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IESC 2019-102: Narrabri Underground Mine Stage 3 Extension Project (Narrabri Mine Extension) (State Ref No 9882) – Expansion 
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	Mining and Petroleum Gateway Panel on behalf of the Independent Planning Commission NSW

	Date of request
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	Advice stage 
	Gateway Application 



	The Independent Expert Scientific Committee on Coal Seam Gas and Large Coal Mining Development (the IESC) provides independent, expert, scientific advice to the Australian and state government regulators on the potential impacts of coal seam gas and large coal mining proposals on water resources. The advice is designed to ensure that decisions by regulators on coal seam gas or large coal mining developments are informed by the best available science.
The IESC was requested by the NSW Mining and Petroleum Gateway Panel to provide advice on Narrabri Coal Operations Pty Ltd’s (NCOPL) Narrabri Underground Mine Stage 3 Extension Project in NSW. This document provides the IESC’s advice in response to the requesting agency’s questions. These questions are directed at matters specific to the project to be considered during the requesting agency’s assessment process. This advice draws upon the available assessment documentation, data and methodologies, together with the expert deliberations of the IESC, and is assessed against the IESC Information Guidelines (IESC, 2018).



Summary
The proposed Narrabri Underground Mine Stage 3 Extension Project (the project) is a longwall mining extension to the existing underground Narrabri Coal Mine, located in the Gunnedah Coalfields of NSW. The project will increase production from 11 million tonnes per annum (Mtpa) to up to 13 Mtpa of run-of-mine coal (a combination of thermal and pulverised coal injectate), and extend the mine life from July 2031 to 2045. The proposal also includes expansion and upgrades of existing surface infrastructure.
The project is located within the Namoi Water Management Area. The region has one of the highest levels of groundwater extraction in the Murray-Darling Basin (Department of Primary Industries, 2017). Surface water resources in the area include the Namoi River that is located approximately 6 km from the proposed extension, and the ephemeral Kurrajong Creek located within the proposed development area. Known groundwater-dependent ecosystems (GDEs) adjacent to or within the project area include Mayfield, Hardys and Eather Springs. There are also approximately 40 farm dams located within the vicinity of the project.
The limited level of detail required for project documentation at the Gateway Application stage (New South Wales Government, 2013) accordingly limits the scope of the IESC’s advice on the extent and likelihood of the proposed project’s potential impacts to water resources. Consequently, this advice is only able to provide general guidance on the potential impacts, together with suggestions for additional information required if the proposal proceeds to the Environmental Impact Statement (EIS) stage. 
Key potential impacts from this project are:
· groundwater drawdown that will potentially reduce availability of water for GDEs, such as springs, the Upper Namoi Alluvium and other water resources; 
· surface water losses and altered stream-flow regimes (e.g. Kurrajong Creek) through surface fracturing, cracking and ponding along drainage lines above the proposed longwalls; and
· cumulative impacts created by the multiple competing demands for water in an already heavily used system.
The IESC has identified areas in which additional work is required to assess the materiality of impacts, as detailed in this advice. These are summarised below.
· Further model simulations are needed to examine a greater range of variability in parameters and predictions, including incorporation of pumping from licenced bores, refinement of boundary conditions and the parameters controlling recharge and evapotranspiration. This information is needed to improve the current understanding of potential extent and variability of drawdown impacts that could occur and to further support the proponent’s assessment that impacts to both the Upper Namoi Alluvium and the Namoi River will be minimal, especially given the historical and current intensive use of these water resources. 
· The groundwater model should be better integrated with the subsidence model to provide an improved understanding of impacts on surface water and alluvium.
· Maps are needed that illustrate the distribution of potential GDEs, particularly alluvial and riparian ones, superimposed on contours of estimated depths to the water table (in metres below ground level) both pre-mining and at maximum predicted drawdown. These maps should also show the locations of bores used to estimate the water table depths. These maps are needed to better understand potential impacts to GDEs.
