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1 INTRODUCTION 

1.1 Background 

This Mining Operations Plan (MOP) has been prepared for the Narrabri Mine in the 

Gunnedah Basin of north-west New South Wales (NSW). Narrabri Mine is an underground 

coal mine located within the Narrabri Local Government Area (LGA), approximately 30 km 

south-east of Narrabri, and 10 km north-west of Baan Baa (Plan 1).   

Narrabri Mine is operated by Narrabri Coal Operations Pty Ltd (NCO). NCO is a joint venture 

between Narrabri Coal Pty Ltd, Upper Horn Investments (Australia) Pty Ltd, J-Power 

Australia Pty Ltd, Posco International Narrabri Investment Pty Ltd and Kores Narrabri Pty 

Ltd. 

This MOP outlines the proposed operations at the Narrabri Mine, as approved by Project 

Approval (PA) 08_0144 under Part 3A of the NSW Environmental Planning and Assessment 

Act 1979 (EP&A Act).  PA 08_0144 was originally approved by the Minister for Planning on 

26 July 2010 and has been subsequently modified on six occasions.  PA 08_0144 (as 

modified) expires on 26 July 2031. 

Narrabri Mine is covered by Mining Lease (ML) 1609, which was approved on 18 

January 2008 in accordance with the provisions of the Mining Act 1992 and expires on 18 

January 2029. ML1609 encompasses an area of 5,298 ha for the predominate purpose of 

mining for coal.   

This MOP has been prepared in accordance with ESG3: Mining Operations Plan (MOP) 

Guidelines (MOP Guidelines) (NSW Trade and Investment, Regional Infrastructure and 

Services – Division of Resources and Energy [DRE1], 2013), to satisfy Condition 3 of 

ML1609.  

This MOP has also been prepared to incorporate and satisfy the following requirements of 

Project Approval (PA) 08_0144 (as modified):  

• Landscape Management Plan as required by Schedule 5 Condition 3; 

• Rehabilitation Plan as required by Schedule 5 Condition 4; and  

• Mine Closure Plan as required by Schedule 5 Condition 5. 

The MOP has been prepared for the three-year period from 1 December 2020 to 

31 December 2023, herein referred to as the MOP Term.  

This MOP Amendment A has been was prepared to address changes to the Mine Plan and 

mining method resulting from the Narrabri Mine Modification 7 – Bord and Pillar Mining of the 

Approved Longwalls 201 and 202 and changes to the mining schedule. The Amendment A 

also includeds some additional surface disturbance associated with proposed access tracks, 

and relocation of a Subsidence Monitoring Line for LW110 as a result of mine plan changes.  

 
1 Now the Department of Regional NSW – Resources Regulator (DPIE-RR). 
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This MOP Amendment B has been prepared to incorporate the construction and operation of a 
new HDPE lined turkeys nest (Brine Dam 1) northwest of the existing pit-top surface water 
infrastructure MOP Amendment B also includes the disturbance associated with the construction of 
a ventilation fan pad in the south-eastern area of ML 1609. This Amendment also includes some 
additional surface disturbance associated with lengthening and widening an existing access track 
approved in MOP Amendment A from the Southern Mine Lease boundary to the pit top area.  

1.2 History of Operations 

The Narrabri Mine was developed after exploration investigations identified an in-situ coal 

resource of approximately 229 million tonnes (Mt). Stage 1 of the Narrabri Mine was approved 

under Part 3A of the EP&A Act in 2007 (PA 05_0102) and involved initial site establishment 

activities and continuous miner mining operations producing up to 2.5 million tonnes per 

annum (Mtpa). This approval was modified in March 2010 and involved changing the 

sequence of underground panel roadway development and construction and operation of 

additional mine infrastructure. 

PA 08_0144 for Stage 2 of the Narrabri Mine was issued in July 2010 and allowed the mine 

to convert to a longwall mining operation. PA 05_0102 for Stage 1 was subsequently 

surrendered on 2 August 2011.  PA 08_0144 has been modified on six occasions with the 

most recent modification (MOD 6) approved on 13 January 2017.  

PA 08_0144 (as modified) allows for the production and processing of up to 11 Mtpa of Run 

of Mine (ROM) coal for a period of 21 years. ROM coal is processed at the Narrabri Mine to 

produce thermal and Pulverised Coal Injection (PCI) product coal. Product coal is transported 

from the Narrabri Mine to Newcastle by rail.  

Operations at Narrabri Mine have been undertaken in accordance with the MOPs listed in 

Table 1.  

This document has been prepared to replace Amendment B of the Narrabri Mine 2017-2020 

Mining Operations Plan which expires on 31 December 2020. 

This document has been prepared to replace Amendment A of the Narrabri Mine 2020-2023 

Mining Operations Plan which expires on 31 December 2023. 

Table 1: MOP History 

Name Version Date of Approval Expiry Date 

Narrabri Mine 2020-2023 Mining 
Operations Plan 

Amendment A  

(this document) 

10 December 2021 

Pending 31 December 
2023 Original MOP 

(this document) 

26 November 2020 

Pending 

Narrabri Mine 2017-2020 Mining 
Operations Plan 

Amendment B 19 February 2020 

31 December 
2020 

Amendment A 28 November 2019 

Original MOP 28 November 2017 

Amendment B 30 September 2015 
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Name Version Date of Approval Expiry Date 

Mining Operations Plan for the 
Stage 2 Longwall Project of the 
Narrabri Mine 

Amendment A 27 November 2012 
31 December 
2017 Original MOP 8 August 2011 

Mining Operations Plan for the 
Stage 1 Continuous Miner 
Operation  

Amendment 2 30 March 2010 

31 December 
2011 

Amendment 1 6 July 2008 

Original MOP 8 February 2008 

 

1.3 Current Consents, Authorisations and Licences 

1.3.1 State Significant Development 

Narrabri Mine is classified as State Significant Development (SSD) under the EP&A Act; 

therefore, it is considered to be a Level 1 mine as specified in the MOP Guidelines (DRE, 

2013).  

1.3.2 Approvals, Leases and Licences 

Table 2 lists the key approvals, leases and licences held for the Narrabri Mine at the time of 

MOP preparation.  

Table 2: Approvals, Leases and Licences 

Issuing/ 
Responsible 
Authority 

Type of Approval Date of 
Issue 

Expiry Comments 

Department 
of Regional 
NSW - 
Resources 
Regulator 
(RR) 

Exploration Licence EL6243 21 May 
2004 

20 May 
2019 
(renewal 
sought) 

Approval for exploration (not 
applicable to this MOP). 

Mining Lease 1609 18 January 
2008 

18 January 
2029 

Approval for mining. 

Department 
of Planning 
Industry and 
Environment 
(DPIE) 

Project Approval PA 
08_0144 

26 July 
2010  

26 July 2031 Project Approval for Stage 2. 

Project Approval PA 
08_0144 MOD 1  

30 March 
2011 

26 July 2031 Updates to subsidence 
management conditions.  

Project Approval PA 
08_0144 MOD 2  

21 
December 
2011  

26 July 2031 One off road transport of 
coal to Tarrawonga.  

Project Approval PA 
08_0144 MOD 3 

N/A N/A Emergency road transport of 
coal. Application withdrawn. 

Project Approval PA 
08_0144 MOD 4 

22 
September 
2015 

26 July 2031 Extension of ROM and 
product stockpiles. 
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Issuing/ 
Responsible 
Authority 

Type of Approval Date of 
Issue 

Expiry Comments 

Project Approval PA 
08_0144 MOD 5 

9 
December 
2015 

26 July 2031 Increase ROM production to 
11 Mtpa and mine layout.  

Project Approval PA 
08_0144 MOD 6 

13 January 
2017 

26 July 2031 Administrative change of 
Annual Review reporting to 
calendar year basis. 

Project Approval PA 
08_0144 MOD 7 

23 
November 
2021 

26 July 2031 To enable the mining of 
panels 201 and 202 with a 
bord and pillar mining 
method 

Environment 
Protection 
Authority 
(EPA) 

Environment Protection 
Licence 12789  

20 
February 
2008  

Nil – 
Anniversary 
date: 20 
February 

For mining operation 
>5,000,000 T (handled and 
produced) 

Narrabri 
Shire Council 
(NSC) 

Construction Certificate DP 
816020  

Inspection Report/Permit to 
Occupy No 2413  

17 October 
2008  

6 August 
2009  

N/A Stage 1 Mine Surface 
Facilities 

Construction Certificate DP 
816020  

23 
September 
2010  

N/A Stage 2 Mine Surface 
Facilities 

Natural 
Resources 
Access 
Regulator 
(NRAR) 

(formerly 
DPI-Water) 

90CA811347 / WAL15922 Various Various GAB – Water supply 
(248ML)  

90WA812891 / WAL20131 

90WA812891 / WAL12833 

90WA812891/ WAL12822 

GW – Water supply (150ML)  

GW – Water supply (67ML)  

GW – Water supply (43ML) 

90CA802130 / WAL6762 

90CA802130 / WAL2671 

90CA802130 / WAL2728 

90CA802130 / WAL2952 

River – High Security 
(20ML)  

River (48ML)  

River (10ML)  

River (600ML)  

90BL254679 / WAL29549 

Pending transfer of supply 
works / WAL43017 

Aquifer Interference (818ML) 

Aquifer Interference (403ML) 

90BL254481 - 90BL254487 

90BL254660 - 90BL254663 

90BL254658 

90BL254659 

90BL254701 

90BL254958 - 90BL254967 

90BL255167 - 90BL255173 

Groundwater Monitoring 
Purposes 
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Issuing/ 
Responsible 
Authority 

Type of Approval Date of 
Issue 

Expiry Comments 

90BL255216 - 90BL255218 

90BL255769 - 90BL255772 

90BL256060 - 256064  

90BL256289  

90BL256293  

90BL256344  

90BL256346  

90BL256386  

90BL256396 - 256397  

90BL256402  

90BL256410 

Department 
of 
Environment 
(DoE) 

EPBC Approval 2009/5003 29 October 
2014 

31 
December 
2040 

Federal approval to impact 
threatened species and 
communities listed under the 
EPBC Act.  

WorkCover 
NSW 

Notification for explosives 
use and storage  

5 August 
2010 

20 July 2020 

(renewal 
sought) 

Licence to store – 07-
100215-001  

Licence to handle – various 

1.3.3 Subsidence Management Plan / Extraction Plan Approvals 

Underground mining at Narrabri Mine is undertaken in accordance with approved Subsidence 

Management Plans (SMPs) or Extraction Plans which have been prepared to satisfy the 

requirements of relevant mining authorities and Schedule 3 Condition 4 of PA 08_0144.  

Details pertaining to current and historic SMP/Extraction Plan approvals are provided in 

Table 3. 

In accordance with Schedule 3 Condition 4 of PA 08_0144, an Extraction Plan will be 

prepared and implemented for any second workings to be mined during the MOP Term. 

Table 3: Subsidence Management Plan / Extraction Plan Approvals 

Approval Location Description Issued by Expiry Date Status 

Subsidence 
Management Plan 
Approval 10/9000 

Approval to extract 
Longwalls 101 to 105 

DTIRIS  

13 April 2012 

31 March 2019 Complete  

Extraction Plan 
LW101 to LW106 

Approval to extract 
Longwalls 101 to 106 

DPIE  

18 May 2016 

N/A Extraction 
complete 

Extraction Plan 
LW107 to LW110 

Approval to extract 
Longwalls 107 to 110 

DPIE  

06 April 2017 

N/A Active 
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Approval Location Description Issued by Expiry Date Status 

Extraction Plan 
201-202 

Approval to bord and 
pillar mine Panels 201 
and 202  

TBC TBC Submitted for 
review and 
approval 

 

During the MOP Term an Extraction Plan will be prepared for Longwalls 203 and 204 prior to 

commencement of secondary extraction in these panels. 

The Extraction Plan for LW107 to LW110 has been amended to show the updated transvers 

subsidence monitoring line for LW110, which was required to be relocated due to mine plan 

changes.   

1.3.4 Relevant Policies and Guidelines 

In addition to the regulatory requirements identified above, this MOP has been prepared with 

consideration to the following guidelines and standards: 

• Planning for Integrated Mine Closure Toolkit (ICMM, 2008); 

• ESG3: Mining Operations Plan (MOP) Guidelines (DRG, 2013); 

• Strategic Framework for Mine Closure (ANZMEC 2000); 

• Leading Practice Sustainable Development Program for the Mining Industry – Mine 

Closure and Completion, Mine Rehabilitation (Commonwealth Department of Industry 

Tourism and Resources); 

• Best Practice Environmental Management in the Mining Industry Series;  

• Enduring Value (Mineral Council of Australia 2015); and 

• Contemporary examples of approved MOPs. 

1.4 MOP / Management Plan Requirements 

ML 1609 and PA 08_0144 (as modified) contain conditions relevant to the preparation of this 

document.  These have been summarised in Table 4 along with where each condition has 

been addressed within this document.   

This document has been prepared to consolidate and incorporate the requirements for a 

Landscape Management Plan, Rehabilitation Plan and Mine Closure Plan as required by PA 

08_0144 Schedule 5, Conditions 3, 4 and 5, respectively. 

Detailed objectives and regulatory requirements relating to rehabilitation and post mining land 

use are outlined in Section 4.  

 
Table 4: Regulatory Requirements 
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Source Requirement Where 
addressed in 
the MOP 

ML1609 

Condition 3 
(a) 

Mining operations must not be carried out otherwise than in 
accordance with a Mining Operations Plan (MOP) which has been 
approved by the Director-General of the Department of Primary 
Industries. 

This document 

ML1609 

Condition 3 
(b) 

The MOP must: 

-  Identify areas that will be disturbed by mining operations 

 

Section 2.3 

Plan 3A to 3C 

-  Detail the staging of specific mining operations Section 2.3 

Plan 3A to 3C 

-  Identify how the mine will be managed to allow mine closure Section 6 

- identify how mining operations will be carried out on the site in order 
to prevent and or minimise harm to the environment; 

Section 3.2 

-  reflect the conditions of approval under: 

 -  the Environmental Planning and Assessment Act 1979 

 -  the Protection of the Environment Operations Act 1997 

 -  and any other approvals relevant to the development 
including the conditions of this lease; and 

Section 1.3 
and 4.1 

-  have regard to any relevant guidelines adopted by the Director 
General. 

Section 1.3.4 

PA 08_0144 
Schedule 5, 
Condition 3 

The Proponent shall revise the Landscape Management Plan for the 
Stage 1 project to encompass all proposed mine activities and 
potential impacts associated with landscape management for the site 
(Stages 1 and 2) and subsequently implement this revised version of 
the Landscape Management Plan to the satisfaction of the Secretary 
and DRE. This plan must: 

This document 

(a) be submitted to the Secretary for approval by 30 June 2011; N/A to this 
version 

(b) be prepared by suitably qualified expert/s whose appointment has 
been endorsed by the Secretary; 

Section 1.6 
and Appendix 
B 

(c) be prepared in consultation with DPIE Water, OEH and NSC; and Section 1.6 

(d) include a: 

· Rehabilitation Management Plan; and 

· Mine Closure Plan.  

This document 

PA 08_0144 
Schedule 5, 
Condition 4 

The Rehabilitation Management Plan must include: 

(a) the rehabilitation objectives for the site; 

 

Section 4.3 

(b) a strategic description of how the rehabilitation of the site would be 
integrated with surrounding land use; 

Section 1.5.3 
and Section 
4.2  

(c) a general description of the short and long term measures that 
would be implemented to rehabilitate the site; 

Section 8 

 

(d) a detailed description of the measures that would be implemented 
to remediate predicted subsidence impacts under individual Extraction 

Section 3.2.8 
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Source Requirement Where 
addressed in 
the MOP 

Plans;  

(e) a detailed description of the measures that would be implemented 
to minimise environmental impacts of mining operations and to 
rehabilitate the site, including measures to be implemented for: 

- 

· managing remnant vegetation and habitat on site; Section 3.2.3 

· minimising impacts on fauna; Section 3.2.3 

· minimising visual impacts; Section 3.2.14 

· conserving and reusing topsoil; Section 2.3.2 

· controlling weeds, feral pests, and access; Section 3.2.4 

· managing bushfires; and Section 3.2.9 

· managing any potential conflicts between rehabilitation works and 
Aboriginal cultural heritage. 

Section 3.2.15 

(f) detailed performance and completion criteria for the rehabilitation of 
the site; 

Section 7 

 

(g) a detailed description of how the performance of the rehabilitation 
works would be monitored over time to achieve the stated objectives 
and against the relevant performance and completion criteria; and 

Section 10 

 

(h) details of who is responsible for monitoring, reviewing and 
implementing the plan. 

Section 15 

Note: In accordance with condition 11 of schedule 2, the preparation 
and implementation of Rehabilitation Management Plans is likely to be 
staged, with each plan covering a defined area (or domain) for 
rehabilitation. In addition, while mining operations are being carried 
out, some of the proposed remediation or rehabilitation measures may 
be included in the detailed management plans that form part of the 
Extraction Plan. If this is the case, however, then the Proponent will be 
required to ensure that there is good cross-referencing between the 
various management plans. 

Noted 

PA 08_0144 
Schedule 5, 
Condition 5 

The Mine Closure Plan must: 

(a) define the objectives and criteria for mine closure; 

 

Section 6.1 

(b) investigate options for the future use of the site; Section 4.2 
and 

Section 6.2 

(c) provide a detailed methodology for decommissioning the site’s 
evaporation/storage ponds and the treatment of any accumulated salt 
within or around those ponds; 

Section 6.3 

(d) investigate ways to minimise the adverse socio-economic effects 
associated with mine closure, including reduction in local and regional 
employment levels; 

Section 6.4 

 

(e) describe the measures that would be implemented to minimise or 
manage the on-going environmental effects of the project; and 

Section 6.5 
and Section 11 

 

(f) describe how the performance of these measures would be Section 6.6, 
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Source Requirement Where 
addressed in 
the MOP 

monitored over time. Section 10 and 
Section 11 

EPBC 
2009/5003 

Condition 5 

In order to minimise potential impacts on EPBC Act listed threatened 
species and communities within the mine site, the person undertaking 
the action must actively manage progressive disturbance of the mine 
site in accordance with a Rehabilitation Management Plan for the life of 
the mine. The Rehabilitation Management Plan must be developed 
and implemented prior to any Works commencing and in accordance 
with the NSW Director General's Assessment Report and approval 
conditions (26 July 2010). The final version of this plan must be 
submitted to the Department. 

This document 

EPBC 
2009/5003 

Condition 6 

Within 12 months prior to the Cessation of Operation of the Action and 
in accordance with the NSW Director General's Assessment Report 
and approval conditions dated 26 July 2010 (including subsequent 
revisions), the person undertaking the action must submit and 
implement a Mine Closure Plan. The person taking the action must 
have consideration of matters protected under the EPBC Act at this 
time and ensure that these matters will not be significantly impacted by 
the mine closure. The final version of this plan must be submitted to 
the Department. 

Not triggered 
during this 
MOP term 

 

1.5 Land Ownership and Land Use 

1.5.1 Land Ownership 

ML 1609 covers an area of approximately 5,298 ha within the Parishes of Milner, Turrawan, 

and Gorman, in the County of White and the Narrabri LGA. Narrabri Mine comprises a 

number of land parcels, including freehold land owned by NCO, privately owned freehold 

land, land owned by the NSW government (managed by the Forestry Corporation of NSW) 

and Crown Land (road reserves). Land ownership within and surrounding Narrabri Mine is 

shown on Plan 1C. A schedule of lands is provided in Appendix A.  

1.5.2 Current and Historic Land Use 

Land use within the ML1609 boundary includes agriculture, forestry, and mining activities. 

Prior to commencement of mining operations, the historic land use within ML1609 was 

predominantly agriculture and forestry.  

Narrabri Mine is located in an area that is removed from any urban areas and has a relatively 

low density of surrounding residences. Surrounding land uses include:  

• mining (Maules Creek Coal Mine, Boggabri Coal Mine and Tarrawonga Coal Mine);  

• commercial forestry (Pilliga East, Leard, and Jacks Creek State Forests);  
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• biodiversity conservation (Leard State Conservation Area and Mount Kaputar 

National Park);  

• quarrying activities undertaken by Narrabri Shire Council; 

• transport corridors including the Kamilaroi Highway and adjacent rail line; 

• coal seam gas activities; and  

• traditional agriculture (cropping and grazing) on privately held freehold land.  

The majority of the pre-mining land capability was Class III agricultural lands with a small 

area of Class IV and the remaining areas as Class VI and Class VII near Jacks Creek State 

Forest and some Class VII agricultural lands adjacent to Kurrajong Creek (Cunningham, 

2007).  The pre-mining land capability classes within the Project Boundary are described in 

Table 5. 

Table 5: Land Capability Classes 

Land Capability 
Class 

Description  

Class III Sloping land suitable for cropping on a rotational basis. Structural soil conservation 
works such as graded banks, waterways and diversion banks, together with soil 
conservation practices such as conservation tillage and adequate crop rotations are 
required. 

Class IV Land not capable of being regularly cultivated but suitable for grazing with 
occasional cultivation and requiring soil conservation practices such as pasture 
improvement, application of fertiliser and minimal cultivation for the establishment or 
re-establishment of permanent pasture. 

Class VI  Land suitable for grazing with no cultivation. Soil conservation practices including 
limitation of stock, broadcasting of seed and fertiliser, prevention of fire and 
destruction of vermin are required along with some isolated structural works. 

Class VII Land best suited to green timber and generally comprises areas of steep slopes, 
shallow soils and/or rock outcrop. Adequate ground protection must be maintained 
by limiting grazing and minimising damage by fire. 

 

The existing land use within and surrounding Narrabri Mine is shown on Plan 1B. 

1.5.3 Proposed Future Land Use 

The proposed post mining land use is described in Section 4.2 and shown on Plan 4.   

The aim of rehabilitation and mine closure is to return the land to the agricultural land class 

or remnant vegetation type that existed prior to mining activities being undertaken. 

It is intended to re-establish approximately 1,630 ha of agricultural land to Class III land 

capability comparable to that of the pre-disturbance environment and surrounding area at 

mine closure.  
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Woodland areas which have been subject to subsidence impacts during the mine life or have 

been cleared for gas drainage, exploration drilling and/or access tracks will be rehabilitated 

with native vegetation species endemic to the surrounding remnant vegetation.   

In accordance with the approved Biodiversity Offset Strategy, approximately 431 ha of native 

woodland adjacent to the mining operation has been conserved for biodiversity offset, with a 

legally binding conservation covenant to be in place by March 2021. Following the cessation 

of mining, a further 1,168 ha of native woodland on the Mine Lease area will be conserved 

for biodiversity offset in accordance with the EPBC approval. 

1.6 Stakeholder Consultation 

1.6.1 Consultation during Preparation of MOD 5 Environmental Assessment 

NCO has developed a number of mechanisms to facilitate on-going consultation with local, 

State and Commonwealth government agencies, surrounding residents, the wider 

community and other relevant stakeholders. These mechanisms were the foundation of the 

consultation process undertaken throughout all stages of the PA08_0144 MOD 5 

Environmental Assessment (EA) and approval process2. The EA (Resource Strategies, 

2015a) prepared for the Project addressed the mine plan on which this MOP is based, along 

with the proposed mining and rehabilitation activities, and proposed environmental 

management.  

Stakeholders engaged in this consultative process include: 

• DPIE; 

• NSW Office of Environment and Heritage (OEH), now Environment, Energy and 

Science (EES); 

• DPI Water, now Natural Resources Access Regulator (NRAR); 

• NSW Division of Resources and Geoscience (DRG) (now the Department of 

Regional NSW - Resources Regulator); 

• NSW Roads and Maritime Service (RMS); 

• Environment Protection Authority (EPA); 

• North-West Local Land Service (LLS); 

• Forestry Corporation of NSW; 

• Narrabri Shire Council; 

• Gunnedah Shire Council;  

 
2 MOD 6 was an administrative modification application, in letter form, and did not require an EA or 
consultation. 
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• Rail and port operators; 

• Registered Aboriginal Parties; and 

• CCC members and affected landowners. 

All issues raised in the consultation process were comprehensively addressed in the approval 

process and are reflected in the commitments in the MOD 5 EA Statement of Commitments 

and PA 08_0144 (as modified) conditions. 

1.6.2 MOP consultation 

Prior to submitting the 2016 MOP, consultation was undertaken with the then DRG regarding 

the requirements for MOP development. It was confirmed that following approval of MOD 5 

a new MOP would be required that aligned with the requirements of ESG3.  

A meeting was held at the DRG offices in Maitland on 28 January 2016 between Whitehaven, 

DRG, and SLR personnel. Aspects discussed at the meeting included: 

• Infrastructure remaining in the final landform (however for the purposes of this 

MOP it has been assumed all infrastructure will be removed); 

• Tree deaths and ponding; 

• The use of analogue sites in rehabilitation monitoring; 

• Capping and monitoring of the REA; 

• Consultation; and 

• Exploration.  

These aspects were addressed in the relevant sections of the 2016 MOP.  

A meeting was held at the DRG offices in Maitland on 15 August 2016 with Whitehaven, DRG 

and ATC Williams personnel to discuss the REA capping requirements. A further meeting 

with DRG regarding the capping of the REA was held on 23 August 2017. 

In response to DRG feedback, Whitehaven engaged ATC Williams (2016a and 2016b) to 

undertake additional capping studies. The preliminary capping assessment report was issued 

to DRG in 2017 and was reviewed on their behalf by O’Kane Consultants (OKC).  The 

Rehabilitation Methodology Assessment Narrabri Coal Mine (OKC, 2017) recommended 

further assessment of some key aspects of the proposed capping and closure concepts.    

In July 2019, Narrabri submitted the Narrabri Mine Rejects Emplacement Area (REA) 

Capping Assessment & Closure Design Report (ATCW 2019) to the Resources Regulator.  

This report was prepared to address the OKC (2017) report recommendations.  In April 2020, 

the Resources Regulator advised that the REA Capping Assessment & Closure Design 

Report was suitable for use and that the full report including recommendations and design 

criteria should be included in this MOP for submission in 2020.  A copy of this correspondence 

is included as Appendix B. 
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The REA Capping Assessment & Closure Design Report is included as Appendix C and key 

aspects are summarised in Section 3.3 and 6.4.  The closure design requirements have 

been incorporated into the rehabilitation methodologies included in this MOP. 

1.6.3 Stakeholder Expectations and Agreements 

As noted in the PA 08_0144 EA, the approved post mining land use involves the 

establishment of a 1,590 ha on-site Biodiversity Offset Area (BOA), and a 1,243 ha off-site 

BOA, resulting in total offsets of 2,833 ha. A legally binding conservation covenant will be 

placed on the title of the BOA’s.  

1.6.4 Statutory Requirements  

Narrabri issued a letter to DPIE on 17 July 2020 seeking the Secretary’s endorsement of a 

suitably qualified expert to review the Landscape Management Plan for the Narrabri Coal 

Mine (08_0144) and approval to incorporate this plan into the MOP.  

On 3 August 2020, Narrabri received DPIE endorsement and approval to combine the Plans 

“provided that all the requirements of the conditions of 08_0144 are adequately addressed in 

the MOP and that this information is presented in a clear and distinguishable format for the 

Department’s review”.   

To satisfy the requirements of Schedule 5, Condition 3 of PA 08_0144, consultation with key 

government departments was required for the revision of the Landscape Management Plan 

to encompass Stage 2 mining activities.  All previously received feedback has been 

considered in this revised document. 

This document has submitted to the Resources Regulator and the Secretary of the DPIE for 

approval.  A copy of this correspondence is included as Appendix B. 

1.6.5 Stakeholder Engagement for Mine Closure 

NCO recognises the value of identifying and engaging key stakeholders during the 

development of a Mine Closure Plan.  This enables recognised stakeholders to have their 

interests considered as part of the mine closure planning process.  Engaging relevant 

stakeholders is seen as one of the fundamental principles for effective mine closure, as the 

closure of the mine can often be responsible for substantial changes in both the community 

and the environment in which it operates.  

A Detailed Mine Closure Plan (DMCP) will be prepared when the mine is within 5 years of 

closure. The development of the DMCP will be undertaken in consultation with relevant 

government agencies and the local community.  Key social considerations for mine closure 

are summarised in Section 6.5.  
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2 PROPOSED MINING ACTIVITIES 

2.1 Project Description 

Operations at Narrabri Mine during the MOP term will involve the following 

activities/operations as approved by PA 08_0144 (as modified): 

• Underground mining of the Hoskissons Seam within ML 1609 using the longwall 

retreat method and bord and pillar method, with an annual production rate of up 

to 11 Mtpa ROM coal;  

• Construction and use of mine ventilation and gas drainage infrastructure, mine 

safety pre-conditioning infrastructure, and associated access tracks and power 

lines;  

• Exploration activities within ML1609; 

• Mine dewatering and water treatment; 

• Processing coal through the Coal Handling and Preparation Plant (CHPP); 

• Emplacement of processing reject and storage of saline water; 

• Use of a water pipeline from the Namoi River; 

• Transportation of the coal from the mine site to the Port of Newcastle via train; 

• Subsidence management and remediation; 

• Ongoing rehabilitation of areas no longer required for operations; and 

• All ancillary and related activities. 

Based on the currently approved average production rate of a maximum of 11 Mtpa via 

longwall mining operations, the expected mine life is approximately 21 years, ceasing in 

2031. 

2.2 Asset Register 

The asset register presented in Table 6 provides a summary of the key features of each 

primary domain (see Section 5), and principal activities required for decommissioning and 

rehabilitation. The areas for each domain represent the footprint at the start of the MOP term, 

as depicted on Plan 2.   

The asset register is intended to provide a suitable level of context for the Rehabilitation Cost 

Estimate (RCE). The RCE provides for third party rates to undertake the following: 

• Decommissioning and demolition of all surface infrastructure; 

• Rehabilitation of all areas disturbed by mining, with the exception of some dams 

that will be retained for post mining use; and 
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• Mobilisation costs, project management and contingencies. 

A copy of the RCE has been submitted to the RR with this MOP.  The RCE has been was 

updated for MOP Amendment A to include updates to the Active Mining Area for the bord 

and pillar operations, and minor changes to disturbance associated with access track 

construction and the relocation of subsidence monitoring line I. 

The RCE has been updated for MOP Amendment B to reflect the additional disturbance 

associated with the construction of the new brine dam, the ventilation fan pad in the south-

eastern area of ML 1609 and lengthening and widening an existing access track approved in 

MOP Amendment A from the Southern Mine Lease boundary to the pit top area. 

The MOP Amendment A RCE incorrectly included three existing vent shafts when only two 

vent shafts existed at the site. The third vent shaft at the install face of LW104 had already 

been decommissioned (12/04/2016) and rehabilitated and should not have been captured in 

the last RCE.  

The RCE for MOP Amendment B replaced the rehabilitated vent shaft and included the 

proposed vent shaft in the south-eastern area of ML1609. Therefore, the number of vent 

shafts at the site will total three and the RCE has not changed materially.  

Table 6: Asset Register 

Domain Area 
(Ha) 

Major Assets Key Decommissioning 
and Rehabilitation 
Activities 

Domain 1 – 
Infrastructure Area 

214.0 Site access road and internal access tracks, office 
and administration buildings, light vehicle carpark, 
workshop and stores buildings, electrical sub-
station and associated electricity infrastructure, 
equipment laydown areas, rail loop and train 
loadout bin and train loader, sewage treatment 
plant, box cut and mine portals, drift and skyline 
conveyors, coal crushing station, CHPP, ROM and 
product coal pad hardstand areas, explosives 
magazine, ventilation fans and shafts, gas drainage 
infrastructure, and water pipelines. 

All infrastructure will be 
demolished and removed 
at closure. 

Boreholes and mine 
entries will be sealed in 
accordance with relevant 
guidance and regulations. 

Contamination will be 
remediated. 

Domain 3 – Water 
Management Area 

47.6 Incorporates the network of dams, lined evaporation 
ponds, brine storage ponds, water diversion bunds 
and associated water management infrastructure. 

All water management will 
either be decontaminated 
and converted to clean 
water management or 
backfilled at closure. 

Domain 4 – Reject 
Emplacement Area 

22.1 Coarse rejects from the CHPP. Rejects emplacements 
will be capped in 
accordance with detailed 
capping strategy 
(Appendix C). 

Domain 5 – 
Stockpiled Material 

34.3 Includes stockpiled topsoil, as well as the material 
stockpiled in the visual amenity bund and box-cut 
stockpile.  

Stockpiled material will be 
respread and used for 
rehabilitation. 
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Domain 7 - 
Rehabilitation 

111.9 Includes all rehabilitation undertaken to date at the 
site. 

NA 

Domain 8 – 
Underground 
Mining Area  

2,903.8 Area of land subject to subsidence from 
underground mining activities. No significant assets. 

Subsidence remediation 
as required. 

2.3 Activities over the MOP Term 

The proposed activities at Narrabri Mine throughout the MOP term are detailed in the 

following sections and are presented in Plan 3A to 3C.  

Further details regarding specific rehabilitation activities and methodologies are provided in 

Section 8. 

2.3.1 Exploration 

During the MOP term, exploration activities will be undertaken within ML 1609 for coal quality, 

geotechnical and/or hydrogeological evaluation purposes. As far as practicable, access to 

exploration sites will utilise existing tracks to minimise disturbance. All exploration will be 

undertaken in accordance with the relevant conditions of ML 1609. The activities are 

expected to be conducted in front of longwall panel development and will comprise HQTM 

core and open hole drilling. Two- and three-dimensional seismic surveys may be necessary 

to further define geological structures. 

Exploration activities during the MOP term will include the following:  

• Clearing: Vegetation clearing will be undertaken in order to prepare the 

Exploration Program area for drilling activities and access track construction. 

Clearing of vegetation may be undertaken utilising various equipment, including 

an excavator, dozer, mulcher, a tractor with a slashing implement and/or 

chainsaws;  

• Access Tracks: Exploration areas will be accessed via existing tracks where 

possible. Where required, access tracks will be constructed to facilitate the 

movement of vehicles and equipment to the Exploration Program drilling sites. 

Access tracks will typically be constructed to a nominal width of 5m for exploration 

activities however these areas have been chosen based on future mine 

disturbance requirements and as such may be increased to approximately 10m 

in width when required for the operation. Where access tracks are located in areas 

that have been previously cleared in open farmland, these areas will be slashed; 

• Exploration Drilling: Exploration drilling will be generally undertaken during the 

hours of 7am to 6pm, seven days per week.  Drilling equipment used on-site may 

include a truck mounted multi-purpose drill rig, support truck (water, rods and 

fuel), and light vehicles (4WD).  Drill-mud sumps will be used and any drilling 

wastes transported back to the Narrabri Mine Reject Emplacement Area for 

disposal.  
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• Rehabilitation: Following the completion of drilling and associated activities, all 

exploration drill holes will be sealed in accordance with Condition 17 of ML1609 

and relevant guidelines including the Exploration Code of Practice: Rehabilitation 

(DPE, 2015), and the Guideline for Mineral Exploration Drilling; Drilling and 

Integrity of Petroleum Exploration and Production Wells (DRE, 2016). 

Completed and proposed exploration activities will be reported in the Annual Review. 

2.3.2 Soil Stripping and Stockpiling 

The soil properties and conservation measures of the Pit Top Area and Underground 

Longwall Area have been described by Cunningham (2007 and 2009). This information has 

been used to identify the short-term and long-term conservation measures of top-soil and 

sub-soil. The storage of top-soil and sub-soil is described below. 

Soil stripping associated with the construction of infrastructure for the Narrabri Mine drill sites, 

ventilation shaft areas and access roads will be undertaken at no deeper than the depths 

identified by Cunningham (2009) using mainly scrapers or a bulldozer and either a front-end 

loader or backhoe to place the soil in stockpiles. 

Topsoils and sub-soils will be stockpiled separately to enable easy recognition and retrieval 

once rehabilitation is underway. The following stockpile management measures will be 

adhered to for the life of the mine: 

• All soils within the areas to be disturbed will generally be stockpiled in wind rows 

adjacent to the area of disturbance; 

• Topsoil stockpiles are to be created no higher than 3 m and with slopes no greater 

than 1:2 (V:H) to minimise soil erosion; 

• Sub-soil stockpiles are to be created no higher than 4 m with slopes no greater 

than 1:2 (V:H) to minimise soil erosion; 

• Sedimentation controls including catchment banks, silt-stop fencing or straw bales 

will be placed immediately down slope of any soil stockpiles and will be 

maintained until such time as a stable vegetation cover over the stockpile is 

achieved; 

• Soil stockpiles will be left with a roughened surface and those stockpiles to be 

retained that do not have a naturally established vegetation cover will be seeded 

with a selection of pasture species to create a stabilised cover; 

• In the event that unacceptable weed generation is observed on soil stockpile 

areas, a weed control program will be implemented; and 

• Following stockpile construction, the operation of machinery on the topsoil and 

sub-soil stockpiles will be avoided in order to prevent compaction and maintain 

soil aggregation. 
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The Capping Assessment and Closure Design for the Rejects Emplacement Area (ATCW 

2019) is included as Appendix C. This report details the capping layer profile proposed for 

the REA; a 400mm capping cover comprised of stripped topsoil and subsoil horizons (150mm 

and 250mm respectively) with a view to replicate the pre-existing soil profile across the site. 

