Pf 3 and Pr 1
especly. They e s on i he ol docments

« AppendcD ol Repr Sl s Mg fo B0A Ronger 1 Gl 15y 201)
= il feport St EgessMgaron Nodeling or ERA Ranger i 3 Cloure (1 uly 2014
= Acmptionsfor Sokse EgestHimgaton Modlingfor ERA Ronger 21 3 Closre (mdored,

Akiioat documentton bas been e bl by he Supenisng Scetse Srch (55 1o
provde spplemetry éomsion ot ks o the modl or mod cnceprabton. Mhese
b
« Pr 1 etfinor: Finl it ings e 16 Morch 2016
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Fiot gt solteegrss modeting fr A Ranger 3 Deeps min closurs (15 Morch 2014)
Finol eport on Ronger mine e Pes1 Clasre Sossges (CSRO, e 2014)

Soepoge Lmaing Somer P # 60A Ronger mine et Deign (URS Apnt 2005)
Scapage Limting Bamir P #1 ERA Rnger Mane Constnction (URS June 2006

553 requires & detlld descop review 1o be underaken to corim the hydrogeclogical proceses
ard asurpions of the modeling work conduaed by INTERA. iy, ubether the modeling
approsch s corsisent withcuter modeling guidelines and can be considered 10 be represertte
ofnanons ndlor ntematona best pracice.

Scope of Work
I kepirg Wi our rconied expersi, DEWNR grurdhatr i e hve fcused on he
rumenca ooundster o and sk anspor: model. TS e corcerrres o the oddted
e of 1 P ch f e el el o 1 e 5l el docurertson
(Eregy Resorces of Ausul, 201 chidng ch o rdlconsmuctin, model clbrson
cuson As e mary ofthe commentsrade i the DEWR e o e o 3 cloure odl
e 310 apphcble 1 i eview cf e v 1 cloure el Comrers e i i document
hod b conaeed skeae those made in the DENAAR e of th 3 cours modeling
GEwNR 2015,

The evins of h mreling approsh i bsed on DEWNR mode revew quidelines Van et o, 2010)
and the Australan Grourdwater Modling Guideines (amer: o o, 2012, Wher: o quideies are
vaobl spociic comments ro made rogarding the adequacy orotherte of he approachused.

Eacusions
s i the reveusf the P 3 dosure model, DBWNR is ot abe o provde comment on cerln
aspects o INTERA's modeling work. Wihout urhe iformatin,the DAWNA groundwate review
e3m i not able 1o comment on how the modelconceptualiarion fs weh avalsble datafrom the
Fcgon,apar o dats preserted i the fepor We re ko rot bl 10 eview th chemisry o the
pollgant source ad rescive sohts modeling (prserted previously n the 1 3 closur repor and
Fecommend hat hsbe rewewd by srmeone eh suble expee i ursni hydrogeocherisy

Findings

The 3ot el ot v b of e s e n sl
it colobpatuiir bkt
i ae————
2 ks g o r i i
3 S o e
& e o g o e e
Pl - i

n adirion 1o these, the P 3 reporcovere th flloing 1opics hichar relevant 1 he Pie 1
por:

Mode consnction
Cobbesion ofrumercal fow model

Prdicive flow and transport or conseratve sles
Sredicte fow an ranspor or reacve soles
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5. Theiimpactof sssonsl vrsionverusseady iesss wos tested

DEWNR previous review of she 33 rportfound that 3 skgifcat amourt of s specific dat has
e collected and revewed by INTESA The dta presceted s sk applcabe 1 the 1 1 model
The sa onceptualation has boenpreseried wih 2 detalled analysts of th prenay hycrogeological
processs irobved. There 15 suffcien. detail 0 develop a convinag conceptual hcrogeologil
el which ors th st fo the rumericl groundwat flow and clte trarsport modellog.

A pradicve flow an warsport modelwas creted for th sl P 1 dling, MODFLOW:
SURFACT was applied 0 the fow and twansportmodels.

verl the previos oview ourd much of the 1 3 closure model s sourd, Thi i il e of
the e 1 cose model. Howeser, thre were some mjor ssues regading model conceptualiatn,
e and smliion approiches that wers hghhghed i th 3 dosurs model report hat are
applcble £ 1hs body of work These et to th regional corfet (. anarea severaltmes arger
hn the mine s, calbrrion snd serseny ncerey anaysis Futhr o these,sddional s
have been hihlghed tht arc pectic 1o the P 1 model. These s are cescnbed her, srd
surmnsod n th e Log 4 th back of s ropor. Thoresr further reltelyminor sues which
may be sble 1o b easly resolc nd which we have nducd n he 5sues LogMiror s whch
e dertfied i he P13 model e tht re sl relevnt o the A1 1 e have e resoted i
thees Log.

1 hegonalamec

s Habliohted In the P 3 dosurs modeling review, e regonal corteet of the urdering model
e s dicusion 1 3y he modeldomin oth el extert an rodel syeong).

The regonsl scle conten was ot dcused in ener he 71 1 or P 3 doare modeling
documentation Most aical. there 1 no dscussion of the qrounduater low direcion wibin and
arourd the sty 3re,or 3 potentiomenc cortour map of the rgjonal vate levels. Th s reqieed
o sty the model doriin oo Lteral et and model Lyerng), bourdary <ordrions and i
condions.

1t b e assud hat th groundater el etum o th il pre g condiions, which
save o th il condrios n the predicive fiow model Flow model vkl condtions reed o be
consstent weh regional potemiomeic heads. As with the review of the 9 3 losure scenare, 13
suggested that gl ofth regronl rounduster flow shoul bo underaken 1 ersure hat the
il st level used 3 inial cordiions nthe predicive model a1 corsitent weh the rgioral
ou repme. Sore presentaton of the grourdate potertomeinc beids wrhi ard cursde model
domai ncudng the decper geclogil lyers) e required to Sy inmal condeions fo the
prediive flow model

Joscson shoukd be provided fo the desciaton of the model yes represerng the decper
bedrock unes i the calbation model, and reacwating e n the predicive scenarics. The poteraal
mpac of miing opeaions on these decpe uns hould b consdersd

2 cotbraten

Calbranon peroance of e el vas ed 5 8 concam i he e of he 2 3 model
DEWNR, 2015, e medoled waterevelsgenraly b  por match for e cserved e el
s prsered, A the 1 dosue prcicion s te e model s s 1 ey vkl
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for ths predicion model Simiar, e 1 yer calbrstion period vsed for the model remars
nsufiient o confierty predc water evels an ransportof soltes over  perod o 1000 yers

Speciic 10 s xercise he calbraion perfomance o the madel ot well Ications between Pt 1 and
Comeor Creek ae cmical. i many nsances, he cllbrted e vl i thse locatces & higher
than he obsered lvels. This can be seen i she cabbration model hydeogesphs presnted i the
INTERA P13 report (Appends ) speatialy obsrvation bores SMPL - SMPG CCS4, CC3 CCIO, 304
a0 518 The fux beween 1t 1 nd Comdor Creek s highly deperdent on the wate level radint
berwean the o, s ot clear  th grchenthas been underestmated: 0, would contradc he
Consenvatie spproach hathasbeen adopred ntis project Sore anlys s Fequire o very it the
dopted il wator levels do ot resuf i  rduction n A sowards Comor Creek from P 1than
wouldbe expected o occur i ey

3 il condnons
The el condiions i both the o and s por preccions reuie s ustcaton

1o been s hat he atelvel b he modeled srea bave ermed o nestpr iy
condrions by 2025, Ll justicron has been gven or adopting i assumprion, desite INTERA
acknowledgng tht these condions may take n urknow number of yeas o develop. A recovry
model whiah ickides the cumulsive impcts of both O 1 and 90 3 needs o be undersken to
provwde confidencethat the sdopred ina condions ae ressonable,

1t has b it st the sourceofschute i P 1 o the str of he predictive mode (012025 i
Contined ey i she i 1 oorpnn and tht he concerrion outide of the pi 1 61, Thi
assumption requines stfation, Concerttion o magnesiun n the samping location 0SS, located
outse both P 1 and #413, ndictes kves sgnficarty hgher han he assuned il concenttion
0 he wast foc of 50 mayL GNTERA P 3 repor, Tble £2.and igur £07), which suggests ha he.
ol ditnbuion of magnesium may be e widespread than asured.