· Surface water modelling informed by baseline stream gauging is required to assess water loss from surface waters due to groundwater drawdown and from cracking and ponding, under a range of climatic scenarios. Additional mitigation measures may be necessary, such as revising the mine layout to reduce subsidence-related strains and stresses experienced at the surface and retiring water licenses to account for the increased loss of surface water through cracking and ponding.
· Surface and groundwater quality monitoring is needed, including information on parameters measured and frequency of monitoring, on which to base site-specific water quality guidelines.
· An appropriate risk analysis (e.g. Serov et al. 2012) of the potential impacts of groundwater drawdown to GDEs is required, along with proposed mitigation strategies.
· A detailed assessment of potential risks to groundwater and surface water ecosystems of the Namoi catchment and a cumulative impact assessment will be required. 
Context
The Narrabri Mine (EPBC 2009/5003) is an existing underground coal mining operation located in the Gunnedah Coalfield, approximately 25 km south-east of Narrabri and approximately 60 km north-west of Gunnedah, NSW. The proposed project will expand the existing operation, targeting the Hoskissons Seam. The project will increase production from 11 Mtpa to up to 13 Mtpa of run-of-mine coal. 
The IESC recognises that this project is at the Gateway Certificate Application stage. The Gateway process considers how a proposal will impact the agricultural values of the land on which it is to be located. The proposal must not significantly reduce the agricultural productivity of any Biophysical Strategic Agricultural Land (BSAL) based on considerations of the New South Wales Government (2013) in the following ways:
i. any impacts on the land through surface area disturbance and subsidence;
ii. any impacts on soil fertility, effective rooting depth or soil drainage;
iii. increases in land surface microrelief, soil salinity, rock outcrop, slope and surface rockiness or significant changes to soil pH;
iv. any impacts on highly productive groundwater (within the meaning of the Aquifer Interference Policy),
v. any fragmentation of agricultural land uses; and
vi. any reduction in the area of BSAL. 
The IESC considers that the proposed project poses limited impacts to BSAL, where approximately 200 ha of Interim Protocol Verified and Potential BSAL have been identified within the application area. Of this, approximately 75 ha in total are located above proposed longwalls within agricultural and forested areas. 
Acknowledging the requirements of the NSW Mining and Petroleum Gateway process outlined above, it is important to note that the supporting documentation is not required to focus on matters that do not directly relate to agricultural productivity (e.g. flora and fauna). All advice below is provided bearing this in mind and in anticipation of a full EIS at later stages of the development if the project proceeds.

Response to questions
The IESC’s advice, in response to the requesting agency’s specific questions is provided below. 
Question 1: It would be appreciated if the IESC could advise on the potential likelihood and significance of any impacts of the proposal on water resources, as well as advise on the appropriateness of the proposed mitigation measures.
1. The documentation provided to the IESC for this Gateway Certificate Application focuses on BSAL criteria and potential mitigation of impacts on BSAL. The likelihood or significance of potential impacts on water resources and their mitigation are not considered and this hampers the IESC’s use of the current documentation to address this question except where issues are discussed in response to criteria i and iv above. Nonetheless, the IESC considers that there is a material risk of impacts on water resources given the current intensive use of groundwater in the region, the predicted extent of subsidence and groundwater drawdown by the proposal, and the proposed development’s proximity to significant water resources such as springs, groundwater-dependent vegetation, the Namoi River alluvium and the state-listed Lowland Darling River Aquatic Community (NSW DPI, 2007). These potential impacts are discussed below, along with some suggestions for subsequent groundwater and subsidence modelling and baseline assessment.
Groundwaters
1. The IESC notes that the modelling provided by the proponent exceeds that required for the Gateway process and acknowledges the extensive model validation. However, the IESC also notes that the model will need to be further refined and developed to meet the Secretary’s Environmental Assessment Requirements (SEARs) when issued, the IESC’s Information Guidelines, and further issues covered in paragraphs 3 and 4 below. This further work will include a cumulative impact assessment incorporating the nearby Narrabri Gas Project, additional groundwater level data and the results of core permeability test work, among other updates. The IESC suggests that these should be fully addressed in the proposed EIS.