The general soil profile within the footprint of the REA has been identified as topsoil to 25cm 

depth and subsoil to >2.5m depths. The material characterisation of soils, prior to 

development of the REA, undertaken by ATCW (2019) concluded that the dispersibility 

values were generally low and pH and salinity levels within the soils were found to be within 

acceptable values for stockpiling and future use in rehabilitation. A capping materials balance 

undertaken by ATCW (2019) has concluded that sufficient volume exists to achieve the 

proposed capping design. In order to ensure the topsoil and subsoil resources are available 

for capping the REA as per ATCW design the following stripping and stockpiling measures 

will apply; 

• Topsoil will generally be stripped to a depth of 25cm and stockpiled in accordance 

with measures outlined above; 

• Subsoil will generally be stripped to a minimum depth of 0.5m and where available 

to greater depths (up to 2.5m), in order to maximise this resource. Subsoil will be 

stockpiled in accordance with measures outlined above; 

• Topsoil and subsoil stockpiles will be signposted; and 

2.3.3 Topsoil and subsoil stockpiles will be separated by a nominal 3 metres (eg. dozer blade 
width) to ensure no mixing of material occurs. This minimum separation is also to apply to 
the advancing face of the REA to ensure no rejects material can be dumped/pushed over 
topsoil or subsoil stockpiles. Construction 

During the MOP Term, construction activities will primarily include the construction of 

infrastructure ahead of longwall mining operations including: 

Goaf Gas Drainage Drilling Sites 

Goaf gas drainage is conducted behind the progressing longwall mining operations. Goaf 

drainage boreholes are used to drain the goaf gas. 

Boreholes are drilled from the surface and require a drill pad of approximately 30m x 30m 

(0.09 ha) for the drill site, sump(s) and storage of vehicles and drilling materials.  

Access tracks will be cleared and maintained for as long as the goaf gas drainage is required 

to be maintained. 

Drill sumps are constructed for recycling and storage of water and drilling waste. Drill spoil 

and water collected within the sump(s) is removed as necessary and transported to the REA 

for management and disposal.  

Erosion and Sediment control plans are prepared for each drill site to minimise risks of 

surface water and sediment runoff from the disturbed surfaces and drilling operations. 
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As the longwall mining operation progresses to the west, and the slope of the surface 

increases, some of the drill sites are likely to be located adjacent to ephemeral drainage lines. 

To prevent runoff from significant rainfall events flowing through the disturbed areas of each 

drill site, upslope catch banks will be constructed parallel to the contour where required at 

each of these sites. These catch banks will divert overland flows away from the drill sites and 

discharge the water down-slope of the sites. 

Service Bores 

Service bores are drilled for the installation of services (compressed air, water, power or 

monitoring) or for gas extraction from underground to inseam (UIS) gas drainage. These 

holes are drilled in a similar manner to a goaf hole.  

Mine Safety Pre-Conditioning 

NCO undertakes mine safety pre-conditioning to mitigate potential underground wind blast 

events and the associated hazards to underground personnel. The aim of mine safety pre-

conditioning is to ensure that the underground roof collapses in a regular fashion, thereby 

limiting the risk of strata spanning behind the longwall and reducing the safety risk of wind 

blast. 

Mine safety pre-conditioning requires surface infrastructure to access the host rock above 

the target coal seam. This typically includes access tracks over the width of the longwall panel 

with varying numbers of drill pads cleared on each line to allow drilling. The number of tracks 

and pads is dependent on the extent of the thick strata overlying the coal seam. Holes are 

drilled above the coal seam into the overlying strata and then water is injected under high 

pressure to fracture the rock. 

Subsidence Monitoring Line Access Tracks 

During the MOP term, some access tracks may be cleared to allow the establishment of 

subsidence monitoring lines. Subsidence monitoring requirements will be detailed in the 

relevant Extraction Plans, which have to be developed in consultation with the Resources 

Regulator.  

To establish each subsidence monitoring line, an access track the width to allow the safe 

travel of a light vehicle will be required (approximately 6m). The mine will utilise pre-existing 

tracks for access where possible. 

Batching Plant 

During the MOP term, a basic batch plant will be constructed onsite to provide ongoing 

supplies of grout for mining purposes. This will include a sealed silo to receive cement from 

delivery trucks and a hopper for sand and aggregate. The sand and aggregate will mix with 

water into an onsite agitator truck or pumps. Power to the plant will be supplied by existing 

onsite generators. The plant will have a minimal footprint and be located within existing 

cleared infrastructure areas. This plant may be moved during life of mine as required and will 

be removed from site once it is no longer needed.  

Communications 
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During the MOP term communication cabling (PED cable) will be installed above longwall 

203 to ensure underground development activities have safe and effective communication 

ability. This PED cable will be buried on the surface to an approximate depth of 600mm. To 

establish this infrastructure a track the width of a dozer will be required for the cable 

installation, and the track will be maintained for ongoing maintenance of the equipment. 

Access Tracks and Roads 

During the MOP Term, NCO proposes to construct a new access track from the Southern 

Mine Lease boundary to the pit top area and complete a number of upgrades to existing 

tracks. 

West Site Ventilation Shaft 

During the MOP Term, NCO proposes to construct a ventilation shaft in the south-eastern 

area of ML1609. The area will be disturbed and cleared in accordance with the Permit to 

Work- Surface Disturbance and Penetration Work’ procedure.   

The area is needed to provide sufficient area to access and construct the proposed ventilation 

shaft at the site. Construction will include the shaft construction contractor’s buildings and 

storage areas, shaft construction plant and equipment, settlement dams and stockpiles to 

drain and store the material excavated from the shaft during construction and a stormwater 

run-off catch dam to contain all rainwater on the site. Water from the dam will be used in the 

shaft construction boring process. 

Additionally, the existing 1300 m track into the site will be upgraded to allow the contractor 

all weather access into the site with A & B double trucks (no vegetation will be disturbed along 

the existing track).   

Brine Pond 1 (BR1) 

During the MOP Term, NCO will construct a new HDPE lined turkeys nest (Brine Dam) in 

accordance with Narrabri Coal Mine – Stage 2 Longwall Project (R.W. Corkery & Co. 2009) 

and the Mod 2 Assessment Narrabri Mine Stockpile Extension Modification – Environmental 

Assessment (Resource Strategies, 2015) northwest of the existing pit-top surface water 

infrastructure, and located adjacent to the Kamilaroi Highway. Additional surface 

development associated with the Brine Dam construction would include: 

• Brine Dam BR1- approximately 470ML. Design drawings completed; 

• Sediment Dam SD7 to manage runoff from disturbed construction and operational 

areas; 

• Access track and buried pipe from existing dam complex across Kurrajong Creek 

Tributary. 

• Temporary laydown area surrounding the Brine Dam during construction.  

• Access track from the temporary laydown area to the north west towards longwall 

101. 
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As outlined in the Stage 2 Assessment, each brine storage pond would be constructed with 
a storage depth of approximately 5m and 0.5m freeboard. The cell walls will be constructed 
with a slope of no greater than 3:1 (H:V).  
  
A sequential process of topsoil removal will be adopted, with subsoil recovered from the  
floor of each cell used to construct the perimeter walls. The topsoil would be used to 
stabilise  
the outer slopes of the cell walls (which form the perimeter of the Brine Storage Area). 
Surplus topsoil will be stored in dedicated stockpiles around the perimeter of the Brine 
Storage Area.    

Access Tracks and Roads 

During the MOP Term, NCO proposes lengthen and widen the new access track approved 

under MOP Amendment A from the Southern Mine Lease boundary to the pit top area. 

 

Other 

The following construction activities are also proposed during the MOP Term: 

• Construction of an alternative access track to improve truck access for deliveries 

to site. The site had been cleared for agricultural purposes prior to the 

commencement of mining activities and is included in the current disturbance 

area; and 

• Security infrastructure at the main access gate. 

2.3.4 Mining Operations 

Mining Design and Mining Method 

Narrabri Mine has approval to use longwall mining methods to extract up to 11 Mtpa of ROM 

coal from the Hoskissons Seam within ML 1609.  Mod 7 to PA 08_0144 has been approved 

to change the mining method for two of the approved longwall mining panels (201 and 202) 

from longwall to bord and pillar mining. 

Mod 7 will involve the mining of up to approximately 0.7 Mtpa which would be extracted via 

the bord and pillar method and within the extent of the approved Longwalls 201 and 202. The 

bord and pillar mining of Longwalls 201 and 202 will occur concurrently with the existing 

longwall operations and is scheduled to commence in 2022.  

The maximum ROM coal production rate of the concurrent operation of the existing Narrabri 

Mine and the Modification would remain within the approved limit (11 Mtpa). 

The approved underground mining area encompasses a total of 20 longwall panels ranging 

in length between approximately 1.8 km and 4.0 km, depending on seam conditions and site 

constraints, and ranging between 295 m and 400 m wide.   
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Figure 1 illustrates the approved mine plan3 for coal extraction at Narrabri Mine. The 

progression of underground mining will be regularly reviewed dependent on on-going 

monitoring and geological conditions.   

The indicative mining schedule for the MOP Term has been illustrated on Plan 3A to Plan 3D 

and is summarised in Table 7. 

 
Table 7: Proposed Mining Sequence for the MOP Term 

Project Year Calendar 
Year  

Longwall Bord and Pillar ROM Coal 
Production (Mt) 

11 2021 LW 109-110 

LW 109 

N/A 7.2 

3.4 

12 2022 LW 110 and 203 

LW110A & LW110B 

201 & 202 6.8 

7.3 

13 2023 LW 203-204 

LW110B & LW203 

201 & 202 8.1  

8.4 

Mining Equipment 

The longwall design will be based on proven technology with an emphasis on reliability of 

equipment. The principal components of the system will include: 

• Double-ended ranging drum shearer rated at 4,500 tph with full horizon control; 

• An armoured face conveyor rated at 4,500 tph with provision for single tailgate 

drive and dual maingate drives; 

• Beam Stage Loader rated at 5,000 tph; and 

• High capacity two leg and four leg chocks shields with shearer initiation, base lift 

and high set functions. 

• A summary of the major longwall, development and transport equipment operated 

at the mine is listed in Table 8 

Table 8: Indicative Underground Operational Equipment 

Equipment  Number Use 

Longwall Unit 1 Underground mining 

Continuous miner 5 Underground primary and secondary mining 

Shuttle cars 8 Transfer of coal from continuous miner to feeder breaker 

Feeder Breaker 4 Breaking of coal 

Load/Haul/Dump (LHD) 
vehicle 

10 Material transport 

 
3 It is noted that Naming conventions applied to the Southern longwall panels has been changed on mine plans 
in line with the following examples: LW120 = LW201, LW119 = LW202, LW118 = LW203 etc.   
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Equipment  Number Use 

Personnel transport 
vehicle 

10 Personnel transport 

Panel conveyor belt 3 Transfer of coal from feeder breaker to transport drift 
conveyor 

 

The bord and pillar mining will involve developing a series of roadways (or bords) leaving a 

grid of unmined coal (pillars), followed by the progressive removal of some or all of these 

pillars. The mining method uses a continuous miner.   
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 Coal Processing and Transport 

ROM coal is primary sized (nominally less than 200 mm) underground before it is transferred 

to the ROM coal stockpile on the surface via the drift conveyor.  A reversible tripper stacks 

the ROM coal on the ROM coal stockpile in conjunction with dozers.  

The ROM coal is then either fed via reclaim valves to a rotary breaker or by dozer push to a 

chain feeder which feeds a secondary bypass crusher. The rotary breaker reduces the size 

of the ROM coal to less than 125 mm before it is transferred to the CHPP.  Waste generated 

from the rotary breaker is transferred to the REA.  

The CHPP produces a combined (part washed) (thermal) and washed (PCI) coal products.  

Coal fines from the CHPP are blended with the unwashed (thermal) product coal.  Coal 

(coarse) reject generated at the CHPP is disposed in the REA. 

Product coal from the CHPP is transferred to the product coal stockpile via conveyor and 

dozers.  The product coal from the secondary bypass crusher is blended with the unwashed 

(thermal) product coal from the CHPP on the product coal stockpile or during train loading.  

No waste is generated from the secondary bypass crusher. 

Product coal is then drawn from the product stockpile via three reclaim valves and tunnels 

and conveyed to the train load-out bin. The loading of product coal is fully automated with 

batches drawn from the stockpiles and loaded into train wagons on the Narrabri Mine Rail 

Siding. 

Product coal is loaded onto trains 24 hours per day, seven days per week. An average of 

four trains are loaded each day and a maximum of eight trains per day are loaded during 

peak coal transport periods. Product coal from the mine is transported via the Werris Creek 

Mungindi Railway to the Port of Newcastle for export. 

2.3.5 Rock / Overburden Emplacement 

Narrabri is an underground coal mine, subsequently there is no overburden generated at the 

site.   

Rock and drill cuttings from exploration, gas drainage and service boreholes will be either 

consolidated with excavated soil to backfill the sumps at the drill pads or disposed of to the 

REA. 

2.3.6 Processing Residues and Tailings 

The coal preparation process currently removes approximately 2% of the total ROM feed as 

reject, which is predominantly rock from the floor of the mine workings. Currently coarse 

rejects are unloaded onto a reject stockpile before being transferred via truck to the REA, 

located immediately to the west of the box cut. Fine rejects are mechanically dewatered and 

blended with the unwashed (thermal) product coal. 
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Based on a total recoverable coal resource of approximately 170 Mt and a 21 year mine life, 

the total reject to be accommodated in the REA will be approximately 8.2 Mt. Assuming a 

conservative dry density of 1.5 t/m3, the total volume of the reject will approximate 

5.7 million m3. 

The proposed maximum footprint of the REA is approximately 25 ha to be constructed 

progressively in a westerly direction. It will be constructed against the slope of the ridge, rising 

to a maximum of 15 m above the natural surface level. The REA has been designed and 

constructed with a compacted floor with a permeability of less than 1x10-9 m/s and a surface 

water runoff management system. 

Prior to reject emplacement, the REA footprint will be progressively stripped of topsoil and 

subsoil to a depth of approximately 400mm, with the stripped material being either stockpiled 

for later use in rehabilitation, or directly respread and reused for rehabilitation.  

Reject will be paddock dumped within the active area and then spread by dozer. Each area 

will be compacted by a combination of track rolling by the dozer and trafficking by the reject 

delivery haul trucks. The outside batters of the REA will be generally formed to a grade of up 

to 11° (5H:1V) with a maximum slope of 14° (4H:1V).  

Completed landform surfaces will be capped and revegetated in accordance with the Narrabri 

Reject Emplacement Area Capping Assessment and Closure Design (ATCW 2019) attached 

as Appendix C. This is discussed further in Section 3.3 and Section 6. 

2.3.7 Waste Management 

The principal wastes that will be generated at Narrabri Mine can be categorised as production 

and non-production wastes as follows: 

• Production waste:  

• Mined rock from the development of the ventilation shafts;  

• Drill cuttings from gas drainage boreholes and exploration drilling activities;   

• Coarse and fine reject generated by the CHPP and underground areas;  

• Brine generated by the Water Conditioning Plant; and  

• Drill cuttings.  

• Non-production wastes:  

• General domestic wastes from the onsite buildings and routine maintenance 

consumables;  

• Hydrocarbons, including by-products recovered from dirty water from the 

maintenance workshop, wash down pad and fuel storage areas;  

• Minor quantities of Hazardous Wastes; and   

• Treated Waste Water. 
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During the MOP Term, the waste streams identified above will be managed in accordance 

with the Waste Management Plan (NCO, 2020).  

2.3.8 Decommissioning and Demolition Activities 

During the MOP term gas drainage infrastructure and mine safety pre-conditioning drill pads 

will be decommissioned progressively after the area has been mined and the infrastructure 

is not required for operational purposes.  Decommissioning will include the removal of 

redundant infrastructure, sealing of all boreholes to EDG standards and rehabilitation and 

revegetation of the drill pads. 

Where required, abandoned houses on ML 1609 will be demolished during the MOP Term.   

2.3.9 Temporary Stabilisation 

Temporary stabilisation will be undertaken as required during the MOP term.  Prior to the re-

establishment of vegetation cover, temporary control measures may be utilised for erosion 

and sediment control on disturbed areas, such as access tracks and drill pads, where 

required. These measures may include the use of sediment fences for non-channelised flow 

over disturbed areas, sand bags, rip rap, or any combination of those materials.   

The temporary control measures utilised are selected dependent on the site constraints 

(dispersive soils, slope), time of year, type of flow (concentrated or sheet flow) and the 

duration of disturbance 

Temporary stabilisation by seeding of a cover crop may also be undertaken at various 

locations around the pit-top as required during the MOP term. Visual inspections of the area 

treated will be undertaken to determine whether any follow up work is required to achieve 

stability.   

2.3.10 Progressive Rehabilitation and Completion  

Progressive rehabilitation of subsidence areas, gas drainage infrastructure sites, and mine 

safety pre-conditioning drill pads will continue during the MOP period, as shown on Plans 3A 

to Plan 3C. Rehabilitation and subsidence remediation activities will be undertaken as 

required over the underground mining area during this MOP period.  

Further details of rehabilitation procedures to be undertaken are included in Section 8. 

2.3.11 Material Production Schedule 

The material production schedule for the duration of the MOP period is listed in Table 9. 
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Table 9: Material Production Schedule during the MOP Term 

Material Unit Year 1 

2021 

Year 2 

2022 

Year 3 

2023 

Stripped Topsoil m3 48,000 
 

10,950 

18,885 

93,8701 

6,900 

Rock/Overburden m3 0 0 0 

ROM Coal Mt 7.2 6.8 8.1 

Reject Material Mt 0.10 0.11 0.11 

Product Coal Mt 7.3 6.4 8.2 

1 – Includes topsoil stripping associated with the new access road, Brine Pond, access track and laydown area associated 
with the Brine Pond and the West Site Ventilation Shaft area and access track to the south of the REA.  
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3 ENVIRONMENTAL ISSUES MANAGEMENT  

3.1 Environmental Risk Assessment 

A risk assessment was undertaken during the preparation of the previous MOP on 10 

August 2015 which addressed all risks to rehabilitation at Narrabri Mine. The risk assessment 

was undertaken in accordance with AS/NZS ISO 31000:2009 Risk Management – Principles 

and Guidelines, along with the Whitehaven risk assessment process.  

This risk assessment has been reviewed and updated during the preparation of this MOP.  

The review has included consideration of Whitehaven’s latest risk matrix and has 

incorporated consideration of the DRAFT Guideline 1 - Rehabilitation Risk Assessment 

(DPIE-RR 2018). 

The completed risk assessment is provided in Appendix D while Section 3.2 provides 

proposed risk management measures for the site. 

The workshop assessed 43 rehabilitation risks, all of which were identified as low or moderate 

risk, given the existing controls in place.  No elements were categorised as being a high or 

critical risk. 

3.2 Environmental Risk Management  

Operations at Narrabri Mine are undertaken in accordance with an Environmental 

Management System (EMS) that details the roles and responsibilities of site personnel and 

environmental incident response and reporting procedures.  

The EMS is supported by a comprehensive set of environmental management plans (EMPs). 

These plans have been developed and implemented by NCO in accordance with PA 08_0144 

(as modified) and other regulatory requirements, including EPL 12798.  

NCO will continue to implement the existing strategies, plans and programs at Narrabri Mine, 

and where necessary, undertake their review and/or revision during the MOP Term. 

In accordance with the requirements of PA 08_0144, NCO has the management plans 

outlined in Table 10. 

Table 10: EMS Management Plans 

Management Plan  PA 08_0144 Condition  Status at time of MOP 
submission 

Environmental Management Strategy  Schedule 6 Condition 1 

Approved 
Revised version submitted to 
DPIE in 2020 – awaiting 
approval 

Extraction Plans LW 101 – LW 106  
Schedule 3 Condition 4 

Approved 

Extraction Plan LW 107 – LW 110  Approved 

Noise Management Plan Schedule 4 Condition 4 Approved 
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Management Plan  PA 08_0144 Condition  Status at time of MOP 
submission 

Air Quality Management Plan Schedule 4 Condition 7 
Approved  
(under revision as of 
September 2020) 

Water Management Plan including: Schedule 4 Condition 13 

Approved  
(under revision as of 
September 2020) 

 - Site Water Balance Schedule 4 Condition 14 

 - Erosion and Sediment Control 
 Plan 

Schedule 4 Condition 15 

 - Surface Water Monitoring 
 Program 

Schedule 4 Condition 16 

 - Raffinite Discharge and 
 Transfer Control and 
 Monitoring Plan 

Schedule 4 Condition 17 

- Groundwater Water Monitoring 
 Program 

Schedule 4 Condition 18 

Aboriginal Cultural Heritage 
Management Plan (ACHMP) 

Schedule 4 Condition 22 Approved 

Energy Savings Action Plan Schedule 4 Condition 30 
Approved  
(under revision as of 
September 2020) 

Greenhouse Gas Minimisation Plan Schedule 4 Condition 32 
Approved  
(under revision as of 
September 2020) 

Waste Management Plan Schedule 4 Condition 33 

Approved 
Revised version submitted to 
DPIE in 2020 – awaiting 
approval Approved 19 October 
2020. 

LW101-106 – Appendix F – 
Landscape Management Plan 
including:  

Schedule 5 Condition 3 

Approved 
To be superseded by this MOP - Rehabilitation Management 

 Plan 
Schedule 5 Condition 4 

- Mine Closure Plan Schedule 5 Condition 5 

LW107-110 Extraction Plan – 
Appendix F - Landscape Management 
Plan  

Schedule 5 Condition 3 

Approved 
To be superseded by this MOP - Rehabilitation Management 

 Plan 
Schedule 5 Condition 4 

- Mine Closure Plan Schedule 5 Condition 5 

Biodiversity Offset Strategy Schedule 5 Condition 6 Approved 

 

The currently approved EMPs in place at Narrabri mine EMPs are publicly available on the 

Whitehaven Coal website (www.whitehavencoal.com.au). 

http://www.whitehavencoal.com.au/
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The EMPs are supported by an environmental monitoring network.  Monitoring results are 

communicated to the Community Consultative Committee (CCC) and subsequently available 

on the Whitehaven Coal website, and formally reported on an annual basis in the Annual 

Review.  

As required by the MOP Guidelines, if any management plans are amended during the MOP 

term this will be reported in the Annual Review. 

The following sections address the management of key environmental risks at the Narrabri 

Mine and are further described in Appendix D.  

3.2.1 Erosion and Sedimentation Control 

Erosion and sediment control (ESC) at Narrabri Mine is managed in accordance with the 

Water Management Plan (which includes an Erosion and Sediment Control Plan), relevant 

regulatory requirements and guidelines.  

Given the mine is underground; there are relatively few areas of exposed ground with 

potential for erosion and sedimentation at Narrabri Mine.   Notwithstanding this, key sources 

of erosion and sedimentation have been identified as including: 

• Surface runoff and/or erosion from limited vegetation clearing, topsoil stripping 

and stockpiles; 

• Surface runoff from unsealed roads and newly constructed embankments and 

drains; 

• Erosion of stormwater drainage channels; and 

• Operation of the REA. 

Elevated winds may also result in erosion of finer material during clearing and soil stripping 

activities, and from exposed surfaces and stockpiles.  

Key potential erosion and sediment risks are managed by: 

• Installing erosion and sediment controls prior to disturbance of any land; 

• Limiting the extent of the disturbance to the practical minimum; 

• Reducing the flow rate of water across the ground particularly on exposed 

surfaces and in areas where water concentrates. This may be achieved, where 

practical, by installing clean water diversion bunds upslope of disturbed areas; 

• Establishment of non-persistent cover crops on exposed surfaces not required for 

operational purposes or stockpiles retained for periods greater than three months; 

• Revegetation of embankments and bunds; 

• Progressive rehabilitation of disturbed land and constructing drainage controls 

following the mining of the adjacent longwall panel to improve stability of 

rehabilitated land; 
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• Ripping of rehabilitation areas to promote infiltration; 

• Protecting natural drainage lines and watercourses by the construction of erosion 

control devices such as diversion banks, channels and sediment basins; 

• Restricting access to rehabilitated areas;  

• Installing sediment basins to settle out sediment prior to off-site release; and 

• A series of dirty water diversion drains to divert runoff from the Pit Top Area to the 

sediment basins and storage dams.  

Inspections will be carried out to ensure that the effectiveness of ESC structures are 

maintained. ESC will be undertaken in accordance with the approved Water Management 

Plan.  

Erosion of the REA is a risk to rehabilitation and is addressed further in Section 3.3.4. 

3.2.2 Surface Water and Groundwater 

Surface and groundwater at Narrabri Mine a managed in accordance with the Narrabri Mine 

Water Management Plan. PA 08_0144 and EPL 12789 impose requirements for managing 

surface and groundwater quality and quantity, monitoring requirements and water quality 

discharge criteria.  EPL 12789 includes four licenced discharge points (LDPs) (SD2, SD4, 

SD5, and SD7), together with upstream and downstream monitoring locations within the 

adjacent creek systems. 

Water is required on the mine site primarily for dust suppression purposes, operational 

requirements (e.g. CHPP and longwall) and potable and toilet ablutions purposes. Where 

practicable, water collected onsite is retained or reused, with water for dust suppression 

sourced from a combination of onsite water harvesting and mine dewatering.  

Surface water and groundwater monitoring records are maintained and, where required, 

reported in the Annual Review and/or the EPL Annual Return.  

The Water Management Plan is being revised at the time of preparation of this MOP. 

3.2.3 Biodiversity 

3.2.3.1 Flora 

During specialist studies undertaken by Ecotone Ecological Consultants Pty Ltd in 2009 as 

part of the Stage 2 EA, a total of seven vegetation communities were identified within the 

mine site and along the route of the water pipeline to the Namoi River, six of which are 

native vegetation communities. 

No threatened or rare flora species were detected within the mine site. However, one 

species, Bertya opponens, was assessed as having a high likelihood of occurring. Its 

occurrence on and adjacent to site was confirmed during additional flora survey work 

conducted during the development of the Biodiversity Offset Strategy. A second species, 
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Cadellia pentastylis, was assessed as having a moderate likelihood of occurring and a third 

species, Lepidium aschersonii, a low to moderate likelihood of occurring.  

Surface disturbance and vegetation clearing activities onsite are designed to minimise any 

potential impacts on flora species; this is controlled through the site procedure ‘Permit to 

Work- Surface Disturbance and Penetration Work’ and generally follows the steps outlined 

below:  

• Proposed disturbance area is assessed against key site approvals (eg. PA 08_0144), 

to check disturbance is within project boundaries and vegetation type clearing limits 

are not exceeded; 

• Proposed disturbance area is inspected by a suitably experienced ecologist to check 

for threatened species and other environmental values. The details of the inspection 

are documented in Pre-Clearance Reports. Where threatened species and/or other 

environmental values, such as the identification of hollow bearing trees, are identified 

by the Pre-Clearance Survey attempts will be made to modify the proposed 

disturbance to ensure potential impacts to the flora environmental values can be 

minimised. In some instances changes to the proposed disturbance may not be 

achievable due to mine operational requirements (eg. critical gas drainage 

infrastructure). 

• Erosion and Sediment Control Plans are prepared for the proposed disturbance 

(where applicable). 

• Prior to commencing the vegetation clearing activity all personnel involved in the work 

must review and sign the Permit to Work.  

• Where the Pre-Clearance Survey identified threatened species and/or the presence 

of hollow bearing trees, clearing supervision by a suitably experienced ecologist is 

required. The ecologist will ensure tree clearing protocols are followed to minimise 

any potential impacts to flora and fauna.  

• Following completion of the activity authorised by the Permit to Work there may be 

environmental compliance reviews carried out to ensure compliance with the 

prescribed controls that were listed on the Permit. 

Flora surveys are undertaken as required by the Extraction Plan. The spring survey is used 

to determine the effectiveness of management measures when compared to the results of 

the baseline surveys and subsequent annual spring surveys.  

Monitoring results and any control activities will be reported in the Annual Review.  

3.2.3.2 Managing Impacts on Remnant Vegetation and Habitat 

The management of remnant bushland during the life of the mine will protect flora and fauna 

habitat from the impact of grazing, damage from machinery, weed invasion and feral pests.  

This will protect remnant vegetation, threatened flora habitat, including Coolabah Bertya 
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(Bertya opponens), Spiny Pepper-cress (Lepidium aschersonii) and Tylophora linearis, and 

habitat on site particularly for threatened fauna populations, including:  

• Pale-headed Snake (Hoplocephalus bitorquatus);  

• Glossy-black Cockatoo (Calyptorhynchus lathami);  

• Turquoise Parrot (Neophema pulchella);  

• Superb Parrot (Polytelis swainsonii);  

• Speckled Warbler (Pyrrholaemus sagittata);  

• Grey-crowned Babbler (Pomatostomus temporalis temporalis);  

• Diamond Firetail (Stagonopleura guttata);  

• Eastern Pygmy Possum (Cercartetus nanus);  

• Koala (Phascolarctos cinereus);  

• Delicate Mouse (Pseudomys delicatulus);  

• Black-striped Wallaby (Macropus dorsalis);  

• Eastern Long-eared Bat (Nyctophilus bifax);  

• Little Pied Bat (Chalinolobus picatus); and  

• Yellow-bellied Sheath-tail Bat (Saccolaimus flaviventris).  

Above the underground mining area, the location of clearing will be determined to minimise 

the amount of disturbance to remnant vegetation, threatened flora habitat and threatened 

fauna habitat, wherever practically possible. Clearing works will be undertaken within their 

defined impact area and clearly demarcated to avoid any unnecessary impact on adjacent 

remnant vegetation.  Once the surface infrastructure area is no longer required for 

operational purposes, the disturbance will be rehabilitated to a final landform and final land 

use that is comparable with the surrounding land (i.e. remnant vegetation management 

areas should be rehabilitated to the associated vegetation communities).  

The management of remnant vegetation on site may also include:  

• Fencing to exclude stock, public access and machinery;  

• Control and management of priority weeds; and  

• Control of feral pests. 

Fencing  

Fencing will be used to exclude stock grazing and machinery to manage remnant vegetation 

and habitat on site.  Fencing will be required to protect the remnant vegetation along 

Kurrajong Creek and within the remnant vegetation and riparian management areas not 

impacted by infrastructure associated with the mining operation. 
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Prior to mine closure, all property boundaries of land owned by NCO will be fenced with 

adequate stock proof fencing to support the intended final land use. Areas of woodland 

vegetation will be fenced where practical, to provide a separation from pasture areas to 

prevent disturbance to native vegetation from potential stock grazing.   

Weed control  

Weeds are a threat to areas of remnant vegetation and habitat on site.  The management 

and control of weeds will be undertaken across the site as discussed in Section 3.2.4.  

Feral pests  

The control of feral pests is important to the management of remnant vegetation.  Pig (Sus 

scrofa) and Hare (Lepus europaeus) have been observed along Kurrajong Creek and will 

affect the regeneration of native vegetation and habitat.  Similarly, Wild Dog (Canis 

familiaris), Feral Cat (Felis catus) and Red Fox (Vulpes vulpes) also threaten fauna habitat 

on site. The control of feral pests will be undertaken across the site as discussed in 

Section 3.2.4. 

3.2.3.3 Minimising Impacts on Fauna 

During specialist studies undertaken by Ecotone Ecological Consultants Pty Ltd in 2009 as 

part of the Stage 2 EA sixteen threatened fauna species were recorded; with potentially 

suitable habitat present for a further 20 threatened or migratory species that were not 

identified during field surveys. 

Based on the proposed mine design, it is estimated that up to approximately 210.5 ha of 

native woodland vegetation could be disturbed. This will be offset by an identified 

Biodiversity Offset Area (BOA), with management measures specified in the approved 

Biodiversity Offset Management Plans. 

In order to protect fauna on the site, Narrabri Mine will protect both trees and habitat and 

conduct revegetation using native species.  

Habitat protection  

The clearance of individual trees in the Pit Top Area under Stage 1 of the Narrabri Mine has 

been minimal.  The clearance of trees during Stage 2 is associated with the construction of 

surface infrastructure to support the underground mining operation, predominately drilling 

activities and borehole construction. Vegetation clearing and habitat protection works are 

undertaken in accordance PA 08_0144.  These commitments include:  

• Pre-clearing surveys undertaken by a qualified ecologist to identify if any threatened 

species, populations or communities or their habitat is present;  

• Assessing whether aquatic or fish habitat is present within the drainage features to 

be traversed by access road and/or power line corridors;  

• Determining appropriate routes for access tracks and other disturbance with the aim 

of least impact on environmental values where practically possible;  
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• Relocating or reorientating proposed disturbance if threatened species, populations 

or communities or their habitat is identified. If the relocation or re-orientation of the 

area to be disturbed is not practicable (for reasons of mine / operational safety), a 

qualified ecologist will relocate any fauna species residing within the area to be 

cleared;  

• Retaining all substantial habitat trees, wherever possible; and 

• Undertaking any tree-felling in accordance with the Tree Felling Protocol.  The Tree 

Felling Protocol has been developed by a qualified ecologist and includes a 

description of:   

• Inspections of trees on the day of felling;  

• Procedures for the safe removal of fauna species;  

• A relocation/release protocol; and  

• A protocol for the assessment and salvaging of tree hollows (R.W. Corkery & 

Co. 2009).   

During clearing activities felled trees will be stockpiled in windrows adjacent to the disturbed 

areas for future use in the rehabilitation of the disturbed areas to provide fauna habitat, 

increase seed bank and to provide a mulch material for nutrient cycling and water retention.  

Any clearing of native vegetation will require approval from the Environmental 

Superintendent through the site ‘Permit to Work- Surface Disturbance and Penetration 

Work’ procedure.   

The protection of habitat by these means will minimise the impacts on fauna and ensure the 

protection of habitat for threatened species that have been recorded in the area. 

Revegetation  

Woodland areas will be rehabilitated using endemic native species (refer Section 8.3.4) 

which, in the long-term, will provide fauna habitat.   

Fauna Monitoring 

Spring fauna surveys are undertaken as required by Extraction Plans. The spring surveys 

are used to determine the effectiveness of management measures when compared to the 

results of the baseline survey and subsequent annual spring surveys.  

Monitoring results and any control activities will be reported in the Annual Review.  

3.2.4 Weeds and Pests 

3.2.4.1 Weeds 

The ecological assessment undertaken by Ecotone Ecological Consultants (2007) for Stage 

1 and Ecotone Ecological Consultants (2009) for Stage 2 and site visits for the development 

of the RMP for Stage 1 and Stage 2 has identified 93 species of introduced flora on the 
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mine site. Of these weeds, nine species are declared noxious weeds under the NSW 

Noxious Weeds Act 1993 (now repealed by the Biosecurity Act 2015) in the Narrabri Shire 

Council (NSC) (see Table 11).  

Table 11: Declared priority weeds recorded at Narrabri Mine 

Common Name Species Name 

Mother of Millions Bryophyllum delagoense 

Spiny Burrgrass Cenchrus longispinus 

Innocent Burrgrass Cenchrus incertus 

African Boxthorn Lycium ferocissimum 

Prickly Pear Opuntia stricta var. stricta 

Galvanised Burr Sclerolaena birchii 

Noogoora Burr Xanthium occidentale 

Bathurst Burr Xanthium spinosum 

Several other significant introduced flora species were observed, these being significant 

environmental and/or agricultural weeds (see Table 12). 

Table 12: Other introduced flora that require control 

Common Name Scientific Name Threat 

Coolatai Grass Hyparrhenia hirta Fire, Environmental & Agricultural 

Skeleton Weed Chondrilla juncea Agricultural 

Mintweed Salvia reflexa Agricultural 

Patterson’s Curse Echium plantagineum Agricultural & Environmental 

Cathead Tribulus terrestris Agricultural 

 

The control of noxious and environmental weeds will assist with the protection and 

management of remnant vegetation and habitat and minimise the impacts on flora and 

fauna on the mine site. 

Short-Term 

The growth and spread of all weeds at the Narrabri Mine will be controlled in accordance 

with the Biosecurity Act 2015 and the North West Regional Strategic Weed Management 

Plan 2017-2022 (North West Local Land Services 2017) with consideration to the Narrabri 

Shire Council requirements.  

Noxious weed management within the ML has been ongoing to date, and various methods 

for controlling Prickly Pear and Mother-of-Millions have been successful. These methods 

include: 
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• Prickly Pear - being managed using cochineal insects. This method should continue, 

targeting new stands when identified by transferring the insects from existing stands 

• Mother-of-Millions - spraying mother-of-millions as soon as they are identified has 

proven the best control method and this method should continue as new stands are 

identified 

Long-Term 

At the time of mine closure, any noxious/priority weed species present in the Pit Top Area 

and underground mining area will continue to be subject to a weed management plan. 

3.2.4.2 Feral Animals 

The aim of feral animal control is to minimise the effect that introduced vertebrate pests may 

have on grazing production, wildlife populations and soil stability. Fauna surveys during the 

environmental assessments for the project recorded eight introduced species of fauna 

across the mine.  

Three species, the Wild Dog (Canis familiaris), Rabbit (Oryctolagus cuniculus) and Pig (Sus 

scrofa), are declared pests under the NSW Rural Lands Protection Act 1998 (RLP Act).  

One species, the Red Fox (Vulpes vulpes) is considered a nuisance species in NSW under 

the RLP Act and three other significant pest species, the Feral Cat (Felis catus), Brown 

Hare (Lepus capensis) and Starling (Sturnus vulgaris) were also recorded.  