The backaround nfomation prvided inhcsos tht e 1 s been backfled prior o miing sciiries
cessing 43, This hs the posentl o induce gpoundhater fow and rnsportof magnesn rom
P11 nthe directon of 7 3.8 exparding th il ource of magnesum o srss cutsde of P 1,
the efheness o the 7r 1 seepage bamer may be reduced s addioral (and more desc)
pathasysormagnesum 1o be rnsported o Comdor Creek e crested.

< Sonaruiy ond uncoroiy onatsis

A Pighlghred i the previus review of he P 3 losur,there i it senskiey snd uncaranty
aralyss documerted, A oo thorough snstiey and urceriey analyis wouk provid suppertfor
he cholce o model parameter,ard provee 3 fange of predicions whih are consistent wrh ste
nformaion. Wih specic refecerce to the P11 closure, the folloing uns were dertted 3 lkey
pathwiys o magnesam, those bong:

5 The shallow westhered ock.

5) The M8L zone (see comment i Table 2 e 6},

) The deep weathered bedrock

@) Shear zone at spprosinately RL3 song the southem extet of the barie, and

£ Rodk matensl st the norhem end o the bamer 1 pproamtely RLIC.

dtiora testing of paramete vahes on these unes would be benefcil nd provide 3 ange of
Scanan esus provding corfence i the model sl ard the conchstors bssed vpon them
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Parameterswihin hess s tht may influencs the tavel i of magnesium o Comdor Crock et
A benef: rom sersndy nd uncersiny estng e

8 Solve wansport parameters:
porsty.
Dipersry

b) sk conducy

Ansyis of hydiaulic onduciy valles underken by CSRO Indicses that the paramete values
chosen fo he model are (spproamitey he medion ofhe messured values Whie vil, this may
ot be consstent wrh the sued gosl of roducing 3 consentive model I hs insance, & rarge of
Bydaul corductity valis bounded by the measured value,shoukd be ested o et those
ha maimise the fux 1o Comdor Creek, ard adopting hose info the calbrstion snd predicie
model

Evapotrnspieston s s crticalparaetr whch should be s ofan uncensinty nslse A< reported
i he Pt 3 closure repor, evaporiton a8 mr outflow proces nthe low water Balince and
equils up 1o one-thrd of oroundter baseflow fox Vanions i evaperarspiation have the
potentil o modty the graden between 5t 1 and Comdor Ceck, laading 10 8 change i 0 he
Crek tamote sening det could b used 10 vt the modelled ctal csaporanipeston.

The model may be doublecouning evaporranspiaton A precipraion factorwas appled o he flow
modelwhichvaied fo diferent surcil ratenals: i nludes the efcs of evaporation a5 wllas
Surace unoff.The modsl ko implemented the MODFLOW apotranspstion (V1) package; thi
may overestmtehe mpac of evaporaion in the modabed egior.

Varaions in_ dimate, taking o account potentil long term changes to both ranfell and
evapotrnspaton hould b corsdored s par of th uncerary syt

1t may b sl 0 conseersimuling “bes case” and “werst case”scenrcs o the predicion
scenanon 1o sy the My range of possllies. This may s 4545 e desg and
rficement o  moitonng program fo he se.

5 Sespogebamers
Seapage bamers s ocoted vhin the model dorvan ¢ borh 7 1 s 73 s aresilted Uiy
the MODFLOW harconal flow bamer (459) packige Lrde inomation is provkded wehin the
provwded documentaton sbout the seepage bamer tht & locred o the fouth-est of Mt 1
ikl the tcent of he birer wlormion reqardng the consruchon and it ved 1o
Consut he seepage bamer should be incheled to sy the conductance vave used.
Supplemertary doumentation (URS, 2005 ard RS, 2006) was provded to DEWNR regardeg the
design ard consiucion of th scepage bame.nfrration cotained withinthese docurments which
relte 10 how the siepage bamer s simulated nths model should be presented, nd referenced
i S, and the 74 5, ropors. The modelied corduaty vakies 0 10° /) o th secpage
bamier appear o be_lower shan thos specfed n the desin documentstion 864 x 10°m/d, whch
contrdics o consemative spproach dimed t have been adopted. Rstcaon reeds T be g
o adoptingthis ower vale,

iven thelength of th preicion pariod (10,000 s some dscssion shoukd ba incided 1510 the
kel of flreof e seepage bamer, rd scenari modeling undersken 10 vesige th sy
mpact o filro of the seepage bame through vriion of the sdopted corductance vake of he
sacpage bamer. No menton o the ngerty of th secpage bamer was ghven i he supplementiey
documertiion, nd s some uncaaty nalsson hi sspect would be approprte.

A ronge of conductance valves coul be tested 10 provde a best and wors cise scenan for the
feciveness o he barer duteg the 1000 year predicive perod.
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Conclusions

The model consuction a repoie o previously i he i 3 dosue report provides 5o b or
P11 closure preicions, bt requres futhe workbefoe s esus can b sccgted

The regiona contect must b prasented o supper undering cabbration model assumpions and the
Sssumed il condiionsof 4 prechcion model.

Cumieimpscsof P 1and ¢ 3 shouid be consdered i he araticn model 55 wel 5 the
ecoveny nd e model Whi his may o b o o cop o e crgn sy shold
e incided i  rvid modl a5 1 may Seve 10 ey h dopsed el condrions (e water
el st

e cotbraton penio reeds 0 be xparded o ndude s mch sl dta 55 posileand the
i 13 obsnd poterticremc hesds s be inproved. & o Shovgh sersty
uncorinty sl s odod

Sme coreryion shuld b ghen ot mdeled seepsge b,y ey sroud s
cmence g he 10000 e predne prod

e o th s s collection i sl prseed WENDthe g ine i 3 and 1
e
Plced on the puramete vahes ved by INTERA n he deelopmen of the Rarger e rodel
Conmeray he vl o corfdence ht can b plscedn she e ks , by cest. fow T
en prmany By he engh o he predive penod 010000 yers) compared o he calbrion
peiad 1y T evel o corfeence i the e resuhs s decresed b by he s that
ave beer g n reviewsof he model epors o borh P 1.nd 3. Orly once hee s
e resohed o s condence b plced on e model e gersted by NTERA
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DISCLAIMER

DR Jones Environmental Excellence has had to rely on information supplied by others (including
the parties for whom it is prepared) in producing this report. While all due care has been
exercised in reviewing the supplied information, the veracity of the conclusions that are based on
this material is entirely reliant on its accuracy and completeness. DR Jones Environmental
Excellence does not accept responsibility for any errors or omissions in the supplied information
and does not accept any consequential liability arising from decisions or actions resulting from
such errors or omissions.

This document is prepared only for the clients (Office of Water Science and Supervising Scientist
Branch, Department of Environment) to whom it is addressed. The report and any information or
conclusion in it, is not intended to be, and should not be, relied upon or used by any other party.
Readers should exercise their own skill and judgment with respect to their use of the material
contained in this report.
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EXECUTIVE SUMMARY

Overview

The Supervising Scientist Branch (SSB) of the Commonwealth Department of the Environment
and Energy requires a detailed desktop review to be undertaken of the geochemical processes
considered, and assumptions made, by the modelling work conducted by INTERA to predict the
egress of chemicals of potential concern (COPC) from Pit #1 and Pit#3 over the 10,000 year
period post closure of the Ranger uranium mine.

As requested the two key reports below (including Appendices), plus additional material listed in
Section 2 of this review, were reviewed.

a. INTERA 2014. Final report: solute egress modelling for ERA Ranger Pit 1 closure. 15
July 2014 (Appendix D of: ERA 2016 Pit 1 Notification. Final in-pit tailings level. 16
March 2016); and

b. INTERA 2014. Final Report: solute egress mitigation modelling for ERA Ranger Pit 3
Closure. 1 July 2014.

No matters of relevance to the definition of COPC source terms and issues related to the
transport of the COPC in the environment were excluded from this review. However, analysis and
review from first principles of the complete historical groundwater quality data sets and relevant
process water quality records held by ERA were beyond the scope of this review. The review also
does not include specific assessment of the flow and transport modelling (ie, geological strata
included in the model, element grid and assigned hydraulic parameters), noting that this aspect is
being addressed by a parallel consultancy.