1. The current groundwater model predictions provided by the proponent (Hydro Simulations, 2019, p. 51) indicate that the impacts from the project will largely be within the minimal impact considerations of the NSW Aquifer Interference Policy, and will not result in any significant impacts to the highly productive Upper Namoi Alluvium or Great Artesian Basin (GAB). The IESC notes that impact predictions could change when the model is updated as planned. Consideration and discussion of the issues outlined below would further increase confidence in the groundwater impact assessment and associated modelling.
2. Further model refinements should attempt to incorporate pumping from licenced bores as this would provide a more complete understanding of the actual conditions in the groundwater system.
2. Discussion and justification of boundary conditions, and their sensitivities, applied in the groundwater model are needed, including for the large area of ‘no-flow’ in the eastern area of the groundwater model (Hydro Simulations, 2019, Figures 13 and 14, pp. 84-85) and the general head boundary condition applied in the north-west of the groundwater model (Hydro Simulations, 2019, Figure 13, p. 84).
2. The implementation of recharge in the model should be clearly explained. Currently, it is unclear whether the recharge applied in the transient modelling is a fixed rate defined as an arbitrary portion of average annual rainfall or whether the amount varies to accommodate temporal variability in rainfall. When the model is updated, an appropriate time series of rainfall record should be considered to represent the likely variability in recharge rates. Further, the modelled recharge rate should be justified and validated using independent methods such as chloride mass balance and water table fluctuation methods.
2. A maximum ET rate of 146 mm/year has been adopted (Hydro Simulations, 2019, p. 32), which appears to be unusually low for the local climate. The defensibility of the ET parameters will need to be further explored in future work, and evaluated in conjunction with recharge parameters in an uncertainty and sensitivity framework.
2. The specific storage values applied in the current model are noted by the proponent to have been updated, resulting in better model calibration results. However, these specific storage values require justification, including why values have increased and the sensitivity of the model’s transmissivity and recharge values to these changes. Discussion that outlines the revised values from those used previously, the basis for the new values and the implications of these changes on the predicted magnitude and spatial extent of drawdown should be provided in the EIS.
2. The influence of faults has not been discussed. The EIS should consider the behaviour of faults, as either barriers, conduits or both. Their potential impacts on the connectivity between groundwater and surface water also need to be considered. 
2. The IESC commends the proponent for undertaking some sensitivity and uncertainty analysis at this early project stage. This analysis should be extended further in the EIS given the extensive utilisation and importance of groundwater in the region. 
2. Future modelling should clearly identify whether the proposed project will cause drawdown in the Namoi Alluvium and, if so, quantify the volumes and timing of inter-aquifer leakage and discuss connectivity or impacts to the GAB.
2. The saturated extent of the alluvium should be included on maps of potential drawdown to aid interpretation of potential impacts. Additionally, the extent of drawdown in the Pamboola Formation which appears to directly underlie areas of alluvium to the east of the project (based on the proponent’s conceptual models) should be shown to determine if there is potential for drawdown within that formation to impact the alluvium.
2. All maps of potential drawdown should show the full predicted extent of drawdown in each formation. A map of the maximum predicted extent of drawdown should be included, with the expected timing of this maximum drawdown clearly identified.
2. Groundwater quality data should be provided. Discussion on the potential for, and possible changes to, groundwater quality arising from groundwater interaction with the goaf and fractured strata, or leakage of mine-affected water into aquifers should also be provided.
2. Baseflow changes should be quantified for the reaches identified as RIV21 and RIV23-27 on Figure 13 (Hydro Simulations, 2019, p. 84) to inform a full ecological and surface water resource assessment of potential changes to these creeks. 
2. All GDEs (including groundwater-dependent vegetation) should be clearly identified on maps of predicted drawdown and drawdown at each GDE quantified with the maps showing the depth to the water table (in metres below ground level) when modelling is updated. 