The remaining introduced animals, Cattle (Bos taurus) and Sheep (Ovis aries), are domestic 

stock and these animals will be prevented from grazing in the Pit Top Area but may graze 

within the Longwall Areas that have been designated as agricultural grazing land. 

All feral animals declared as pests under the RLP Act, found on the site are controlled using 

techniques recommended by LLS. Nuisance species will be controlled over the life of the 

mine as required using techniques recommended by the local LLS. 

Weeds and vertebrate pests monitoring is outlined in Section 10.1.3 and 10.1.4 

respectively. Monitoring results and any control activities will be reported in the Annual 

Review.  

3.2.5 Methane and Gas Drainage 

Tests conducted by Geogas Pty Ltd established that while gas compositions within the 

Hoskissons Seam vary considerably, the predominant gas is CO2 (~90%) with concentrations 

of CH4 and N2 also present in varying proportions. The results of gas desorption tests 

established the total desorbable gas content within the mine varies from 4 m3/t to 13 m3/t on 

a 9% ash basis.  

In order to minimise the potential for outburst, which for CO2 rich environment requires the 

gas content to be less than 9.4 m3/t, and to ensure safe working conditions underground the 

following is carried out:  
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• pre-mining gas drainage,  

• adequate ventilation supplied to reduce gas levels below statutory limits and  

• post (goaf) drainage is utilised to assist in managing gas emissions during LW 

production. 

Proposed ventilation and gas drainage strategies are described below. 

Mine Ventilation 

The ventilation of the mine is progressively established to maintain the general body CO2 

concentrations below the time weighted average (TWA) statutory requirement of 3%. This 

involves the progressive establishment of ventilation shafts in the 100 Mains. 

Sources of CO2 reporting to the Longwall tailgate ventilation include cut coal at the longwall 

face, from remnant coal in the active goaf and the adjacent goaf if there is leakage through 

the chain pillar seals. 

The mine ventilation network utilises a longwall face ventilation quantity of approximately 

100m3/s to dilute gas emissions. Pre-gas drainage and goaf gas drainage techniques are 

used to assist in maintaining tailgate CO2 concentrations below the statutory limits. 

Underground In-Seam Pre-Drainage 

The Underground In-Seam (UIS) pre-drainage method of gas extraction is undertaken by 

drilling from the developed gate road heading into the adjacent longwall panel and 

subsequent gateroads. The gas is collected and then pumped to the surface through an 

exhaust pipe range for dispersion.  

Goaf Gas Drainage 

NCO’s goaf drainage design provides for cased boreholes located about 35m off the tailgate 

corner of the active goaf at varying intervals. The boreholes will be drilled to the top of the 

Hoskissons Seam and connected to the surface goaf drainage vacuum plant. 

3.2.6 Spontaneous Combustion 

The Hoskissons Coal Seam has been identified as having a high intrinsic spontaneous 

combustion propensity. As a consequence, a Spontaneous Combustion Major Hazard 

Management Plan (SCMHMP) and a Stockpile Management Plan have been developed for 

the site as part of the Narrabri Mine Health and Safety Management System. The SCMHMP 

and Stockpile Management Plan were developed to give Narrabri Mine a structured system 

of work to allow the mine to manage and control spontaneous combustion. The plans define 

how to establish and maintain a safe working environment for mine personnel and the mine 

itself. 

To reduce the potential for spontaneous combustion of coal stockpiles:  

• Coal will be routinely turned over in the ROM and product coal stockpile areas to 

minimise stockpile storage time;  
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• Longer term stockpiles will be shaped with a battered face;  

• The stockpile area will be compacted by the use of mobile equipment; and  

• Regular visual inspections for evidence of combustion (visual and smell) will be 

undertaken. 

To reduce the potential for spontaneous combustion of the underground longwall panels and 

associated gas drainage systems, spontaneous combustion is managed by: 

• The mine design employing a low resistance ventilation system; 

• Pre-and post-(goaf) gas drainage systems implemented for gas management 

purposes thereby minimising ventilation pressures that would result if the 

ventilation system only were used to maintain gas concentration to acceptable 

levels; 

• Installation of high standard ventilation control devices such as stopping, 

regulators and overcasts; 

• Installation, operation and maintenance of a dual ventilation monitoring system 

(telemetric and tube bundle); 

• On-site gas chromatograph; 

• On-site inertisation capability with: 

▪ Pipework and valves fitted to all goaf seals to allow the injection of inert gas. 

▪ Potential utilisation of in-seam drainage ranges. 

▪ A nitrogen generating plant onsite and reticulated underground via a 
dedicated pipeline. 

• Implementation of Ventilation and Monitoring Arrangements and the related 

spontaneous combustion procedures and action response plans; and 

• Implementation of an Outburst Management Plan. 

Spontaneous combustion events (if any) will be reported in the Annual Review. 

3.2.7 Contaminated Land 

Environmental Assessments undertaken for the project identified no pre-existing 

contaminated or polluted land and as such no specific management controls or monitoring 

procedures were required by Project Approval 08_0144. The greatest risk for the 

contamination or pollution of land as a result of the mine is associated with the potential for 

contaminated water and/or hydrocarbon spills/leaks. The following hydrocarbon 

management controls are implemented by NCO: 

• All water from wash-down areas and workshops is directed to oil separators and 

containment systems; 
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• All storage tanks are either self-bunded or partitioned with an impermeable bund 

with a capacity to contain a minimum 110% of the largest storage tank capacity; 

• All hydrocarbon products are securely stored; and 

• Most equipment is refuelled at the bunded fuel farm in the Pit Top Area and any 

refuelling activities in the field are undertaken in accordance with site procedures 

and following the implementation of adequate controls to minimise the risk of 

spills. 

In the event of a internally reportable hydrocarbon spill, an Incident Report Form will be 

completed and the Pollution Incident Response Management Plan (PIRMP) will be consulted 

and implemented where triggered. The affected area will be inspected after rectification to 

ensure there is no ongoing effect on the land that could prevent it from being successfully 

rehabilitated. 

Contamination monitoring activities and mitigation measures will be reported in the Annual 

Review as required. 

3.2.8 Mine Subsidence 

A subsidence assessment was undertaken by Ditton Geotechnical Services Pty Ltd (DgS) in 

2017 for the LW107 to LW110 Extraction Plan (Whitehaven 2017), as required by PA 

08_0144 (Schedule 3, Condition 4). The subsidence assessment predicted a first maximum 

panel subsidence of between 2.53 m and 2.71 m for LW107 to LW110. The ground surface 

will tend to subside more towards the centre of the panel (i.e. away from the chain pillars 

between the longwall panels). As a consequence of this differential subsidence, DgS (2017) 

has predicted the following possible impacts: 

• Final maximum panel subsidence is anticipated to be between 2.58 m to 2.75m 

(55% to 64% of the 4.3 m mining height); 

• Final maximum chain pillar subsidence for LW107-1010 is estimated to range 

between 0.28 m and 0.69 m above twin chain pillar widths ranging from 30 m to 

34 m; 

• Maximum surface cracking within tensile strain zones above all longwalls was 

predicted to range in width from 360 mm to 260 mm; 

• Surface shearing and uplift within compressive strain zones above all longwalls 

was predicted to range in width from 30 mm to 260 mm; 

• Surface gradients are likely to increase or decrease by up to 3% (+/- 1.5°) along 

creeks, with occasional increases of up to approximately 4%; 

• Potential ponding depths of 0.1 to 2.6 m may develop above several of the 

longwalls along creeks in the flatter areas of the mine, based on post-mining 

contour predictions; 
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• Possible impacts on subsurface aquifers within 174 m to 282 m above the panels 

as a result of direct hydraulic connections to the workings; and  

• Possible interaction between discontinuous sub-surface fracturing and surface 

cracks (where cover depths are <355 m) leading to possible flow rerouting. 

The Extraction Plan sets out the proposed monitoring, management, and reporting activities 

developed to address the predicted subsidence impacts from the secondary extraction of 

Longwalls at the Narrabri Mine.  

During the MOP Term, NCO will continue to undertake the management and monitoring of 

subsidence related impacts from any secondary workings in accordance with an approved 

Extraction Plan.  The following management measures will be implemented: 

Surface Cracking 

To manage surface cracking, NCO will: 

• Conduct regular inspections of the surface during subsidence development above 

a given panel and map the crack locations; 

• Where natural processes have not completely filled each crack, rip or grade to 

infill the crack where necessary; and 

• Repair large surface cracks, usually after subsidence development for a given 

longwall. Significant surface cracks that cannot be filled by surface ripping or 

grading will be filled using subsoil material from stockpiles. 

NCO will also consider the following options:  

• Limit subsidence and hence tensile strains by decreasing mining height and/or 

panel width; and 

• Leave a barrier pillar beneath a sensitive area or limit mining to first workings 

(DGS 2015; DGS 2017).  

Subsurface Fracturing 

To manage subsurface fracturing, NCO will consider the following options: 

• Repair surface cracks when they occur; 

• Decrease mining height and/or panel width to limit continuous fracture heights; 

and 

• Leave a barrier pillar beneath sensitive areas or limit mining to first workings (DGS 

2015; DGS 2017). 

Slope instability & erosion 

To manage slope instability from increased erosion due to cracking or changes to drainage 

patterns after extraction, NCO will: 

• Monitor surface slope displacement along subsidence cross lines; 
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• Infill surface cracking to prevent excessive ingress of runoff into the slopes; 

• Conduct mitigation works such as re-grading, installation of new contour banks 

and revegetation of exposed areas in areas that are significantly affected by 

erosion after mining; and 

• Regularly review and appraise any significant changes to surface slopes after 

each longwall is extracted (DGS 2015; DGS 2017). 

In the unlikely event of large-scale slope instability and erosion stabilisation remediation 

actions will be undertaken. Such actions would include: 

• Infilling of surface cracking to prevent excessive ingress of runoff into the slopes 

(DGS 2015); 

• Installation of deep sub-surface drainage trenches and the construction of catch 

drains along slope crests so that surface run-off is controlled; and 

• Stabilisation works undertaken along sections of bank which are damaged or 

steeply eroded. These works would be conducted in accordance with the Erosion 

and Sediment Control Plan which forms part of the site Water Management Plan. 

Valley closure and uplift 

To manage the impact of upsidence and valley bending effects NCO will: 

• Install and monitor survey lines along ephemeral drainage gullies and along valley 

crests during and after mining activities and carry out visual inspections to locate 

damage; 

• Review predictions of upsidence and valley crest movements after mining of each 

longwall; and 

• Assess whether repairs to cracking caused by upsidence of gully stabilisation 

works are required to prevent long-term degradation and reduce risks to 

personnel and the general public (DGS 2015: DGS 2017). 

Ponding & flow re-direction 

After each longwall is extracted it has been recommended by DGS (2017) that on-going 

review and an appraisal of changes to surface drainage paths and surface vegetation in areas 

of ponding development is undertaken. 

Where ponding or flow re-direction occurs, the following actions will be undertaken, including: 

• If ponding occurs, no further work will be undertaken unless the ponding 

significantly affects downstream flows and vegetation; 

• Should ponding significantly affect flow or vegetation, advice will be sought from 

a qualified geomorphologist so that the most effective way of re-establishing more 

natural flow patterns is identified (NCO 2011); and 
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• If overbank ponding occurs, advice will be sought from EES on potential mitigation 

options to reduce the impacts of ponding on vegetation within the ponds, 

vegetation on the boundary of the ponds and downstream riparian vegetation. 

Advice will be sought from EES within 12 months of the overbank ponding 

occurring. 

Damage to infrastructure 

Unsealed gravel access roads and tracks 

After each longwall has been extracted NCO will: 

• Inspect and maintain roads and access tracks to ensure safe passage for all 

vehicles; and 

• Temporary warning signs may be required near the limits of actively subsiding 

areas. 

The extent of action required on track/road maintenance will be dependent upon land 

ownership and operational needs. 

Water storage dams and soil conservation (contour banks) 

To manage water storage dams NCO will: 

• Consult with stakeholders and regulatory authorities to develop a suitable 

monitoring and response plan of dams, windmills and fences so that safe 

conditions and access to water is maintained during and after the effects of 

mining; 

• Maintain the integrity of dams and prevent potential flooding or erosion damage 

downstream and/or provide an alternative water supply to affected stakeholders 

until dams are re-instated to pre-mining conditions; 

• Communicate threats to public/personnel/livestock safety; 

• Keep downstream areas clear until mining impacts to dams are restored or 

controlled; 

• Make allowance for response times so that impacts from cracking and tilting which 

can manifest rapidly, can be responded to in a controlled manner when it occurs; 

and 

• Consider responses to subsidence including: draining the dam storage area prior 

to subsidence and then repairing the dam with an impermeable clay layer after 

mining; or, monitoring the dam wall during mining and having high capacity pumps 

on 24 hour stand-by during mining to draw down the storage area, if walls are 

significantly weakened by subsidence development (DGS 2015; DGS 2017). 

The extent of action required on dam restoration will be dependent upon land ownership and 

importance of the water storage in the area. If it is on mine owned property, and the dam is 

not required for ongoing stock watering purposes, infilling the dam may be undertaken in 
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preference to restoring the dams water storage capability. Should impacts to dams, contour 

banks or windmills occur on properties not owned by NCO these structures would be repaired 

or replaced by NCO. 

Property fences, livestock and orchards 

Temporary fencing or re-location of livestock may be necessary during the repair of surface 

cracking and damaged fences which have occurred because of subsidence (DGS 2015; DGS 

2017). 

Residential dwellings and machinery sheds 

Buildings will be repaired and deemed structurally sound by qualified building consultants 

prior to allowing residents to return to their dwellings (DGS 2015; DGS 2017). In the case of 

dwellings/structures owned by NCO, a determination will be made at the time to identify if the 

structure will be repaired or demolished. 

A dilapidation survey and inspection of all structures not owned by NCO would be made by 

a qualified building consultant within the proposed angle of draw (+200 m) before and after 

mine subsidence. Fair and reasonable outcomes between land owners and NCO would be 

ensured by referral of these reports to the Built Feature Management Plan (BFMP). The 

BFMP will address the following: 

• The timing of mining impacts and the expected damage to property structures; 

• The property monitoring plan for the mining duration and a safety/hazard plan; 

and 

• Timing of disconnection of utilities. 

Utilities 

To manage utility infrastructure NCO will: 

• Should water supply be disrupted due to damage an alternative supply would be 

provided in the interim. Structures not owned by NCO, that are within the angle of 

draw (<200 m from the edge of the longwall blocks), will have a dilapidation survey 

and inspection carried out on them prior to and after mine subsidence; 

• Consider management options in the event an exceedance occurs, including the 

erection of temporary fencing in critical areas before subsidence develops. 

The Telstra and Energy Australia lines within LW107 to LW110 have been disconnected or 

decommissioned, and an assessment of the impact of these longwalls on the lines is not 

necessary at this stage (DGS 2017). 

3.2.9 Bushfire Management  

The bushfire management strategy for the mine is to identify all hazards and risks associated 

with bushfires for all properties owned by NCO.  These objectives include:  
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• Monitoring and maintaining areas where bushfire hazards are identified;  

• All outbreaks of fire related to the mine are contained; and  

• Surrounding properties are protected from fire damage originating from NCO 

owned land.  

Potential cause of bushfire 

The following are recognised as potential causes of bushfire across the mine: 

• Fires on plant and equipment and/or occurring as a consequence of maintenance 

activities of plant or equipment;  

• Spontaneous combustion from stockpiled coal;  

• Underground explosion;  

• Inappropriate staff behaviour i.e. smoking on site (which is in breach of site rules) 

and/or undertaking activities without adequate controls;  

• Unrelated incidents e.g. lightning strike and ember attack;  

• Fire from adjacent land holdings; and   

• ‘Hot Work’ activities. 

Controls  

NCO understands the need to follow adequate bushfire control measures to minimise 

potential bushfire hazards of the mine.  These control measures are discussed below.  

Mobile equipment  

All earth moving machinery operating on the mine will be required to be:  

• Operated in accordance with the Mobile Equipment Standard, the Surface 

Transport Principal Mining Hazard Management Plan and the Introduction to Site 

Standard; 

• Where deemed required by risk assessment heavy machinery may be fitted with 

independent fire suppression systems;  

• Whenever practicable, mobile equipment should park on cleared or slashed 

ground;  

• Whenever practicable, mobile equipment should avoid driving or operating in long 

grass; and  

• Mobile compressors or generators must be positioned on a pad cleared of all 

flammable material.  

Cutting and welding operations  

Cutting and welding operations have the ability to start fires from sparks or hot materials.  

Where practical all cutting and welding activities will be confined to the main workshop area.  
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If welding or cutting of materials is required outside of the main workshop area, the following 

safeguards will be employed:  

• A fire tender or water cart with fire suppression capacity will be in a position to 

respond during the welding or cutting operations; and  

• No ‘Hot Work’ away from hot work workshops or fixed plant areas will be 

authorised when ‘Total Fire Bans’ are in place.  

Fixed plant and buildings  

All fixed plant and buildings will be required to meet the BCA (Building Code of Australia) and 

comply with Australian Standard AS2419 and related Australian fire system standards.  

Where necessary, critical electrical control equipment will be protected by an automatic 

detection gas deluge system.  

Fuel and oil management  

Fuel and oil storage is a potential source of fire and these areas will be managed by:  

• All fuel and oil storage areas will be located and constructed in accordance with 

the requirements of Australian Standard 1940-2004;  

• Fuel and oil storages will be required to be signposted as to the contents of the 

materials and will be fitted with 9kg fire extinguishers;  

• All fuel tanks will be fully self-bunded to ensure that if leakage or rupture occurs, 

no fuel can escape from bunded areas; and  

• A firefighting system is available around the workshop/stores area and the coal 

processing area. 

Smoking on-site  

The mine is a non-smoking site and there are no designated smoking areas.  

Spontaneous combustion  

To reduce the potential for spontaneous combustion of coal stockpiles:  

• Coal will be routinely turned over in the ROM and product coal stockpile areas 

where practical to minimise stockpile storage time;  

• Longer term stockpiles will be shaped with a battered face created in the direction 

of the prevailing winds;  

• The stockpile area will be compacted by the use of mobile equipment; and  

• Regular visual inspections for evidence of combustion (visual and smell) will be 

undertaken. 

Emergency vehicle access  

In order to control any fires that may occur on the mine, access for emergency vehicles will 

be maintained around all mining related activities and site buildings.  
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Firefighting equipment  

The following requirements will be followed for firefighting purposes on the mine:  

• A provision of fire equipment will be kept on-site and maintained in operational 

condition; and 

• A surface water truck equipped with water cannon will be maintained on site to 

provide an immediate response to a bushfire where safe to do so. 

Water supply  

Water for firefighting purposes will be sourced from various water storages within land owned 

by NCO.  

Fire breaks  

Suitable fire breaks will be established and maintained around the perimeter of the mining 

lease or associated landholdings and any flammable materials storage areas. These fire 

breaks will be constructed and maintained to be:  

• A minimum of 6 m wide; and 

• Clear earth breaks free of flammable material. 

Site Procedures and training 

Site procedures for the mine include: 

• Bushfire Prevention Standard, including Trigger Action Response Plan; and 

• Bushfire Emergency Response Procedure.  

Training associated with fire control will include:  

• All mine personnel, visitors and sub-contractors will be advised of emergency 

assembly points in the case of an emergency; and 

• Relevant personnel will be trained and instructed in the Bushfire site procedures. 

External assistance  

In the event that a fire cannot be controlled by mine personnel and/or threatens surrounding 

private or public property, the site Emergency Response Procedure will be followed. This 

may include the evacuation of personnel from the mine and notification of external emergency 

services.  

Reporting  

The mine will liaise with the local RFS located in Narrabri and report on bushfire management 

measures, as required.   

Bushfire management actions will be discussed in the Annual Review. 
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3.2.10 Air Quality 

Air quality at Narrabri Mine is managed and monitored through the Air Quality Management 

Plan which has been prepared in accordance with the requirements of Schedule 4 Condition 

7 of PA 08_0144.  

NCO adopt a range of design and operational safeguards and operational procedures for the 

mine to ensure that the effectiveness of the air quality controls are optimised throughout all 

stages of the mine’s development and operation.  

Narrabri Mine operates an air quality monitoring network which includes:  

• eight depositional dust monitoring gauges (ND1-ND8), which are monitored 

monthly; and  

• two High Volume Air Samplers (HVAS) (PM10) located on the project-related 

properties “Claremont” (ND9) and “Turrabaa” (ND10) located to the south-east 

and south-west of the Pit Top Area. The samplers run for 24 hours every 6 days. 

The Air Quality Management Plan is currently being reviewed and updated at the time of 

preparation of this MOP document. 

3.2.11 Blasting 

During construction of ventilation shaft bores, it may be necessary to initiate small blasts 

within the shaft, particularly when the harder volcanic units are encountered. Such blasts are 

routine for shaft construction and cause few effects because of their size and depth below 

the surface. Given the very minor nature of the blasts that will occur on an infrequent basis 

and the depth at which they will occur, no specific management measures are proposed. 

3.2.12 Noise 

Noise is managed in accordance with the Narrabri Mine Noise Management Plan (NMP). 

PA 08_0144 and EPL 12789 prescribe operational noise limits and management 

requirements. The following noise management controls are adopted at the mine: 

• Prior to being brought onto site, or upon commissioning, all additional plant and 

equipment is required to exhibit sound power levels consistent with those levels 

specified in the NMP; 

• High frequency reversing alarms are not permitted on any equipment brought onto 

site. All reversing alarms should be of the broadband frequency type; 

• The approved hours of operation are adhered to; 

• Site personnel are required to pay due attention to site weather conditions and 

modify or stand down from operational activities as directed by mine management 

and/or Trigger Action Response Plans; and 
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• Monitoring of emitted noise levels is undertaken during mining operations to verify 

compliance with noise criteria and to assess the need, if any, for additional noise 

attenuation measures. 

Transport and other noise controls, as specified in the NMP, comprise: 

• Regular maintenance of the sealed site access road; 

• Adherence to the approved hours of operation for transport activities; 

• All project employees and contractors will be instructed to enter and exit the mine 

site in a courteous manner and without undue traffic noise; 

• Access roads are sign-posted, and speed limited to minimise transport noise; 

• Equipment with lower sound power levels is used in preference to more noisy 

equipment; 

• Equipment used on-site will be regularly serviced; and 

• The onsite road network will be well maintained to limit body noise from empty 

trucks travelling on internal roads. 

Noise will be monitored in accordance with PA 08_0144 and the NMP, and results will be 

reported in the Annual Review.  

3.2.13 Access  

Access to the Pit Top Area and Longwall Area will only be allowed for authorised personnel 

and machinery.  Actions to be undertaken to prevent unauthorised access to the mine, will 

include:  

• Installation of signage at the entry of the mine site access road (intersection with 

the Kamilaroi Highway) indicating that authorised personnel only are permitted on 

site;  

• Installation of signage on all boundary fencing indicating that the site is an active 

mine and indicating that unauthorised access is not permitted;  

• All visitors and contractors are required to sign in when arriving on site;  

• Utilisation of a system of inductions for all people planning to undertake work on 

the mine site; and 

• Visitors and personnel who are not inducted will be accompanied by an inducted 

person at all times.  

These actions will be maintained for the life of the mining operation. 
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3.2.14 Visual and Lighting 

The Narrabri Mine is positioned to the west of, and upslope of, the Kamilaroi Highway, and 

is thereby visible to passing motorists and to adjacent property holders to the east. The 

constructed amenity bund on the southern and western boundary of the site obscures views 

of the site from the south and west, whilst vegetation associated with Kurrajong Creek 

obscures views to the site from the north.   

Narrabri Mine has undertaken strategic tree planting across the site to further enhance visual 

screening from adjacent areas and the amenity bund has been rehabilitated with the 

establishment of a cover crop and planted out to native vegetation. 

Lights from the mine site are visible during the night, however, it is not considered a significant 

detrimental impact given the distance from adjacent non-project related residences and the 

presence of the amenity bund. All lighting is designed to comply with Australian Standard 

4282 – 1997: Control of the Obtrusive Effects of Outdoor Lighting. 

The site is maintained in a clean and tidy condition, with areas of disturbance reshaped and 

rehabilitated as soon as practicable. 

Visual and lighting impacts will be monitored, and results will be reported in the Annual 

Review.  

3.2.15 Aboriginal Heritage 

Aboriginal heritage is currently managed in accordance with the ACHMP, which was 

developed in consultation with Registered Aboriginal Parties (RAPs), DPIE and EES. 

Numerous detailed assessments of surface areas for Aboriginal cultural heritage have been 

undertaken, both prior to construction of the mine and prior to extraction of individual longwall 

panels. All assessments and surveys are undertaken by suitably qualified archaeologists and 

involve representatives of the local Aboriginal community. 

To ensure compliance with the requirements of the NPW Act, EP&A Act and the conditions 

of PA 08_0144, the following measures will be implemented: 

• Include information relating to Aboriginal cultural heritage in inductions for all site 

personnel; 

• Identification of sites on plans kept in the Administration building for ease of 

access; 

• Implement the ‘Permit to Work- Surface Disturbance and Penetration Work’ 

procedure, which includes cross referencing proposed disturbance areas and 

recorded Aboriginal sites; 

• Sites determined to be of high significance as agreed between Narrabri Mine, the 

registered Aboriginal stakeholders and an archaeologist will be pegged, fenced 

and identified as an ‘Environmental Protection Zone’; 
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• Undertake all salvage works, which requires the approval of the Secretary, in 

accordance with requirements of PA 08_0144; 

• Undertake regular consultation with stakeholders; and 

• Undertake regular reviews of the ACHMP.  

In the event of inadvertent damage to any Aboriginal site or place, the activities causing the 

damage would cease immediately and procedures identified in the ACHMP followed. Subject 

to the nature of the damage, appropriate professional advice in addition to that provided a 

consultant archaeologist may be sought. 

Aboriginal cultural heritage will be monitored in accordance with the ACHMP and the results 

summarised in the Annual Review.  

3.2.16 European Heritage 

No listed heritage sites were identified during a desktop survey of the mine site area. One 

structure of interest, an abandoned sawmill, was identified during field surveys undertaken 

by Archaeological Surveys and Reports Pty Ltd (AS&R). AS&R concluded that the sawmill is 

of no local historical interest, and of only low educational value, insufficient to warrant its 

classification as a structure of Heritage Significance. 

On this basis, no management or monitoring of historic heritage is proposed. 

3.2.17 Impacts on Agricultural Resources 

The 1:100,000 scale Land Capability map of the Baan Baa map sheet area prepared by the 

former Soil Conservation Service of NSW indicates that land within the mine site is mapped 

mainly as Class III land with a small area of Class IV and the remaining areas as Class VI 

and Class VIII near Jacks Creek State Forest. 

Field investigations undertaken for the Stage 2 EA indicated that much of the area that has 

been cleared and farmed in the past is Class III land, land along the major drainage lines is 

Class IV and the remaining land of rocky ridges and sandy soils is Class VII. Potential impacts 

of the mine on soils would relate primarily to:  

• Disturbance of in-situ soil resources within disturbance areas and as a result of 

subsidence; 

• Alteration of soil structure beneath infrastructure items, hardstand areas and 

roads;  

• Possible soil contamination resulting from spillage of fuels, lubricants and other 

chemicals;  

• Increased erosion and sediment movement due to exposure of soils; and  

• Alteration of physical and chemical soil properties (e.g. structure, fertility, 

permeability and microbial activity) due to soil stripping and stockpiling operations. 
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The proposed rehabilitation of Class III agricultural suitability lands will result in no long-term 

change in the area of Class III agricultural suitability lands on the site. Agricultural land 

resource management at Narrabri Mine will include the following key components:  

• Minimisation of disturbance to agricultural lands, where practicable;  

• Continued use of adjoining Whitehaven-owned land for agricultural uses;  

• Management of soil resources at the site so that they can be used for 

rehabilitation; and  

• Inclusion of agricultural lands in the mine rehabilitation strategy (i.e. 

reestablishment of Class III land). 

3.3 Specific Risks Relating to Rehabilitation 

This section describes aspects of the operation that have the potential to significantly impact 

the quality and/or timing of rehabilitation. 

3.3.1 Geology and Geochemistry 

Detailed geotechnical and geochemical characterisation of materials relating to the REA 

including emplaced reject material and potential capping soils has been undertaken by ATC 

Williams (2019) during the preparation of the Narrabri Mine Reject Emplacement Area - 

Capping Assessment and Closure Design.  This assessment is attached as Appendix C with 

the findings of the materials testing program are summarised as follows: 

Reject Material  

• Reject material tested can be classified as GRAVEL (up to 150mm size) with trace of 

sand and clay/silt fines; 

• Likely to be non-acid forming (NAF), with some level of enrichment, although not 

being a concern; 

• Material found to possess low salinity, although this appears to increase through 

exposure and oxidisation.  This is the primary geochemical concern due to the 

potential for the mixing and exposure of rejects impacting on capping soils in 

uncontrolled conditions. 

The potential for salt generation and potential impact on capping soils is considered severe 

enough to take precautions in the REA capping design with capping recommendations as 

follows: 

• Materials in the capping layer to be generally fine grained and suitably engineered to 

minimise air voids and reduce permeability of the material and the potential for 

moisture infiltration into the emplacement; 
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• The thickness of the capping layer is to be sufficient and consistent to ensure no 

rejects are left exposed across the capped surface; and 

• Careful control on the preparation of the upper layers of reject will be necessary 

including limiting over-compaction of the reject material to minimise infilling of voids 

in the reject matrix with fines and possibly the use of an interim soil cover layer prior 

to the construction of the final cap. 

Potential Capping Material  

• Sources of potential capping soils include in-situ borrow from the REA footprint, as 

well as existing soil stockpiles within the site. 

• In-situ soils and a portion of soil stockpiles comprise SILTY CLAY soils that are of 

relatively high plasticity, and low permeability when compacted to an engineering 

standard.  These materials are suitable for use in capping layer construction.  

• Remaining portion of the soil stockpile comprises coarse GRAVELs.  These materials 

would not be recommended for use as a fine-grained capping soil.  

• In-situ and stockpiled soil material (both CLAY and GRAVEL) are benign with low 

salinity, sodicity and sulfur content, and are classified as NAF (non-acid forming).  

• Investigation of surface soils from the box cut area, as a reference site indicate that 

the capping soils used in this area comprise SILTY/SANDY CLAY of medium to high 

plasticity and are generally non-dispersive.  Similar physical characteristics to the 

soils sourced from the REA are expected, with the potential to replicate the 

performance of the capping profile in the box cut area subject to similar placement 

conditions, topsoil and revegetation conditions and similar batter slopes.  

• Assessment of rock samples taken from the box cut area (being representative of 

rock sources from the site) highlight concerns with respect to the durability and 

integrity of the rock material under load and subject to exposure.  The likelihood is 

that this material would break down to a sandy material with fines, and therefore would 

have no specific application as a soil ameliorant (to reduce erosion potential) or for 

erosion protection. 

With the implementation of these the capping design, geology and geochemistry is 

considered a low risk to rehabilitation at Narrabri Mine.  

3.3.2 Material Prone to Spontaneous Combustion 

As outlined in Section 3.2.6, spontaneous combustion during operations is managed in 

accordance with a Spontaneous Combustion Major Hazard Management Plan (SCMHMP) 

and a Stockpile Management Plan. 

The potential for spontaneous combustion in the final REA landform was assessed during 

the preparation of the Narrabri Mine Reject Emplacement Area - Capping Assessment and 

Closure Design (ATCW, 2019).  Samples of reject material from the REA were tested for 
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spontaneous combustion potential. Adiabatic self-heating (R70) tests and relative heating 

temperature tests were conducted on each sample. 

The test results indicate that the risk of spontaneous combustion in the form of fires or heating 

within the REA is low.  Notwithstanding, the adopted capping construction approach 

considers measures to minimise the potential for oxygen diffusion into the reject mass, which 

is a key trigger for spontaneous combustion.  

With the implementation of these management plans and capping design, spontaneous 

combustion is considered a moderate risk to rehabilitation at Narrabri Mine.  

3.3.3 Material prone to generating Acid Mine Drainage 

As discussed in Section 3.3.1, geochemistry testing was undertaken during the preparation 

of the Narrabri Mine Reject Emplacement Area - Capping Assessment and Closure Design 

(ATCW 2019).  Assessment of the acid forming potential of reject material showed that: 

• total sulfur content is relatively low, with the majority of contained sulfur occurring as 

reactive sulphide; and 

• all samples were classified as non-acid forming (NAF). 

In addition, assessments undertaken for the Stage 2 Project EA (Aquaterra, 2009) identified 

that the low relative sulfate concentrations in groundwater suggest that there is little concern 

for acid producing potential from groundwater inflows. 

Acid mine drainage is considered a low risk to rehabilitation at Narrabri Mine.  

Notwithstanding, testing will be undertaken every five years throughout the mine life (or if 

conditions change) to determine the propensity of the material to generate contaminated 

leachate. The results will be reported in the Annual Reviews. 

3.3.4 Erosion and Sediment Control  

Given than Narrabri is an underground mine there are relatively few areas of exposed ground 

with potential for erosion and sedimentation at Narrabri Mine.  However, as identified in the 

Narrabri Mine Reject Emplacement Area - Capping Assessment and Closure Design (ATCW 

2019), erosion is a primary issue of concern regarding the rehabilitation of the REA.  This 

relates to the potential for exposure of reject material due to local slumping or erosion of 

cover layers, with associated issues related to displacement or mobilisation of reject (and 

associated increased exposure to surface water infiltration) (ATCW 2019).   

Landform Evolution and Erosion Modelling was undertaken as part of the Narrabri Mine 

Reject Emplacement Area - Capping Assessment and Closure Design (ATCW 2019) to 

assess the erosional stability of the proposed REA capping layer configuration.  

The erosion modelling showed that for the proposed landform to remain stable, establishment 

of vegetation is essential, with acceptable erosion rates for a vegetation cover of greater than 
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80%.  Vegetation cover at or below 80% is predicted to result in rilling and gullying which will 

eventually cut through the proposed cover layer, exposing the underlying rejects.   

A reliance of vegetation to provide erosion protection requires consideration of the following 

aspects:  

• Temporary erosion protection measures will be required to manage high erosion risk 

during the initial period post-construction and prior to establishment of vegetation, or 

while vegetation cover is developing but low;  

• Sound agronomy practices to facilitate the establishment and persistence of sufficient 

vegetation cover will be vital; and,  

• Loss of vegetation through grazing, fire, or extreme weather events will reduce the 

effectiveness of the erosion protection.  

Incorporation of a suitable rock fraction within the cover surface layer would also reduce the 

reliance on vegetation as the primary erosion reduction measure; however, as stated in 

Section 3.3.1, the rock material assessed as part of this capping assessment is not 

considered suitable for this purpose.  

Modelling outcomes also confirmed that management of stormwater runoff both from the 

plateau and down the batters of the REA will be required in order to reduce erosion rates to 

acceptable levels and prevent potential for rilling and subsequent gully formation.  Two 

specific management aspects are required in this regard:  

• Minimisation of uncontrolled runoff over the plateau edge reporting to the batter 

slopes; and 

• Reduction of effective slope lengths down the batter.   

With the implementation of the capping design, erosional stability of the capping layer is 

considered a moderate risk to rehabilitation at Narrabri Mine.  

3.3.5 Capping Material Availability 

A preliminary material balance was undertaken in the Narrabri Mine Reject Emplacement 

Area - Capping Assessment and Closure Design to assess capping material volume 

requirements based on the conceptual landform and proposed capping profile (ATC Williams, 

2019).  

Capping material volume requirements were assessed against clay material availability (for 

use as capping material) based on existing stockpile volumes and potential borrow from the 

REA footprint.   

The ATC Williams report included a preliminary capping materials balance which indicated a 

potential shortfall of some 15,000m3 of soil material required to construct the capping over 

the final landform. Further investigations conducted by NCO have improved the 

understanding of capping material availability and the resultant calculations indicate there is 

no shortfall of material as shown in Table 13. 
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Table 13 Capping Material Balance 

Capping Material Required Capping Material Available 

Capping Aspect Slope Area (m2) Volume (m3) Source Area Volume (m3) 

Plateau 146,000 58,000 Stockpiles 20,435 

Batters 100,000 40,000 REA footprint 
stripping 

90,000 

TOTAL 246,000 98,000 TOTAL 110,435 

 

Notwithstanding this, availability of capping and topsoil material for rehabilitation is 

considered a moderate risk to rehabilitation at Narrabri Mine.  

3.3.6 Soil Type(s) and Suitability 

The EA (R.W. Corkery & Co, 2009) identified a variety of soil types across the mine site. 

Some of the soil types, particularly those derived from the Purlawaugh Formation, were 

identified as being moderately to highly dispersive, erodible and saline, and management of 

these soils is required where subsidence results in cracking, slope increases or occurs within 

drainage lines. 

Furthermore, as stated in Section 3.3.4, an engineering assessment of the REA undertaken 

in 2016 found that the natural soils taken from the site as part of REA development, being 

potentially dispersive or sodic soils, were potentially erodible (ATC Williams, 2016a).  

During topsoil stripping, all soils are handled as little as possible by ensuring the area to be 

stripped and the area of stockpiling are clearly identified. All topsoil is stripped and re-used 

in site rehabilitation, with the stripping and use of subsoil in rehabilitation or other works 

restricted to those soils identified as amenable for this purpose. Topsoil stockpiles do not 

exceed 2m in height, while the subsoil stockpiles do not exceed 4m in height. 