Conclusions

* The selection of COPC is consistent with all of the prior work that has been done to
identify those solutes most likely to be an issue at Ranger. Although it is not a COPC per
se Ca needs to be included in the suite of solutes modelled by virtue of its strongly
ameliorative effect on Mg toxicity. All COPC have been assumed to be conservative in the
solute egress predictions made by INTERA. However, this may not be a valid assumption
to use for Ca given its “protective” function. That is, if the concentration of Ca in the
discharge is overestimated by virtue of assuming conservative transport, then an
unrealistic prediction may be made of environmental significance in relation to the WQ
guideline value that is used for Mg.

* The Mg source concentration assigned by INTERA for the vadose zone waste rock
backfill is consistent with the existing empirical data set for Type 1 waters (the most
relevant). In contrast, the source strength for this zone may have been substantially
underestimated for U.

* The use of a geochemical model coupling pyrite oxidation with dissolution of Mg (from
chlorite) to predict the length of the time window for elution of above background
concentrations of Mg from the waste rock vadose zone should be regarded as indicative
only, given the numbers of assumptions that had to be made about initial pyrite content
and oxygen concentrations in the backfill.

+ |tis documented in CSIRO (2014) that secondary minerals are forming within the tailings
in Pit #1 as supersaturated phases precipitate. However this appears to be a kinetically
slow process with no significant effect thus far in reducing the concentrations of COPC in
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tailings porewater. Hence it is reasonable to assume that the concentrations of COPC in
tailings porewater (and in PTF) will be similar to those currently measured for a long time.
There is no indication that concentrations of some COPC might increase through time in
tailings porewater.

+ The Mg ratio approach to estimating concentrations (and loadings) of COPC discharged
from the site through time is appropriate, assuming conservative behaviour for them.
However, the predictions may not necessarily be valid given the likely underestimation of
some of the contributing source terms.

* The major sensitivity for solute egress from Pit #1 over 1950 years will be the amount of
PTF that is initially extracted as the tailings consolidates over the first 6 years, including
the time required for placement of backfill. Extracting the PTF as it is produced will be the
key to ensuring that downstream environmental impact is minimised. It is inferred by ERA
in its Notification of Intent (NOI) for Pit #1 closure (ERA 2016) that 99% of the PTF will be
removed. This reviewer disagrees with this proposition. In the absence of guidance to the
contrary it has been assumed for this review that 90% removal is more realistic.

s The source terms for laterally inflowing groundwater have been underestimated,
especially for the shorter term, given the likely presence of waste rock and tailings dam
leachates in the up-gradient groundwater flow field. INTERA has assigned country rock
(background) COPC values to this source in perpetuity.

+ The initial COPC source strength of the saturated zone of waste rock has likely been
under-estimated (substantially so for U) as it has been assigned “background” source
strength in perpetuity. In practice this rock will contain a pre-existing elevated leachable
load that will be eluted through time. This issue is likely to be of most import for Pit#3
given the greater thickness of this layer than for Pit#1.

* The magnitude of the PTF-derived source in Pit#1 may have been significantly
underestimated by virtue of a higher transient elevation of the PTF occurring in waste
rock, compared with the model assumption that the final elevation corresponding to a
given % removal is the starting point for the model. This is an issue since the PTF-wetted
material will retain a significant proportion of the PTF solute load, despite subsequent
drain down to the target removal level.

* The predicted peak load of 30,000 kg/y of Mg from the Pit#1 is substantially lower than
the 203,000 kg/y on average (ERA 2016) that currently leaves the site. Hence it could
appear that this load will not be an issue given that no detrimental downstream impact
has been detected for the current annual loading of Mg. This conclusion would still be
reached even if the predicted peak Mg loads have been underestimated by 50%.
However, this 1° pass analysis does not take into account the higher Mg:Ca ratio in
tailings-derived water and the fact that the current Mg ecotox guideline for chronic
exposure is based on the much lower Mg:Ca ratio under the current operational condition.
This aspect may require further consideration by SSB in its assessment of ERA’s NOI
(ERA 20186) for the closure of Pit #1.

+ Reference to Figure 4 shows that the combined effects through time of Pits 1 and 3 need
to be considered. Simple addition of the predicted Mg loads from each pit through time
provides a reasonable first pass basis for doing this. Running a combined Pits model
would probably not provide much more insight. However, in this context it appears that
the pre-existing (impacted) solute loads in groundwater in the areas between the domains
defined by the pit footprints may not have been taken into account by the model. There
will also be a substantial amount of waste rock remaining on the surface after the pits are
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backfilled. The contribution of this solute source to annual loads of Mg leaving the site
may not have been adequately addressed by the model, and could be significant.

Recommendations

Given the limited time available this reviewer has not been able to look in detail at the
source strength assigned to waste rock for COPC other than Mg, U and Mn. It is
recommended that a similar comparison as has been done in this review for Mg, Mn and
U is done between the Type 1 and Type 2 water quality datasets for the other COPC,
noting that nitrate from blasting residues is more likely to be present in higher
concentrations in Type 1 water.

The effect on initial solute loads of not assuming background starting concentrations for
COPC in saturated waste rock and in shallow groundwater should be quantified to
determine if this is a significant omission in the predicted loads of COPC in the 50 years
after pit backfill has been completed.

The potential for a much higher Mg:Ca ratio in solute egress from Pit#1 over the initial
decades post backfill should be assessed, noting that it may not be appropriate to
assume conservative behaviour for Ca given its ameliorative effect on Mg toxicity.

Transient modelling should be conducted to investigate the sensitivity of PTF rise in PIT
#1 backfill to possible management scenarios (eg rate of removal lagging behind rate of
production).

For Pit #1 the model should be run on a monthly time step for say the first 40y to identify
if there are likely to be any critical stress periods for solute egress during the annual
seasonal cycle, when PTF is the dominant source of COPC. This is especially important
because the annual pulse release of solutes from the pit is likely to be offset somewhat
from the current situation where solute egress from the site is dominated by within wet
season seepage and runoff from above grade waste rock stockpiles.

Long term average values should not be used for comparative assessment over the
whole 10000y time period as this strongly weights the result to the lower loads at longer
times. The time window for peak loads should be used as the basis for post closure
performance assessment since this will be the critical stress point for assessing the
likelihood of success. In particular three time windows should be used for each pit, based
on the time series predictions shown in Figure 4.

o For Pit#1:

- 0-50y for PTF efflux

- 50-300 y for waste rock leachate

- 300-10000 y for long term contribution

o For Pit #3:
- 0-10y for initial condition
- 10-300 y for waste rock leachate

- 300-10000 y for long term contribution

The combined annual loading through time of Mg from Pits #1 and #3 plus the other
potentially substantial contributions (eg surface waste rock and rehabilitated tailings dam
footprint) to solute exports from the site need to be considered when comparisons are
being made with current annual loads of Mg.
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1. INTRODUCTION
1.1 Background

The Environmental Requirements pertaining to disposal of tailings at Ranger mine state:

“Final disposal of tailings must be undertaken, to the satisfaction of the Minister with the advice of
the Supervising Scientist on the basis of best available modelling, in such a way as to ensure that:
(1) the tailings are physically isolated from the environment for at least 10,000 years;
(iiy any contaminants arising from the tailings will not result in any detrimental environmental
impacts for at least 10,000 years.”
To meet the first requirement all tailings and associated wastes will ultimately be placed into the
two mined-out pits. Deposition of tailings in Pit 1 occurred between 1996 and 2008 and the pit has
now been capped with a waste-rock and laterite layer. Deposition of tailings in Pit 3 commenced
in 2015 and will continue until all tailings have been transferred to the pit.

To enable assessment of environmental risk associated with long-term tailings deposition in the
mined-out pits, ERA engaged an external consultant (INTERA) to develop 3D numerical
groundwater models that simulate solute transport (egress) from each of the pits. The overall
objective of the numerical groundwater models was to quantify the amounts and rates (loadings)
of both conservative and reactive groundwater constituents of potential concern (COPC) that will
be transported from each pit to surface water receptors.