2. Regional and site-specific data and information on surface-groundwater interactions and GDEs should be provided in the EIS.
1. Given the preliminary nature of the current modelling and the suggested improvements outlined in paragraph 3, the IESC notes that it is not currently clear if the project aligns with the Namoi Catchment Action Plan 2010–2020 targets and thresholds. These include the target that seeks an improvement in the ability of groundwater systems to support GDEs and designated beneficial uses by 2020 (Namoi CMA, 2010, p. 36) and the threshold for alluvial aquifers to never exceed historical maximum drawdown levels (Namoi CMA, 2010, p. 36). The IESC suggests that the proponent specifically considers these targets within their EIS.
1. Given the nature of the Gateway Application process, limited information on planned mitigation measures was provided. If the project progresses, the 2013 monitoring program should be updated to reflect changes needed due to the proposed project and will need to be provided within the EIS. In particular, the spatial coverage of the groundwater monitoring network should be expanded where there are currently no monitoring bores to the west and south of the proposed project.
1. The IESC also notes that the proponent currently may not hold sufficient licences for predicted take from some water sources under certain climatic conditions. The proponent should provide a plan for obtaining further licences and discuss options including operational changes that may be required if sufficient licence volumes cannot be obtained.
Subsidence 
6. Subsidence modelling should be better integrated with the groundwater model. Fracture networks may provide tortuous connection pathways between surface water and groundwater and may modify infiltration rates and water fluxes. Such connections have implications for:
a. surface waters, where part or all of creek flows could be re-routed into open cracks and below-surface pathways; and 
b. groundwater-dependent vegetation, where stressed trees above extracted longwalls may indicate damage to tree roots.   
The IESC suggests that the potential impacts of ground movements associated with subsidence, including near-surface fractures should be considered within the groundwater model for the EIS.   
7. The proponent has undertaken a sensitivity analysis into the height of the fracture zone above the mined seam (Hydro Simulations, 2019, pp. 44-47). Several scenarios have been modelled that use different methods to calculate the height of the fracture zone above the mined seam. The two primary methods (Ditton Method and Tammetta Method) indicate that there is significant uncertainty about the height of the fracture zone, with a worst-case scenario being that the fracture zone breaks through to the surface. This has significant implications for groundwater behaviour between the mined seam and the surface as the extent of vertical and horizontal fracturing and ground movement changes the hydraulic properties. However, it is concerning that simulations undertaken by the proponent (using an equivalent porous media approach, Hydro Simulations, 2019, Table 23, p. 47) indicate similar groundwater response regardless of the assumed extent of the fracture zone. Further, the proponent suggests that model simulations of historical groundwater levels (Hydro Simulations, 2019, p. 46) are not sufficiently sensitive to assess which fracturing extent is more likely. The lack of model sensitivity to the assumed extent of fracture zone is concerning, and the reasons for this behaviour should be explored and discussed in the EIS. To provide better confidence that the model results are consistent with physical reasoning, it would be useful to include: 
a. justification of the way in which vertical hydraulic conductivity is represented in the model, particularly in the top layers near and at the surface; 
b. the provision of other model diagnostics, such as information on water fluxes and hydraulic heads, to discern differences in flow behaviour between scenarios; and
c. comparison between results of the current equivalent porous media (EPM) approach and alternative approaches such as discrete fracture networks (DFN) to better understand how the representation of fractures influences groundwater behaviour and surface water-groundwater connectivity. 
8. The IESC notes that the subsidence predictions and associated impact parameters (i.e. tilt, curvature, strain and horizontal displacement) have been based on measured local data and empirical databases developed for other coalfields in NSW with similar mining geometries and geological conditions. At this site, the target coal seam varies from 143 to 367 m below ground, with no strong overlying ‘bridging’ geology. Confidence in the subsidence model could be improved by commissioning an independent review, as well as ensuring that the groundwater model complements the subsidence model.