The risk assessment identified poor topsoil quality (due to stockpile times, weeds, site 

conditions and management) as a moderate risk to reaching closure and relinquishing the 

lease. Inadequate volumes of topsoil were also identified as a potential risk to rehabilitation, 

due to limited stripping opportunities and/or poor recovery of topsoil from the visual bund. 

Should topsoil quality/quantity be inadequate for rehabilitation, NCO will source suitable 

ameliorants and topsoil alternates. 

With the implementation of the proposed management plans and procedures, soil types and 

suitability are not anticipated to pose a significant risk to rehabilitation at the site. 

3.3.7 Mine Subsidence 

Mining activities at Narrabri Mine are currently undertaken using the longwall retreat method 

of mining. Due to the underground nature of mining operations, the proposed mining method 

is not considered a significant risk to rehabilitation during the MOP term. Potential subsidence 

related impacts include surface cracks, shearing and ponding (DgS, 2017).  
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Should subsidence impacts occur to surface features, remediation and rehabilitation will be 

undertaken in accordance with the existing approved Extraction Plans and future Extraction 

Plans that will be developed and approved in consultation with the affected landowner and 

relevant government agencies. Subsidence remediation and rehabilitation will be on-going 

throughout the life of the mine. 

3.3.8 Flora and Fauna 

Flora and fauna are not expected to pose a risk to the success of the rehabilitation at Narrabri 

Mine. Due to the underground mining methods, only small disconnected areas of vegetation 

are required to be cleared for mining activities, and these will be rehabilitated to the pre-

mining land use following mining.  

Flora and fauna management will be undertaken as outlined in Section 3.2.3.   

Management of weeds and pest species will be undertaken as outlined in Section 3.2.4. 

Weeds and pests at Narrabri Mine are not a significant risk to rehabilitation.  
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4 POST MINING LAND USE 

4.1 Regulatory Requirements 

The regulatory requirements specific to post mining land use and rehabilitation outcomes at 

Narrabri Mine are listed in Table 14. 

Table 14: Regulatory Requirements 

Source Requirement Domain Where 
addressed 
in the MOP 

PA 
08_0144 
Schedule 2, 
Condition 1 

The Proponent shall implement all practicable measures 
to prevent and/or minimise any harm to the environment 
that may result from the construction, operation, or 
rehabilitation of the project. 

All domains Section 3 

PA 
08_0144 
Schedule 2, 
Condition 5 

The Proponent may undertake mining operations on the 
site for 21 years from the date of this approval. 

Note: Under this Approval, the Proponent is required to 
rehabilitate the site and to perform additional 
undertakings to the satisfaction of the Secretary. 
Consequently, this approval will continue to apply in all 
other respects other than the right to conduct mining 
operations until the site has been rehabilitated to a 
satisfactory standard. 

All domains Section 2 
and Section 
8 

PA 
08_0144 
Schedule 5, 
Condition 1 

The Proponent shall rehabilitate the site to the 
satisfaction of the Secretary and DRE in accordance with 
the rehabilitation objectives in Table 1. 

Table 1: Rehabilitation Objectives 

Domain Rehabilitation objective 

Surface 
Facilities 
Area 

Set through condition 4 below 

Other land 
affected by 
the project 

Restore ecosystem function, including 
maintaining or establishing self-
sustaining native ecosystems: 

· comprised of local native plant 
species; with 

· a landform consistent with the 
surrounding environment. 

Built 
features 

Repair/restore to pre-mining condition 
or equivalent. 

Community Minimise the adverse socio-economic 
effects associated with mine closure 
including the reduction in local and 
regional employment. 

Ensure public safety. 

Note: The Proponent may be required to define other 
rehabilitation objectives in management plans or strategy 
required under this schedule. 

All domains 

 

Section 8 
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Source Requirement Domain Where 
addressed 
in the MOP 

PA 
08_0144 
Schedule 5, 
Condition 2 

To the extent that mining operations permit, the 
Proponent shall carry out rehabilitation progressively, that 
is, as soon as reasonably practicable following the 
disturbance. 

All domains 

 

Section 8 

ML1609 

Condition 2 

The proponent shall implement all practicable measures 
to prevent and/or minimise any harm to the environment 
that may result from the construction, operation or 
rehabilitation of the development. 

All domains  Section 3 

ML1609 

Condition 7 

Disturbed land must be rehabilitated to a 
sustainable/agreed end land use to the satisfaction of the 
Secretary 

All domains Section 2 
and 8 

ML1609 

Condition 
16 

Abandoned shafts and excavations opened up or used by 
the lease holder must be filled in or otherwise rendered 
safe to a standard acceptable to the Secretary. 

Domain 1 – 
Infrastructure  

Section 
2.3.9 and 
Section 
8.3.1 

ML1609 
Condition 
17 (2) 

If the lease holder drills exploratory drill holes he must 
satisfy the Director General that: 

(f) once any drill hole ceases to be used the hole must be 
sealed in accordance with Departmental guidelines. 
Alternatively, the hole must be sealed as instructed by 
the Secretary 

(g) once any drill hole ceases to be used the land and its 
immediate vicinity is left in a clean, tidy and stable 
condition.  

Domain 1 – 
Infrastructure 

Section 
2.3.9 and 
Section 
8.3.1 

ML1609 
Condition 
22 

Temporary access tracks must be ripped, topsoiled and 
revegetated as soon as possible after they are no longer 
required for mining operations. 

Domain 1 – 
Infrastructure 

Section 
8.3.2 

EA (2009) 
S.O.C 4.1  

Confirm the proposed final land use of the Mine Site lands 
and identify the infrastructure and services to be retained 
to support this land use. 

All domains Section 4 
and Section 
6.2 

EA (2009) 
S.O.C 4.2 

Demolish or deconstruct and remove infrastructure and 
services not required by the confirmed future land use. 

Domain 1 – 
Infrastructure 

Section 
8.3.1 

EA (2009) 
S.O.C 4.3 

Stabilise all earthworks, drainage lines and disturbed 
areas no longer required for mine-related activities in order 
to minimise erosion and sedimentation, and to reduce the 
visibility of the activities from adjacent properties and the 
local road network. 

All domains Section 
8.3.2 

EA (2009) 
S.O.C 4.4 

Provide a low maintenance, stable and safe landform that 
blends with the surrounding topography and which is 
commensurate with re-established agricultural land uses. 

All domains Section 4 

EA (2009) 
S.O.C 4.5 

Ensure any areas of disturbance that require profiling meet 
the requirements of the final landform. 

All domains Section 
8.3.2 

EA (2009) 
S.O.C 4.6 

Replace subsoil and topsoil over areas of disturbance in 
the same order and approximately same depths as it was 
removed. 

All domains Section 
8.3.2 

EA (2009) Ensure the most appropriate crop / pasture species are Domain D – Section 
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Source Requirement Domain Where 
addressed 
in the MOP 

S.O.C 4.7 planted in areas returned for agricultural use. Rehabilitation 
Area – Pasture  

8.3.4 

EA (2009) 
S.O.C 4.8 

Conduct ongoing rehabilitation monitoring and 
maintenance throughout and beyond the operation. 

All domains Section 10 
and Section 
11 

EA (2009) 
S.O.C 4.9 

Restrict areas of disturbance to the areas identified and 
marked in accordance with Commitments 1.1 to 1.5. 

All domains Section 2.3 

EA (2009) 
S.O.C 4.10 

Remove gas drainage equipment and backfill and cap 
each remaining bore hole in accordance with  Condition 17 
of ML1609, Exploration Code of Practice: Rehabilitation 
(DPE, 2015), and the Guideline for Mineral Exploration 
Drilling; Drilling and Integrity of Petroleum Exploration and 
Production Wells (DRE, 2016). 

Domain 1 – 
Infrastructure 

Section 
2.3.9 and 
Section 
8.3.1 

EA (2009) 
S.O.C 4.11 

Allow water retained within the sump(s) to evaporate, 
excavate any consolidated drill cuttings and fines, remove 
the plastic liner and backfill each sump. 

Domain 1 – 
Infrastructure 

Section 
8.3.2 

EA (2009) 
S.O.C 4.12 

Respread previously stripped and stockpiled topsoil and 
vegetation over the backfilled sumps and other cleared 
areas. 

All domains Section 
8.3.3 

EA (2009) 
S.O.C 4.13 

Complete periodic inspections of the rehabilitated sites to 
confirm a return to the vegetation of the surrounding 
landform. 

All domains Section 10 

EA (2009) 
S.O.C 4.14 

(Unless required for future access to monitor or manage 
subsidence related impacts), close, cross-rip and respread 
previously cleared vegetation over access tracks. 

Domain 1 – 
Infrastructure 

Section 
8.3.2 

EA (2009) 
S.O.C 4.15 

Obtain certification from plant supplier / contractor that 
equipment imported to the Mine Site has been cleaned and 
is free of soil and vegetation. 

All domains Section 9 

EA (2009) 
S.O.C 4.16 

Undertake campaign weed spraying over the Pit Top Area 
and areas of surface disturbance of the Mining Area in 
consultation with DII-Agriculture and/or the local Noxious 
Weeds Inspector. 

All domains Section 
3.2.4 

 

4.2 Post Mining Land Use Goal 

The final land use goal at Narrabri Mine is to create a physically and chemically stable mine 

landform that is adequately drained and integrates with the surrounding landform with all 

mine induced subsidence remediated and rehabilitated.  

The rehabilitation of mining disturbed areas will be planned to deliver final land uses that 

achieve biodiversity and agricultural outcomes. Rehabilitated landforms will also integrate 

with the adjoining State Forests to enhance regional biodiversity and conservation outcomes.  
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Approximately 1,630 ha of agricultural land will be re-established to a comparable land 

capability to that of the pre-disturbance environment (i.e. Class III) at mine closure.  

The western extent of the mining lease will become part of the onsite Biodiversity Offset Area 

(BOA) and will include: 

• 431 ha of onsite offsets containing woodland vegetation and threatened fauna habitat 

which will not be directly or indirectly affected by the project; and 

• 1,168 ha of woodland vegetation that will be subject to potential subsidence impacts.  

In addition, an offsite BOA (the “Kenna” property) has been established which covers an area 

of 1,244 hectares (ha).  This results in a total project offset area of 2,843 ha.  

4.3 Rehabilitation Objectives 

The rehabilitation objectives for the Narrabri Mine are: 

Short-Term  

• Minimise clearing/vegetation disturbance consistent with operational requirements;  

• Progressively rehabilitate areas of disturbance no longer required for mining related 

operations;  

• Apply soil to the final landform based on material availability and post-mining land 

use; 

• Stabilise all earthworks, drainage lines and disturbed areas required for mine-related 

activities to minimise erosion and sedimentation;  

• Control vermin, feral animals and noxious weeds; and  

• Reduce the visibility of the activities from adjacent properties and the local road 

network.  

 Long-Term  

• Decommission and remove all project-related infrastructure not required for the future 

use of the site;  

• Remediate any land contaminated by accumulated salts or hydrocarbon spills/leaks;  

• Backfill the box cut and blend the final landform with the surrounding topography such 

that the visual impact of the post-mining landform is minimised;  

• Establish a low maintenance, geotechnically stable, safe and vegetated landform 

which blends in with the surrounding natural landscape;  

• Re-establish agricultural land to a comparable land capability to that of the pre-

disturbance environment (i.e. Rural Land Capability Class III); 
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• Continuation and/or restoration of biodiversity and ecological integrity of areas 

affected by mining within ML 1609; 

• Provide habitat for fauna and corridors for fauna movement within the final landform;  

• Control vermin, feral animals and noxious weeds; and 

• Monitor rehabilitation success in terms of physical and biological parameters. 
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5 REHABILITATION PLANNING AND MANAGEMENT 

5.1 Domain Selection 

Primary and secondary domains have been defined in accordance with the methodology 

prescribed in ESG3 (DRE 2013). As such the following applies: 

• Primary Domains are defined as the set of discrete areas that have a particular 

operational or functional purpose. Land management units with similar operational 

function are likely to have similar geophysical features and constraints /opportunities 

for rehabilitation. 

• Secondary Domains are land management units with similar post mining land use 

objectives, such as woodland communities and pasture.  

Accordingly, domains have been defined considering the operational function and specific 

final land use objectives. Primary domains at the commencement of the MOP period are 

shown in Plan 2, and listed in Table 15. Secondary domains in the proposed final landform 

are presented in Plan 4 and listed in Table 16. 

 
Table 15: Primary Domains 

Domain Code Description  

Infrastructure Area 1 This domain incorporates all surface infrastructure, including:  

• the site access road and internal access tracks,  

• office and administration buildings,  

• light vehicle carpark, and equipment laydown areas, 

• workshop and stores buildings,  

• electrical sub-station and associated electricity infrastructure,  

• rail loop and train loadout bin and train loader,  

• sewage treatment plant,  

• box cut and mine portals,  

• drift and skyline conveyors,  

• coal crushing station, CHPP, ROM and product coal pad hardstand 
areas,  

• explosives magazine,  

• ventilation fans and shafts,  

• gas drainage and mine safety pre-conditioning infrastructure, and  

• water pipelines. 

Tailings Storage 
Facility 

2 Not applicable to this MOP. 

Water Management 
Area 

3 Incorporates the network of dams, lined evaporation ponds, brine storage 
ponds, water diversion bunds and associated water management 
infrastructure.  

Reject 
Emplacement Area 

4 This domain relates to the REA. 
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Domain Code Description  

Stockpiled Material 5 This domain includes stockpiled topsoil, as well as the material stockpiled in 
the visual amenity bund.  

Void (Open Cut 
Void) 

6 Not applicable to this MOP. 

Rehabilitation Area  7 Incorporates all rehabilitation undertaken at the site prior to MOP 
commencement. 

Underground 
Mining Area  

8 Area of land subject to subsidence from underground mining activities.  

Conservation and 
Biodiversity Offset 
Area 

9 Not applicable to this MOP 

 
 

Table 16: Secondary Domains 

Domain Code Description  

Infrastructure A Not applicable to this MOP. 

Water Management 
Area 

B Includes all water management structures and dams retained in the final 
landform.  

Rehabilitation Area - 
Grassland 

C Not applicable to this MOP. 

Rehabilitation Area 
– Pasture 

D Landholdings that were previously used for agriculture and have been 
impacted by mining, such as subsidence areas and some infrastructure areas 
will be rehabilitated to Class III agricultural suitability land, capable of pasture 
production and occasional cropping.  

Rehabilitation Area 
– Woodland 
(Existing) 

E Woodland areas that have been impacted by mining, such as subsidence 
areas and some infrastructure areas will be rehabilitated to woodland. This 
domain will cover approximately 443 ha. 

Rehabilitation Area - 
State Forest - 
Existing 

F The areas of the Jacks Creek and Pilliga East State Forests that are within 
ML and are impacted by mining, such as subsidence areas will continue to be 
used for forestry post-mining. This domain will cover approximately 367 ha. 

Rehabilitation Area 
– Rural Land 

G Not applicable to this MOP. 

Relinquished Lands H Not applicable to this MOP. 

Final Void I Not applicable to this MOP. 

Conservation and 
Biodiversity Offset 
Area 

J Area that will be conserved for biodiversity offset following the cessation of 
mining (approximately 1,590 ha). In accordance with the EPBC approval, a 
legally binding conservation covenant will be placed on the title of this domain 
following the cessation of mining. 
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5.2 Domain Rehabilitation Objectives 

The key rehabilitation objectives for the Domains identified in Section 5.1 are defined in 

Table 17.  

Table 17: Domain Rehabilitation Objectives 

Code Domain Rehabilitation Objectives 

Primary Domains 

1 Infrastructure Area • All mining infrastructure will be removed progressively, and the area 
rehabilitated, when no longer required. 

• Mine openings (including former surface entries, adits, shafts and 
boreholes) will be sealed and rehabilitated in accordance with relevant 
regulatory requirements. 

• All inert/recyclable wastes have been either disposed at licenced facility 
or buried in the backfilled box cut in accordance with RR requirements 

• All land contamination/hazardous materials will be identified and 
appropriately remediated. 

3 Water 
Management Area 

• Water management structures in the final landform will be designed and 
constructed prior to disturbance, in accordance with Best Practice and 
“the Blue Book”. 

• Final landform drainage has been designed and constructed to achieve 
long term stability and minimise erosion. 

• Accumulated salts in evaporation/storage ponds has been excavated 
and either placed within drifts or injected back into the goaf; 

• Sediment dams and associated water management structures will 
remain in place until the catchment is rehabilitated and discharge water 
quality is similar to comparable undisturbed landforms.  

4 Reject 
Emplacement Area 

• The REA will be rehabilitated progressively.  The majority of the external 
batters of the REA will be formed generally to a grade of 11 degrees 
(5:1) with a maximum grade of 14 degrees (4:1) in the current NE batter.  

• The REA will be progressively capped with approximately 400mm of 
subsoil/topsoil initially stripped from the emplacement area.  

• The REA will be revegetated using hydromulch (with tackifier) grass 
cover; species selection appropriate for soil properties and local climate 
conditions. 

• Stormwater management and erosion control structures will be installed 
in accordance with design specifications. 

• Contour banks and diversion drains will be used to direct water into 
stable areas or sediment control basins. 

5 Stockpiled Material • Topsoil stockpiles will be stabilised with sterile cover pasture crops to 
minimise weed infestation and retain soil biological health. 

• Topsoil stockpiles will be constructed and managed to optimise 
physical, chemical and biological characteristics. 

• Stockpile areas will be rehabilitated progressively when material is 
removed for use elsewhere on-site. 

7 Rehabilitation Area • Rehabilitated areas will be maintained so that they are geotechnically 
stable and compatible with the surrounding landscape. 
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Code Domain Rehabilitation Objectives 

• Rehabilitated areas will be maintained so that they are adequately 
drained and incorporate drainage structures designed and constructed 
generally in accordance with “the Blue Book”. 

8 Underground 
Mining Area  

• Areas affected by mine induced subsidence will generally have 
gradients that are consistent with the pre-mining and/or the surrounding 
topography and which are geotechnically stable (i.e. no increased risk 
of landslip or mass slope failure. 

• Mine openings (including former surface entries, adits, shafts and 
boreholes) will be sealed and rehabilitated in accordance with relevant 
regulatory requirements. 

• Areas of surface ponding will be either remediated to enable drainage 
to occur (where there is a salinity risk) or retained in accordance with 
the requirements of the Land Management Plan. 

• The pre-mining land capability of the site will be maintained. 

Secondary Domains 

Domain 
B 

Water 
Management Area 

• The final landform drainage will integrate with the surrounding 
catchments and will achieve long term geomorphic stability and 
minimise erosion.  

• Sediment dams identified for retention in the final landform will be 
decontaminated and preserved as clean water farm dams or water 
sources for native fauna. 

• All retained dams (for agricultural use) will meet water harvesting 
requirements and/or, if in a 'turkey's nest' setting, be supported by a 
pumping arrangement that is licensed (if necessary).  

Domain 
C 

Rehabilitation Area 
– Pasture  

• At least 1,630 ha of Class III agricultural land will be reinstated on areas 
disturbed by mining. 

• Final landform will be safe, stable and adequately drained. 

• The REA will have slopes generally to a grade of 11° with a maximum 
grade of up to 14°. 

• The REA will be capped with approximately 400mm of subsoil/topsoil 
initially stripped from the emplacement area. 

• All landforms will be free draining except where specific structures (i.e. 
dams) have been constructed for the storage of water as required for 
sediment and erosion control or some post mining landuse. 

• Buildings, water storage, roads (except those used by the public) and 
other infrastructure have been removed. 

 Rehabilitation Area 
– Woodland 
(Existing) 

• Areas affected by mine induced subsidence will have gradients that are 
consistent with the pre-mining and/or the surrounding topography and 
which are geotechnically stable (i.e. no increased risk of landslip or 
mass slope failure. 

• Subsidence cracking will have naturally closed/filled or been actively 
remediated and revegetated. 

• Erosion mitigation measures will be applied. 

• Drainage lines are vegetated and/or stable (non-eroding) 
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Code Domain Rehabilitation Objectives 

 Rehabilitation Area 
- State Forest 

• Areas affected by mine induced subsidence will have gradients that are 
consistent with the pre-mining and/or the surrounding topography and 
which are geotechnically stable (i.e. no increased risk of landslip or 
mass slope failure. 

• Subsidence cracking will have naturally closed/filled or been actively 
remediated and revegetated. 

• Erosion mitigation measures will be applied. 

• All subsidence pegs will be removed. 

• Drainage lines are vegetated and/or stable (non-eroding) 

 Conservation and 
Biodiversity Offset 
Area 

• Approximately 1,168 ha of woodland BOA will be established on areas 
disturbed by mining. 

• Approximately 422 ha of woodland BOA will be established on areas 
not disturbed by mining. 

• Woodland Rehabilitation Areas will be comparable with adjacent 
undisturbed remnant native vegetation including areas.  

• A legally binding conservation covenant will be placed on the title of the 
BOA following the cessation of mining. 

5.3 Rehabilitation Phases 

The rehabilitation process can be described as a sequence of conceptual rehabilitation 

phases to achieve a final land use that is self-sustaining. These phases of rehabilitation are 

described in Table 18. 

 
Table 18: Rehabilitation Phases 

# Phase Description 

- Active / Operational Activities undertaken during operations to enhance rehabilitation, 
such as salvaging and managing soil resources, salvaging habitat 
resources. 

1 Decommissioning The process of removing plant and equipment from active services 
and rendering the area safe. 

2 Landform Establishment The process of shaping material into a desired land surface profile. 
This includes earthworks activities such as cut and fill, rock raking, 
water storage and drainage construction. 

3 Growth Medium 
Development 

The process of establishing and enhancing the physical structure, 
chemical properties and biological properties of a soil stratum 
suitable for plant growth. This includes placing and spreading soil 
and applying ameliorants.  

4 Ecosystem and Land 
Use Establishment 

The process of seeding, planting and transplanting plant species. 
Incorporates management actions such as weed and feral pest 
control to achieve species establishment and growth to juvenile 
communities, and habitat augmentation. 
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5 Ecosystem and Land 
Use Sustainability 

The process of applying management techniques to encourage an 
ecosystem to grow and develop towards a desired and sustainable 
post mining land use outcome. Incorporates features including 
species reproduction, nutrient recycling and community structure. 

6 Land Relinquishment The completion criteria for rehabilitation are met and the land is 
determined to be suitable to be relinquished from the mining 
tenement. 

 

Section 8.3 provides a general overview of the rehabilitation methodology for each 

rehabilitation phase and Table 19 provides a summary of the phases expected to be 

completed for each domain at the end of the MOP period. 
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Table 19: Summary of Rehabilitation Phases Proposed for Completion at end of the MOP Term 
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Active  ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ 

Phase 1 – Decommissioning         ✓ ✓ ✓     

Phase 2 – Landform Establishment         ✓ ✓ ✓     

Phase 3 – Growth Medium Development         ✓ ✓ ✓     

Phase 4 – Ecosystem and Land Use Establishment         ✓ ✓ ✓     

Phase 5 – Ecosystem and Land Use Sustainability         ✓ ✓      

Phase 6 – Land Relinquishment                

✓ = Areas of this domain are subject to this rehabilitation phase during MOP term. 

 = Domain not expected to enter this rehabilitation phase during the MOP term. 
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6 MINE CLOSURE PLANNING 

A conceptual Mine Closure Plan was prepared and approved in 2011 (revised 2016) 

as part of the approved Extraction Plans.  This section details the key mine closure 

planning considerations for Narrabri Mine.  

A Detailed Mine Closure Plan (DMCP) will be developed for the site at least 5 years 

prior to closure. This Plan will be developed in consultation with the Resources 

Regulator and relevant stakeholders. 

6.1 Mine Closure Objectives 

The key mine closure objectives for Narrabri Mine are: 

• Achievement of acceptable post-disturbance land use suitability – Mining and 

rehabilitation will aim to create a stable landform with land use capability and/or 

suitability similar to that prior to disturbance, unless other beneficial land uses 

are pre-determined and agreed.  

• Creation of safe and stable post-disturbance landform - Disturbed land will be 

rehabilitated to a condition that is self-sustaining or one where maintenance 

requirements are consistent with the agreed post-mining land use(s); and 

• Preservation of downstream water quality – Surface and groundwater that leave 

the Mining Lease are not degraded to a significant extent. Current and future 

water quality will be maintained at levels that are acceptable for users 

downstream of the site. 

6.2 Conceptual Final Land Use Options Analysis 

The post mining land use goal is presented in Section 4.2 and Plan 4. The goal is to 

create a physically and chemically stable mine landform that is adequately drained and 

integrates with the surrounding landform with all mine induced subsidence remediated 

and rehabilitated. 

As required by Schedule 5 Condition 1 of PA 08_0144, all areas disturbed within the 

mine footprint (other than the surface facilities area) are to be rehabilitated to a state 

that restores ecosystem function, including maintaining or establishing self-sustaining 

native ecosystems comprising local native plant species and a landform consistent with 

the surrounding environment.  

A DMCP will be prepared when the mine is within 5 years of closure.  At this time, 

options for future post mining uses of infrastructure areas at the surface facilities area 

and potential retention will be investigated and considered. For the purpose of this 

MOP, it is assumed that all mining related infrastructure will be removed from the 

surface facilities area and the area revegetated to pasture. 
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6.3 Key Closure Mine Closure Activities 

Table 20 summarises the key mine closure activities within each domain. 

Table 20: Key Mine Closure Activities 

Domain Key Closure Activities 

1 – 
Infrastructure 
Area 

At closure, all surface infrastructure will be decommissioned, dismantled and removed 
from the mine site unless retained for beneficial post mining land use has been 
identified.  Retained infrastructure would have an identified landowner (with 
responsibility for the ongoing maintenance) and will be made safe and appropriate for 
the post mining land use and will be agreed for retention with Resources Regulator. 

Key mine closure activities in the infrastructure domain will include: 

• Disconnection and termination of services (e.g. water and electricity); 

• Demolition and removal of site offices and facilities; 

• Removal of the Namoi River water pipeline; 

• Demolition and removal of coal handling infrastructure;  

• Removal of other concrete pads and footings, if required; 

• Removal of access roads, laydowns and carpark, if required; 

• Sealing of boreholes and mine entries;  

• Backfilling of the box cut; 

• Removal / remediation of contaminated / hazardous materials; 

• Stripping of carbonaceous material in the coal stockpile area to at least 0.5 m. 

3 – Water 
Management 

Schedule, 5 Condition 5(c) requires the Mine Closure Plan to provide a detailed 
methodology for the decommissioning of the site’s evaporation / storage ponds and the 
treatment of salt within or around these ponds.  Detailed investigation will be 
undertaken during detailed mine closure planning; however, the key mine closure 
activities regarding evaporation/ storage ponds are listed below: 

• Accumulated salt in the evaporation/storage ponds will be excavated and 
either placed within the drifts or box-cut prior to backfilling or reinjected back 
into the goaf;  

• The high density polyethylene (HDPE) plastic liner of each dam will be 
removed and transported to a waste disposal facility; 

• Studies will be undertaken to ensure that the risk of contamination is minimal 
and develop appropriate contingency measures as required;  

• The dam areas will be inspected and sampled to analyse ground beneath each 
dam or pond to confirm no leakage has occurred over the life of the pond;  

• Should saline contamination be identified, it will be removed and disposed of 
within the backfilled box cut;  

• Should tests confirm no saline contamination the area will then be rehabilitated 
by back filling and reshaping to achieve the prescribed final landform. 

As shown on Plan 4 some erosion and sediment control dams will remain across the 
site to ensure that water leaving disturbed areas is adequately treated during closure 
and beyond. 

4 – REA At closure the REA will be capped and rehabilitated in accordance with the Narrabri 
Reject Emplacement Area Capping Assessment and Closure Design (ATCW 2019) as 
summarised in Section 6.4 below. 
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Domain Key Closure Activities 

5 – Stockpiled 
Material 

Stockpiled material will be stripped and the material reused for rehabilitation of the site.  
Following completion the area will be reshaped and seeded to the final land use.  

7 – 
Rehabilitation 
Areas 

Ongoing management and maintenance of this area will be required beyond closure of 
the mine. Typically, this will constitute applications of fertiliser and weed management 
requirements over a five-year period. However, this will vary depending on the extent 
of weed infestation and establishment and progression of target vegetation species to 
the rehabilitation completion critiera. 

8 – 
Underground 
Mining Area 

Subsidence management and monitoring will be undertaken in accordance with the 
relevant approved Extraction Plan.  Any ground disturbance indicated by surface 
cracking caused by subsidence will be progressively rehabilitated. 

6.4 Reject Emplacement Area Detailed Closure Design 

At closure the REA will be capped and rehabilitated in accordance with the Narrabri 

Reject Emplacement Area Capping Assessment and Closure Design (ATCW 2019).  

The detailed closure design has been developed in consultation with Resources 

Regulator (refer Section 1.6.2) and is presented in attached as Appendix C.  It has 

been developed based on material characterisation and modelling outcomes and 

addresses the final REA landform and capping configuration for the completed 

landform at full capacity (ATCW 2019). 

The completed landform design forms the basis for the closure and capping works to 

be undertaken progressively as each ‘cell’ is formed and reaches capacity. 

The key closure design criteria as specified by ATCW (2019) are summarised in 

Table 21 with the proposed capping configuration presented in Figure 2. 
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Table 21: REA Closure Design Criteria Summary 

Design Aspect Criteria / Features 

Landform Attributes Maximum height 15m 

Footprint area 25ha 

External batters nominally 5H:1V 

Internal (operational) batters 2H:1V 

Capacity Total airspace availability 3.4 million m3 (based on design landform) 

Capping volume 98,000 m3 

Available reject material capacity 3.3 million m3 

Capping Configuration Base Case comprising 400mm thick soil layer using CLAY capping material borrowed 
from topsoil and subsoil stripping from the REA development area 

Revegetation by hydromulch (with tackifier) grass cover; species selection appropriate for 
soil properties and local climate conditions 

Stormwater Management External perimeter drain (clean water diverted around REA for release) 

Internal perimeter drain (site water directed to sediment basin SB3 during operations; 
offsite release post-closure) 

Contour drains on batters, discharging to internal perimeter drain 

Swale drains on plateau surface discharging to contour drains 

 

Figure 2: Proposed Capping Configuration for REA Landform (ATCW, 2019) 

6.5 Socio-economic effects associated with Mine Closure 

NCO recognises that the closure of the mine at that time is likely to have some impact 

on the local community; however, the socio-economic impacts on the area after project 

closure will depend on the structure of the mining and resource sector at the time.   

A strategy to prevent or mitigate adverse impacts of closure upon the local communities 

will be developed as part of the detailed mine closure planning process and will include 

a Social Impact Assessment (SIA).  A selection of comprehensive and sustainable 



 

NARRABRI MINE 

ENVIRONMENTAL 

MANAGEMENT SYSTEM 

Document Owner: Environmental 
Superintendent 

Document Approver: General Manager 

Revision Period: 3 years 

Version: 1 
2 

Last Revision Date: 23 November 2020 
29 November 2021 

NARRABRI MINE – MOP Amendment A – 1 Dec 2020 – 31 Dec 2023 

 

 

UNCONTROLLED COPY WHEN PRINTED.   REFER TO INTRANET FOR LATEST VERSION 

86 of 162 

initiatives will be implemented.  A draft strategy will be prepared at least 5 years before 

mine closure. 

The SIA will consider the following keys issues regarding closure: 

• The demands and contributions of the mine on local services to better 

assess the impacts of closure on those demands and contributions; 

• Establishing a benchmark for retention of economic activity within the area; 

• Studies/monitoring of social contributions and sustainability post closure; 

• Relationships with local suppliers; 

• Stakeholders consultation regarding post mining land use and incorporation 

of consultation into development of a detailed mine closure plan; and 

• The nature of the current economic / social contribution compared to the 

future contribution / loss of contribution post closure. 

6.6 Management of On-going Environmental Effects 

Maintenance of rehabilitated areas will consist of applications of fertiliser as well as 

weed and feral animal management over a five year period after mine closure. Minor 

remedial earthworks or soil conservation works to address any erosion or 

sedimentation issues will also be undertaken over this period.  

Monitoring programs, such as air, noise and water quality monitoring will be continued 

until decommissioning and rehabilitation procedures have been completed. 

Rehabilitation will be monitored for a period of at least five years after completion or 

when it can be demonstrated that the nominated completion criteria (see Section 7) 

have been achieved.  

This monitoring will include visual inspections, tree density and percentage cover and 

transect studies, flora and fauna surveys and water quality monitoring of runoff waters. 

Water quality monitoring will be undertaken to verify the long-term salinity levels of any 

runoff waters. 

The proposed monitoring is described further in Sections 10 and 11. 

6.7 Post Closure Inspection, Maintenance and Monitoring  

Monitoring and maintenance will be undertaken post closure, for details see 

Sections 10 and 11. Specific requirements regarding post closure management, 

monitoring and maintenance requirements for the REA are presented in Section 8.4 of 

Appendix C (ATCW 2019).
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7 PERFORMANCE INDICATORS AND COMPLETION/RELINQUISHMENT CRITERIA 

The completion criteria are objective target levels or values assigned to a variety of indicators 

(e.g. slope, species diversity, percent groundcover), which can be measured to demonstrate 

progress and ultimate success of rehabilitation. As such, they provide a defined end point, at 

which point in time rehabilitation can be deemed successful and the lease relinquishment 

process can proceed. The rehabilitation completion criteria for Narrabri Mine are listed in 

Table 22 to Table 27. 

These completion criteria, which may be subject to refinement as the operation progresses, 

including through consultation with the relevant stakeholders, will be utilised to demonstrate 

achievement of rehabilitation objectives. The achievement (or otherwise) of the completion 

criteria will be monitored and reported within the annual reports to be submitted to relevant 

government agencies. 
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Table 22: Summary of Rehabilitation Phases Proposed for Completion at end of the MOP Term 

Domain Objective Performance 
Indicator 

Completion Criteria Justification/ 

Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress 
at start of 
MOP  

All Domains 

Public safety Site Security Appropriate security measures (e.g. adequate 
fencing) has been implemented (where required) 
prior to commencing decommissioning and 
demolition works. 
A full post-mining site security Risk Assessment 
has been undertaken and all controls identified to 
mitigate any risk have been fully implemented. 

Risk 
assessment  

No No Not 

commenced 

Domain 1 - Infrastructure Areas 

Infrastructure (other than that 

remaining in the final landform) 

will be decommissioned 

progressively as plant, 

equipment and infrastructure 

becomes obsolete. 

Demolition of 

infrastructure  

All demolition work has been carried out in 
accordance with AS2601-2001: The Demolition of 
Structures or its latest version. 

AS2604-2001 No No Not 

commenced 

All surface infrastructure has been demolished and 
removed from the site 

2009 EA, S.O.C 

4.2 

No No Commenced 

(ongoing) 

Access tracks Temporary access tracks have been ripped, 
topsoiled and revegetated as soon as possible 
after they are no longer required for mining 
operations. 

ML1609 Cond. 

22 

EA (2009) 

S.O.C 4.14 

No  No Commenced 

(ongoing) 

Namoi Water Pipeline The 300mm diameter pipeline between the mine 
site and the Namoi River has been removed from 
the underground trenches and recycled. The 
disturbance areas are rehabilitated. 

2009 EA, S.O.C 

4.2  

No No Not 

commenced 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification/ 

Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress 
at start of 
MOP  

Boreholes and Drill 

sites, and mine safety 

pre-conditioning drill 

sites 

All boreholes have been backfilled and capped in 
accordance with  Condition 17 of ML1609, 
Exploration Code of Practice: Rehabilitation (DPE, 
2015), and the Guideline for Mineral Exploration 
Drilling; Drilling and Integrity of Petroleum 
Exploration and Production Wells (DRE, 2016). 

2009 EA S.O.C 

4.10 ML1609 

Cond. 17(2) 

No No Commenced 

(ongoing) 

Vent Shafts and mine 

entries 

Shafts and mine entries to be filled and capped in 
accordance with Resources Regulator Guidelines 
for the Permanent Filling and Capping of Entries to 
coal seams (MDG 6001) 

ML1609 Cond. 

16 

No No Not 

Commenced 

Site Services All site electricity and telecommunication services 
not required for the post mining land use have 
been isolated, disconnected and terminated to 
make safe. Inspection pits and junction boxes for 
underground services have been sealed. 
Underground services have been made safe and 
left buried in the ground. Overhead power lines 
have been removed. 

2009 EA, S.O.C 

4.2 

No No Not 

Commenced 

Subsidence Pegs  All subsidence pegs removed in consultation with 
Resources Regulator. 

2009 EA, S.O.C 

4.2 

No No Commenced 

(ongoing) 

Foundations and 

pavements 

All concrete footings, foundation pads and 
pavements have been dug up, crushed to make an 
aggregate and utilised across the site or sold for 
some other beneficial reuse. 

2009 EA, S.O.C 

4.2 

No No Not 

Commenced 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification/ 

Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress 
at start of 
MOP  

Waste All remaining inert, unrecyclable wastes have been 
either taken to a licensed landfill or buried in the 
backfill of the box-cut in accordance with 
Resources Regulator /EES requirements. 