The Supervising Scientist Branch (SSB) of the Commonwealth Department of the Environment
required a detailed desktop review to be undertaken of the geochemical processes considered,
and assumptions made, by the modelling work conducted by INTERA.

1.2 Scope of the Review

The request for quote (RFQ) for this review specified that review be undertaken of the content of
two key reports below , plus supporting documentation as required.

a. INTERA 2014. Final report: solute egress modelling for ERA Ranger Pit 1
closure. 15 July 2014 (Appendix D of: ERA 2016 Pit 1 Notification. Final in-pit
tailings level. 16 March 2016); and

b. INTERA 2014. Final Report: solute egress mitigation modelling for ERA
Ranger Pit 3 Closure. 1 July 2014.

1.3 Exclusions from the Review

No matters of relevance to the definition of COPC source terms and geochemical issues related
to the transport of the COPC in the environment were excluded from this review. However,
analysis and review from first principles of the complete historical groundwater quality data sets
and relevant process water quality records held by ERA were beyond the scope of this review.

The review also does not include specific assessment of the flow and transport modelling (ie,
geological strata included in the model, element grid and assigned hydraulic parameters), noting
that this aspect is being addressed by a parallel consultancy.
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2, DOCUMENTS REVIEWED

CSIRO (2014) Report on Ranger Minesite Pit#1 Closure Straegies. Turner. JV, Byrne J, Davis JA,
Douglas GB, Kavianni NN, Kent D, Park J, Prommer H, Shackelton, M, Trefry MG, and Wending
L. Mineral Down Under report number EP135637, 545pp.

ERA (2016) Pit 1 Notification. Final in-pit tailings level. 16 March 2016.

Esslemont (2015) Background Constituents of Potential Concern in Groundwater of the Ranger
Project Area. 15 April 2015.

INTERA (2014a) Final report: solute egress modelling for ERA Ranger Pit 1 closure. 15 July 2014
(Appendix D of: ERA 2016 Pit 1 Notification. Final in-pit tailings level. 16 March 2016.

INTERA (2014b) Final Report: solute egress mitigation modelling for ERA Ranger Pit 3 Closure. 1
July 2014, plus associated Appendices.

OWS Advice 2016-011. Pit 1 Tailings Level.

SA DEWNR (2015) Preliminary review of Solute Egress Mitigation Modelling for Ranger Pit 3
Closure. 18 Sept 2015;

Smith (2016) Peer review of solute egress modelling. Ranger Pit 1 closure. (Appendix E of ERA
2016 Pit 1 Notification. Final in-pit tailings level. 16 March 2016).
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3. GEOCHEMICAL SOURCE TERMS IN PITS

3.1 Overview

There will be three significant contributions to the egress of solutes from both of the capped pits:

+ high salinity pore water from tailings

s Pit Tailings Flux (PTF) - leachate produced by upward expression of tailings pore
water driven by downward pressure of overlying waste rock; and

* |eachate produced by percolation of rainwater through the waste rock cap.

In addition for Pit #3 there is highly concentrated brine that is being injected into the base of the
waste rock platform constructed to support the overlying tailings layer. This brine is being
produced from the treatment of process water and expressed tailings pore water in a brine
concentrator unit.

The composite source term that has been used for solute transport modelling from the pits will be
a combination of these sources, the proportions of which will be different for Pit#1 and Pit#3. It will
be critical to ascertain how INTERA has apportioned these contributions, as this process will

define the concentrations of the CoPC used to drive the solute transport component of the model.

In addition, there is a fourth term that needs to be included in a solute source model for the site.
This is the “background” solute contribution from pore water present in the country rocks
undisturbed by mining.

3.2 Contaminants of Potential Concern (COPC)

The reviewer agrees with the list of COPC identified by INTERA and predecessors. However,
although not a COPC per se, Ca is a very important solute that should be addressed as part of
the assessment given the strong ameliorative function that Ca has played for Mg toxicity during
the operational period of the mine (van Dam et al, 2010). Leachate from waste rock has a very
different Mg:Ca ratio than tailings-derived porewater so the change in dominant contributions to
solute flux through time needs to be considered in this context, especially re the predicted
dominant contribution of PTF to solute egress Pit #1 over the 150 years.

The current assessment has looked at Mg alone through time and has not considered the
potential effects of changing Mg:Ca ratio on the receiving environment. The current Mg:Ca mass
ratio measured at the MG009 downstream surface water compliance site is <<9:1 (generally <4).
Under these conditions the ecotoxicological-derived chronic exposure limit concentration for Mg is
2.5 mg/L (van Dam et al, 2010). However, for Mg:Ca >9:1, noting that the Mg:Ca ratio in tailings
pore water is ~10:1, the corresponding limit value for Mg is 0.8 mg/L. This issue is of especial
importance when the average concentrations or annual loads of Mg are being compared with the
current condition, to infer likely lack of environmental significance for exports of Mg from the site
post closure (see Table 8 ERA 2016). Use of the higher limit value for Mg under future conditions
where the lower limit might apply could result in an overly optimistic prediction.

The Mg/Ca ratio will be especially important to address during the first 50y when PTF will
dominate the egress of solutes from Pit #1 (see further discussion below).
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3.3 Geochemical Source Terms

Leachate from Waste Rock Vadose (variably saturated) Surface Zone

Specifying source concentrations for COPC

This component will be produced by leaching of solutes from low grade waste rock. INTERA have
estimated the likely composition of this source using both empirical (all COPC) and predictive
(Mg) approaches. Table 1 below compiles the source terms assigned by INTERA to the vadose
and saturated waste rock zones in the pit backfill. Reference is made to this table in the following
discussion.

Table 1: Model source terms for COPC in waste rock backfill (adapted from Table 4.5,
INTERA 2014b)

COPC Units of Concentration | Vadose Zone Saturated Zone
Magnesium 320 60
Uranium 0.5 0.009
Manganese mg/L 1.2 0.046
TAN' 0.14

Nitrate-N 0.48

Total-P 0.06

20pg MBa/L No data

**Ra 800 89

"Total ammonia nitrogen

The empirical approach for deriving the source concentrations of COPC uses water quality data
records for bores and/or seepage that are considered to best represent the quality of leachate
produced by percolation of rainwater through low grade waste rock (Appendix E, Tables E1 and
E2, INTERA 2014b). It is noted that the period of record for some of these data sets (eg CB1 to
CBS5) is only 1-2 years to 2012. These sources may only have been sampled for this period,
although it is possible that sampling has continued beyond the time when the data were initially
supplied to INTERA.

According to INTERA, “the empirical approach was based on the assumption that geochemical
conditions in the stockpiles should be closely analogous to conditions that will exist in the pits
once these same rocks are placed in the pits”. This reviewer agrees that such a field-based
empirical approach is the most appropriate to define initial (conservative) bounding conditions for
leachate to be produced over the intermediate term from fresh waste rock. Concentrations in
leachate from such rock would be expected to decline over the very long term following wash out
of initially soluble salts and depletion of other source terms (oxidation of pyrite in the vadose zone.

However, only a brief summary of the findings from the analysis of these field data is provided in
INTERA 2014b. Given the importance of the waste rock source to the solute load it is unfortunate
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that no table was provided that contained descriptive summary statistics of the data compiled in
Appendix E. In fact there is an internal contradiction in the report on this important matter. In
section 4.2.1.1 (Waste Rock and Water Types, INTERA 2014b, p40) three water types are
identified based on the results from the review of data compiled in Appendix E of the report:

Type 1 comprises mixture of seepage/runoff from 1s (primarily) and other (25/3s) rock stockpiles.
Type 2 refers to ground waters from bores screened in rock below stockpiles

Type 3 comprises ground waters from bores screened in stockpiles

Specifically it was stated that “Most Type 2 waters are Mg-Na-HCO3-type solutions which appear
to represent undisturbed ground waters in the Ranger area. Some of these waters later evolve
into Mg-SO4 solutions possibly as a result of groundwater displacement by seepage from
overlying waste rock stockpiles.” There is even less clarity in the description of Type 3 waters.
Comment was made that “because seasonal evaporation/dilution effects can obscure changes in
water chemistry (for Type 1 waters) caused by water-rock interactions, seepage/runoff samples
may not be representative for the purposes of estimating source term concentrations”. Further
that “this conclusion is based on the assumption that solutions migrating in ground waters from
within Pit #3 are unlikely to be impacted by these seasonal effects’.