9. The proposed Narrabri Extension is likely to result in a range of subsidence-related impacts to water resources. These include the following issues.
a. Final maximum panel subsidence predictions range from 2.55 m to 2.80 m (Ditton Geotechnical Services, 2019, p. 26), where predicted changes to Kurrajong Creek ponding and dams are considered by the proponent to be minimal. The IESC believes that further information is required to confirm these predictions as it is unclear whether the risk assessment considered (i) incremental profile methods, (ii) climate variability and the influence of extreme weather events, in particular intense rainfall events and frequencies, or (iii) cracking (refer to 10b below).
b. Surface cracking widths are predicted to range from 20 mm to 240 mm (Ditton Geotechnical Services, 2019, p. 31), although there are no reports on the depth of cracks at the existing mine (Whitehaven, 2017, p. 19). Whilst large cracks will be remediated, minor cracks (i.e. less than 50 mm wide) are not expected to require remediation as geomorphological processes would result in these cracks filling naturally over time (Soil Management Designs, 2019, p. 38). The IESC notes that: 
i. cracks which are visibly closed at the surface (i.e. self-healed with sand, or remediated with gravel) are likely to provide preferential flow paths and remain hydraulically open in mixed vertisols (clay fraction 64 %, Greve et al., 2012); and
ii. modelling does not appear to consider water loss from cracking. The acquisition and retirement of water licences may be required to mitigate predicted losses.
c. The rate of soil erosion is expected to increase significantly in areas with exposed dispersive/reactive soils and slopes. Erosion along the creek beds would be expected to develop above chain pillars between the panels and on the side where the gradients increase. The IESC notes that the extent of impact will be assessed by environmental consultants in the EIS (Ditton Geotechnical Services, 2019, p. 44).
Surface waters
10. No investigations have been undertaken to assess the likely impacts of subsidence and groundwater drawdown on surface waters. Without such analyses, it is not possible to comment on the likelihood and significance of impacts on surface water resources.
Groundwater-dependent ecosystems (GDEs)
11. A detailed assessment of potential impacts on GDEs is not provided because the Gateway Certificate Application process does not require assessments relating to flora and fauna at this stage of the development. However, the IESC considers that given the current pressures on groundwater from multiple users, the proposed project is likely to have potential impacts on the following GDEs:
a. groundwater-dependent vegetation, especially along creeklines and on the Namoi River alluvium in areas where groundwater drawdown is predicted;
b. nearby springs such as Hardys, Eather and Mayfield Springs where cumulative impacts associated with the Narrabri Gas Project are likely; and 
c. the Namoi River in the vicinity of the project which is mapped as a potential GDE (GDE Atlas reference to add) and forms part of the state-listed Lowland Darling River Aquatic Ecological Community (NSW DPI, 2007). In particular, potential changes to groundwater–surface water interactions between the saturated alluvium and the Namoi River and its tributaries should be assessed because of the likely importance of upwelling groundwater supplying dissolved carbon and other crucial resources to the river’s food-web (e.g. Burrows et al. 2018) that includes this state-listed community.


Question 2: The IESC may also recommend further studies that should be undertaken if relevant.
12. The IESC recommends the following studies be completed as a component of any future assessments. The recommended studies and methods described are based on current understanding and should not be considered exhaustive. When undertaking further studies, the proponent should consider the information needs outlined in the IESC’s Information Guidelines (IESC, 2018), and the current IESC Explanatory Notes on uncertainty analysis (Middlemis and Peeters, 2018), GDEs (Doody et al., 2019) and other topics as they become available.
Water balance modelling 
13. The IESC notes that the project would involve the use of existing infrastructure with minor augmentations and extensions, including the progressive development of sumps, pumps, pipelines, water storages and other water management infrastructure. Given that there have been discharge incidents at the existing mine associated with high rainfall events (Environmental Resource Management Australia Pty Ltd, 2017, p. 14), a quantitative site-specific water balance is required which accommodates various sources of uncertainty (e.g. using the Water Accounting Framework for the Australian minerals industry, Minerals Council of Australia, 2014). This site-specific approach would describe: 
a. the total water supply and demand under a range of climatic and water demand scenarios to support the uncertainty analysis; 
b. the required water infrastructure, including infrastructure capacity, transfers and qualities; 
c. volumes and quality of water needed to be discharged (if any), under a range of rainfall scenarios; and 
d. potential impacts due to any water management actions. 