2009 EA, S.O.C 

4.2 

No No Not 

Commenced 

Ensure the site is safe and free 

of hazardous materials 

Carbonaceous material All carbonaceous material has been removed from 

the surface of the site and disposed of in the box 

cut with at least 5m of inert cover. 

DECC 2008 

ANZECC 1992 

EPA 1998 

No No Not 

commenced 

Hazardous materials All hazardous materials (e.g. petroleum, chemicals 
and explosive products) that are no longer 
required have been removed from site, verified by 
Certificates of disposal. 

No No Not 

Commenced 

Contamination A Phase 2 contamination assessment has been 
undertaken and any contaminated areas have 
been remediated to an appropriate standard 
commensurate with the post mining land use. 

No No Not 

commenced 

Domain 3 - Water Management Areas 

Mine water dams and sediment 

dams are decontaminated prior 

to removal or re-use as retained 

clean water dams in the final 

landform. 

Brine Storage Dams Brine storage dams have been de-watered and the 

stored brine pumped back into the goaf areas and 

remaining gate roads of the completed longwall 

panels. The high density polyethylene (HDPE) 

plastic liner of each dam has been removed and 

transported to a waste disposal facility, supported 

by records. 

2009 EA, S.O.C 

4.11 

No No Not 

commenced 

Removal of water 

management structures 

All water management structures that are not 

required as part of the post-closure land use have 

been removed. 

This MOP No No Not 

commenced 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification/ 

Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress 
at start of 
MOP  

not required in final 

landform 

Box Cut Water 

Management System 

The internal water management system in the box-

cut has been de-watered and any contaminated 

water has been appropriately treated or taken from 

site for treatment, supported by records. 

This MOP No No Not 

commenced 

Hazardous materials Accumulated salt in the evaporation/storage ponds 

has been excavated and either placed within the 

drifts of box-cut prior to backfilling or reinjected 

back into the goaf, supported by records. 

This MOP No No Not 

commenced 

Pumping Infrastructure All ancillary equipment including pumps and 

pipelines have been removed and services 

terminated. 

2009 EA, S.O.C 

4.2 

No No Not 

commenced 
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Table 23: Landform Establishment Phase 

Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at start 
of MOP 

All Domains 

Final landform will be 
suitable for the intended 
final land use, and blend 
into the surrounding 
landforms as far as 
practicable. 

Safety A risk assessment has been undertaken in 
accordance with relevant guidelines and 
Australian Standards and risks reduced to 
levels agreed with the stakeholders. 

Risk 
Assessment 

No No Not Commenced 

Landform  The rehabilitated landform is free draining, 
low maintenance, stable and safe, and blends 
with the surrounding topography (as 
determined by specialist engineering and 
visual amenity assessments) 

PA 08_0144 
S5, Cond. 1 

EA (2009) 
S.O.C 4.4 
and 4.5 

No Yes Not Commenced 

Stability  All earthworks, drainage lines and disturbed 
areas no longer required for mine-related 
activities have been stabilised in order to 
minimise erosion and sedimentation, and to 
reduce the visibility of the activities from 
adjacent properties and the local road 
network. 

EA (2009) 
S.O.C 4.3 

No No Ongoing  

Soil moisture and 

nutrient distribution 

(electromagnetic 

mapping) 

Identified areas of electromagnetic mapping 
change (greater than 1 standard deviation 
from the mean change) investigated in the 
field to determine the source of the change. 
Site specific management report prepared 
and recommendations implemented where 
necessary. 

EcoLogical 

(2016) 
No No Ongoing  
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Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at start 
of MOP 

Erosion Visual inspection confirms no active sheet or 
gully erosion, or rill erosion >200mm deep as 
determined by specialist assessment. 

DECC 2008 No Yes Not Commenced 

Domain 1 – Infrastructure Area 

Final landform will be 
suitable for the intended 
final land use, and blend 
into the surrounding 
landforms as far as 
practicable. 

Box Cut The box-cut has been backfilled using 
material recovered from the perimeter 
amenity bund and other inert material 
removed during demolition. The surface has 
been shaped to restore continuity with the 
surrounding landscape.  

2009 EA, 
S.O.C 4.5 

No No Not Commenced 

Pit Top The post mining landform has been shaped to 
create a stable surface with slopes at a 
maximum of 4 degrees. 

2009 EA, 
S.O.C 4.5 

No No Ongoing 

Drainage  Contour banks and diversion drains have 
been installed to direct water into stable areas 
or sediment control basins. 

2009 EA, 
S.O.C 4.5 

No Yes Not Commenced 

Domain 3 - Water Management Areas 

Safe, stable, adequately 
drained post mining 
landforms consistent with 
the surrounding 
landscape.  

Final landform 
drainage design 

Surface water management structures such 
as contour banks, diversion drains and 
settlement ponds required to provide 
permanent, long-term stable water flow and 
storage have been constructed. 

DECC 2008 No 

 

Yes  Not Commenced 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at start 
of MOP 

Final landform drainage structures including 
drains, banks, drop structures and dams have 
been designed and constructed in 
accordance with Blue Book requirements. 

DECC 2008  

ACARP 
C13048 

No 

 

Yes  Not Commenced 

Geomorphic stability Geotechnical report completed by qualified 
person shows that the post-mining landform is 
stable and slopes are stable for agreed post 
mining land use. 

Mine Closure 

Plan (2016)  
No No Not Commenced 

Water quality is 
appropriate for final land 
use 

EPL discharge 
criteria 

Surface water is non-polluting  

All discharge water quality criteria (pH, TSS, 
EC, oil/grease) complies with EPL 12789 

EPL 12789 

ANZECC 
2000 

No No Not Commenced 

Leachate No water is observed leaching from dams that 
will remain in the final landform.  

This MOP No No Not Commenced 

Domain 4 - Reject Emplacement Area 

Final landforms are 
shaped appropriately for 
final land use 

Maximum slope and 
height 

The REA has been capped with the 
previously stripped subsoil and topsoil with 
slopes up to 14° and maximum 15m height.  

ATCW 2019 No Yes Not Commenced 

Final landform 
shaped and 
rehabilitated 

Geotechnical report completed by qualified 
person at shows that the post-mining 
landform is stable and slopes are stable for 
agreed post mining land use. 

ATCW 2019 No No Not commenced 

Slumping or 
uncontrolled erosion 

There is an absence of slumping or 
uncontrolled erosion with rills < 200 mm deep 

DECC 2008 No Yes Not Commenced 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at start 
of MOP 

Final landforms including 
slopes and drainage will 
be designed to be safe, 
stable and non-polluting. 

Capping depth Landform is capped with approximately 
400mm of capping material comprising a 
rocky soil (or rock mulch), utilising the 
available topsoil/subsoil reserves on-site  

ATCW 2019 No No Not commenced 

Visual Amenity The REA blends in with the surrounding 
environment (as determined by specialist 
visual amenity assessment). 

2009 EA, 
S.O.C 4.5 

No No Not commenced 

Domain 5 – Stockpiled Material 

Safe, stable, adequately 
drained post mining 
landforms consistent with 
the surrounding 
landscape. 

Box Cut Filling Material from visual bund (except the 
southern section) has been moved into the 
box cut to make a landform that is 
commensurate with the surrounding landform 
as determined by specialist visual amenity 
assessment. 

Mine Closure 
Plan (2016) 

No No Not commenced 

Slumping or 
uncontrolled erosion 

There is an absence of slumping or 
uncontrolled erosion with rills < 200 mm deep 

DECC 2008 No Yes Not commenced 

Domain 8 – Underground Mining Area 

Safe, stable, adequately 
drained post mining 
landforms consistent with 
the surrounding 
landscape. 

Subsidence  Subsidence cracking has naturally 
closed/filled or been actively remediated in 
accordance with the requirements of the 
approved Extraction Plan. 

Extraction 
Plans 

No No Ongoing 

Subsidence across landscape does not 
exceed subsidence predictions 

EcoLogical 
(2016) 

No No Ongoing 



 

NARRABRI MINE 

ENVIRONMENTAL MANAGEMENT SYSTEM 

Document Owner: Environmental Superintendent 

Document Approver: General Manager 

Revision Period: 3 years 

Version: 1 
2 

Last Revision Date: 23 November 2020 
29 November 2021 

NARRABRI MINE – MOP Amendment A – 1 Dec 2020 – 31 Dec 2023 

 

 

UNCONTROLLED COPY WHEN PRINTED.    REFER TO INTRANET FOR LATEST VERSION 

 96 of 162 

Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at start 
of MOP 

Slope Areas affected by mine induced subsidence 
have gradients that are consistent with the 
pre-mining and/or the surrounding topography 
and which are geotechnically stable (i.e. no 
increased risk of landslip or mass slope 
failure.) 

Extraction 
Plans 

No No Ongoing 

Erosion Erosion mitigation measures have been 
applied. There is an absence of slumping or 
uncontrolled erosion with rills <200 mm deep. 

DECC 2008 No Yes Ongoing 

Drainage Natural drainage lines are stable (non-
eroding) and where contour banks and 
diversion drains have been installed they are 
assessed as being long-term stable. 

Extraction 
Plans 

No Yes Ongoing 

Ponding Areas of surface ponding are assessed and 
remediated to enable natural drainage to 
occur (where there is a salinity risk).  

Extraction 
Plans 

No Yes Ongoing 
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Table 24: Growth Medium Development Phase 

Domain Objective Performance 
Indicator 

Completion Criteria Justification
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at 
MOP start 

All Rehabilitation Areas 

Growth media resources 
are retained and managed 
to retain structure, chemical 
and biological properties. 

Topsoil stripping 
depth  

Maps show the location and volumes of 
Topsoils that are stockpiled for later re-use in 
accordance with management plans and 
procedures.  

This MOP No Yes Ongoing 

Topsoil will be replaced in 
disturbed areas to allow for 
rehabilitation  

Topsoil Spreading Subsoil and topsoil have been replaced over 
areas of disturbance in the same order and 
approximately same depths as it was removed 
(at least 150mm topsoil), and it has been 
ripped. 

EA (2009) 
S.O.C 4.6 

No Yes Ongoing 

Topsoil Quality Testing verifies that there is a less than 20% 
increase in EC in comparison to baseline 
values.  

EcoLogical 
(2016) 

No 

 

Yes  Ongoing 

Testing verifies that pH is within +/-0.5 of a pH 
unit of analogue sites at Year 5. If soil 
amelioration is undertaken, pH of pasture sites 
is to remain within recommended range of 5.2-
8.0 pH units. 

Testing verifies that there is less than a 20% 
reduction in organic matter in comparison to 
baseline values for Nitrogen, Phosphorus, and 
organic matter. 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at 
MOP start 

Topsoils are characterised 
and ameliorated for use in 
final land uses.  

Amelioration  Where through testing it has been determined 

to be necessary, appropriate soil ameliorants 

(e.g. gypsum, fertilisers, mulch) have been 

applied in accordance with recommendations 

from specialist assessment, with records kept 

MOP 
Section 8.3.3 

No Yes Ongoing 

Erosion is minimised Erosion ESCs are installed prior to topsoil re-spreading. MOP 
Section 8.3.2 

No Yes Ongoing 

Topsoiled rehabilitation areas are sown with a 
non-persistent cover crop at the sowing rate / 
ha specified in Table 31.  

DECC 2008 No Yes Ongoing 

Domain D - Pasture  

Surface rock density 

appropriate for agricultural 

land use 

Surface rock density Surface soils are rock raked to remove rocks 

and produce a friable surface. 

MOP 

Section 8.3.2 
No No Ongoing 

Domain E - Woodland; and 

Domain F - State Forest  

Habitat features are 

salvaged and re-used in 

native vegetation 

rehabilitation to provide 

fauna habitat resources 

Habitat features  Habitat features are salvaged during clearing 

and where assessed as being of use, 

incorporated into forested rehabilitation areas. 

MOP 

Section 8.3.4 
No No Ongoing 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at 
MOP start 

Domain J – Biodiversity Offset Area 

Habitat features are 
salvaged and re-used in 
woodland rehabilitation to 
provide fauna habitat 
resources 

Habitat features Habitat features are salvaged during pre-
stripping operations for re-use where 
practicable. 

This MOP No No Ongoing 

Log, hollows and 
nest box density 

Habitat features are incorporated into woodland 
rehabilitation areas where appropriate. 

This MOP No No Ongoing 
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Table 25: Ecosystem and Land Use Establishment Phase 

Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress 
at start of 
MOP 

All Domains 

Monitoring demonstrates 
soil profile development in 
rehabilitated areas (e.g. 
development of organic 
layer, litter layer) 

pH Testing verifies that pH is within +/-0.5 of a pH 

unit of analogue sites at Year 5. If soil 

amelioration is undertaken, pH of pasture sites 

is to remain within recommended range of 5.2-

8.0 pH units. 

EcoLogical 
(2016) 

No Yes Ongoing. 

EC Testing verifies that there is a less than 20% 

increase in soil EC in comparison to baseline 

values at Year 5 following establishment. 

EcoLogical 
(2016) 

No Yes Ongoing. 

Nutrients Testing verifies that there is less than a 20% 

reduction in Nitrogen, phosphorus, and 

organic matter in comparison to baseline 

values at Year 5 following establishment. 

EcoLogical 
(2016) 

No Yes Ongoing. 

Vegetation establishment Ground Cover  Percentage ground cover within 20% of 

analogue sites/baseline monitoring within five 

years of establishment. 

EcoLogical 
(2016) 

No No Ongoing. 

Identified areas of NDVI change (greater than 

1 standard deviation from the mean change) 

investigated in the field to determine the 

source of the change. Site specific 

management report prepared and 

EcoLogical 
(2016) 

No No Ongoing 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress 
at start of 
MOP 

recommendations implemented where 

necessary. 

Weeds are controlled on 

NCO lands 

Weed presence Annual specialist biodiversity monitoring 
verifies there are no significant weed 
infestations and weeds do not comprise a 
significant proportion of the species in any 
stratum (less than 10% increase in exotic 
species number and cover) 

Ecological 
(2016) 

No Yes Ongoing 

Records indicate that noxious weeds are 
controlled in accordance with legislation, the 
Rehabilitation Management Plan, and the 
MOP. 

Ecological, 
2016 

No Yes Not 
Commenc
ed  

Feral animal pests are 

controlled on NCO lands 

Feral animal density No increase in feral animal population and 

monitoring indicates the absence or decline in 

feral animal species numbers. 

MOP Section 
9.1.4 

No Yes Ongoing. 

Vertebrate pest species presence and 

densities are monitored, and control programs 

implemented in accordance with the 

Landscape Management Plan 

TSC Act 

1995 Rural 

Lands 

Protection 

Act 1998 

No Yes Ongoing. 

Fence / tree guard 

installation 

Faunal exclusion fencing and/or tree guards 

are installed (where required) to exclude 

vertebrate pest species from rehabilitation 

areas / juvenile vegetation. 

TSC Act 
1995  

No No Ongoing. 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress 
at start of 
MOP 

The area does not present 

an extreme bushfire hazard 

to surrounding areas 

Fire Management Bushfire mitigation actions, including 

managing fuel loads, maintaining fire-breaks 

and fire-fighting access, are implemented in 

accordance with the site Bushfire Prevention 

Standard.   

Bushfire 
Prevention 
Standard  

No No Ongoing. 

Water quality from 

rehabilitation area meets 

relevant water quality 

standards 

Runoff water quality 

from rehabilitation 

areas 

Water quality monitoring data provides 

evidence that runoff water quality from 

rehabilitation areas is within the range of 

baseline surface water from nearby creeks. 

MOP  No Yes Ongoing. 

Riparian vegetation 

composition and health 

Creek line erosion Less than 20% increase in length of eroding 

creek line (bank and bed) when compared to 

control sites as determined by annual 

biodiversity assessment undertaken by 

specialist  

EcoLogical 
(2016) 

No No Ongoing 

Creek stability Less than 20% increase in cross-sectional 

area in comparison to control cross-sectional 

area (unless stabilisation works have been 

undertaken) as determined by annual 

biodiversity assessment undertaken by 

specialist 

EcoLogical 
(2016) 

No No Ongoing 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress 
at start of 
MOP 

Domain D - Rehabilitation Area - Pasture 

Final landform will be 
capable of being used for 
agricultural purposes  

Pasture species 
sowing rate. 

Approved pasture species mix (refer Table 24) 
is sown at the specified sowing rate per 
hectare.  

MOP Section 
8.3.4 

No No Ongoing. 

Land capability  1,630 ha of Class III agricultural land is 
established on areas disturbed by mining. 

MOP Section 
4.3 

No No Ongoing. 

Pasture Biomass Less than 20% reduction in pasture biomass in 
impact zones in comparison to control zones. 

Ecological 
(2016) 

No No Ongoing 

Aquatic 
macroinvertebrate 
and macrophyte 
assemblages in farm 
dams 

No decline in aquatic habitat quality relative to 
natural variation in control areas 

Ecological 
(2016) 

No No Ongoing 

Domain E - Rehabilitation Area – Woodland; and 

Domain F – Rehabilitation Area – State Forest. 

Native vegetation 
rehabilitation areas species 
diversity is comparable to 
analogue native vegetation 
community 

Habitat No adverse impacts to habitat of threatened 

species, such as a reduction in habitat area, 

hollow-bearing trees and woody debris as 

determined by annual biodiversity monitoring 

by specialists 

EcoLogical 
(2016) 

No No Ongoing. 

Vegetation health More than 75% of trees are healthy and 

growing as indicated by long term monitoring.

  

This MOP No Yes Ongoing. 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress 
at start of 
MOP 

Species composition Less than 10% change in floristic composition 

(relative to natural variation found in control 

areas) as determined by specialist annual 

biodiversity monitoring 

EcoLogical, 
2016) 

No Yes Ongoing. 

Stock have been excluded 

from rehabilitation areas 
Stock exclusion Stock have been excluded from these domains.  MOP Section 

4.3 
No No Ongoing. 

Domain J –Biodiversity Offset Area 

Native vegetation 
rehabilitation areas species 
diversity is comparable to 
analogue native vegetation 
community 

Offsets Approximately 1,168 ha of areas disturbed by 

mining, and 422 ha of land not disturbed by 

mining, will be rehabilitated with native 

vegetation communities. 

On-Site 
BOMP p.1 

No No Ongoing. 

Habitat No adverse impacts to habitat of threatened 

species, such as a reduction in habitat area, 

hollow-bearing trees and woody debris as 

determined by annual biodiversity monitoring 

by specialists 

EcoLogical 
(2016) 

No Yes Ongoing. 

Vegetation Cover  Within 3 years, 25% of seedlings (direct 
seeding) and 75% of direct landscape plantings 
have survived. 

On-Site 
BOMP p.24 

No Yes Ongoing. 

Vegetation health More than 75% of trees are healthy and 

growing as indicated by long term monitoring.

  

This MOP No Yes Ongoing. 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress 
at start of 
MOP 

Species composition Less than 10% change in floristic composition 

(relative to natural variation found in control 

areas) as determined by specialist annual 

biodiversity monitoring 

EcoLogical, 
2016) 

No Yes Ongoing. 

Fauna diversity is 

progressing towards the 

ecosystems planned in the 

final land use 

Stock exclusion Stock have been excluded from the BOA.  On-Site 
BOMP p.25 

No No Ongoing. 
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Table 26: Ecosystem and Land Use Sustainability Phase 

Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at 
MOP start 

All Domains 

Soil stability and profile 
development is self-
sustaining 

 

Percent nitrogen, 
potassium and 
phosphorous. 

Soil nitrogen, potassium and phosphorus 
levels are within two standard deviations of the 
mean value at analogue sites by Years 1, 5 
and Year 15, respectively. 

CSIRO 2008. 

Ecosystem 
Function 
Analysis 
(EFA) Annual 
Monitoring 
Reports 

No Yes Ongoing 

Weed management Annual specialist biodiversity monitoring 
verifies there are no significant weed 
infestations and weeds do not comprise a 
significant proportion of the species in any 
stratum (less than 10% increase in exotic 
species number and cover) 

Ecological 
(2016) 

No Yes Ongoing 

Records indicate that noxious weeds are 
controlled in accordance with legislation, the 
Rehabilitation Management Plan, and the 
MOP. 

Ecological, 
2016 

No Yes Not 
Commenced  

Ground cover. Ground cover and / or leaf litter cover is 
greater than 70% at Year 5. 

DECC 2008 No Yes Ongoing 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at 
MOP start 

Runoff Water Quality Receiving waters affected by surface water 
runoff have contaminant limits of electrical 
conductivity maximum of 1,300 μS/cm and pH 
range of 6 to 8.5, consistent with receiving 
waters. 

This MOP No Yes Ongoing 

Site safety The site has been rehabilitated and left in a 

clean, tidy and safe condition. 
Mine Closure 
Plan (2016) 

No No Not 
commenced 

Domain D - Rehabilitation Area - Pasture 

Soil stability and profile 
development is self-
sustaining 

Soil Quality Salinity (EC), pH, and Cation Exchange 
Capacity (CEC) down the soil profile is within 
two standard deviations of mean values 
analogue sites at year 5.  

Mine Closure 
Plan (2016) 

No Yes Not 
commenced 

Agricultural Rehabilitation 
Areas maintain Class III 
Agricultural land suitability 
with only the typical land 
management actions 

Agricultural land 
suitability 
assessment. 

Agricultural Rehabilitation Areas are 
demonstrated to be capable of grazing and 
cropping in accordance with the general 
limitations that apply to Class III agricultural 
land. 

Mine Closure 
Plan (2016) 

No No Not 
commenced 

Domain E - Rehabilitation Area – Woodland; and 

Domain F – Rehabilitation Area – State Forest 

Vegetation health 
index. 

Percentage of healthy shrubs and trees (when 
ranked healthy, sick or dead.) is within the 
range of the mean percentage across 
analogue sites 

Tongway D, 
and Hindley, 
L. 2004 

No Yes Not 
commenced 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at 
MOP start 

Open woodland and riparian 
rehabilitation areas are on a 
trajectory to forming self-
sustaining ecosystem 
function equivalent to 
appropriate analogue sites 

Tree height and girth  Minimum tree height and girth standards for 
selected indicator species of the vegetation 
association is within the range of the mean 
within analogue site benchmarks at 1, 5 and 
15 years. 

EFA Annual 
Monitoring 
Reports 

No No Not 
commenced 

Flowering specimen 
density / second 
generation presence 

Species are capable of setting viable seed, 
flowering or otherwise reproducing.  

Second generation of at least four vegetation 
community species recorded. 

No No Not 
commenced 

Species composition Forested rehabilitation areas contain an 
appropriate diversity of flora species for each 
stratum (canopy, mid-story, ground cover) 
comparable to analogue sites at Year 10. 

Mine Closure 
Plan (2016) 

No No Not 
commenced 

Reproduction Second generation tree seedlings are present 
or likely to be, based on monitoring in 
comparable older rehabilitation sites. 

Mine Closure 
Plan (2016) 

No No Not 
commenced 

Habitat Native vegetation rehabilitation areas provide 
a range of structural habitats (e.g. eucalypts, 
shrubs, ground cover, developing litter layer 
etc.). 

Mine Closure 
Plan (2016) 

No No Not 
commenced 

Native fauna 
presence 

Native fauna species diversity and abundance 
is trending toward analogue site at Year 10. 

Mine Closure 
Plan (2016) 

No Yes Not 
commenced 

Soil stability and profile 
development is self-
sustaining 

Litter biomass 
(depth, total mass) 

Depth and mass of litter varies by less than 
10% in consecutive surveys by Year 15. 

CSIRO 2008 No No Not 
commenced 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at 
MOP start 

EFA Annual 
Monitoring 
Reports 

Domain J –Biodiversity Offset Area 

Restrict unauthorised 

access 

Public Access The incidence of unauthorised personnel 

entering the BOA is reduced due to the 

construction of barriers and erection of 

signage. 

On-Site 
BOMP p.25 

No No Not 
commenced 

Open woodland and riparian 
rehabilitation areas are on a 
trajectory to forming self-
sustaining ecosystem 
function equivalent to 
appropriate analogue sites 

Vegetation health 
index. 

Percentage of healthy shrubs and trees (when 
ranked healthy, sick or dead.) is within the 
range of the mean percentage across 
analogue sites. 

Tongway D, 
and Hindley, 
L. 2004 

EFA Annual 
Monitoring 
Reports 

No Yes Not 
commenced 

Tree height and girth  Minimum tree height and girth standards for 
selected indicator species of the vegetation 
association is within the range of the mean 
within analogue site benchmarks at 1, 5 and 
15 years. 

No No Not 
commenced 

Flowering specimen 
density / second 
generation presence 

Species are capable of setting viable seed, 
flowering or otherwise reproducing.  

Second generation of at least four vegetation 
community species recorded. 

No No Not 
commenced 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at 
MOP start 

Threatened species Regular monitoring reveals that management 
measures have been successful in protecting 
Red lronbark-Brown Bloodwood Shrubby 
Woodland which provides habitat for EPBC 
listed Bertya opponens and for the White Box 
Grassy Woodland which provides habitat for 
the EPBC listed Superb Parrot. 

EPBC 
2009/5003 

Condition 14 

No Yes Not 
commenced 

Monitoring reveals that management 
measures have been successful in protecting 
the Inland Grey Box EEC, Bertya opponens, 
and foraging habitat for the Superb Parrot.  

PA 08_0144 
Schedule 5, 
Condition 6 

No Yes Not 
commenced 

Fauna diversity Monitoring data provides evidence of a range 
of structural habitats similar to baseline survey 
results within BOA. 

On-Site 
BOMP p.24 

No No Not 
commenced 

Percent canopy 
cover 

Native plant species richness, and native 
canopy, mid-storey and grass cover has been 
restored to within 75% of benchmark condition 
within specified timeframes (canopy 15 years, 
mid-storey 10 years, groundcover 5 years). 

On-Site 
BOMP p.24 

No No Not 
commenced 

Weed Management  Exotic ground cover has been reduced to 
<10% by Year 10 and maintained at less than 
5% thereafter. Woody weeds have been 
maintained at less than 1% after year 5. 

On-Site 
BOMP p.25 

No Yes Not 
commenced 

Feral animal density If monitoring of the BOA reveals feral animals 

are having a significant impact on 

conservation objectives, then appropriate feral 

MOP Section 
3.2.4 

No Yes Not 
commenced 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification 
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at 
MOP start 

control measures will be implemented in co-

ordination with those of adjacent land 

managers such as State Forests and private 

landowners. 

The area does not present 

an extreme bushfire hazard 

to surrounding areas 

Fire Management Bushfire risk is managed in accordance with a 

Bushfire Management Plan prepared in 

consultation with the RFS as required. 

MOP Section 
3.2.7 

No No Not 
commenced 

No adverse impacts of 

runoff or hydrological 

changes on the BOA 

Water quality Regular monitoring reveals that water 

management measures have been successful 

in protecting natural systems from adverse 

impacts. 

MOP Section 
8.1 

No No Not 
commenced 

Soil stability and profile 
development is self-
sustaining 

Litter biomass 
(depth, total mass) 

Depth and mass of litter varies by less than 
10% in consecutive surveys by Year 15. 

CSIRO 2008 

EFA Annual 
Monitoring 
Reports 

No No Not 
commenced 
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Table 27: Relinquishment 

Domain Objective Performance 
Indicator 

Completion Criteria Justification
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at 
end of MOP 

All Domains 

Site will be restored to a 
landform capable of 
sustaining the post-mining 
land uses 

Completion Criteria  All relevant completion criteria for the land 
proposed for relinquished (Rehabilitation 
Phases) are acknowledged to be met by the 
Resources Regulator (or contemporary 
equivalent). 

MOP Section 
4.3 

No No Not 
commenced 

Access Tracks Access tracks not required in the final 
landform are decommissioned and 
rehabilitated. 

MOP Section 
8.3.1 

No No Not 
commenced 

Monitoring Points Any ancillary disturbance or equipment 
associated with surface water and 
rehabilitation monitoring points is removed 
and/or rehabilitated.  

MOP Section 
8.3.1 

No No Not 
commenced 

Visual Assessment Sign off from Resources Regulator that the 
landforms developed are compatible with the 
surrounding landscape and they approve such 
landform as part of the MOP approval. 

MOP Section 
4.3 

No No Not 
commenced 

Runoff water quality 

from rehabilitation 

areas 

Water quality monitoring data provides 
evidence that runoff water quality from 
rehabilitation areas is within the range of 
baseline surface water. 

MOP Section 
10.1 

No Yes Not 
commenced 

Public Safety Long term subsidence monitoring inspections 
identify that are no public safety risks 
attributable to NCO which require the 
implementation of remedial actions. 

MOP Section 
10.1 

No No Not 
commenced 
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Domain Objective Performance 
Indicator 

Completion Criteria Justification
/ Source 

Complete 
(Yes/No) 

Link to 
TARP 

Progress at 
end of MOP 

Rubbish  There is no rubbish equipment at the location 
of any completed subsidence remediation 
works. 

MOP Section 
8.3.1 

No No Not 
commenced 

Vegetation  Vegetation is naturally regenerating or active 
revegetation is establishing and no further 
active revegetation measures are required. 

MOP Section 
10.1 

No Yes Not 
commenced 

Domain J –Biodiversity Offset Area 

Post mining conservation 
of offsets 

Conservation 
Covenant  

A legally binding conservation covenant has 
been placed on the title of the on-site 422 ha 
BOA following the cessation of mining. 

EPBC 
Approval 
2009:5003 

No No Not 
commenced 
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8 REHABILITATION IMPLEMENTATION 

8.1 Status at MOP Commencement 

Rehabilitation activities to date have comprised: 

• Cover crop establishment in areas no longer required by operational activities, 

including the amenity bund, dam walls and drainage lines; 

• Establishment of over 1,100 tubestock trees and shrubs along the perimeter 

amenity bund and in strategic locations across site to improve the visual amenity 

for surrounding landholders and local road users; and 

• Progressive rehabilitation of areas disturbed by drilling and gas drainage activities. 

At MOP commencement, an area of 111.9 ha has been rehabilitated to pasture and 

woodland. Table 28 describes the status of each domain at the commencement of this MOP 

period. This information is also presented in Plan 2. The asset register (Section 2.2) provides 

a summary of the total area and key features of each domain in the MOP period. 

Table 28: Rehabilitation Status at MOP Commencement 

Domain Status at MOP Commencement 

Primary Domains  

Domain 1 - Infrastructure Area This domain occupies 214.0 ha which is currently active and subject 
to ongoing operations. 

Domain 3 - Water Management 
Area 

This domain occupies 47.6 ha and is currently active and subject to 
ongoing use. 

Domain 4 - Reject Emplacement 
Area 

This domain occupies 22.1 ha and is currently active 

Domain 5 - Stockpiled Material This domain occupies 34.3 ha and is currently active and has been 
temporarily seeded. 

Domain 7 – Rehabilitation  This domain occupies 111.9 ha and is currently undergoing 
rehabilitation to either pasture or woodland. 

Domain 8 - Underground Mining 
Area  

This domain occupies 2,903.8 ha and is currently active and subject 
to ongoing underground mining operations. 

Secondary Domains  

Domain B - Water Management 
Area 

This domain is currently active and subject to ongoing use. 

Domain D - Rehabilitation Area - 
Pasture 

This domain is currently active and includes the pit top, REA, and 
infrastructure which is currently in use. Some rehabilitation has been 
undertaken in pasture areas.  
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Domain Status at MOP Commencement 

Domain E - Rehabilitation Area - 
Woodland 

This domain is currently active. Some rehabilitation has been 
undertaken in woodland areas. 

Domain F - Rehabilitation Area - 
State Forest 

This domain has not yet been impacted by mining operations.  

Domain J - Biodiversity Offset 
Area 

This domain has not been impacted by mining operations. 

8.2 Proposed Rehabilitation Activities during the MOP Term 

Rehabilitation activities to be completed during the term of this MOP will largely be confined 

to stabilisation, erosion control and revegetation of disturbed areas including: 

• Drill sites and redundant gas drainage infrastructure and any associated 

infrastructure (access tracks etc.); and 

• Areas affected by subsidence. 

Table 29 summarises the forecast total disturbance and rehabilitation areas at Narrabri Mine 

for each year of the MOP term. 

Table 29: Rehabilitation and Disturbance Rates during the MOP Term 

Year Total 
Disturbance 
Area (ha)1 

Total 
Rehabilitation 

Area (ha) 

Cumulative 
Rehabilitation 

Area (ha) 

Comments 

MOP Start - 1 
December 2020 

429.8 111.9 111.9 Progressive rehabilitation of 
surface disturbance, 
subsidence areas and the 
REA reduces the total 
disturbance area over the 
MOP period. 

Year 1 - 31 Dec 2021 457.5 
490.3 
462.72 

15.4 127.3 

Year 2 - 31 Dec 2022 465.3 
500.02 

501.2 

15.4 142.7 

Year 3 - 31 Dec 2023 469.4 
502.12 

503.3 

0.9 143.6 

1. Total disturbance area has decreased in comparison to the previous MOP as the underground mining domain has been 
excluded so as to more appropriately reflect surface disturbance and rehabilitation rates. 

2. Note total disturbance area correction from MOP Amendment A 

 

Table 30 summarises the proposed rehabilitation activities in the MOP term for each domain. 

Rehabilitation methodologies for the proposed activities are described in Section 8.3. 
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Table 30: Proposed Rehabilitation Activities during the MOP Term 

Domain Proposed Rehabilitation Activities 

Primary Domains  

Domain 1 - Infrastructure Area The majority of this domain will remain active in the MOP term. 
Rehabilitation activities to be completed during the term of this MOP 
in this domain will be limited to drill sites and redundant gas drainage 
infrastructure and any associated infrastructure (access tracks etc.).  

Domain 3 - Water Management 
Area 

This domain will remain active in the MOP term. 

Domain 4 - Reject Emplacement 
Area 

This domain will remain active in the MOP term however it will be 
progressively rehabilitated over the life of mine.  

Domain 5 - Stockpiled Material This domain will remain active in the MOP term. 

Domain 7 - Rehabilitation This domain will remain active in the MOP term and incorporates 
previously rehabilitated parts of the REA and infrastructure above the 
longwalls. 

Domain 8 - Underground Mining 
Area  

This domain will remain active in the MOP term. Subsidence 
remediation will be undertaken as required throughout the MOP term.  

Secondary Domains  

Domain B - Water Management 
Area 

This domain will remain active in the MOP term. 

Domain D - Rehabilitation Area - 
Pasture 

The majority of this domain will remain active in the MOP term. Some 
gas drainage infrastructure and REA will be rehabilitated to pasture 
during the MOP term. 

Domain E - Rehabilitation Area - 
Woodland 

The majority of this domain will remain active in the MOP term. Some 
gas drainage infrastructure will be rehabilitated to woodland. 

Domain F - Rehabilitation Area - 
State Forest 

This domain will remain active in the MOP term.  

Domain J - Biodiversity Offset 
Area 

The majority of this domain will remain active in the MOP term. Some 
gas drainage infrastructure areas will undergo rehabilitation to form 
biodiversity offset areas. 

 

8.3 Rehabilitation Methodologies for Activities in the MOP Term 

The following sections outline the proposed rehabilitation activities for each of the relevant 

Domains throughout the MOP period.  
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8.3.1 Decommissioning Phase 

The Decommissioning Phase encompasses all works required to prepare land for 

rehabilitation including removal of any unnecessary built infrastructure, foundation and 

hardstand materials, services, equipment and materials including wastes and contamination.  

Domain 1 - Infrastructure Area 

During the MOP term decommissioning of redundant gas drainage infrastructure, as well as 

completed mine safety pre-conditioning drill sites will be undertaken. All exploration boreholes 

will also be decommissioned where they are not required for long term monitoring or future 

geophysics. All other facilities that are no longer required will be progressively removed and 

the area rehabilitated.  

All boreholes will be sealed to meet Condition 17 of ML1609, Exploration Code of Practice: 

Rehabilitation (DPE, 2015), and the Guideline for Mineral Exploration Drilling; Drilling and 

Integrity of Petroleum Exploration and Production Wells (DRE, 2016).  

All Other Relevant Domains 

No other decommissioning activities are proposed during the MOP term.  

8.3.2 Landform Establishment 

Landform establishment is the process of shaping the final landform to a safe, stable and free 

draining landform that is appropriate for the desired final land use and consistent with the 

surrounding landscape. The final landform for Narrabri Mine is shown on Plan 4.  

Domain 1 - Infrastructure Area 

Following the decommissioning of gas drainage infrastructure, exploration boreholes and 

mine safety pre-conditioning drill sites landform establishment activities will be undertaken.  

Water retained within drill sumps at each borehole/drill site will be allowed to evaporate or 

removed by pump into a truck for reuse or transferred to water management structures on-

site. Drill spoil collected and consolidated within the sump(s) is removed as necessary and 

ultimately used, in conjunction with stockpiled subsoil, to backfill the sump(s) of the drill site 

or transported to the REA where excess drill spoil is present. Any upstream diversion banks 

or downstream catch banks will be pushed over and profiled to natural surface level. Where 

cut and fill works were required, these areas will be re-shaped to return the site to its natural 

slope.  

Unless required for future access to monitor or manage subsidence-related impacts, access 

tracks constructed to access each drainage site will be progressively closed and rehabilitated. 
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The tracks will be ripped using the tynes of a bulldozer (or similar) and previously cleared 

topsoil and vegetation (if any) will be pushed over the ripped surface.  