In the opinion of this reviewer this is a very subjective reason for choosing not to use the large
dataset (265 points for the Type 1 sources specifically listed in section 4.2.1.1) for Type 1 waters
as part of the basis for framing the input solute source terms for the model. In fact the vadose
zone of the backfilled rock will be subject to such seasonal variation.

In Section 4.5.2 (Vadose Zone Waste Rock) (INTERA 2014b) it is stated: “ A review of the data
for Type 2 and Type 3 ground waters with Mg <320 mg/L revealed that the maximum values for
U, Mn, and Ra-226 are approximately 0.5 mg/L, 1.2 mg/L and 800 mBg/L, respectively”.
Subsequently these values were assigned to the composition of water from the vadose zone
(Table 4.5, INTERA 2014b). It is noted by this reviewer that the assignment of a 320 mg/L cutoff
appeared to be somewhat arbitrary and not definitively supported by analysis of the data (see
further discussion of this aspect below)

In the INTERA report for Pit#1 (INTERA 2014a) it is specifically stated that. “Geochemical
analyses of samples from bores that represent undisturbed ground waters in the Ranger area
were used as the basis for determining source concentrations for the saturated waste rock backfill
in Pit 1”. Presumably a similar approach was used for the modelling of Pit4#3 given that the same
waste rock source terms were used for both pits. While it might be “OK” to assume a return to
near background concentrations of COPC after several pore volumes have passed through the
backfill that is initially loaded with leachable solute, it is not acceptable to assign this condition
from the start. In this reviewer’s opinion this assumption will result in a substantial
underestimation of the initial source term for the "saturated" zone, which accounts for a very large
percentage of the total mass of backfilled waste rock.

Given the apparent less than rigorous approach by INTERA to this issue the reviewer converted
Table E2 in INTERA 2014b into spreadsheet format and excerpted the relevant Type 1 and Type
2 datasets. The Type 1 sources listed in section 4.2.1.1 (CB1, CB3, CB4, CB5, CB6 NWP1S
0SS, TSD1, TSD2, TSD3) were used. In the case of the Type 2 sources the data set was culled
to remove those sources that were clearly background and/or the front end of the time series that
represented the time before the arrival of a putative seepage front. The summary statistics for the
Type 1 and Type 2 datasets are compiled below in Tables 2 and 3.
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Table 2: Summary statistics for Type 1 waters (265 sample points)

Metric Ca Mg HCO; SO, Mn U Mg/Ca S0./Mg
mg/L mg/L mg/L mg/L  (ug/L} (mg/L)
Min 3.50 13.30 8.00 62.70 0.20 5.00 0.82 3.71
Max 164 684 199 2614 495 6770 11.6 5.98
Mean 65.35 242 81 1094 50 1360 3.81 4.60
Stdev 36.25 141 49 618 76 1726 1.59 0.34
60th %ile 64.50 271 84 1240 39 826 3.77 4.66
80th %ile 93.84 361 130 1642 77 2506 4.68 4.83
90th %ile 120 412 161 1936 118 4592 5.85 4.97

Table 3: Summary statistics for reduced data set for Type 2 waters (374 sample points)

Metric Ca Mg HCO, SO, Mn U Mg/Ca SO./Mg
mg/L mg/L mg/L mg/L  (ug/L} (mg/L)
Min 4 40.6 23.7 30.8 1 0.1 1.3 1.80
Max 397 911 573 4662 2385 783 504 17.36
Mean 47.0 178 246 682 328 220 60 9.02
Stdev 91.2 183 131 1007 345 155 85 3.90
60th %ile 12.52 120 236 383 353 235 41 9.97
80th %ile 30.9 219 316 915 529 363 119 11.92
90th %ile 179.2 378 474 1882 670 393 173 13.50

Reference to the Mg:Ca concentration ratio in Tables 2 and 3 shows that the mean and the 8o™
percentile Mg:Ca ratios for the Type 1 sources are very close to the annual ratio of about 4 that is
currently measured at the downstream Magela MG009 surface water monitoring point. In
contrast, the ratio for the Type 2 water is two orders of magnitude higher. This is much higher
than for process water (ratio of approximately 10) and suggests that Type 1 waters produced from
the waste rock stockpiles provide a much better representation of the current seepage and runoff
that is contributing to solute egress from the site. This is the same material that will be used to
backfill the pits.

The second point to note in Table 3 is that the SO,:Mg ratio for Type 2 water is much higher than
seepage from the stockpiles, suggesting that this is not typical of seepage/leachate from a
variably saturated waste rock source. On both of these measures (Mg:Ca and SO,:Mg) Type 2
waters are not typical of what would be expected from the vadose zone of backfilled waste rock.
Hence this reviewer questions the use of Type 2 waters to derive the model COPC source terms
for waste rock.

The 80" percentile value for a water quality parameter is typically used for comparison with
relevant environmental guidelines (ANZECC and ARMCANZ 2000). By analogy it is proposed
here that the 80" percentile values from Table 2 be considered to define the source terms.

The concentration of Mg used for the solute source term is the most fundamentally important
value. This is because Mg is considered to be chemically conservative and hence provide a
reference for scaling the behaviour of all other solutes — assuming that they too behave
conservatively. A waste rock source concentration of 320 mg/L was defined by INTERA (Table 1
above) for Mg in the vadose zone of the waste rock backfill. This concentration is certainly below
the highest band of values reported for Type 1 waste rock leachate sources in Table E.2. The
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statistical basis for assigning this value was not provided by INTERA, with the only relevant
comment being that the Type 1 peak values in Table E2 were most probably the result of
evaporative concentration in the dry season and hence unreasonably high. However, it is
comparable with the 360 mg/L 80" percentile value in Table 2. Hence this reviewer is satisfied
that the Mg source term used for the vadose zone of waste rock backfill in the model has not
been substantially underestimated.

INTERA (2014b) assigned a maximum value of 500 pg/L for U based on the distribution of data
for Type 2 water. This is reasonably consistent with the 8o™ percentile value of 363 ug/L in Table
2. However, reference to Table 1 shows that the 80" percentile value for Type 1 water is 2506
ng/L, with the mean being 1360 ug/L. This suggests that the source strength for U has been
substantially underestimated.

In contrast to U, the 80" percentile concentration for Mn is almost an order of magnitude higher
for Type 2 water. Indeed the Mn source concentration of 1200 ug/L assigned by INTERA is just
over double that of the Type 2 8o™ percentile value. It is possible that the higher concentration of
Mn found in the Type 2 water is as a result of chemically reducing conditions in the saturated
zone at depth. In this context it should be noted that chemical reduction was ruled out (INTERA
2014b) as being a significant geochemical attenuation process for U.

Given the time available this reviewer has not been able to look in detail at the source strength
assigned to waste rock for the other COPC. It is stated in section 4.5.1 of INTERA 2014b that
Type 2 ground waters were used to define the mean source concentrations of total ammonia
nitrogen (TAN), nitrate-N and total-P (values compiled in Table 1 above). However, it is
recommended that a similar comparison is done between the Type 1 and Type 2 datasets, noting
that nitrate from blasting residues is more likely to be present in significant concentrations in Type
1 water.

Other approaches for estimating concentrations of COPC

It is worth commenting further here on other approaches that have been used to infer the Mg
source term in leachate from waste rock. CSIRO (CSIRO 2014) considered that it was
inappropriate to use empirical field data to infer the composition of leachate since some of the
surfaces of the waste rock dumps had been used for disposal of water from RP2. However, since
RP2 is actually the containment for leachate from waste rock over much of the site then the
validity of this argument is questionable. In any case, irrespective of origin, solutes that are
present in waste rock used for capping must be included in the source term.