14. Given the proposed increase in total coal rejects production, the EIS should provide the results of rejects geochemistry and consider implications of increased storage of rejects and potential changes to water quality should there be any uncontrolled releases.
Surface and receiving waters 
15. The Trigger Action Response Plan (TARP) for the existing mine could not be located. However, surface water compliance criteria for the existing mine are stated as being based on the Catchment Action Plan for the Namoi River. Clarification is required as to whether baseline values for water quality (physical-chemical parameters and contaminants) have been established for the existing mine which gained approval in 2011. 
16. A surface water assessment is needed which: 
a. includes baseline and event-based monitoring of water quality parameters over a sufficient time period to enable the derivation of appropriate site-specific water quality guideline values. The parameters monitored, frequency of monitoring and actual monitoring data are required; 
b. uses a risk-based approach to identify key surface waters that might be impacted (e.g. through direct and indirect discharges, subsidence fracturing, ponding or erosion), and considers how the proposal may alter the duration of low- and zero-flow days and potentially impact on instream biota. The proposed development area is drained by ephemeral streams whose flow regime is likely to be altered by subsidence and, potentially, groundwater drawdown. Altered flow regimes will affect the capacity of these ephemeral streams to provide habitat for aquatic species (review in Stubbington et al., 2017) or support the important ecosystem services provided by these types of surface waters (Datry et al., 2018);
c. identifies the existing (baseline) hydrological regime of all watercourses within the potential zone of hydrological impacts based on selected site-specific monitoring; 
d. uses appropriate surface water quantity and quality data consistent with the ANZG (2018) guidelines for aquatic ecosystem protection to inform impacts and risks; and
e. informs appropriate mitigation strategies (e.g. timing and methods for re-establishing drainage lines to minimise erosion, and actions to be taken when there is a suspected exceedance of a guideline value). 
Groundwater-dependent ecosystems
17. An assessment of the extent and condition of GDEs and groundwater-dependent flora and fauna is needed, followed by an appropriate risk assessment (e.g. Serov et al., 2012). These studies should consider the ecological water requirements for any groundwater-dependent species and their habitat. The locations of any shallow groundwater discharge points and other GDEs should be included, especially in areas where drawdown is predicted. A systematic approach to the assessment of GDEs (Doody et al. 2019) is recommended in which: 
a. the methods from, for example, the Australian GDE Toolbox (Richardson et al., 2011) and Eamus et al. (2015) are used to assess groundwater use by vegetation (especially during dry periods); 
b. the hydrogeological conceptualisation is used to identify areas of shallow groundwater (less than 20 m below ground level) and potential areas of groundwater discharge; 
c. vegetation type and extent, seasonal depths to groundwater and shallow groundwater drawdown maps are overlaid to identify areas of potential GDEs which should then be ground-truthed. These maps should be supported by monitoring data gathered near the regions occupied by ground-truthed GDEs, with the shallow groundwater monitoring locations also plotted on the maps; and
d. ecohydrological conceptualisations are used that integrate results from hydrogeological, hydrological, geomorphological and ecological investigations at spatial and temporal scales that are suitable for predicting potential impacts to GDEs and pathways of likely effects of the proposed development. The identified potential impact pathways should then be used to develop proposed mitigation strategies and to monitor the effectiveness of these strategies.  
Cumulative impacts
18. A detailed assessment of potential risks to groundwater and surface water ecosystems of the Namoi catchment will be required in the EIS. As the region has one of the highest levels of groundwater extraction in the Murray-Darling Basin (Department of Primary Industries, 2017), a cumulative impact assessment will be required, taking into account overlap in groundwater drawdown with the Narrabri Gas Project, potentially other coal mines to the east of the project, and other water users.
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