The areas will then be regraded and trimmed to make a landform that is consistent with the 

surrounding topography. The regrading will be such that it will enable the free drainage of 

surface runoff from the site.  

There are no other activities associated with landform establishment in this domain during 

the MOP term. 

Domain 3 - Water Management Area  

Where practicable, water management structures such as contour banks, diversion drains or 

re-established drainage lines will be constructed with longitudinal gradients which permit the 

transfer of water at velocities that will reduce the risk of erosion (e.g. 1:200(V:H)). 

Consequently, specialised rehabilitation treatments will generally not be required, however in 

the event that unacceptable levels of erosion are observed, specialised treatments such as 

jute meshing or rock lining may be implemented. 

Domain 4 - Reject Emplacement Area 

During the MOP term the REA landform will be established in accordance with the REA 

design outlined in Section 3.3 and 6.4. The REA will be progressively capped with slopes 

formed generally to a grade of 11° with a maximum grade of up to 14°.  

Domain 8 - Underground Mining Area 

During the MOP term, repair and subsidence remediation to areas showcasing cracking, 

potholes or other subsidence impacts will be undertaken.  Remediation will be undertaken in 

accordance with the relevant approved Extraction Plan and the methodologies detailed in 

Section 3.2.8 of this MOP. 

All Other Relevant Domains 

There are no activities associated with landform establishment in any other domains during 

the MOP term. 

8.3.3 Growth Medium Development 

In the context of this MOP, growth medium development encompasses activities to reinstate 

soils with the initial physical, chemical and biological characteristics required to establish the 

desired vegetation community.  

Domain 1 - Infrastructure Area 
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Following the completion of decommissioning and reshaping of ventilation and gas drainage 

infrastructure, exploration boreholes and mine safety pre-conditioning drill sites growth 

medium development activities will be undertaken.  

The surface of the backfilled sumps will be covered with the topsoil and subsoil stripped and 

stockpiled during site establishment, and lightly scarified. Any upstream diversion banks or 

downstream catch banks will be ripped or lightly scarified. Where cut and fill works were 

required, these areas will be re-shaped to return the site to its natural slope. This, and the 

remaining cleared surfaces of the drill site, will be ripped or lightly scarified and the remaining 

stockpiled soil. 

Topsoil will be reused by replacing it back in the appropriate areas and order. When the 

topsoil is replaced it will be replaced such that it resembles the surrounding landscape. Before 

the topsoil is spread, the ground will be scarified along the contour to a depth of 50-100 mm 

to break up any hard setting surfaces and to provide a good bond between the re-spread 

material and sub-soil. The topsoil will be spread to a minimum depth of 150 mm. The re-

spread topsoil will be ripped to a depth of 300 mm along the contour with rip lines being a 

maximum of 1 m apart. 

Domain 4 - Reject Emplacement Area 

Following landform establishment, the REA will be progressively capped as per the Detailed 

Capping Design (Appendix C). The soils will be treated with gypsum and the area will be 

hydro-mulched and watered to establish cover crop. On completion of each cell the top 

surface would be profiled prior to seeding. Additional contours will be incorporated within the 

design to limit surface water flows. 

Domain 8 – Underground Mining Area 

Any ground disturbance indicated by surface cracking caused by subsidence will be 

progressively rehabilitated. Following subsidence crack remediation, the area will be 

topsoiled if required, and ripped as outlined above, prior to revegetation.  

All Other Domains 

No other domains will enter this phase during the MOP term.  

8.3.4 Ecosystem and Land Use Establishment 

In the context of this MOP, ecosystem establishment includes activities to establish the 

desired floristic composition (species diversity and density) and habitat features.  

Domain B – Water Management Area  

In the event that unacceptable levels of erosion are observed, fast growing species identified 

as having a particular soil conservation application will be planted around water management 
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structures. The planting of trees and other vegetation around some of the water management 

structures will enhance filtration ability of these structures and surrounding areas and 

minimise the potential for erosion, as well as encouraging their use by native fauna. 

Domain D – Rehabilitation Area – Pasture 

Sites located within pasture land will be rehabilitated to the appropriate agricultural land class, 

sown with a pasture seed mix relevant to the season of planting, with a typical fertiliser 

application rate (refer Table 31). 

Table 31: Winter and Summer Pasture Species Seed Mixes 

Summer Winter 

Pasture 
Species 

Rate 
(kg/ha) 

Fertiliser Pasture Species Rate 
(kg/ha) 

Fertiliser 

 

Grasses 

Bombasti 
Panic 

1 – 2 Di-ammonium 
Phosphate (DAP) 
250kg/ha 

Phalaris (Sirolan 
or Holdfast) 

1 – 2 Di-ammonium 
Phosphate (DAP) 
250kg/ha 

Green Panic*1 2 – 4 Wallaby Grass 0.3 – 1 

Purple Pigeon 
Grass 

1 – 2 

Legumes 

Subterranean 
Clover 

4 – 5 - Subterranean 
Clover  

4 – 5 - 

Barrel (Sephi) 
medic  

2 – 4 - 

Snail (sava) 
medic 

3 – 5 - 

Woolly Pod Vetch  4 – 6 - 

Serradella 
(Elgara)  

1 – 2 - 

Lucerne  0.5 - 

 

Domain E - Rehabilitation Area – Woodland, Domain F – Rehabilitation Area – State 

Forest, and Domain J – Rehabilitation Area – Biodiversity Offset Area  

The sites located within woodlands will be rehabilitated using endemic species to the 

corresponding vegetation communities that exist immediately adjacent to each site. Each site 

will be rehabilitated with canopy, mid-storey, shrub, and groundcover species endemic to the 

vegetation communities (refer Table 32). 

Table 32: Species to be used for Woodland/Forest Rehabilitation  
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Vegetation 
Community 

Dominate 
Canopy Species 

Dominate Mid-
storey Species 

Dominant Shrub 
Species 

Dominant 
Groundcover 
Species 

Brown 
Bloodwood/Piliga 
Box Woodland 

Corymbia 
trachyphloia 

Eucalyptus 
pilligaensis 

Eucalyptus fibrosa 

Callitris 
glaucophylla 

Acacia 
homalophylla 

Acacia 
harpophylla 

 

Calytrix tetragona 

Phebalium 
squamulosum 

Acacia burrowii 

Persoonia sericea 

Allocasuarina 
diminuta 

Pomax umbellata 

Eragrostis brownii 

Dianella revoluta 

Microlaena stipoides 

Goodenia hederacea 

Callitris Forest Callitris 
glaucophylla 

 

- - Eragrostis cilianensis 

Goodenia rotundifolia 

Aristida benthamii 

Austrostipa 
aristiglumis 

Cleistochloa rigida 

Inland Grey Box 
Woodland 

 

Eucalyptus 
microcarpa 

Eucalyptus 
populnea 

Eucalyptus 
blakelyi 

Geijera parviflora 

Callitris 
glaucophylla 

Casuarina 
cristata 

Capparis 
mitchellii 

Geijera parviflora 

Maytenus 
cunninghamii 

Acacia 
homalophylla 

Aristida benthamii 

Solanum ferocissimum 

Austrostipa 
ramosissima 

Austrostipa verticillata 

Chrysocephalum 
apiculatum 

Riparian Forest 

 

Casuarina 
cunninghamiana 

Casuarina cristata 

Eucalyptus 
populnea 

Eucalyptus 
microcarpa 

Eremophila  

mitchellii 

Myoporum 
montanum 

 

Geijera parviflora 

Acacia penninervis 

Notelaea 
microcarpa 

 

Aristida benthamii 

Austrostipa 
aristiglumis 

Austrostipa 
ramosissima 

Bothriochloa decipiens 

Cyperus gracilis 

 

Any ground disturbance indicated by surface cracking caused by subsidence will be seeded 

if necessary or covered with available leaf litter or broken vegetation. No seeding is 

considered necessary for access tracks as natural regeneration of vegetation from seed in 

the topsoil and the surrounding environment is expected; however, where monitoring results 

indicate that natural regeneration does not adequately establish the site will be revegetated 

as appropriate. 

All Other Domains 

No other domains will enter this phase during the MOP term.  
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8.3.5 Ecosystem and Land Use Sustainability Phase 

For the purposes of this MOP the Ecosystem Sustainability phase represents those activities 

required to develop sustainable ecosystems that have characteristics comparable to similar 

undisturbed vegetation associations in the area.  

All Domains  

Activities associated with the ecosystem sustainability phase of rehabilitation are generally 

ongoing maintenance and land management activities and rehabilitation monitoring. 

Maintenance at rehabilitated areas will include, but not be limited to: 

• Ongoing environmental management to minimise risks to rehabilitation; 

• Inspection and monitoring, comparing specific ecosystem characteristics such as 

soil profile development, floristic composition and structure and faunal diversity 

and abundance with the characteristics of appropriate analogue sites; and 

• Undertaking adaptive management and remedial works where characteristics of 

the rehabilitation are not trending toward desired outcomes. 

Rehabilitation monitoring will be undertaken throughout the ecosystem sustainability phase 

until it can be demonstrated that rehabilitation areas have met all conditions for 

relinquishment. Rehabilitation monitoring for the MOP term is discussed in Section 10.1. 

8.4 Summary of Rehabilitation Areas during this MOP Term 

Table 33 summarises the rehabilitation status for each domain at the start of the MOP and 

anticipated status at the end of the MOP period.  

Table 33: Summary of Rehabilitation Proposed during the MOP Term 

Primary 
Domain
  

Secondary 
Domain
  

Code Rehabilitation Phase  Total Area at 
MOP start 
(ha) 

(Plan 2) 

Area at end 
of MOP (ha)1 

(Plan 3C) 

Domain 1 
Infrastructure 

Domain D - 
Rehabilitation 
Area - Pasture 

 

1D Active 130.6 142.7 
148.0 
170.7 

Decommissioning  0 0 

Landform Establishment  0 0 

Growth Medium 
Development 

0 0 

Ecosystem and Land 
Use Establishment 

0 0 



 

NARRABRI MINE 

ENVIRONMENTAL 

MANAGEMENT SYSTEM 

Document Owner: Environmental 
Superintendent 

Document Approver: General Manager 

Revision Period: 3 years 

Version: 1 
2 

Last Revision Date: 23 November 2020 
29 November 2021 

NARRABRI MINE – MOP Amendment A – 1 Dec 2020 – 31 Dec 2023 

 

 

 

UNCONTROLLED COPY WHEN PRINTED.   REFER TO INTRANET FOR LATEST VERSION 

123 of 162 

Primary 
Domain
  

Secondary 
Domain
  

Code Rehabilitation Phase  Total Area at 
MOP start 
(ha) 

(Plan 2) 

Area at end 
of MOP (ha)1 

(Plan 3C) 

Ecosystem and Land 
Use Sustainability 

 0 0 

Total 130.6 142.7 
148.0 
170.7 

Domain E – 
Rehabilitation 
Area – 
Woodland 

1E Active 5.6 8.2 
10.0 

Decommissioning 0 0 

Landform Establishment 0 0 

Growth Medium 
Development 

0 0 

Ecosystem and Land 
Use Establishment 

0 0 

Ecosystem and Land 
Use Sustainability 

0 0 

Total 5.6 8.2 
10.0 

Domain F – 
Rehabilitation 
Area – State 
Forest  

1F Active 3.4 3.4 

Decommissioning 0 0 

Landform Establishment 0 0 

Growth Medium 
Development 

0 0 

Ecosystem and Land 
Use Establishment 

0 0 

Ecosystem and Land 
Use Sustainability 

0 0 

Total 3.4 3.4 

Domain J – 
Biodiversity 
Offset Area 

1J Active 74.4 67.5 
67.8 

Decommissioning 0 0 

Landform Establishment 0 0 

Growth Medium 
Development 

0 0 

Ecosystem and Land 
Use Establishment 

0 0 

Ecosystem and Land 
Use Sustainability 

0 0 
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Primary 
Domain
  

Secondary 
Domain
  

Code Rehabilitation Phase  Total Area at 
MOP start 
(ha) 

(Plan 2) 

Area at end 
of MOP (ha)1 

(Plan 3C) 

Total 70.0 67.5 
67.8 

Domain 1 Total   214.0 221.7 
227.4 
252.0 

Domain 3 – 
Water 
Management 
Area 

Domain B – 
Water 
Management 
Area 

3B Active 8.3 8.3 

Decommissioning  0 0 

Landform Establishment  0 0 

Growth Medium 
Development 

 0 0 

Ecosystem and Land 
Use Establishment 

 0 0 

Ecosystem and Land 
Use Sustainability 

 0 0 

Total 8.3 8.3 

Domain D – 
Rehabilitation 
Area – Pasture 

3D Active 39.3 39.3 
42.7 

Decommissioning  0 0 

Landform Establishment  0 0 

Growth Medium 
Development 

 0 0 

Ecosystem and Land 
Use Establishment 

 0 0 

Ecosystem and Land 
Use Sustainability 

 0 0 

Total 39.3 39.3 
42.7 

Domain 3 Total   47.6 47.6 
51.0 

Domain 4 – 
Reject 
Emplacement 
Area 

Domain D – 
Rehabilitation 
Area – Pasture 

4D Active 22.1 22.1 

Decommissioning  0 0 

Landform Establishment  0 0 

Growth medium 
Development 

0 0 

Ecosystem and Land 
Use Establishment 

 0 0 

Ecosystem and Land 
Use Sustainability 

 0 0 
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Primary 
Domain
  

Secondary 
Domain
  

Code Rehabilitation Phase  Total Area at 
MOP start 
(ha) 

(Plan 2) 

Area at end 
of MOP (ha)1 

(Plan 3C) 

Total 22.1 22.1 

Domain 4 Total   22.1 22.1 

Domain 5 – 
Stockpiled 
Material 

Domain D – 
Rehabilitation 
Area – Pasture 

5D Active 34.3 34.3 
33.9 
34.7 

Decommissioning 0 0 

Landform Establishment 0 0 

Growth medium 
Development 

0 0 

Ecosystem and Land 
Use Establishment 

0 0 

Ecosystem and Land 
Use Sustainability 

0 0 

Total 34.3 34.3 
33.9 
34.7 

Domain 5 Total   34.3 34.3 
33.9 
34.7 

Domain 7 – 
Rehabilitation 

Domain D – 
Rehabilitation 
Area – Pasture 

7D Active 0 0 

Decommissioning 0 0 

Landform Establishment 0 0 

Growth Medium 
Development 

6.4 7.9 

Ecosystem and Land 
Use Establishment 

70.5 70.5 

Ecosystem and Land 
Use Sustainability 

0  0 

Total 77.6 78.4 

Domain E – 
Rehabilitation 
Area – 
Woodland 

7E Active 0 0 

Decommissioning 0 0 

Landform Establishment 0  0 

Growth Medium 
Development 

1.7 1.9 

Ecosystem and Land 
Use Establishment 

0.8 0.8 
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Primary 
Domain
  

Secondary 
Domain
  

Code Rehabilitation Phase  Total Area at 
MOP start 
(ha) 

(Plan 2) 

Area at end 
of MOP (ha)1 

(Plan 3C) 

Ecosystem and Land 
Use Sustainability 

 0 0 

Total 2.5 2.7 

Domain J – 
Biodiversity 
Offset Area 

7J Active 0 0 

Decommissioning 0 0 

Landform Establishment 0 0 

Growth Medium 
Development 

25.8 0.9 

Ecosystem and Land 
Use Establishment 

5.9 55.6 

Ecosystem and Land 
Use Sustainability 

 0 5.9 

Total 31.7 62.5 

Domain 7 Total   111.9 143.6 

Domain 8 – 
Underground 
Mining Area2  

 

Domain D – 
Rehabilitation 
Area – Pasture 

 

8D Active 1,183.4 1,175.2 
1,188.4 

Decommissioning  0 0 

Landform Establishment  0 0 

Growth medium 
Development 

 0 0 

Ecosystem and Land 
Use Establishment 

 0 0 

Ecosystem and Land 
Use Sustainability 

 0 0 

Total 1,183.4 1175.2 
1,171.7 

 

Domain E – 
Rehabilitation 
Area – 
Woodland 

8E Active 444.5 443.3 

Decommissioning  0 0 

Landform Establishment  0 0 

Growth medium 
Development 

 0 0 

Ecosystem and Land 
Use Establishment 

 0 0 

Ecosystem and Land 
Use Sustainability 

 0 0 
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Primary 
Domain
  

Secondary 
Domain
  

Code Rehabilitation Phase  Total Area at 
MOP start 
(ha) 

(Plan 2) 

Area at end 
of MOP (ha)1 

(Plan 3C) 

Total 444.5 443.3 

Domain F –  

Rehabilitation  

Area – State  

Forest 

8F Active 273.3 273.3 

Decommissioning  0 0 

Landform Establishment  0 0 

Growth medium 
Development 

 0 0 

Ecosystem and Land 
Use Establishment 

 0 0 

Ecosystem and Land 
Use Sustainability 

 0 0 

Total 273.3 273.3 

Domain J – 
Biodiversity 
Offset Area 

8J Active 1,002.6 978.8 

Decommissioning  0 0 

Landform Establishment  0 0 

Growth medium 
Development 

 0 0 

Ecosystem and Land 
Use Establishment 

 0 0 

Ecosystem and Land 
Use Sustainability 

 0 0 

Total 1,002.6 978.8 

Domain 8 Total   2,903.8 2,870.7 
2,867.1 

Overall Total 3,333.7 3,340.0 
3,345.1 
3,370.3 

1. The underground mining area has decreased over the MOP term due to areas disturbed by the construction of gas drainage 
infrastructure being reclassified to the infrastructure domain.  

8.5 Relinquishment Phase Achieved During MOP Period 

No areas within the MOP boundary are anticipated to be relinquished during the current MOP 

period. 
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9 REHABILITATION QUALITY ASSURANCE 

Various rehabilitation quality assurance processes will be implemented during the project to 

include details of inspections, monitoring and record keeping which will be required to ensure 

that: 

• Rehabilitation is being implemented in accordance with the nominated 

methodologies and strategies; 

• Identified risks to rehabilitation are being adequately addressed at each phase of 

rehabilitation; and 

• Each phase of demolition and/or rehabilitation has been completed and has met 

the completion criteria detailed in Section 7.  

Validation methodologies and documentation will include (but not be limited to): 

Phase 1 – Demolition 

• Documentation of mine and borehole sealing; 

• Documentation showing all subsidence pegs have been removed; 

• Inspections and demolition reports to confirm all infrastructure to be demolished 

has been removed;  

• Documentation to confirm all remaining inert, unrecyclable wastes have been 

either taken to a licensed landfill or buried in the backfill of the box-cut in 

accordance with Resources Regulator requirements; 

• Documentation to confirm all carbonaceous material has been removed from the 

surface of the site and disposed of in the box cut with at least 5m of inert cover; 

• Certificates of disposal to confirm all hazardous materials have been removed 

from site; 

• Phase 2 contamination assessment report for any contaminated areas have been 

remediated to an appropriate standard commensurate with the post mining land 

use; and 

• Documentation to identify the future landowner responsible for the ongoing 

upkeep and management of any retained infrastructure. 

Phase 2 – Landform Establishment 

• Survey and preparation of as constructed drawings of final constructed slopes, 

landforms and water drainage structures;  
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• Geotechnical report completed by qualified person shows that the post-mining 

landform is stable and slopes are stable for agreed post mining land use; 

• Documentation of any subsidence remediation in accordance with the Extraction 

Plan; and 

• Documentation confirming the REA has been capped in accordance with 

specifications. 

Phase 3 – Growth Medium Establishment 

• Maintenance of a topsoil inventory to document stripped, stockpiled and re-spread 

resources; 

• Site records of re-spread topsoil, ameliorants, fertiliser etc.;  

• Documentation confirming habitat features (hollow bearing logs, felled timber not 

mulched and large rocks) were salvaged during pre-stripping operations for re-

use where practicable; and 

• Soil testing results to confirm appropriate soil geochemical parameters for plant 

establishment. 

Phase 4 – Ecosystem and Land Use Establishment 

• Documentation of reseeding or planting activities undertaken; 

• Soil testing results to confirm appropriate soil geochemical parameters for plant 

establishment and growth; and 

• Site inspections of rehabilitated areas to identify any emerging threats to 

rehabilitation. 

Phase 5 – Ecosystem and Land Use Sustainability 

• Inspections of erosion and sediment controls; 

• Inspections to identify potential weed infestations;  

• Documentation of Rehabilitation Monitoring; and 

• Documentation of weed and feral animal management and eradication programs 

and follow-up inspections. 
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10 REHABILITATION MONITORING AND RESEARCH 

10.1 Rehabilitation Monitoring 

NCO undertakes annual rehabilitation monitoring to provide quantitative and qualitative data 

which is used to assess rehabilitation progress against completion criteria; and to further 

assist in refining rehabilitation methods across the site. A summary of rehabilitation 

monitoring is provided in the following sections. 

10.1.1 Remnant Vegetation and Fauna Habitat Monitoring 

The effective management of habitat and minimisation of impacts on fauna will be monitored 

by the production of vegetation maps and photo monitoring points. The vegetation maps will 

document the extent of remnant vegetation across the Pit Top Area and Underground 

Longwall Area through time to illustrate that no vegetation has been cleared outside of the 

development footprint on a yearly basis. At the closure of the mine, the extent of remnant 

vegetation along the Kurrajong Creek will be at least the same as the pre mining landscape 

or in improved condition. 

Associated with this will be the establishment and subsequent monitoring of photo monitoring 

points. Appropriate numbers of photo monitoring points will be established across the areas 

of remnant vegetation (Kurrajong Creek and vegetated subsidence areas) to demonstrate 

that the remnant vegetation and habitat is being managed and that impacts to fauna are being 

minimised. At the closure of the mine, the condition of the remnant vegetation along Kurrajong 

Creek and the vegetated subsidence areas are to be similar to the pre-mining landscape. 

A standard photo monitoring point will include:  

• Two six foot star droppers 10 m apart, the second star picket will be in a south 

east direction from the first star picket;  

• Tag the star droppers with flagging tape and replace flagging tape on an annual 

basis;  

• The location of the first star picket will be recorded with a GPS;  

• Use a range pole as a reference point against the second star dropper, with details 

of the photo monitoring point marked;  

• Take a digital photo of each photo monitoring point from the first star picket in a 

south east direction to the second star dropper, with the whole length of the range 

pole in view; and  
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• Organise the digital photos logically with each image labelled with a unique 

reference number indicating the location of the photo monitoring point and the 

date the photo is taken (i.e. “01_2009_09_08” for photo point 1 taken on the 8 

September 2009). 

Both the vegetation maps and photo monitoring points will be monitored on an annual basis 

until mine closure is complete. 

10.1.2 Topsoil Monitoring 

Prior to use in rehabilitation, topsoil stockpiles will be sampled to determine amelioration 

requirements for rehabilitation. 

Topsoil applied to rehabilitation areas is sampled and tested as part of annual monitoring, to 

check soil quality against completion criteria (refer to Section 7).   

10.1.3 Weed Control Monitoring  

All areas where weed control is undertaken will be recorded using a GPS and details will be 

recorded on field data sheets identifying the species being controlled, the method of control, 

numbers of plants controlled and growth stage of the plant. This will provide a record of 

actions undertaken on a yearly basis which will assist in verifying the effectiveness of control 

treatments. 

Annual surveys will be undertaken across the Pit Top Area and Longwall Area to survey for 

new infestations of weeds. Any new infestations will be subject to an appropriate weed control 

program. 

10.1.4 Feral Animal Control Monitoring 

Narrabri Mine coordinates routine monitoring designed to identify feral animals across the 

mine.  The monitoring identifies how to target appropriate resources to control and minimise 

feral animal populations.   

Feral animal monitoring will adopt the relevant methodologies for specific feral animals 

generally in accordance with the NSW DPI Monitoring Techniques for Vertebrate Pests 

(Mitchell and Balogh, 2007). A range of methods are used such as transects/spotlighting, 

sandpads, cameras traps, etc. as practicable and relevant to the specific domain.  
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10.1.5 Landform Stability 

Point intercept transects will be established to monitor landform stability. A number of 

transects will be established for monitoring purposes in each domain and each transect will 

be a minimum of 50 m apart. Each transect will be 100 m in length and will run in an east-

west direction, roughly perpendicular to the contour bank. The beginning and end of each 

transect will be permanently marked with a star dropper.  

Along each transect at every 1 m interval the following information will be recorded:  

• Pasture species touching the point;  

• The presence/absence of bare ground; and  

• Erosion occurring at the point. 

While implementing the monitoring program, if the key monitoring objectives (i.e. soil erosion, 

new weed species) are observed adjacent to the transect (i.e. not directly on the transect), 

the location will be recorded and included in the report as occurring outside of the monitoring 

transects. 

monitoring transects will be established as required across the pit top towards mine closure. 

Proposed transects detailed will not be established in other areas until mine closure is 

initiated. The final landform will be considered stable when for five consecutive years >85% 

of pasture grasses are established, there is <15% bare ground and there are no visible signs 

of erosion for each domain. 

10.1.6 Subsidence Monitoring 

A multi-scale, multi-data source monitoring approach has been developed to monitor the 

consequences of longwall mining. Whole-of-site monitoring includes remote sensing data 

(multi-spectral imaging and Lidar), while field surveys focus on agricultural and creekline 

areas at the local scale. Monitoring is directed into control and impact areas to allow 

comparison through time and space. 

Subsidence monitoring cross-sections currently exist across Pine Creek and its tributaries, 

and Kurrajong Creek.  

Subsidence monitoring will continue to be undertaken in accordance with relevant Extraction 

Plans.  

This monitoring is undertaken annually to assess bank and bed stability, and the results will 

be reported in the Annual Review.  
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10.1.7 Revegetation 

Revegetation monitoring will be undertaken in accordance with Table 34. 

Table 34: Revegetation Monitoring 

Objective Action Timing Completion Criteria 

Remnant Vegetation 

and Habitat Monitoring 

• Photo Monitoring points 

• Vegetation Mapping 

• Yearly • Vegetation is in similar 

condition to pre-mining 

condition 

• Remnant vegetation extent 

along Kurrajong Creek is the 

same as the pre-mining extent 

Topsoil Stockpiles • Soil quality testing • Prior to re-
spreading 

• Appropriate soil ameliorants 

(e.g. gypsum, fertilisers, 

mulch) are identified and 

applied. 

Respread topsoil • Soil quality testing • Yearly • Soil parameters (pH, EC, 

organic matter) meets 

completion criteria in Section 

7. 

Weed Control • Weed distribution maps 

• New outbreaks 

• Yearly  

 

• Targeted weed control has been 
undertaken throughout the mines 
operation 

Feral Animal Control • Wild Dog control is 
undertaken 

• Yearly • Feral animal control undertaken 
throughout the mines operation 

Access • All identified steps to 
restrict access are 
followed 

• Yearly • Access is maintained and 
monitored throughout the life of 
the mine 

Landform Stability • Transects monitored as 
required 

• Yearly • Five consecutive years of 
landform stability 

Revegetation • 50% of revegetation 
plots monitored 

• Yearly • >50% survival rate for all 
revegetation 
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10.2 Research and Rehabilitation Trials and Use of Analogue Sites 

10.2.1 Use of Analogue Sites 

Monitoring at control sites will be undertaken during the MOP term to provide baseline data 

for comparison with rehabilitation sites. Baseline data will be used to quantify indicators and 

completion criteria and will be documented in future MOPs. Woodland control sites have 

been established and are known as Flora monitoring sites Plot 5 and Plot 6 (Figure 3) and 

fauna monitoring sites CC, CW and CW2 (Figure 3).   

NCO uses remote sensing (LiDAR, multi-spectral imaging and EM38) to monitor the 

rehabilitation areas against control areas. The remotely sensed data will provide for 

quantitative comparison of key land surface condition parameters in agricultural and creek 

line environments. Repeat capture and analysis of the multi-spectral imagery will also 

highlight areas of changes in land cover beyond those found in control areas. Targeted field 

work will be implemented to examine the causes of any change highlighted. 

Woodland control sites have been selected from control zones (zones of no impact located 

outside of any predicted subsidence zone) with similar characteristics and biological condition 

that lie beyond the predicted impact zone. A program of field surveys based on a stratified 

random and targeted design will be implemented for agricultural and creek line areas. 

Surveys will be directed into control and impact areas and will allow direct comparison 

between these areas through time and space.  

Monitoring at the pasture control sites will be used to develop baseline data for pasture 

species densities and diversity, total biomass per hectare and agricultural soil physical-

chemical data at representative productive pastoral control sites. Similarly, surveys in the 

woodland/forest analogue sites will be undertaken to build baseline data for soil profiles, 

vegetation features and presence of fauna and habitat features.  

10.2.2 Research and Rehabilitation Trials 

Continuous Improvement  

Narrabri Mine adopts a continuous improvement approach to rehabilitation. Results from 

rehabilitation monitoring surveys and opportunistic monitoring observations are used to refine 

rehabilitation methodologies on an on-going basis.  

Future Research 

No additional research is proposed for rehabilitation during the term of this MOP. Should 

suitable research/trial opportunities be identified they will be investigated and implemented. 

Rehabilitation monitoring and rehabilitation methodology records are shared among 

Whitehaven operations to inform decision making regarding future rehabilitation campaigns. 
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11 POST CLOSURE MONITORING AND MEASUREMENT 

The following section outlines the current Monitoring and Measurement programs as well as 

providing direction on what future programs may be required both during the mine 

decommissioning period (i.e. between the cessation of mining and the closure of the mine) 

and the Post Closure period.  Statutory compliance, monitoring, verification of environmental 

quality and the protection of water resources rank as the highest expectations to be met 

across the spectrum of community interests. 

11.1.1 Current Monitoring and Measurement Programs 

Narrabri Coal has an established monitoring network that monitors and reports environmental 

data for the site. The following monitoring is currently undertaken for the Narrabri Coal 

operation: 

• Surface Water monitoring; 

• Groundwater monitoring; 

• Noise monitoring; 

• Air Quality monitoring;  

• On-site Meteorological monitoring; and 

• Rehabilitation monitoring. 

11.1.2 Groundwater Management Post Closure 

During consultation on the Mine Closure Plan in 2015, the then DPI Water (now NRAR) 

recommended to consider the requirements of the Aquifer Interference Policy for post 

closure.  Consideration of this is provided as follows: 

Impact Assessment 

Hydrosimulations completed a Groundwater Assessment for the Narrabri Mod 5 

Environmental Assessment (August 2015).  The NSW Aquifer Interference Policy (NSW 

Government, 2012) establishes minimal impact considerations for highly productive and less 

productive groundwater. From review of DPI Water mapping of highly productive 

groundwater in the vicinity of the NM, it is understood that the Namoi Alluvium and Southern 

Recharge Groundwater Source (GAB) are highly productive groundwater sources 

(Hydrosimulations 2015). 

At closure brine will be re-injected into longwall panels with this already simulated by 

groundwater specialists modelling this planned activity. Section 5.2.3 of the Mod 5 

Groundwater Assessment - Hydrosimulations (2015) assessed potential impacts associated 

with brine re-injection post closure.  
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The hydrographs confirm that the effects of injection are localised and confined essentially to 

the target layer 7 (Napperby Formation below the sill) and the overlying layer 6 (basalt sill) 

where pressures are expected to be artesian at the centre of the longwall panel, near-artesian 

at the northern end of the panel, and sub-artesian at the southern end of the panel. Overlying 

layer 5 (Napperby Formation) and layer 4 (Garrawilla Volcanics) show no appreciable effect 

from the injection. This accords with the findings of Aquaterra (2009), who noted that the 

water level rise during injection did not reach the Garrawilla Volcanics (layer 4). 

Aquaterra (2009) also conducted particle tracking to show that no upward migration of saline 

water would occur from the injection site to the GAB aquifers and that lateral outflow of saline 

water would be confined to a distance of 1-2 km after 100 years. 

Section 6 of the Groundwater Assessment (Hydrosimulations 2015) stated: 

• Potential impacts on the highly productive Upper and Lower Namoi Groundwater 

Sources Water Sharing Plan and NSW Great Artesian Basin Groundwater 

Sources Water Sharing Plan would be within the Level 1 trigger of the Aquifer 

Interference Policy. 

• Drawdown of one privately owned bore in less productive groundwater sources is 

predicted. This bore would be managed according to the Narrabri Mine Water 

Management Plan. 

11.1.3 Management and Monitoring Post Closure 

Narrabri Mine currently has a series of piezometers to monitor groundwater levels and quality, 

with current monitoring schedules outlined in the Water Management Plan. Narrabri Mine 

records all water pumped into and out of the mine. 

Prior to closure a Detailed Mine Closure Plan will be developed, with this including a review 

of all environmental aspects during the closure phase of the site.  

Monitoring of groundwater alluvials will be undertaken for 5 years post mining and will also 

be tracked during the operation with groundwater levels and groundwater model calibration. 

Brine re-injection levels will be recorded during closure and compared against groundwater 

levels and quality during the operational phase.  

11.2 Decommissioning Monitoring and Measurement Programs 

Following closure of Narrabri Coal, the Integrated Monitoring Network will be maintained until 

all decommissioning and rehabilitation works at the site have been completed.  At this point 

those elements of the network that related specifically to the Narrabri Coal operation will be 

reviewed and rationalised in consultation with the appropriate authorities and in accordance 

with the Project Approval.   

Notwithstanding this, there may be the need to establish some additional monitoring sites 

depending on the nature of the decommissioning works, and in response to finding possible 
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sources of pollutants to the environment that currently may not be known (i.e. hydrocarbon 

contamination).  The type and location of this monitoring will be determined during the 

decommissioning phase of the mine site. 

11.3 Post Closure Environmental Compliance Monitoring and Measurement Programs 

11.3.1 General Environmental Monitoring 

After decommissioning works have been undertaken, whether progressive or final, a 

monitoring program will be designed to demonstrate that the completion criteria have been 

met and that the site is not resulting in any off site effects. 

This period should also be used to plan for remedial action where monitoring demonstrates 

completion criteria are unlikely to be met. If progressive rehabilitation has been successful, 

with stabilisation and revegetation meeting completion criteria this last phase of closure may 

be shortened.  It is, however, unlikely to be less than five (5) years in duration (ANZMEC/MCA 

2000). 

11.3.2 Rehabilitation Monitoring 

Regular monitoring of the rehabilitated areas will be required during the initial vegetation 

establishment period and beyond to demonstrate whether the objectives of the rehabilitation 

strategy are being achieved and whether a sustainable, stable landform has been provided. 

Rehabilitation monitoring will be undertaken in accordance with Section 10 of this MOP until 

such a time as the completion criteria have been achieved and rehabilitation is signed off as 

complete.  
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12 INTERVENTION AND ADAPTIVE MANAGEMENT 

Where monitoring indicates that rehabilitation outcomes are not trending toward the 

nominated completion criteria NCO will instigate early intervention and adaptive management 

to minimise the potential for rehabilitation failure. Identification of threats to rehabilitation and 

the subsequent intervention is discussed in the sections below. 

12.1 Threats to Rehabilitation 

Unpredictable events such as bushfires, droughts and floods may present risks to 

rehabilitation both during the life of mine and post closure. These events generally have 

significant consequences for rehabilitation quality and are likely to require adaptive 

management in order to mitigate risks and achieve relinquishment of affected rehabilitation 

areas within a satisfactory timeframe. 

Other major risks to rehabilitation may not present as sudden events, but as an increasing 

impact over an extended period of time. For example, evolution of regulator or community 

expectations regarding post mining land-uses may present a risk to achieving relinquishment 

or increasing feral pest numbers may increase pressure on native fauna and vegetation 

communities.  

Key threats to rehabilitation were identified in the Risk Assessment (Appendix D) and have 

been discussed in Section 3.3. 

Where rehabilitation monitoring indicates that there is a significant threat to rehabilitation, 

NCO will undertake adaptive management in accordance with the Rehabilitation Trigger 

Action Response Plan (TARP) described in Section 12.2.  

12.2 Trigger Action Response Plan 

The following TARP for rehabilitation has been developed to identify required management 

actions in the event of impacts to rehabilitation, or where rehabilitation outcomes are not 

achieved in an acceptable timeframe. Where necessary, rehabilitation procedures will be 

amended accordingly with the aim of continually improving rehabilitation standards. NCO will 

notify the Resources Regulator and other relevant stakeholders of any incident resulting in 

major impacts to rehabilitation.  

The responses specified within the TARP have been based upon the rehabilitation 

completion criteria developed during the preparation of the MOP and the current rehabilitation 

monitoring program. Monitoring of the TARP will be undertaken as outlined in the 

rehabilitation monitoring program (refer to Section 10.1). The rehabilitation monitoring 

program will trigger response actions, as specified in the TARP to ensure that threats to 

rehabilitation do not become unmanageable. 

The TARP is provided as Table 35 and will be reviewed and may be revised as conditions at 

NCO change or new threats to rehabilitation are identified. 
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12.2.1 First Tier Triggers 

First tier triggers are intended to detect early indications that rehabilitation is not trending 

toward desired completion criteria. As described in Section 10.1.3 NCO is trialling use of 

remote sensing techniques to establish and monitor first tier triggers to identify:  

• Deteriorating vegetation health in rehabilitation and offset areas; 

• Variability in total biomass and vegetation density in each strata of vegetation 

communities; and 

• Changes in soil properties without disturbance. 

A statistical variation in monitoring results, or a statistically significant overall decline in 

vegetation health, will trigger further on-ground assessments to confirm any adverse impacts, 

and early intervention management responses.  