CSIRO used Mg source data produced by 400d duration batch leach contact tests. These tests
used large pieces of rock in stirred beakers (Figure 1 below). In the reviewer’s opinion such a
configuration (high water volume and relatively low surface to volume ratio of the large particles)
is likely to substantially underestimate the concentration of solutes in leachate from a waste rock
stockpile. Attempting to scale from such batch test work to the conditions pertaining at full scale is
fraught with problems. Investigations of mass/unit weight of leachable solutes as a function of
particle size is heeded (at a minimum) to place once off batch leach work into context.
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water via the decant towers. The sensitivities of the extent of PTF rise for predicting solute egress
were much better addressed by CSIRO (CSIRO 2014) than by INTERA (INTERA 2014a).

There are two categories of PTF-impacted water that need to be considered. Firstly, the 100%
PTF water that has been modelled by INTERA as a “pond” sitting on top of the interface between
the tailings and waste rock. Secondly, an overlying transition zone of PTF-impacted water. This
transition zone can be defined as the interval between the top (ie the “final” position when
withdrawal of PTF water has ceased) of the PTF pond and the maximum height that PTF
penetrated into the overlying backfill as consolidation occurs. Essentially this transition zone will
be comprised of rock that has been wetted up by PTF, but for which the void volume has
subsequently been drained as the PTF water is drawn down by extraction from the decant towers.
The PTF-wetted rock is likely to retain a significant proportion (on wetted surfaces) of the PTF
COPC that will be able to be subsequently leached by infiltrating rain water and lateral
groundwater flow. It will be this potential wetting and draining cycle that will be a much more
powerful contributor to define the width of the transition zone than will be upward diffusion against
a strong density gradient. This aspect is discussed further in Pit#1 Solute Source Terms in
Section 4 of this review.

For Pit#3 the final position of the groundwater table will be determined by rainwater infiltration
from above, lateral flow of groundwater, and downgradient drainage. For Pit#3 the influence of
tailings porewater on the overlying backfill will be very much less than for Pit# 1 given that the
tailings will already be pre-consolidated with little further vertical expression of PTF to occur
following backfill.

Pyrite contained in waste rock that lies in the saturated zone will not oxidise. Hence this specific
component of the intermediate duration source term for Mg will not be present for waste rock in
the saturated zone. INTERA made the assumption that since this was the case then the saturated
waste rock zone could be assigned the same background Mg source strength (ie 60 mg/L) as
present in country rock unimpacted by mining. Whilst this might be the case over the very long
term when the initially soluble reservoir of salts present in the placed rock has been washed out, it
will certainly not be the case initially. Hence it is concluded that the initial contribution of the
source term from saturated waste rock has been underestimated.

Source terms for the other COPC also need to be assigned for the higher elevation of backfill that
has not been contacted by PTF in Pit#1, but which will ultimately lie below the recovered (driven
by rainwater infiltration and lateral groundwater inflows and outflows) water table. The COPC
source terms for this layer will also need to be assigned for Pit#3. In common with Mg,
“pbackground” concentrations have been assigned by INTERA. This is clearly not appropriate for
the starting condition given that the rock in the backfill zone will initially contain elevated
concentrations of leachable solutes.

For both pits the predicted initial flux of solutes from the “saturated” layer will be much higher than
if it is assumed that background concentrations prevail in the pore water from the start of the
model run. Detailed comment has already been made above for Mg. However, the situation
appears to be especially acute for U where a concentration value of only 9 ug/L has been
assumed in the saturated zone. Based on the data in Table 2 this could be underestimating the
initial source strength by at least 2 orders of magnitude. It is also worth noting that CSIRO
(CSIRO 2014) concluded that insolubilisation of U by reduction of U to U* under low oxygen
conditions in the saturated zone is unlikely to be a significant geochemical attenuation pathway.

Tailings Porewater and Pit Tailings Flux (PTF)

In contrast to the leachate from waste rock, the initial concentrations of solutes present in tailings
pore water are very well defined by the relatively recent data set obtained from cores extracted
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from the top 50m or so of the Pit#1 tailings profile (CSIROC 2014). This is the zone that will
contribute both to the initial PTF and to the longer term egress of solutes at depth in the tailings.
This reviewer agrees that the use of the 87.4 quantile (ie percentile) of the data set is appropriate
to define the composition of the tailings porewater and PTF source terms. This is because the
87.4 quantile is even higher than the 8o™ percentile that is usually used as the basis for delimiting
water quality data for environmental assessments (ANZECC and ARMCANZ 2000).

It is documented in CSIRO (2014) that secondary minerals are forming within the tailings as
supersaturated phases precipitate. However this appears to be a kinetically slow process with no
significant effect thus far in reducing the concentrations of COPC in tailings porewater. Hence it is
reasonable to assume that the concentrations of COPC in tailings porewater (and in PTF) will be
similar to those currently measured for a long time. There is no indication that concentrations of
some COPC might increase through time in tailings porewater.

Brine Concentrate

The data used to define the composition of this source is soundly based on operational data from
the brine concentrator.

Background Groundwater

The approach used to define background concentrations of solutes in country rock by INTERA
and prior consultants (see Esselmont 2015) is appropriate. This will be the solute source in
perpetuity for groundwater flowing through the pit. However, while it is appropriate to use such
background concentrations for simulation of water quality in the long term this reviewer questions
whether it is a valid assumption for the short to intermediate term. There are two reasons for this.

(1). The pit was acting as a sink for groundwater over a long time period, and
contributions to recharge of this groundwater include leachate from the waste rock
stockpiles located around the high side of the pit perimeter plus seepage from the base of
the above grade tailings dam. Thus the concentrations of solutes in the groundwater that
will initially flow laterally into the surface zone of the waste rock capping may be much
higher than have been used in the model.

(2). The model does not appear to have explicitly considered the broader post surface
geochemical landscape extending out from the pit perimeter as a solute source term, with
similar leaching characteristics as the vadose zone in the rock used for pit backfill. There
will be substantial amounts of waste rock remaining in the surface landscape around the
higher side of the capped pit and this will continue to contribute leachable solutes, both to
shallow groundwater flux to the pit and elsewhere in the landscape. In addition the
rehabilitated footprint of the tailings dam may also contribute a flux of solutes that needs
to be addressed.

Proportions of the solute sources in (1) and (2) above will enter the back-filled pit, and also
contribute directly to the flux of solutes reporting to the Corridor Creek axis. Hence this reviewer
believes that these solute sources terms have been substantially underestimated in the short to
intermediate (say 10-100y) time frame

Other Potential In-Pit Sources of COPC

As decommissioning of the site progresses the process plant will be demolished and much of it
plus other equipment (eg truck bodies) is likely to end up as a component of backfill in the upper
horizons of Pit #3. There are two issues that need to be considered.

If the volume of the demolition waste is substantial, and it occupies a laterally extensive horizon,
then it is possible that it could influence the assumed parameters of hydraulic conductivity used in
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the modelling and thus affect predicted times of travel for COPC. The only potential effect on
geochemical sources terms could be for 2*Ra. **Ra preferentially accumulates in gypsum which
forms concretions on the inside of pipework in the process plant. Thus pipework disposed in the
pit is likely to represent a point source of elevated 26Ra. However, the amount of this material
may not be significant in the context of the overall loading of Ra in the waste rock backfill.
Moreover, RaSQ; is very insoluble.

On balance it is not considered that plant and equipment are likely to represent a significant
source of mobile COPC in the pit backfill. However, care will need to be taken to ensure that the
method of placement does not result in higher conductivity lateral flow pathways than would occur
in the waste rock backfill alone.
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4, PREDICTED SOLUTE EGRESS
41 Pit#1

Overview

Pit # 1 was backfilled with tailings to RL12m. Approximately 7500 vertical wick drains were then
installed from a floating barge. The dewatered tailings surface was covered with geotextile,
followed by a 2.5m thick preloading layer of waste rock over 70% of the surface area of the pit. A
0.5 to 1m thick cover of laterite was placed over the northern half of the pit to form a pond water
interception layer. It does not appear that this laterite layer was incorporated into the 3D pit model
produced by INTERA.