Remote sensing monitoring enhances early intervention since instances where rehabilitation 

indicators are trending toward trigger values can be identified from desktop assessments 

independent of scheduled on-ground monitoring campaigns. Additionally, adjacent 

vegetation health can be assessed using remote sensing without requiring access 

arrangements or disturbance, and can assist to identify external risks to rehabilitation. 

12.2.2 Second Tier Triggers 

Quantitative and qualitative trigger values for key indicators have also been developed and 

documented for the site. Trigger values have been developed based on monitoring program 

outcomes, including rehabilitation areas, biodiversity offset areas and selected analogue 

sites. 

These are monitored annually and the results reported in the Annual Review.  
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Table 35: Trigger Action Response Plan 

Aspect/ 

Category 

Key Element Element 
Number 

Trigger 

Response 

1st Level Trigger 2nd Level Trigger 

Spontaneous 
Combustion  

Evidence of 
Spontaneous 
Combustion in capped 
and rehabilitated 
sections of REA 

1 Trigger Isolated incidence of heating in REA Multiple incidences of ignition in REA 

Response Investigate sources of potential 
ignition.  Excavate material with 
propensity for spon com in proximity to 
rehabilitated surface. Review reject 
emplacement practices. 

Consult with regulators to develop 
remediation plan to mitigate 
spontaneous combustion such as 
increased capping depth. Review 
spontaneous combustion management 
and reject emplacement practices. 

Soil Type(s) 
and Suitability 
Quality 

Salinity 2 Trigger Increasing trend in soil/water salinity 
levels 

Presence of salt scalds 

Response Undertake soil testing to verify EC and 
recommend further soil amelioration  

Engage a specialist consultant to 
develop a site specific management 
report to be implemented to remediate 
salinity scalds. Undertake works as 
required.  

Soil biophysical and 
chemical 
characteristics 

3 Trigger Soil nitrogen, potassium and 
phosphorous levels are not in the 
range of analogue sites by Year 5 

Soil physical, chemical and biological 
characteristics are not able to sustain 
the desired final land use. 

Response Engage a consultant to recommend 
appropriate soil amelioration.  

Undertake amelioration and re-
vegetation in accordance with the 
consultant recommendations. 

Engage a consultant to recommend 
appropriate soil amelioration.  

Undertake amelioration and re-
vegetation in accordance with the 
consultant recommendations. 

Topsoil Depth 4 Trigger Topsoil is not reinstated to, at least, 
the minimum depth specified for the 
proposed final land use. 

 

Sufficient suitable topsoil cannot be 
identified for reinstatement at the 
minimum specified depth for the 
proposed final land use 
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Aspect/ 

Category 

Key Element Element 
Number 

Trigger 

Response 

1st Level Trigger 2nd Level Trigger 

Response Top dress with additional suitable 
topsoil resource. If additional suitable 
material is not immediately available 
stabilise the area with cover crop until 
additional suitable topsoil is sourced 
and re-emplaced.  

Undertake a review of the topsoil 
balance to confirm sufficient material to 
meet minimum depth requirements. 
Investigate suitable topsoil resource 
substitutes and introduce if required. 

Erosional 
Stability of Final 
Capping Layer 
(REA) 

Slope gradient in REA 5 Trigger <70% of the rehabilitated REA has 
slopes within the limits stipulated in the 
MOP. 

<55% of the rehabilitation area has 
slopes within the limits stipulated in the 
MOP. 

Response Undertake re-grading and revegetation 
of the REA. 

Undertake a review of the landform 
design, including survey if required. 
Undertake re-grading and revegetation 
of the area. 

Erosion control 6 Trigger Minor gully or tunnel erosion present 
and/or minor rilling (rilling up to 
200 mm in depth or width). 

Slumping and/or significant gully or 
tunnel erosion present and/or 
significant rilling (>200mm), which is 
compromising landform. 

Response An inspection of the site will be 
undertaken by a suitably trained 
person. Investigate opportunities to 
install water management 
infrastructure to address erosion. 
Remediate as appropriate. 

Engage a consultant to assist with the 
management of erosion and 
sedimentation at the site and provide 
recommendations to appropriately 
remediate the erosion. Remediate as 
soon as practicable. 

Free Draining 
Landforms 

7 Trigger Landforms exhibiting ponding in 
excess of design 

Landforms exhibiting significant 
drainage issues, threatening or 
causing material harm to the 
environment. 
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Aspect/ 

Category 

Key Element Element 
Number 

Trigger 

Response 

1st Level Trigger 2nd Level Trigger 

Response An inspection of the site will be 
undertaken by a suitably trained 
person. Investigate opportunities to 
address issues. Remediate as 
appropriate. 

Undertake a review of the landform 
design, including survey if required. 
Undertake re-grading and re-
vegetation of the area. 

Water management 
Structures 

8 Trigger Water management structures 
(sediment dams, channels, contour 
banks) minor erosion and/or scouring 
as determined by monitoring. 

Water management structures fail or 
display significant scouring / erosion as 
determined by monitoring. 

Response An inspection of the site will be 
undertaken by a suitably trained 
person. Identify remedial actions such 
as amelioration, re-vegetation or 
alternative scour protection 

Engage specialist consultant to 
develop a site specific remediation 
plan and review water management 
structure design criteria. Provide for 
physical works on the basis of design 
review. 

Seepage from 
REA Landform 

Seepage from REA 
Landform 

9 Trigger Isolated incidence of seepage from 
REA 

Landform exhibiting seepage issues, 
threatening or causing material harm 
to the environment. 

Response An inspection of the site will be 
undertaken by a suitably qualified 
person. Investigate opportunities to 
address issues. Remediate as 
appropriate. 

An inspection of the site will be 
undertaken by a suitably qualified 
person. Identify remedial actions. 
Consult with regulators on corrective 
actions required. 

Flora and 
Fauna 

Ground cover percent 10 Trigger Minimum of 60% ground cover is not 
present within six months of seeding 
initial pasture mix. 

Vegetative cover is 50% or less at year 
1. 
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Aspect/ 

Category 

Key Element Element 
Number 

Trigger 

Response 

1st Level Trigger 2nd Level Trigger 

 Response Undertake a field survey to identify 
likely causes of unsatisfactory 
germination rates. 

Re-seed areas with unsatisfactory 
cover. 

Review seeding procedures incl. 
seasonal mixes, timing and seed rate 
per hectare. 

Engage a suitably qualified specialist 
to investigate causes for germination 
failure and recommend remedial 
actions. 

Implement appropriate management 
actions including revising rehabilitation 
procedures if required. 

Noxious weed 
Presence 

11 Trigger Six months following seeding, species 
composition comprises <75% desired 
species mix. 

Six months following revegetation, 
species composition comprises <50% 
desired species mix. 

Response Engage weed management contractor 
to remove / spray introduced weed 
species. 

Engage weed management contractor 
to remove introduced weed species. 
Investigate management measures to 
improve native plant establishment and 
weed suppression including additional 
soil amelioration, establishment and 
retention of cover crops until weed 
presence is at acceptable levels. 

Implement recommendations as 
appropriate. 

Vegetation Health  12 Trigger Vegetation health index not in the 
range of analogue sites. 

Long term declining trend in vegetation 
health index. 

Response Engage ecologist to undertake 
preliminary investigations.  

Engage ecologist to undertake 
investigation to determine the cause of 
change. 

Prepare a site specific management 
plan and implement recommendation 
actions. 
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Aspect/ 

Category 

Key Element Element 
Number 

Trigger 

Response 

1st Level Trigger 2nd Level Trigger 

Tree Death 13 Trigger Tree heath observed to be 
deteriorating above recently subsided 
area. 

Tree deaths observed above recently 
subsided area. 

Response Engage ecologist to undertake 
preliminary investigations.  

Engage ecologist to undertake 
investigation to determine the cause of 
change. Engage subsidence engineer 
to review predictions.  

Prepare a site specific management 
plan and implement recommendation 
actions. 

Pest animal species 
presence 

14 Trigger Pest animal species presence and 
density increased in annual monitoring 
events. 

Significant numbers of pest animals 
causing widespread damage to 
rehabilitation. 

Response Review pest animal control campaign 
to increase effectiveness. 

Engage a suitably qualified specialist 
to prepare a site management plan 
and implement recommendations such 
as augmenting pest animal exclusion 
fencing and re-vegetation. 

Native Fauna 
Presence  

15 Trigger Loss or deterioration of rehabilitation 
sites. 

Decline in trend in recorded fauna 
numbers and/or presence and 
abundance (allow for natural variation 
occurring in analogue sites). 

Response Undertake remediation works to 
increase rehabilitation quality.  

Engage ecologist to undertake 
investigation to determine the cause of 
change. 

A site specific management report to 
be prepared and implemented where 
necessary that aligns with the RMP. 
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Aspect/ 

Category 

Key Element Element 
Number 

Trigger 

Response 

1st Level Trigger 2nd Level Trigger 

Drought Drought affecting 
rehabilitation areas 

16 Trigger Drought results in vegetation health 
index not in the range of analogue 
sites during inspections. 

Inspections identify long term declining 
trend in vegetation health index due to 
drought. 

Response Engage ecologist to undertake 
preliminary investigations.  

Prepare a site specific management 
plan and implement recommendation 
actions. 

Engage ecologist to undertake 
investigation to determine the cause of 
change and recommend actions. 

Prepare a site specific management 
plan and implement recommendation 
actions in consultation with regulators. 

Mine 
Subsidence 

Mine Subsidence in 
rehabilitation areas 

17 Trigger Vegetation health index for subsidence 
rehabilitation areas not in the range of 
analogue sites, and/or survey data 
shows that subsidence has reached 
upper limit of EIA predictions (but not 
exceeded). 

Subsidence exceeds EIA predictions 
and/or inspections identify long term 
declining trend in vegetation health 
index in subsidence areas. 

Response Engage ecologist to undertake 
preliminary investigations. Engage 
subsidence engineer to review 
predictions.  

Prepare a site specific management 
plan and implement recommendation 
actions. 

Engage subsidence engineer to review 
model and ecologist to undertake 
investigation to determine the cause of 
change. 

Prepare a site specific management 
plan and implement recommendation 
actions. 

Contaminated 
Land 

Contaminated Land 18 Trigger Water/soil monitoring results identify 
presence of hydrocarbons that exceed 
baseline levels 

Rehabilitation inspections and/or 
monitoring results identify a 
hydrocarbon contamination that 
exceeds EPL criteria or presents a risk 
of material harm to the environment 
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Aspect/ 

Category 

Key Element Element 
Number 

Trigger 

Response 

1st Level Trigger 2nd Level Trigger 

Response Engage specialist to undertake 
preliminary investigations. Implement 
remediation strategy.  

Engage specialist to undertake 
investigation to determine the cause of 
the incident. Report incident as per 
PIRMP. 

Prepare a site specific management 
plan and implement recommendation 
actions. 

Greenhouse 
Gas 

Greenhouse Gas 19 Trigger Inspections identify that former 
ventilation shafts/boreholes/mine 
entries have not been sealed in 
accordance with required standards. 

N/A 

Response Engage specialist to undertake 
investigations and develop sealing 
strategy. Implement actions in 
consultation with regulators.  

N/A 

Agricultural 
Resources 

Loss of agricultural 
Resources 

20 Trigger Vegetation health index not in the 
range of analogue agricultural sites. 

Long term declining trend in vegetation 
health index in agricultural land. 

Response Engage ecologist/agronomist to 
undertake preliminary investigations. 
Implement remedial actions.  

Engage ecologist/agronomist to 
undertake investigation to determine 
the cause of change.  

Prepare a site specific management 
plan and implement recommendation 
actions. 

Surface Water  Water quality in Pine 
Creek and Kurrajong 
Creek 

21 Trigger Water quality exceeds baseline values  Long term upward/downward trend 
outside ANZECC quality guideline 
limits values  
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Aspect/ 

Category 

Key Element Element 
Number 

Trigger 

Response 

1st Level Trigger 2nd Level Trigger 

Response Review and investigation of water 
quality monitoring and management 
where appropriate. Implement relevant 
remedial measures where required. 

Hydrologist (or similar specialist) to 
review sampling and climate data and 
review likely cause(s). If mine related, 
undertake assessment to identify 
sources of water quality degradation 
and recommend remedial actions 

Implement specialist recommendations 

Discharge water 
quality at licenced 
discharge points 

22 Trigger Sediment basin discharge exceeds 
EPL criteria for pH, TSS and/or 
oil/grease 

Long term upward/downward trend 
outside ANZECC quality guideline 
limits 

Response Re-sampling will be undertaken during 
the next discharge event to confirm 
results exceed limits, and investigate 
potential causes. 

Review sediment basin maintenance 
and discharge procedures, and 
sediment basin capacity requirements. 
Undertake required corrective actions. 

Final Land Use  Steepness of landform 
batter slopes  

23 Trigger Ongoing surveys of REA  during 
construction identifies that slopes are 
not being constructed to design 
specifications 

Rehabilitation monitoring identifies 
failures/deficiencies in final landform 
design that require external reporting 

Response Re-profile areas of REA to ensure final 
landform is meeting design criteria.  

Engage specialist to undertake 
investigation and implement 
recommended remedial actions in 
consultation with regulators 

Closure 
Performance 

Poor closure design 24 Trigger Rehabilitation monitoring identifies 
failures/deficiencies in final landform 
design 

Rehabilitation monitoring identifies 
failures/deficiencies in final landform 
design that require external reporting 
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Aspect/ 

Category 

Key Element Element 
Number 

Trigger 

Response 

1st Level Trigger 2nd Level Trigger 

Response Engage specialist to undertake 
investigation and implement 
recommended remedial actions (refer 
to specific section of this TARP). 

Engage specialist to undertake 
investigation and implement 
recommended remedial actions (refer 
to specific section of this TARP) in 
consultation with regulators. 

Closure Costs Insufficient cover 
material 

25 Trigger Annual update of the material balance 
identifies minor shortfall for closure 
(<10%) 

Annual update of material balance 
identifies major shortfall for closure 
(>10%) 

Response Identify alternative options for 
obtaining cover material. 

Identify alternative options for 
obtaining cover material and or 
modifying capping depth in 
consultation with regulators.  
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13 REPORTING 

Results of rehabilitation monitoring will be reported in the Annual Review in accordance with 

Schedule 6 Condition 6 of PA 08_0144. The Annual Review will record monitoring results 

and discuss rehabilitation performance against key performance measures/indicators, as well 

as report compliance with regulatory requirements and NCO commitments. The Annual 

Review will also discuss identified trends and instances where potential rehabilitation failure 

has been identified triggering intervention in accordance with a Rehabilitation TARP (Section 

12.2). 

The Annual Review will be submitted to relevant government agencies and made publicly 
available via the Whitehaven Coal website (www.whitehavencoal.com.au). 

  

http://www.whitehavencoal.com.au/
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14 PLANS 

Narrabri Mine is classified as a Level 1 Mine, and therefore the following Plans have been 

prepared for this MOP:  

• Plans 1A – 1C show the location and pre mining natural and physical environment;  

• Plans 2 shows the mine domains at commencement the MOP;  

• Plans 3A – 3C are a series of Plans which show the annual sequence of mining 

and rehabilitation activities over the MOP Term;   

• Plan 4 shows the proposed post mining land use and landform at the end of mine 

life; and  

• Plan 5 shows vertical and longitudinal cross sections. 
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15 REVIEW AND IMPLEMENTATION OF THE MOP 

15.1 Review of the MOP 

The MOP may be revised in the event of the following: 

• Project Approval modification or changes to the mining title;  

• Deficiencies being identified; 

• Changes to environmental requirements due to (for example) changed legislation 

or regulatory requirements; 

• Changes in the activities described in this MOP; and 

• Where risk assessment identifies the requirement to alter the MOP. 

Any major amendments to the MOP that affect its application will be undertaken in 

consultation with the appropriate regulatory authorities and stakeholders. Any amendments 

would be completed in accordance with the latest MOP guidelines. 

15.2 Implementation 

NCO personnel are responsible for monitoring, review and implementation of this MOP, as 

listed in Table 36. 

Table 36: Responsibilities for MOP Implementation 

Position  Responsibility 

General Manager  Overall site-based responsibility for all activities and all personnel at the 
mine-site, including their compliance with all applicable laws, regulations, 
licences, approvals, the conditions of consent and achievement of the 
desired environmental outcomes; and 

Providing the final sign-off and/or authorising distribution of, all environmental 
reports / management plans. 

Environmental 
Superintendent 

Ensuring all operations are undertaken in accordance with relevant 
environmental legislation; 

Assist and advise management with the requirements of the relevant 
environmental laws and regulations, consents, licences, approvals and 
environmental management systems and plans;  

Assist with the implementation, monitoring and review of programs and 
procedures associated with this plan;  

Communication with statutory authorities and the community; 

Undertake site based actions to implement this plan; and 

Report the progress of rehabilitation and biodiversity monitoring in the Annual 
Review. 
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17 REVISION HISTORY 

Rev. Comments Author Authorised By Date 

0 
MOP submitted for review and 
approval 

Brent Baker Gerald Linde 
15 October 

2020 

1 
Revised version of original to 
address comments from 
Resources Regulator 

Brent Baker Gerald Linde 
23 November 

2020 

2 
MOP Amendment A to incorporate 
Mod 7 and changes to the mine 
schedule 

   

3 

MOP Amendment B to incorporate 
the construction and operation of a 
new HDPE lined turkeys nest 
(Brine Dam 1) (and associated 
infrastructure), include disturbance 
associated with the construction of 
a ventilation fan pad in the south-
eastern area of ML 1609 and 
disturbance associated with the 
modification to the access track 
from the Southern Mine Lease 
boundary to the pit top area 

Nathan 
Archer/Sam 
McDonald 
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Appendix A: Schedule of Lands 

Lot Deposited Plan Owner 

7 DP757104 Freehold - NCO Owned 

67 DP757104 Freehold - NCO Owned 

1 DP811171 Freehold - NCO Owned 

2 DP811171 Freehold - NCO Owned 

63 DP757114 Freehold - NCO Owned 

1 DP254523 Freehold - NCO Owned 

1 DP659899 Freehold - NCO Owned 

64 DP757114 Freehold - NCO Owned 

25 DP757104 Freehold - NCO Owned 

2 DP1124652 Freehold - NCO Owned 

842 DP1134385 Freehold - NCO Owned 

3 DP757104 Freehold - NCO Owned 

10 DP757104 Freehold - NCO Owned 

60 DP757124 Freehold - NCO Owned 

3 DP1005608 Freehold - NCO Owned 

61 DP757124 Freehold - NCO Owned 

115 DP757124 Freehold - NCO Owned 

83 DP757124 Freehold - NCO Owned 

382 DP1028753 Freehold - NCO Owned 

381 DP1028753 Freehold - NCO Owned 

152 DP816020 Freehold - NCO Owned 

841 DP1134385 Freehold - NCO Owned 

8 DP757104 Freehold - NCO Owned 

151 DP816020 Freehold - NCO Owned 

65 DP757114 Freehold - NCO Owned 

68 DP757104 Freehold - Privately Owned 

57 DP757114 Freehold - Privately Owned 

1 DP798487 Freehold - Privately Owned 
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Lot Deposited Plan Owner 

81 DP757124 Freehold - Privately Owned 

1 DP1124652 Freehold - Privately Owned 

58 DP757114 NSW Government - State Forest 

- - Various Crown Land (road reserves) 
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Appendix B: Consultation 

 
  



1

From: Mark Buchan <mark.buchan@planning.nsw.gov.au>

Sent: Friday, 24 April 2020 3:19 PM

To: Brent Baker

Cc: Christine Fawcett

Subject: Narrabri Coal Mine  - Rejects Emplacement Area Report

Report This Email

 

Hi Brent, 

 

Just confirming our phone conversation earlier this week regarding the Narrabri Mine Rejects Emplacement Area 

(REA) Capping Assessment & Closure Design Report dated November 2019 submitted to the Resources Regulator. 

 

The Department wishes to advise the REA Capping Assessment & Closure Design Report is suitable for use. Please 

ensure you include the full report including recommendations and design criteria in your upcoming Mining 

Operation Plan (MOP) due for submission later this year 2020. 

 

In the interim if you wish to implement any aspects of the REA Capping Assessment & Closure Design Report it must 

be consistent with the current MOP for ML1609. If you wish to start on any new activities not included in the 

current MOP then you will be required to submit a MOP Amendment for approval prior to start of any works. 

 

Please feel free to contact me if you have any further enquires. 

 

Regards 

 

 

Mark Buchan 

Manager Environment Compliance – Team 3 

NSW Resources Regulator | Department of Regional NSW 

T 02 6360 9526  |  M 0427 327 718  |  E mark.buchan@planning.nsw.gov.au 

161 Kite Street (Locked Bag 21) Orange NSW  2800 

www.resourcesregulator.nsw.gov.au 

 

 

 

The Department of Regional New South Wales acknowledges that it stands on Country which always was and always will be Aboriginal land. 

We acknowledge the Traditional Custodians of the land and waters, and we show our respect for Elders past, present and emerging. We are 

committed to providing places in which Aboriginal people are included socially, culturally and economically through thoughtful and 

collaborative approaches to our work.. 

Please Note: All applications made under the Mining Act 1992, and any related correspondence or inquiries must be submitted via 
email to  nswresourcesregulator@service-now.com  If you require any assistance lodging applications or have a general inquiry 
please call 1300 814 609 (Option 2 then 5). 
 



2

 
 



4 Parramatta Square, 12 Darcy Street, Parramatta 2150 | dpie.nsw .gov.au | 1

M Brent Baker
Environmental Superintendent – Narrabri Coal Operations
Narrabri Coal Operations Pty Ltd
Locked Bag 1002
NARRABRI NSW 2390

03/08/2020

Dear Mr Baker

Narrabri Coal Mine (08_0144)
Appointment of Landscape Management Plan Expert

Combine Management Plans with Mining Operations Plan

I refer to your letter dated 17 July 2020, seeking the Secretary’s endorsement of a suitably qualified expert
to review the Landscape Management Plan (LMP) for the Narrabri Coal Mine (08_0144) and proposal to
incorporate this plan into the Mining Operations Plan (MOP), required for separate approval by the
Department of Regional NSW – Resources Regulator under the Mining Act 1992.

Appointment of LMP Expert
The Department has reviewed the nomination and information you have provided and is satisfied that the
chosen expert is suitably qualified and experienced. 

Accordingly, the Secretary approves Mr Nathan Archer of SLR Consulting to review the Landscape
Management Plan.

Combine LMP with MOP
The Department notes the substantial overlap in the rehabilitation information required between the LMP
and MOP and considers the combining of these plans to be an efficient way of presenting this information.

The Department accepts this approach, provided that all the requirements of the conditions of 08_0144 are
adequately addressed in the MOP and that this information is presented in a clear and distinguishable
format for the Department’s review. 

If you wish to discuss the matter further, please contact Philip Nevill on (02) 8275 1036.

Yours sincerely 

Stephen O'Donoghue
Director
Resource Assessments

As nominee of the Planning Secretary

http://www.dpie.nsw.gov.au/


 

NARRABRI MINE 

ENVIRONMENTAL 

MANAGEMENT SYSTEM 

Document Owner: Environmental 
Superintendent 

Document Approver: General Manager 

Revision Period: 3 years 

Version: 1 
2 

Last Revision Date: 23 November 2020 
29 November 2021 

NARRABRI MINE – MOP Amendment A – 1 Dec 2020 – 31 Dec 2023 

 

 

UNCONTROLLED COPY WHEN PRINTED.   REFER TO INTRANET FOR LATEST VERSION 

 

Appendix C: REA Capping Assessment & Closure Design Report  
 

 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

  

NARRABRI COAL OPERATIONS 
PTY LTD 
 
 
Narrabri Mine  
Rejects Emplacement Area 
 
Capping Assessment &  
Closure Design 
 
 
November 2019 
 
116100.03.R001_0 

 

 

R E P O R T 



  

 

 
ATC Williams Pty Ltd 
ABN 64 005 931 288 

Melbourne T: +61 3 8587 0900   Perth T: +61 8 9213 1600   Brisbane T: +61 7 3352 7222 
www.atcwilliams.com.au 

 

 

 

 

Document History and Status 

 
Title: Rejects Emplacement Area Closure Design 

Job Number/Extension 116100.03 

Document Number: 116100_03_R001c 

Project Office: Brisbane 

File Path: M:\Synergy\Projects\116\116100 Narrabri Mine\03 REA Cover 
Design Works\Documents\R01\Text\14. Final 
Report\116100_03_R001c.docx 

Author: Lee Rigley 

Reviewer: Allan Watson 

Job Manager: Lee Rigley 

 
 

 
 
 

This Revision distributed To: Hard Copy  Electronic Copy 

Narrabri Coal -  

ATCW  - On network  

   

   

 
 
 
 
 
 
 

 
 
 
 

Rev. Status Issued to Issue Date 
Signatures 

Author Reviewer 

A Preliminary Draft  S. Farrar 25/01/19 LR AW 

B Draft for review M. Vile 08/03/19 LR AW 

C Final  B. Baker 24/05/19 LR AW 

D Final – Minor Revisions M. Vile 31/07/19 LR AW 

0 Final B. Baker 22/11/19 LR AW 

IMPORTANT NOTICE 
 

Please refer to our Conditions of Investigation and Report 

 

http://www.atcwilliams.com.au/


 
CONDITIONS OF INVESTIGATION AND REPORT 

 
 

Conditions of Report 
 

1. This report has been prepared by us for the 
purposes stated herein.  We do not accept 
responsibility for the consequences of 
extrapolation, extension or transference of the 
findings and recommendations of this report to 
different sites, cases or conditions. 

 
2. This report is based in part on information which 

was provided to us by the client and/or others and 
which is not under our control.  We do not warrant 
or guarantee the accuracy of this information. 

 
3. We believe the conclusions and recommendations 

contained herein were reasonable and appropriate 
at the time of issue of the report.  However, the 
user is cautioned that fundamental input 
assumptions upon which this report is based may 
change with time.  It is the user’s responsibility to 
ensure that input assumptions remain valid. 

 
4. This report must be read in its entirety.  This 

notice constitutes an integral part of the report, 
and must be reproduced with every copy. 

 
5. This report is prepared solely for the use of the 

person or company to whom it is addressed.  No 
responsibility or liability to any third party is 
accepted for any damages howsoever arising out of 
the use of this report by any third party. 

 
6. Unless specifically agreed otherwise in the 

contract of engagement, ATC Williams retains 
Intellectual Property Rights over the contents of 
this report.  The client is granted a licence to use 
the report for the purposes for which it was 
commissioned. 

 
 
 
 
 
 
 

Geotechnical Investigation 

 
7. Geotechnical site investigation necessarily 

involves the investigation of the subsurface 
conditions at a site at a few isolated locations, 
and the interpretation and extrapolation of those 
conditions to elsewhere on the site not so 
investigated.  This procedure has been adopted at 
the site that is the subject of this report and due 
care and skill has been applied in carrying out and 
reporting on the work.  Thus the findings, 
conclusions and comments contained in this 
report represent professional estimates and 
opinions and are not to be read as facts unless the 
context makes it clear to the contrary.  In 
general, statements of fact are confined to 
statements as to what was done and/or what was 
observed.  Other statements have been based on 
professional judgement. 

 
8. The scope of the work has been planned in the 

absence of any fore-knowledge of the site other 
than that stated in the report.  Unless otherwise 
stated we consider that the number of locations 
investigated and the depths to which they have 
been investigated are reasonable bearing in mind 
the scale and nature of the project, and the 
defined purpose for which the investigation was 
undertaken. 

 
9. We do not accept any responsibility for any 

variance between the interpreted and 
extrapolated conditions and those that are 
revealed by any means subsequently.  Specific 
warning is also given that many factors, either 
natural or artificial, may render ground conditions 
different from those which pertained at the time 
of the investigation.  Should there be revealed 
during the construction or at any other time any 
apparent difference from subsurface conditions 
described or assessed in this report, it is strongly 
recommended that such differences be brought to 
our attention so that its significance may be 
assessed and appropriate advice given. 
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1 INTRODUCTION  

1.1 Project Background and Scope 

Narrabri Coal Operations Pty Ltd (NCOPL) engaged ATC Williams Pty Ltd (ATCW) in April 2018 to 
undertake a capping assessment and closure design for the Rejects Emplacement Area (REA) at the 
Narrabri Mine.  This assessment is based on a preliminary capping assessment for the REA (ATC 
Williams, 2016), the scope of which was to assess the suitability of a proposed capping concept 
being to replicate the natural topsoil and subsoil horizon occurring within the proposed REA 
footprint.  The study highlighted the sensitivity of factors such as capping thickness and material 
quality to long term erosion of the capping profile.  It was assessed that amelioration of topsoil/ 
subsoil materials using rocky soil (rock mulch) would be necessary to maintain long term integrity 
on landform batter slopes. 
 
The preliminary capping assessment report was issued to NSW Department of Industry (Division of 
Resource and Energy, DRE), and was reviewed on behalf of DRE by O’Kane Consultants (OKC).  The 
review document OKC (2017)1 recommended further assessment of some key aspects of the 
proposed capping and closure concepts.   
 
This current assessment has been undertaken to address the OKC (2017) report recommendations, 
summarised by the following scope of work: 
 

• Characterise the receiving environment of the REA in terms of surface and groundwater 
quality, topography and land use in order to develop performance objectives for the REA 
capping system. 

• Develop appropriate performance objectives for the REA. 

• Undertake final landform design for the REA. 

• Undertake REA capping design (both plateau and batter surfaces), based on the use of 
available natural soils from within the REA area, mixed with rocky soil as required to 
achieve erosional stability requirements, with this capping design work informed by: 
 Geotechnical and geochemical characterization of coarse reject (to be contained 

within the REA) and available REA capping materials. 
 Hydrological modelling for the REA to estimate net surface percolation, as well as 

seepage rates from the REA base for operational and post closure phases. 
 Water chemistry modelling to assess potential long-term release water quality, with 

consideration of recommended climate change provisions. 
 Erosion modelling to estimate soil loss potential from batter surfaces for the design 

capping profile. 

• Design surface water management measures and drainage infrastructure for the REA 
including erosion protection for concentrated flows.   

• Review and update the water quality monitoring program for the REA, involving review of 
REA water quality data and discharge rates.  

• Develop specifications for landform development, and cover system and drainage works 
construction, including QA/QC requirements. 

 
To achieve the above scope, the assessment included a geotechnical and geochemical sampling 
and testing program, followed by modelling and design works.  This report has been prepared to 
present the results of these works forming the basis of design and related technical (construction) 
specifications for the proposed final landform, stormwater drainage and capping works. 

 
1 O’Kane Consultants (2017), Rehabilitation Methodology Assessment Narrabri Coal Mine. March 2017. 
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1.2 Assessment Approach 

The general approach adopted for this assessment to address the scope of work as outlined in 
Section 1.1 is shown conceptually in Plate 1. 

Plate 1 
Assessment Approach 

 

1.3 Report Structure 

This report has been prepared to address the study scope as outlined in Section 1.1, with report 
structure as follows: 

Section 2.0: Describes relevant aspects of the Narrabri mine including coarse reject production 
aspects and proposed siting of the REA.  The setting of the site and REA is also 
described. 

Section 3.0: Summarises the REA development and closure concept.  Regulatory context to 
closure works is also presented, following by development of closure objectives and 
performance expectations for the REA.   

Section 4.0: Characterises coarse rejects material (to be contained within the REA) and available 
capping construction materials from materials sampling and testing work, in a form 
suitable for modelling works. 

Closure Concept

• Compilation of REA closure concept design in accordance with regulatory 
approvals, mining operations plan and previously completed engineering 
assessments

Objectives & 
Criteria

• Development of closure objectives and performance expectations 

Materials 
Characterisation

• Sampling and laboratory testing of coal rejects and potential capping 
materials

• Interpretation of testing results for materials characterisation

Modelling

• Completion of water balance, water chemistry and erosion modelling studies 
designed to confirm that the predicted performance of the REA conceptual 
design is consistent with closure objectives and performance expectations

Detailed Closure 
Design

• Development of design criteria

• Detailed closure design

• Preparation of construction documentation

• Update of the water monitoring program for the REA
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Section 5.0: Presents water balance (moisture infiltration) modelling in relation to the REA, to 
estimate net moisture percolation rates into the body of the REA, for input to water 
chemistry modelling. 

Section 6.0: Presents a summary of the water chemistry modelling, which estimates the quality 
of seepage from the REA, to confirm general compliance with adopted performance 
characteristics. 

Section 7.0: Presents a summary of the soil erosion modelling, undertaken to estimate soil loss 
potential from REA landform surfaces, as a means of confirming consistency with 
adopted performance objectives. 

Section 8.0: Presents the basis for final landform and capping layer design, including stormwater 
management, and temporary (construction) erosion and sediment control measures.  
Also presented is an outline of construction requirements for the capping layer, and 
water monitoring details. 

The following drawings are included as report Figures: 

Drawing 001  Site Locality & Drawing List 
Drawing 002  Existing REA Conditions 
Drawing 003  Closure Design Layout Plan 
Drawing 004  Section & Typical Details 
Drawing 005  Cell 1 Capping Design Layout 
Drawing 006  Cell 1 Typical Details 
Drawing 007  Cell 1 Capping Erosion & Sediment Control Plan 
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2 SITE DESCRIPTION 

2.1 Narrabri Mine Overview 

The Narrabri Mine (the mine) is an underground longwall mining operation located approximately 
28 kilometres north-east of Boggabri in New South Wales (refer Plate 2).  The mine has approval 
to recover up to 11 million tonnes per annum (Mtpa) of run-of-mine (ROM) coal. NCOPL operates 
the mine, currently producing around 7 Mtpa of high energy product coal, which is suitable for 
thermal applications, comprising low ash, low sulphur, low phosphorus, and mid volatile PCI.  The 
first development coal occurred in 2010 with full commercial production commencing in 2012.  The 
current end of life projected for the operation is 2033, representing a total life of 25 years. 

Plate 2 
Site Locality 

Run of mine (ROM) coal from the longwall operation, accessed via the adjacent box cut, is 
processed through a Coal Handling and Preparation Plant (CHPP).  The layout of this infrastructure 
is shown on Plate 3.  

Product coal is loaded on trains and transported from the mine to the Port of Newcastle. 
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Plate 3 
Site Infrastructure Layout 

 

Fine and coarse reject streams are produced through separate bypass circuits within the CHPP. 
Approximately 2% of the total ROM coal feed reports as reject, of which more than 99% is coarse 
material (>20mm). Fine reject is dewatered through a belt press and blended with outgoing product 
stockpile. 

Coarse rejects are transported via haul trucks to the Rejects Emplacement Area (REA), located 
1 kilometre to the west of the ROM, as located on Plate 3 (refer Section 2.2). 

2.2 Rejects Production and Description of REA 

2.2.1 Production Forecast 

Current forecasts of future rejects production, provided by NCOPL, are shown on Plate 4, indicating 
that a total of 5.2 million m3 will be generated to financial year 2033. 
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Plate 4 
Rejects Generation Forecast 

 

2.2.2 REA 

The Rejects Emplacement Area (REA) was developed as part of project commissioning, with the 
current disposal area located within the eastern portion of the REA footprint as shown on Plate 3.  
A more detailed outline of this current disposal area is shown on Figure 002, which indicates a 
current footprint area of around 6.8ha.  It has been estimated that total quantity of rejects 
contained within this area (to October 2018) is some 1.25 million m3.  The total designated REA 
development footprint covers an area of some 25ha.   
 
In addition to receiving coarse reject from the CHPP as described in Section 2.1, the REA receives 
excess drill spoils which are loaded out within the western margin of the footprint.  Drill muds are 
dewatered, with this area controlled by a series of sumps. Supernatant water and associated 
stormwater runoff from these areas that bypass the sumps report to a sediment dam SB3, which 
also captures stormwater from the REA for sediment control purposes.  Sediment from sumps and 
SB3 is recovered and disposed within the southern portion of the currently active coarse reject 
disposal area within the REA.  
 
Waste from underground operations is also placed for disposal within this southern portion of the 
REA. 
 
Hydrocarbon contaminated soils recovered from the mine site are also stockpiled in the northern 
portion of the REA footprint.  These soils are treated by bio-remediation for later encapsulation 
with coarse rejects.   

2.2.3 Sediment Dam SB3 

Sediment dam SB3 was constructed by excavation within the storage area and engineered fill to 
form perimeter embankments.  Runoff from external catchments is diverted away from the REA 
drainage system around the embankments. 
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The storage has been lined using HDPE geomembrane due to a conservative assumption that the 
drillings and underground waste may generate saline runoff prior to encapsulation within the 
rejects.   

2.3 Site Setting 

2.3.1 Rainfall and Evaporation 

The Koeppen classification of Narrabri is Suptropical with no dry season. Mean monthly rainfall and 
evaporation has been sourced from a patched point SILO data drill, as depicted in Plate 5. Mean 
annual rainfall and pan evaporation, based on these data are in the order of 606mm and 1,510mm 
respectively.  During all months expect June and July, evaporation is measurably higher than 
rainfall on an average monthly basis. 
 