The next stage of backfilling and capping to be carried out over the next two years will involve
placement of progressive lifts of waste rock (primarily type 1) to achieve a final above-grade
domed landform. The backfill weight surcharge will cause entrained porewater to be expressed
vertically upwards (PTF) through the vertical wicks, thus facilitating vertical consolidation of the
tailings layer. As this consolidation occurs the tailings porewater will occupy pore space in the
bottom horizon of deposited waste rock. The height to which this PTF layer reaches will be the
critical determinant of solute egress from the capped pit

Solute Source Terms

There will effectively be three source term layers in Pit#1. The thickest layer will comprise
deposited tailings with entrained pore (process) water. The next layer above this will be waste
rock containing expressed pore water. This expressed water is called pit tailings flux (PTF) water
in the INTERA 2014 reports. Overlying this PTF-saturated layer will be waste rock that is variably
saturated as a result of seasonal downward percolation of infiltrating rainwater and lateral inflow
of near-surface groundwater.

The three solute source terms of relevance for the (near surface) backfilled waste rock layer in Pit
#1 will be:

+ a downward component driven by leaching of solutes by infiltrating rainwater;
s a lateral component driven by inflowing near-surface groundwater and
+ an upward component driven by PTF being expressed from the consolidated tailings.

These contributors to solute source strength are in relatively close proximity to the surface, with
consequently the greatest potential for egress from the rehabilitated pit. As noted above in the
commentary on source strength it is considered that solutes inputs have been underestimated
over the short to intermediate term for the non-PTF saturated component of the backfilled rock
and for the laterally inflowing groundwater.

The greatest sensitivity to solute egress over the short term is the extent to which the PTF lens
rises into the waste rock backfill. The latest consolidation modelling indicates that almost all of the
PTF will be expressed over the 6years following application of the backfill surcharge. Unless this
PTF can be rapidly removed over a very short timeframe, the rate and extent of rise will be such
that unacceptable egress of tailings-derived solutes will occur.

The analysis done by CSIRO (CSIRO 2104, p 116) indicates that the PTF level needs to be
maintained below about +13m AHD to prevent this from occurring. However, the higher the PTF
level rises into the backfill, even transiently, the greater the residual signature that will remain in
the waste rock layer to be subsequently leached out. Thus active management of the PTF egress
will be critical. This is the most critical issue in relation to the RL#O tailings deposition issue since
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it is not the final level of the tailings per se that will determine the extent of solute egress, but
rather both transient maximum and “final” (after extraction of PTF ceases) level of the PTF.

ERA proposes to actively manage the expressed PTF by withdrawing the water as it is expressed
via two decant towers installed at the downgradient margin of the Pit. These towers will be
extended vertically as the backfill is placed. Consolidation modelling indicates that 99% of the
PTF will be expressed in the 6 years following the placement of backfill, with the majority of this
occurring at the front end. This is a positive finding since it means that active management via
withdrawal and treatment can be done while the brine concentrator is operating. However, given
the rate at which the water will be expressed there is only a relatively narrow time margin to do
this effectively, with very little room for “error”. In particular, the brine concentrator will need to
have high availability through this time.

The INTERA model assumes for its starting point that a certain amount of PTF has already been
removed and that the lens of PTF water (ie the “pond” of PTF on top of the tailings interface) is at
its near final position. The “problem” with this approach is that it doesn’t capture the critical initial
dynamics of PTF rise, in particular the maximum height that the PTF may reach in the backsfill.
Whilst it is understandable why the modelling was done this way, given the vagaries of
operational variables during this period, it does raise the question of underestimating solute
source strength that could occur as a result of transient wetting up of part of the backfill profile
with PTF. This aspect is a significant weakness in the modelling. Hence | would recommend
transient modelling to undertake a sensitivity analysis of the effect of rate of PTF withdrawal on
potential maximum rise. This will be more complicated to do as it will be a “moving boundary”
problem.

If the PTF level rises above +13m AHD then there is a high probability that minimally diluted
tailings pore water will escape into Corridor Creek via shallow near-surface groundwater flow
(CSIRO 2014). Recognising this sensitivity the CSIRO and INTERA modelling assessed what
might happen if 75% (CSIRO), 90% (CSIRO, INTERA) and 95% (INTERA) of the PTF was to be
removed. However, as noted above the starting point for these models was that these removals
had already occurred, with no transient upwards wetting of backfill. The models did not explicitly
address the issue of maximum transient rise of PTF into the backfill.

The key question from a practical management perspective is how much of the PTF TLF can
actually be recovered via the decant towers. It might be “convenient” to consider that since 99%
of the PTF is (theoretically) expressed over the first 6 years then all of it can be recovered.
However, this is not realistic and so it is considered by this reviewer that inclusion of the 99%
removal condition by ERA in its NOI is not viable. Indeed there is no discussion at all in ERA’s
NOI of what might be practically achievable. This is an important omission. In the absence of
guidance to the contrary this reviewer suggests that 90% removal might be able to be achieved.
Consequently further discussion about the model predictions will use 90% removal.

The modelling by CSIRO (CSIRO 2014, p116) indicates that with 90% PTF recovery the top of
the PTF lens could be positioned below +4m AHD assuming that there is little or no vertical
mixing between the PTF and recharge and groundwater inflow as these latter two components
enter and fill the available backfill void space. In contrast the modelling done by INTERA predicts
that this interface (ie top of the PTF) will be at +7m AHD. Both of these predicted levels are well
below the “critical” level of +13m AHD determined by CSIRO.

Figure 2 below is copied from INTERA 2014a and shows the annual total load of Mg from the
three major solute sources plotted as function of time to 10000y. The initial egress of Mg is
dominated by the PTF source. This is predicted to largely decay away by 100y, with Mg load
being dominated by leachate from the waste rock cap to 300y. After 300y the egress of solutes
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The modelling that has been done by INTERA proceeds on a yearly time step using annual
loadings of Mg. INTERA (2014b) states that this was done because it would be too
computationally demanding to run the model on say a monthly time step, incorporating seasonal
variability, over the 10,000y period of the simulation. On the face of it this might appear to be a
reasonable assertion. However, in practice this is not the case as the time window for impact of
the major PTF source from Pit #1 is predicted to last for only a few decades. It is strongly
recommended that the model be run on a monthly time step for say 40y to identify if there are
likely to be any critical stress periods for solute egress during the annual seasonal cycle when
PTF is the dominant source of COPC. This is an especially important issue to investigate because
the annual pulse release of solutes from the pit is likely to be offset somewhat from the current
situation where solute egress is dominated by within wet season seepage and runoff from above
grade waste rock stockpiles.

COPC other than Mg

The use of Mg as a “tracer” to scale the concentrations/loads of the other COPC is a valid
conservative approach. In practice there will be substantial attenuation of the other COPC by
biogeochemical processes along the transport pathways. These processes, especially for U and
Mn, have been extensively addressed previously by CSIRO (CSIRO 2014) and reiterated by
INTERA.

However, there remain the issues raised above about (initial) source strength of groundwater and
the extent of penetration of the PTF into the rock backfill. Each of these issues could increase the
peak predicted Mg and consequently the predicted peak concentrations of COPC. In this context
the same three time windows defined above should be used to predict concentrations of the
COPC, noting the changes in primary source terms that occur through time. Currently most of the
predictions that have been reported by INTERA and subsequently used by ERA for COPC other
than Mg have been time averaged rather than peak values. Whilst use of peak values may not
ultimately affect the assessed outcome it is not appropriate to use 10,000y time averaged values
as the basis for assessing closure performance.

4.2 Pit #3

The closeout of Pit#3 will be very different to Pit#1, noting that Pit#3 is much closer to Magela
Creek. An underfill platform (underdrainage system) of waste rock was constructed in the pit prior
to the start of deposition of thickened tailings. Brine from treatment of process water will be
injected at the base of this platform up to a maximum elevation of RL-118m. Tailings will be
deposited between RL-100m and RL-20m. A cover of waste rock will then be placed over the
tailings in a similar manner to that for Pit#1. Tailings from the U extraction circuit and from dredge
reclaim of tailings from the tailings dam is currently being placed in the pit.

The biggest difference between Pit #1 and Pit#3 will be the absence of a significant PTF source.
This is because the tailings will already be largely dewatered as a combined result of the
underdrainage system and a higher initial wt% solids content of the deposited tailings.

The same comments that were made above for Pit#1 about the assumption of background
concentrations of COPC for saturated waste rock and lateral groundwater sources apply to Pit#3.
The additional source term that needs to be considered for Pit #3 is the process water treatment
brine that is being injected at depth into the base of the waste rock platform. However, given the
depth of this potential source and its high density it is expected to make very little contribution to
the egress of solutes from the pit.

INTERA has modelled two scenarios, which include a low-permeability cap over the tailings, and
a low-permeability cap at the top of the shallow waste rock backfill, to simulate the mitigation
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rock undisturbed by mining. Whilst this may be a reasonable limiting assumption the time at which
the drop off will actually occur is very uncertain.

The other important point is that the first stage of this peak loading will be dominated by PTF from
Pit#1 with its higher Mg:Ca ratio, while the second stage is predicted to be dominated by leachate
from waste rock (lower Mg:Ca ratio). As discussed above, the potential environmental impacts of
these two conditions will need to be specifically assessed taking into account the amelioration of

Mg toxicity by Ca.
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CONCLUSIONS

This review has focussed on the geochemical aspects of the modelling framework that has been
implemented by INTERA, noting the comment on the hydrogeological aspects is the subject of a
separate review.

The selection of COPC is consistent with all of the prior work that has been done to
identify those solutes most likely to be an issue at Ranger. Although it is not a COPC per
se Ca needs to be included in the suite of solutes modelled by virtue of its strongly
ameliorative effect on Mg toxicity. All COPC have been assumed to be conservative in the
solute egress predictions made by INTERA. However, this may not be a valid assumption
to use for Ca given its “protective” function. That is, if the concentration of Ca in the
discharge is overestimated by virtue of assuming conservative transport, then an
unrealistic prediction may be made of environmental significance in relation to the WQ
guideline value that is used for Mg.

The Mg source concentration assigned by INTERA for the vadose zone waste rock
backfill is consistent with the existing empirical data set for Type 1 waters (the most
relevant). In contrast, the source strength for this zone may have been substantially
underestimated for U. .

The use of a geochemical model coupling pyrite oxidation with dissolution of Mg (from
chlorite) to predict the length of the time window for elution of above background
concentrations of Mg from the waste rock vadose zone should be regarded as indicative
only, given the numbers of assumptions that had to be made about initial pyrite content
and oxygen concentrations in the backfill.

It is documented in CSIRO (2014) that secondary minerals are forming within the tailings
in Pit #1 as supersaturated phases precipitate. However this appears to be a kinetically
slow process with no significant effect thus far in reducing the concentrations of COPC in
tailings porewater. Hence it is reasonable to assume that the concentrations of COPC in
tailings porewater (and in PTF) will be similar to those currently measured for a long time.
There is no indication that concentrations of some COPC might increase through time in
tailings porewater.

The Mg ratio approach to estimating concentrations (and loadings) of COPC discharged
from the site through time is appropriate, assuming conservative behaviour for them.
However, the predictions may not necessarily be valid given the likely underestimation of
some of the contributing source terms.

The major sensitivity for solute egress from Pit #1 over 150 years will be the amount of
PTF that is initially extracted as the tailings consolidates over the first 6 years, including
the time required for placement of backfill. Extracting the PTF as it is produced will be the
key to ensuring that downstream environmental impact is minimised. It is inferred by ERA
in its NOI for Pit #1 closure (ERA 2016) that 99% of the PTF will be removed. This
reviewer disagrees with this proposition. In the absence of guidance to the contrary it has
been assumed for this review that 90% removal is more realistic.

The source terms for laterally inflowing groundwater have been underestimated,
especially for the shorter term, given the likely presence of waste rock and tailings dam
leachates in the up-gradient groundwater flow field. INTERA has assigned country rock
(background) COPC values to this source in perpetuity.
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+ The initial COPC source strength of the saturated zone of waste rock has likely been
under-estimated (substantially so for U) as it has been assigned “background” source
strength in perpetuity. In practice this rock will contain a pre-existing elevated leachable
load that will be eluted through time. This issue is likely to be of most import for Pit#3
given the greater thickness of this layer than for Pit#1. No distinction has been made
between grade 2 waste rock and grade 1 waste rock in terms of leachable U, noting that
grade 2 material will preferentially be placed at depth in the saturated zone of Pit#3. In
this context CSIRO (2016) found a direct (linear) correlation between U content of the
waste rock and concentration of U in leachate.

+ The magnitude of the PTF-derived source in Pit#1 may have been significantly
underestimated by virtue of a higher transient elevation of the PTF occurring in waste
rock, compared with the model assumption that the final elevation corresponding to a
given % removal is the starting point for the model. This is an issue since the PTF-wetted
material will retain a significant proportion of the PTF solute load, despite subsequent
drain down to the target removal level.

s The predicted peak load of 30,000 kg/y of Mg from the Pit#1 is substantially lower than
the 203,000 kg/y on average (ERA 2016) that currently leaves the site. Hence it could
appear that this load will not be an issue given that no detrimental downstream impact
has been detected for the current annual loading of Mg. This conclusion would still be
reached even if the predicted peak Mg loads have been underestimated by 50%.
However, this 1° pass analysis does not take into account the higher Mg:Ca ratio in
tailings-derived water and the fact that the current Mg ecotox guideline for chronic
exposure is based on the much lower Mg:Ca ratio under the current operational condition.
This aspect may require further consideration by SSB in its assessment of ERA’s NOI
(ERA 20186) for the closure of Pit #1.

+ Reference to Figure 4 shows that the combined effects through time of Pits 1 and 3 need
to be considered. Simple addition of the predicted Mg loads from each pit through time
provides a reasonable first pass basis for doing this. Running a combined Pits model
would probably not provide much more insight. However, in this context it appears that
the pre-existing (impacted) solute loads in groundwater in the areas between the domains
defined by the pit footprints may not have been taken into account by the model. There
will also be a substantial amount of waste rock remaining on the surface after the pits are
backfilled. The contribution of this solute source to annual loads of Mg leaving the site
may not have been adequately addressed by the model, and could be significant.

The issues identified above need to be addressed to ascertain whether they are likely to have a
material effect on the model predictions by INTERA and the conclusions that have been based on
them (see recommendations).
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RECOMMENDATIONS

Given the limited time available this reviewer has not been able to look in detail at the
source strength assigned to waste rock for COPC other than Mg, U and Mn. It is
recommended that a similar comparison as has been done in this review for Mg, Mn and
U is done between the Type 1 and Type 2 datasets for the other COPC, noting that
nitrate from blasting residues is more likely to be present in higher concentrations in Type
1 water.

The effect on initial solute loads of not assuming background starting concentrations for
COPC in saturated waste rock and in shallow groundwater should be quantified to
determine if this is a significant omission in the predicted loads of COPC in the 50 years
after pit backfill has been completed.

The potential for a much higher Mg:Ca ratio in solute egress from Pit#1 over the initial
decades post backfill should be assessed, noting that it may not be appropriate to
assume conservative behaviour for Ca given its ameliorative effect on Mg toxicity.

Transient modelling should be conducted to investigate the sensitivity of PTF rise in PIT
#1 backfill to possible management scenarios (eg rate of removal lagging behind rate of
production).

For Pit #1 the model should be run on a monthly time step for say the first 40y to identify
if there are likely to be any critical stress periods for solute egress during the annual
seasonal cycle, when PTF is the dominant source of COPC. This is especially important
because the annual pulse release of solutes from the pit is likely to be offset somewhat
from the current situation where solute egress from the site is dominated by within wet
season seepage and runoff from above grade waste rock stockpiles.

Long term average values should not be used for comparative assessment over the
whole 10000y time period as this strongly weights the result to the lower loads at longer
times. The time window for peak loads should be used as the basis for post closure
performance assessment since this will be the critical stress point for assessing the
likelihood of success. In particular three time windows should be used for each pit, based
on the time series predictions shown in Figure 4.

o For Pit#1:

- 0-50y for PTF efflux

- 50-300 y for waste rock leachate

- 300-10000 y for long term contribution

o For Pit #3:

- 0-10y for initial condition

- 10-300 y for waste rock leachate

- 300-10000 vy for long term contribution
The combined annual loading through time of Mg from Pits #1 and #3 plus the other
potentially substantial contributions (eg surface waste rock and rehabilitated tailings dam

footprint) to solute exports from the site need to be considered when comparisons are
being made with current annual loads of Mg.
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