Plate 5 
Mean Monthly Rainfall and Evaporation 

 

 
 

2.3.2 Geology and Surface Soils 

The mine site is located within the Mullaley Sub-basin of the Permo-Triassic Gunnedah Basin which 
contains Permian and Triassic sedimentary and volcanic rocks (R.W. Corkery, 2009).  The rocks and 
sediments beneath and surrounding the site can be grouped as follows:  
 

• Undifferentiated Quaternary sediments – alluvial gravel, sand silt and clay sequences; 

• Jurassic Surat Basin sequence – comprising Pilliga Sandstone (quartz sandstone); the 
Purlawaugh Formation (silty lithic sandstone, siltstone and minor claystone, with thin 
stony coal seams) and the Garrawilla Volcanics (alkali basalt flows); and   

• Gunnedah Basin sequence – comprising the Napperby Formation; the Digby Formation; and 
the Black Jack Group (lithic sandstone, siltstone, claystone and coal with minor tuff).  
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The Black Jack Formation includes the Hoskissons Coal Seam which is targeted by the mine. 
 
Soils and land capability assessments completed prior to site development (NRC, 2009) identified 
the following general soil profile (to >2.5m depths) within the area designated for the REA: 
 

• Topsoil: to 25cm, comprising brown to reddish brown, light to heavy clays; with some 
to much angular gravel to 1-3cm.  

 

• Subsoil: up to four layers, comprising brown, reddish brown or yellowish brown, light 
to heavy clays; with stones and gravel absent or some-to-much gravel 
present; some large stones and floaters present in some profiles. 

 
Measured dispersibility values for topsoils and subsoils as reported by NRC (2009) were found to be 
generally low.  Relevant to this study is that the identified presence of dispersible material prompts 
the need for erosion protection measures in the form of adequate vegetative cover where these 
site soils are used for future rehabilitation works. In this regard, measured pH and salinity levels 
within the soils were found to be within acceptable levels with respect to storage and future use 
for rehabilitation.   

2.3.3 Topography & Drainage 

The local topography within the mine site area is generally flat to undulating with average fall 
across the site of <1° to 4°.  Within the footprint of the REA (refer Section 2.1), the natural surface 
grades generally from south (RL 279m) to north (RL 271m).   
 
Prior to mine development, the land was used for agriculture (primarily livestock grazing with some 
cereal crop farming).  Surface areas within the site that remain undisturbed by current operations, 
including the majority of the future REA footprint, reflect this historical land use and generally 
comprise former pastures vegetated with grasses and containing minimal shrubs or trees.  

2.3.4 Surface Water Drainage and Water Quality Characteristics 

The mine site is located within the Pine Creek and Kurrajong Creek catchments.  These two creeks 
are ephemeral, flowing for short periods following prolonged rainfall events in an eastward 
direction to the Namoi River.  The catchment surrounding the REA reports directly to Kurrajong 
Creek, with the nearest point to the Kurrajong Creek drainage line located some 350m to the north 
(refer Plate 6).   
 
As described in Section 2.2. runoff from the active REA development area reports to the sediment 
dam SB3 via formed swales or drains at the emplacement batter toes.  Water collected within SB3 
is pumped to other site storages and subsequently reused in the mining operation for dust 
suppression and other purposes.  Surface runoff from catchments upstream of the REA footprint is 
diverted around the active REA development and ultimately reports to Kurrajong Creek. 
 
A comprehensive surface water quality monitoring program for site storages, site releases and local 
creeks is maintained by NCOPL in accordance with the requirements of the Environmental 
Protection Licence (EPL) held for the site.  This monitoring program is described further in 
Appendix A along with a summary of the surface water monitoring results relevant to the REA in 
terms of the downstream receiving environment (Kurrajong Creek).    
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Plate 6 
Local Watercourses 
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3 REA DEVELOPMENT & CLOSURE CONCEPT 

3.1 REA Development Concept 

3.1.1 Basis for REA Concept Development 

The general development approach for the REA as proposed by NCOPL is for above ground disposal 
of coarse reject materials to create an elevated landform.  ATCW (2016) presented a concept for 
the REA based on a closure plan for Stage 2 longwall operations (GSS,2011), the application for REA 
development (NCOPL, 2012) and the Rehabilitation Management Plan for Narrabri Mine (Eco, 2012).  
The basic criteria adopted for REA landform development and closure was to achieve a maximum 
final (maximum) landform height of 15m above surrounding natural surface elevations, with outside 
batters of the REA to be generally formed to a grade of 5H:1V (maximum of 4H:1V).  Capping and 
revegetation of completed landform surfaces forms part of the rehabilitation concept. 

In support of this concept, ATCW (2016) assessed key environmental impact pathways related to 
the REA, which are outlined as follows: 
 

• Release of contact surface water runoff (i.e. stormwater contacting exposed reject 
material and being released to the environment); 

• Release of acid or saline leachate, associated with infiltrated surface water coming in 
contact with the reject and reporting to the cell toe as leachate; 

• Spontaneous combustion of the mixed rejects, which would result in the instability of 
emplacement through local volume reduction and subsequently increased exposure. 

• Exposure of rejects material due to local slumping or erosion of cover layers, with 
associated issues related to displacement or mobilisation of reject (and associated 
increased exposure to surface water infiltration). 

Review of these environmental impact pathways identified that the primary issue of concern relates 
to the potential for erosion of the cover layers, rather than any risks related to reject material 
itself.  The rehabilitation concept for the landform developed under these conditions was therefore 
for a vegetated surface capping formed by replacement of stripped subsoil and topsoil materials 
with revegetation using a fast-growing cover crop. 

3.1.2 REA Landform Development Concept 

For the purpose of this study, an REA final landform concept, based on the conditions as outlined 
in Section 3.2.1, has been developed, which is shown on Figure 003.  This landform comprises a 
plateau area of some 15ha that gently grades to the north (consistent with the natural topography). 
The majority of external batters forming the landform are around 11 degrees, with the exception 
of the north-eastern batter which is at 14 degrees.  This landform concept provides a total disposal 
capacity of some 3.4 million m3. 

Disposal of rejects within this REA landform would occur in “cells”, with cells being formed 
contiguously in an anti-clockwise direction, initially along the northern margin of the landform, 
then along the southern margin.  Each cell would create a similar disposal capacity, each providing 
an operating life of the order of 2 years.  A conceptual sequence of cell development, based on 
the landform shown on Figure 003, is shown on Plate 7, which comprises 11 cells, labelled Cells 1 
to 11.  The sequence of filling would be from Cells 1 and 11 to Cell 5, then Cell 6 to Cell 10. 

The current extent of REA development (refer Figure 002) comprises reject placement across Cells 
1 and 11; with Cell 11 primarily allocated for disposal of those reject materials not sourced from 
the CHPP (as described in Section 2.2.2).   
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Plate 7 
Rejects Emplacement Area – Conceptual Landform Development  

 

3.1.3 Operational Concepts 

Cell development and operational concepts for the REA adopted for the purpose of this study are 
based on actual conditions adopted for the initial stage of REA development as described in Section 
2.2.  These conditions are outlined in more detail below: 

• Cell Development 

Each cell within the REA is prepared through stripping of topsoil (top 150mm layer) and 
subsoil (250mm layer below the topsoil), with stripped materials stockpiled for later use in 
capping (refer Plate 3 for current soil stockpile locations). The surface area is then ripped 
and roller compacted to achieve the required minimum permeability, as required in Section 
3.5.2 of the Mining Operations Plan (MOP, 2015).  Quality assurance testing, which comprises 
insitu density tests and laboratory permeabilities, is typically undertaken to confirm the 
quality of base preparation work.   

• Cell Operation 

Under operational conditions, rejects are loaded onto trucks with a front-end loader from 
the base of the CHPP rejects stockpile. The trucks then transport the rejects from the CHPP 
area to the REA, where the load is paddock dumped into the prepared cell and then spread 
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with a dozer to form lifts in the order of 1.5m.  The dumped rejects material is compacted 
with a combination of track rolling with the dozer and wheel compaction from the haul 
trucks.  

The advancing (internal) dump face within the operating cell exists at angle of repose for 
the coarse reject material (in the order of 30 degrees).  Interim cover material has been 
placed over the north-eastern batter of Cell 1 landform.  This batter has been formed with 
an approximate grade of 4H:1V, along a batter length extending from the sediment dam 
SB3 to the haul road accessing the REA.  The depth of this cover is reported to be variable 
and of minimal thickness in some areas.  For the purpose of this closure design development, 
the final capping concept does not incorporate this interim cover profile as part of the final 
cover i.e. the full final capping profile will be constructed over this interim cover. 

As an extension of the current operating approach as described above, it is proposed that as 
external batters are formed, these surfaces will be progressively capped, with the overall capping 
philosophy based on replacement of the stripped subsoil and top soil materials across the 
completed REA landform, with a view to replicating the natural soil profile occurring across the 
site.   

3.1.4 Stormwater Management Approach for REA Concept 

The general stormwater management approach for the landform development concept described 
in Sections 3.2.2 and 3.2.3 accommodates the operational life of the REA as cells are developed 
and then progressively closed.  The principle stormwater management features proposed include 
two perimeter drains (an external drain and an internal drain), located on the outer edge of the 
developing landform, with these drains being separated by an access road.  The external drain 
would be provided to divert clean water from upslope catchments around the REA.  The internal 
drain would collect stormwater runoff from the REA surfaces (comprising either exposed/uncapped 
reject or exposed capping layers).  External drains would release to the environment (subject to 
appropriate flow control measures being in place).  The internal drains would report to the existing 
sediment pond SB3, with this system remaining until rehabilitation of the REA is complete and 
surfaces are stabilised, at which time SB3 would be decommissioned. 
 
Further reduction of erosion potential is considered to be available with the use of contour drains 
on batter in order to reduce runoff slope lengths, with the base of these drains being lined with 
coarse rock.  A typical contour drain detail (concept) for consideration as part of this study is shown 
on Plate 8.  Contour drain alignments are shown conceptually on Figure 003.  Additionally, it is 
envisaged that swales would be formed on the plateau surface of the landform (refer Figure 003) 
to direct surface runoff to the contour drains, thus reducing uncontrolled discharge over plateau 
edges. 
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Plate 8 
Typical (Concept) Detail for Contour Drains on REA Final Landform Batters 

 

3.1.5 Capping and Rehabilitation Concepts 

ATCW (2016) identifies that topsoil and subsoil horizons stripped from the REA footprint as part of 
REA development are available for capping of the REA landform.  This previous study also suggested 
that rock material sourced on-site from such locations as the REA base preparation works, access 
road construction works, and box cut excavation may have application for ameliorating the capping 
horizon (i.e. to reduce the erosion potential of the soil capping materials).  As such, for the purpose 
of this study, two capping layer configurations have been considered; namely a Base Case utilising 
soil capping material and an Alternative Case using rock for capping layer amelioration.  Targeted 
profiles for both layers are as shown in Table 1. 
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Table 1 
REA Landform Capping Profile 

A) Base Case Capping Profile B) Alternative Case Capping Profile 

  
The Base Case profile utilises stripped topsoil and 
subsoil horizons (150mm and 250mm respectively), 
with a view to replicating the pre-existing soil profile 
across the site.  
 
Revegetation of this profile by hydromulching to 
establish a fast-growing cover crop is considered 
appropriate.   

The Alternative Case profile utilises an ameliorated 
capping material that is “erosionally sustainable” 
subject to stormwater runoff.  Conceptually, it is 
envisaged that such a profile would be best suited for 
batters (notionally up to 4H:1V slope for the current 
concept).  The profile comprises a 400mm rocky soil 
(or rock mulch) layer, utilising the stripped topsoil and 
subsoil reserves, with a mix of between 10 and 20% 
(nominal) of competent rock fragments, typically 50 to 
150mm size.  
 
Revegetation of this profile by hydromulching to 
establish a fast-growing cover crop is considered 
appropriate.   

3.2 REA Closure and Rehabilitation 

3.2.1 Context 

The overall objective of REA development, with the concept as described in Section 3.1, is to 
achieve or contribute to achieving fundamental long-term performance expectations.  These 
expectations can be summarised broadly as follows: 
 

• To achieve a development approach that is constructible, applying to both: 
 Landform development; and 
 Landform closure (capping and rehabilitation) 
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• To achieve a development outcome, including final capping and rehabilitation, that is: 
 Non-polluting (i.e. does not contribute to any deterioration of the receiving 

environment);  
 Environmentally sustainable, related to long term compatibility with the 

surrounding topography and final land use; and 
 Geotechnically stable in the long term. 

 
Critical to this study is the ability to demonstrate that these performance expectations can be 
achieved, based on the landform concept described in Section 3.1.2, through effective landform 
capping and final land surface rehabilitation. 

3.2.2 Closure Objectives 

The purpose of this study, as outlined in Section 1.1, is to develop a robust solution for closure 
(capping and rehabilitation) of the REA based on an adopted REA landform development and 
capping and rehabilitation concepts presented in Section 3.1.5.  This assessment comprises 
investigation and analysis to demonstrate that appropriate performance expectations can be 
achieved.  Complementary to these expectations is a suite of closure objectives against which the 
closure assessment can be scoped and outcomes can be benchmarked.  Recognising also that 
performance expectations are contributed by both landform development and capping and 
rehabilitation, adopted closure objectives are outlined below: 
 
Landform Development 
 

• Provides for efficient storage of rejects based on the available surface area and approved 
maximum height and landform profile (refer Section 3.1.2); 

• Enables effective and controlled drainage of surface water from all surfaces. 
 
Capping and Rehabilitation 
 

• Addresses the potential for generation and release of leachate that is polluting; 

• Addresses the potential for spontaneous combustion of the reject material contained 
within the emplacement, as related to the potential for fires, unacceptable safety 
hazards, unacceptable air-borne releases (smoke and particulate) and instability of the 
landform; 

• Achieves an erosionally stable final land surface, as a means of: 
 reducing the potential for exposure of reject within the emplacement leading to 

displacement of reject material (and related leachate generation and spontaneous 
combustion effects), and 

 supporting an acceptable end land use. 
 
In addition to these objectives, the land rehabilitation objective for the REA is to be consistent 
with that proposed for other mining features within the pit top area, which maximises the return 
to productive agricultural land with an agricultural land suitability comparable to pre-existing 
conditions.   

3.2.3 REA Concept adopted for Study Purposes 

Based on Section 3.1.2, the overall development concept for the REA (including capping and 
rehabilitation), adopted for study purposes is summarised as follows: 

  



  

21 November 2019 16 of 73  Narrabri Coal Mine 
REA Capping Assessment & Closure Design     

116100_03_R001_0 

 

• Landform with: 
 maximum height of 15m above natural surface level; and 
 permanent batters of generally 11 degrees with a maximum slope of 14 degrees for 

each cell completed. 

• Base Case capping layer formed using topsoil and subsoil stripped from the REA footprint 
(nominal total thickness of 400mm).  An Alternative Case comprising ameliorated capping 
soil using rock is also to be considered. 

• Revegetation utilising a fast-growing cover crop, with pasture species ultimately sown to 
enable a return to agriculture over this area once mining is completed  

 
The final REA landform developed based on these conditions is shown in Figure 003.   

4 MATERIALS CHARACTERISATION 

Preliminary geotechnical and geochemical characterisation of materials related to the REA, 
including emplaced reject material and potential capping soils, has been described in ATCW (2016).  
As part of this current assessment with scope for closure design as outlined in Section 1.1, and to 
address the recommendations of OKC (2017), supplementary materials sampling and analysis has 
been completed.  This sampling and testing program is described in Section 4.1, with testwork 
results summarised in Section 4.2 and interpretation provided in Section 4.3. 

4.1 Materials Sampling and Testing Scope 

Materials sampling was carried out as follows: 
 

• Reject material contained within the REA, with samples comprising: 
 Reject already emplaced (with sampling undertaken from the emplacement profile) 

 Reject stockpiled within the REA, available for future emplacement. 

• Potential capping material, with samples comprising: 
 Topsoil / subsoil materials located in stockpiles adjacent to the REA footprint, with 

these materials sourced from stripping works carried out within the existing REA 

footprint 

 Insitu topsoil / subsoil material within the undeveloped portion of the REA footprint 

 Soils used as interim cover across the north eastern batter of the REA (with the 

source of these soils unconfirmed) 

 Rock recovered from the box cut excavation (being the only feasible source of rock 

within the current operational area). 

Testing of materials sampled was carried out in relation to the following: 
 

• Reject Material   General physical and geochemical parameters 

     Mineralogy 

     Leachability characteristics 

     Propensity for spontaneous combustion 

• Potential Capping Material  General physical and geochemical parameters 

     Erosion potential/Erodability 
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It is noted that following inspection of recovered samples of potential capping materials, additional 
sampling and testing of surface soils from the box cut area was undertaken.  These soils have 
supported vegetation growth, with minimal erosion resulting, on relatively steep slopes.  This is 
the only reference site for batter rehabilitation within the site, therefore the objective of this 
additional sampling and testing was to characterise the soils in relation to erodibility.  The details 
of this additional work are presented separately in Appendix B. 

4.1.1 Sampling program 

Sampling of REA rejects and capping materials was completed on 3 and 4 July 2018 by ALS staff 
(engaged by NCOPL).  The additional sampling of surface soils from the box cut was completed on 
20 September 2018.  Consultation was undertaken between NCOPL, GEM, ALS and ATCW to confirm 
appropriate sampling locations, with consideration of logistics and safety matters.  An 
Environmental Engineer from ATCW was on site during the majority of the first sampling program 
phase (in July 2018) to observe and validate sampling locations. 
 
A summary of samples collected during the July 2018 program is provided as Table 2.  Box cut soil 
sampling details are provided in Appendix B. 
 

Table 2 
Summary of Sampling Program 

Material Type 
No. of 
sample 

locations 

Sample Naming 
Prefix 

Sampling Approach 

Reject Material 

Emplaced within REA  14 REA- 

Surface sampling from REA at 0.25m 
and 0.5m depths at 11 locations 

Profile sampling at 1.0m vertical 
intervals at 3 locations 

ROM rejects stockpile 5 STOCKPILE- 
Fresh CHPP reject dumped within REA 
footprint for subsequent emplacement 

Potential Capping Material  

Topsoil / subsoil (stockpiled) 9 SP- 
Surface sampling at 0.25m and 0.5m 
depths from 9 locations across existing 
stockpiles 

Topsoil / subsoil (insitu surface 
soils within REA footprint) 

6 REAF- 
Surface sampling at 0.25m and 0.5m 
depths from 6 locations across 
undeveloped REA footprint 

Rock 10 ROCK- Recovered from box-cut excavation 

REA interim cover soils (NE 
batter) 

3 REAC- 
Sampled at surface at 3 locations across 
interim cover area 

 
Samples recovered from this program have been labelled as follows: 
 
Reject Material: 

• Emplaced within REA    - REA-001 to 014 

• ROM Rejects Stockpile   - STOCKPILE-001 to 005 
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Potential Capping Material: 
 

• Topsoil / subsoil (stockpiled)  - Stockpile 1 SP1-001 to 002 
       - Stockpile 3 SP3-001 to 003 
       - Stockpile 4 SP4-001 to 002 

• Topsoil / subsoil  
(insitu surface soils within REA footprint) - REAF-001 to 006 

• Rock      - ROCK-001 to 010 

• REA interim cover soils (NE batter) - REAC-001 to 003 
 
Locations of these samples are shown on Plate 9, noting that ROCK sample locations are not shown 
within the extent of this layout.  GPS locations for sampling locations are also shown. 
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Plate 9 
REA Material Sampling Locations 
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4.1.2 Materials Testing  

Samples recovered from the program as described in Section 4.1.1 were delivered to appointed 
analytical laboratories for testing.  These laboratories and associated testing scope were as follows: 
 

• ALS Brisbane     - Analytical testing assessing for a suite 
       of general physical and geochemical 
       parameters 

• QUT Central Analytical Research Facility - Quantitative X-ray Diffraction Testing 
       to assess mineralogy 

• Geo-Environmental Management (GEM) - Kinetic Column Testing to assess 
       leachability characteristics 

• ALS Coal Division Richlands   - Testing to assess propensity for  
       spontaneous combustion 

• TriLab Brisbane    - Geotechnical testing for general  
       classification and assessment of erosion 
       potential 

• Landloch Toowoomba   - Erodibility testing to assess erosion 
                                                   risks 

• Soil Conversation Service (SCS)  - Determination of soil-water 
characteristic curves 

The scope for laboratory testing was established to support analysis and modelling as part of the 
closure works assessment, as follows: 
 

• Vadose Zone Water Balance Modelling as a means of assessing moisture infiltration rates 
through the cover system and assess the long-term moisture content of the cover system 
and suitability for vegetation establishment (refer Section 5) 

• Water Chemistry Modelling as a means on confirming suitability of the selected capping 
configuration to achieve adopted performance expectations (refer Section 6) 

• Erosion Modelling as a means of simulating rainfall and overland flow conditions and to 
determine rates of erosion (tonnes/ha) for the proposed capping profile in order to 
optimize the layout (refer Section 7). 

A summary of laboratory testing undertaken on the material samples is provided in Table 3. 
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Table 3 
Laboratory Testing Summary 

Analytical 
Laboratory 

Tests Performed 
Reject Material* Potential Capping Material* 

REJ S’pile SP  REAF  ROCK REAC  

Geochemical Testing 

ALS Brisbane 

pH ✓ ✓ ✓ ✓ ✓ ✓ 

Electrical conductivity ✓ ✓ ✓ ✓ ✓ ✓ 

Exchangeable Cations   ✓ ✓   

Net Acid Production ✓ ✓ ✓ ✓ ✓ ✓ 

Dissolved Major Anions, 
Cations 

✓ ✓     

Net Acid Generation ✓ ✓ ✓ ✓ ✓ ✓ 

pH OX ✓ ✓ ✓ ✓ ✓ ✓ 

Acid Neutralising Capacity ✓ ✓ ✓ ✓ ✓ ✓ 

Moisture Content ✓ ✓ ✓ ✓ ✓ ✓ 

Exchange Acidity   ✓ ✓   

Total Sulfate ✓ ✓ ✓ ✓ ✓ ✓ 

Total Sulfur ✓ ✓ ✓ ✓ ✓ ✓ 

Sulfide as S2- ✓ ✓ ✓ ✓ ✓ ✓ 

Total Organic Carbon ✓ ✓ ✓ ✓ ✓ ✓ 

Total Carbon ✓ ✓ ✓ ✓ ✓ ✓ 

Total Inorganic Carbon ✓ ✓ ✓ ✓ ✓ ✓ 

Acid Buffering Characteristic 
Curve 

✓ ✓     

X-ray Fluorescence ✓ ✓ ✓ ✓ ✓ ✓ 

QUT CAR 
Facility 

Quantitative X-ray 
Diffraction 

✓ ✓ ✓ ✓ ✓ ✓ 

Geo-
Environmental 
Management  

Kinetic leach column ✓ ✓ ✓ ✓   

Spontaneous Combustion Testing 

ALS Coal 
Division 
Richlands 

Adiabatic self-heating test 
(R70) 

✓      

Relative ignition 
temperature 

✓      

Geotechnical Testing 

Trilab 

Particle Size Distribution  ✓  ✓ ✓ ✓  

Atterberg Limits   ✓ ✓   

Permeability (Falling Head)   ✓ ✓   

Emerson Class Number       

Slake Durability     ✓  

Landloch Soil erodibility   ✓ ✓   

SCS Soil-water characteristics    ✓   

* Refer Table 2 in Section 4.1.1: 

Reject Material 

• REJ:    Rejects (Emplaced) 

• STOCKPILE/S’Pile: Rejects (ROM Stockpile) 

 

Potential Capping Material 

• REAF:   REA footprint 

• REAC:   Interim cover  

• SP:   Stockpiles 

• RCK:   Rock 
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Laboratory testing results are summarised in Sections 4.2, with testwork certificates included as 
Appendix C. 
 
Note that the testwork completed on soils sampled from the box cut area (referred to as BC 
samples) included the following: 
 

• pH 

• Electrical conductivity 

• Exchangeable Cations 

• Particle Size Distribution  

• Atterberg Limits 

• Emerson Class Number 
 
Results from this testwork are presented in Appendix B. 

4.1.3 QA/QC 

The materials testing data derived from the sampling is evaluated to ensure that the data can be 
reliably used as a basis for interpretation, and to identify whether any restrictions or limitations 
exist.  The data quality evaluation has comprised a review of the sample holding times and the 
results of laboratory analyses.  QC data were generated from laboratory procedures (i.e. laboratory 
duplicates, blanks and spikes).  Laboratory quality control reports are reproduced in Appendix C. 
 
The results of the data quality (QA/QC) review for this monitoring event indicate the following: 
 

• Recommended holding times were exceeded for a number of samples prior to analysis.   

• The results from the field duplicate analysis were within the defined QC data ranges. 

• Laboratory blanks were analysed and reported for the full suite of parameters, with none 
of the laboratory blanks returning any positive results. 

• The results obtained from the laboratory spike samples were all within an acceptable 
level of precision of between 70% and 130%. 

 
Based on this evaluation, noting the exceedances outlined above, it has been resolved from the 
QA/QC program that the accuracy and precision of the analytical data generated from this event 
is such that the data can be used directly as a basis of interpretation. 

4.2 Testwork Results 

4.2.1 Reject Material 

4.2.1.1 Summary of Analytical Testing (ALS Brisbane) 

The results of analytical analyses undertaken on rejects materials, with scope as outlined in Section 
4.1.2 are summarised in Table 4, with Acid Buffering Characteristics Curves (ABCC), completed as 
part of the analytical suite presented in Plate 11.   
 
Laboratory test certificates for this testwork are reproduced in Appendix C. 
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Table 4 
Summary Laboratory Test Results – Analytical Testwork on Reject Materials 

Parameter Units LOR 

Emplaced Rejects (“REA”) CHPP 
Rejects 

(“Stockpile”) Surface  Subsurface  Profile* 

Sample depth   0 to 0.25m 
0.25m to 

0.5m 
1.0m to 

5.0m 
- 

Number of samples 

(refer Plate 9) 
  10 9 12 5 

pH - 0.1 8.3 to 10.2 8.2 to 10.4 8.8 to 9.7 9.3 to 9.9 

Net Acid Production 
Potential 

kg 
H2SO4/t 

0.5 -259 to -14 -330 to -39 -281 to -15 -160 to -105 

Electrical 
Conductivity 

µS/cm 1 280 to 1,280 124 to 1,810 180 to 909 153 to 691 

Net Acid Generation (NAG)  

pH (OX) - 0.1 5.4 to 10.8 4.8 to 10.7 3 to 8.8 8.8 to 9.7 

NAG (pH 4.5) 
kg 

H2SO4/t 
0.1 <0.1 <0.1 <0.1 to 41.9 <0.1 

NAG (pH 7.0) 
kg 

H2SO4/t 
0.1 <0.1 to 10.2 <0.1 to 13.8 <0.1 to 95.4 <0.1 

Acid Neutralising Capacity (ANC)  

ANC as H2SO4 
kg H2SO4 
equiv./t 

0.5 18.6 to 262 39.8 to 335 23.7 to 287 108 to 163 

ANC as CaCO3 % CaCO3 0.1 1.9 to 26.8 4.1 to 34.2 2.4 to 29.3 11.1 to 16.6 

Moisture Content % 0.1 0.1 to 1.4 1.0 to 1.2 0.7 to 1.3 1.2 

Sulphate as SO4 2- mg/kg 100 170 to 330 200 to 570 130 to 270 110 

Sulfur - Total as S % 0.01 0.09 to 0.3 0.04 to 0.34 0.11 to 0.3 0.04 to 0.18 

Sulfide as S % 0.01 0.15 to 0.23 0.08 to 0.12 0.1 to 0.29 0.1 

Total Organic Carbon % 0.02 3.88 to 26.2 0.87 to 25.3 11.7 to 33.6 7.87 to 19.2 

Total Carbon % 0.02 6.11 to 50.3 1.49 to 52.3 24 to 73.6 11.6 to 25.1 

Total Inorganic 
Carbon 

% 0.02 2.23 to 35.1 0.62 to 37 3.4 to 40 3.7 to 6.1 

* It is noted that some results are omitted from Table 4 to improve clarity.  These results are not critical to analyses, 
however are all included in testwork certificates included in Appendix C. 
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Plate 10 
Acid Buffering Characteristic Curves – Analytical Testwork on Reject Material 

 
(A) REA-004-400 (4.0m depth) 

 

 
 

(A) REA-005-050 (0.5m depth) 
 

 

4.2.1.2 X-Ray Diffraction Results (QUT Central Analytical Research Facility) 

Results of phase analysis (X-ray diffraction) for rejects samples, with scope as outlined in Section 
4.2.1, are summarised in Table 5, with testwork certificates reproduced in Appendix C.   
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Table 5 

Summary Laboratory Test Results – Phase Identification (nominal wt%) on Reject Materials 

Sample No 
REA-001-

050 

REA-003-

050 

REA-004-

400 

REA-007-

200 

REA-010-

025 

REA-012-

025 

REA-013-

001 

REA-014-

300 

STOCKPILE

-002 

Quartz 32.3 22.9 4.5 38.2 11.0 11.2 37.9 21.1 21.4 

Anatase 0.2 0.4     0.4 0.4 0.5 

Calcite 0.9 0.6 0.2  2.2 0.5 2.1 1.4 0.6 

Dawsonite  1.3 1.4    2.6 1.6  

Dolomite / 
ankerite 

5.4 3.4 1.1 3.8 21.5 8.7 20.2 12.8 
14.1 

Siderite 4.3 4.4 1.6 8.5 6.9 15.5 7.1 7.2 12.8 

Diopside        3.5  

Analcime        1.2  

Albite 1.5   1.3 0.5   1.8 1.0 

K-Feldspar 1.8 7.9  1.9 2.8  16.5 7.9 2.3 

Kaolinite 10.2 11.7 4.1 8.7 9.0 8.1 8.4 11.8 17.9 

Illite / 
mica 

7.5 7.2  6.1 5.8 7.3 3.8 6.4 
10.1 

Amorphous 36.0 40.6 87.2 31.4 40.3 48.8 1.0 23.0 19.4 

Refer Plate 9 for sample locations 

4.2.1.3 Spontaneous Combustion Testing (ALS Coal Division Richlands) 

The results from spontaneous combustion testing on reject material, with scope as outlined in 
Section 4.2.1, are summarised in Table 6.  Testwork certificates are reproduced as Appendix C. 
 

Table 6 
Summary Laboratory Test Results - Spontaneous Combustion on Reject 

Parameter Units REA-003 REA-005 REA-012 

R70 Deg .C/Hour 0.248 0.403 0.088 

RIT Deg .C 144 147 151 

Refer Plate 9 for sample locations 

4.2.1.4 Geotechnical Testwork (TriLab Brisbane) 

The results of geotechnical testing carried on reject material, including field moisture content and 
particle size distribution (PSD), with scope as outlined in Section 4.2.1, are summarised in Table 
7, with testwork certificates reproduced as Appendix C. 
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Table 7 
Summary Laboratory test Results - Geotechnical Testing on Reject Material 

Sample No REA-002 REA-006 REA-007 REA-012 

Moisture (%) 13.0 13.9 15.3 7.0 

AS Sieve Size (mm) PERCENT PASSING 

150 100 100 - 100 

75 91 81 100 98 

63 81 77 92 96 

53 78 74 84 87 

37.5 62 57 69 76 

26.5 45 43 51 63 

19 35 33 38 53 

13.2 31 28 33 44 

9.5 29 26 29 39 

6.78 25 23 27 35 

4.75 22 22 25 31 

2.36 17 17 20 23 

1.18 13 13 16 17 

0.6 10 10 13 14 

0.425 9 9 12 13 

0.300 8 8 11 11 

0.15 6 6 9 9 

0.075 5 5 7 8 

Refer Plate 9 for sample locations 

4.2.2 Potential Capping Materials 

4.2.2.1 Summary of Analytical Testing (ALS Brisbane) 

The results of analytical analyses undertaken on samples of potential capping materials, with scope 
as outlined in Section 4.1.2, are summarised in Table 8.   
 
Laboratory test certificates for this testwork are reproduced in Appendix C. 
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Table 8 
Summary Laboratory Test Results – Analytical Testwork on Potential Capping Materials 

Parameter Units LOR 

REA 
Footprint 

(“REAF”) 

Stockpiles 

(“SP”) 

Interim 
Cover 

(“REAC”) 

Rock 

(“RCK”) 

Number of samples   8 9 3 5 

pH - 0.1 5.5 to 7.4 5.6 to 8.8 9.8 to 10.3 8.2 to 9 

Net Acid Production 
Potential 

kg H2SO4/t 0.5 -12.4 to -5.6 -51.4 to <0.5 
-40.8 to -

31.1 
-12.5 to -3.6 

Electrical 
Conductivity 

µS/cm 1 9 to 90 40 to 191 980 to 1,600 46 to 233 

Net Acid Generation (NAG)     

pH (OX) - 0.1 6.8 to 7.4 6.9 to 9.3 10.2 to 10.6 7.3 to 8.5 

NAG (pH 4.5) kg H2SO4/t 0.1 <0.1 <0.1 <0.1 <0.1 

NAG (pH 7.0) kg H2SO4/t 0.1 <0.1 to 0.2 <0.1 <0.1 <0.1 

Acid Neutralising Capacity (ANC)     

 ANC as H2SO4 
kg H2SO4 

equiv./t 
0.5 5.6 to 12.4 <0.5 to 52 32 to 42.3 4.2 to 13.4 

ANC as CaCO3 % CaCO3 0.1 0.6 to 1.3 <0.1 to 5.3 3.3 to 4.3 0.4 to 1.4 

Moisture Content % 0.1 2.4 to 3.5 - 1.7 1.3 to 1.6 

Exchangeable Cations    - 

Exchangeable 
Calcium 

meq/100g 0.2 10.7 to 23.5 2.5 to 26.5 - - 

Exchangeable 
Magnesium 

meq/100g 0.2 3.8 to 8.5 1 to 8.1 - - 

Exchangeable 

Potassium 
meq/100g 0.2 0.2 to 0.3 0.5 to 2.8 - - 

Exchangeable Sodium meq/100g 0.2 0.1 to 0.4 <0.1 to 1.7 - - 

Cation Exchange 
Capacity 

meq/100g 0.2 15 to 32.6 4.4 to 33.6 - - 

Exchangeable Sodium 
Percent 

% 0.2 <0.2 to 2.6 <0.2 to 7.4 - - 

Calcium/Magnesium 

Ratio 
- 0.2 2.3 to 3.5 1 to 6.2 - - 

Magnesium/Potassium 
Ratio 

- 0.2 12.8 to 28.6 1 to 15.1 - - 

Sulphate as SO4 2- mg/kg 100 290 to 360 - 480 <100 to 160 

Sulfur - Total as S % 0.01 <0.01 
<0.01 to 

0.02 
0.03 to 0.05 0.02 to 0.03 

Sulfide as S % 0.01 <0.01 - 0.01 0.02 

Total Organic Carbon % 0.02 0.47 to 0.78 0.15 to 1.21 0.29 to 1.12 0.31 to 0.88 

Total Carbon % 0.02 0.66 to 1.26 0.34 to 1.84 0.62 to 1.78 0.31 to 1.43 

Total Inorganic 

Carbon 
% 0.02 0.16 to 0.61 0.09 to 0.72 0.33 to 0.66 

<0.02 to 

0.55 

* It is noted that some results are omitted from Table 4 to improve clarity.  These results are not critical to analyses, 
however are all included in testwork certificates included in Appendix C. 
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4.2.2.1 X-Ray Diffraction Results (QUT Central Analytical Research Facility) 

Results of phase analysis (X-ray diffraction) for samples of potential capping soils, with scope as 
outlined in Section 4.2.1, are summarised in Table 9, with testwork certificates reproduced in 
Appendix C.   
 

 

Table 9 
Summary Laboratory Test Results – Phase Identification (nominal wt%) on Potential Capping Materials 

 
REA footprint  

(“REAF”) 

Interim Cover 

(“REAC”) 

Rock 

(“ROCK”) 

 
REAF-004-

050 
REAF-006-

050 
REAC-002 ROCK-004 ROCK-008 

Quartz 9.8 34.6 55.7 41.7 42.5 

Anatase 1.5 1.7 0.6 0.5 0.4 

Hematite 5.9 4.9 0.9 - - 

Calcite - - 1.4 - - 

Siderite - - - 2.7 - 

Butlerite - - - 1.4 1.4 

Albite 3.1 1.6 1.8 - - 

K-Feldspar - 9.4 2.5 8.3 9.8 

Kaolinite 34.9 11.7 10.4 19.0 19.3 

Illite - - - 9.4 8.8 

Mica - - - 7.3 6.7 

Montmorillonite 17 16.2 13.6 - - 

Amorphous 27.9 19.8 13.1 9.8 11.1 

Refer Plate 9 for sample locations 

4.2.2.1 Geotechnical Testwork (TriLab Brisbane and SCS) 

The results of geotechnical testing carried on samples of potential capping material, with scope as 
outlined in Section 4.2.1, including field moisture content, Atterberg Limits and particle size 
distribution (PSD), are summarised in Table 10.  Results of permeability testing on these materials 
are presented in Table 11, soil-water characteristic curves (SWCC) in Table 12 and Slake Durability 
test results in Table 13.  Testwork certificates are reproduced as Appendix C. 
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Table 10 
Summary Laboratory test Results - Geotechnical Testing on Potential Capping Material 

 
(A) REA Footprint and Stockpile Fill Soils 

Parameter 

REA Footprint – Insitu Soils 

(“REAF”) 

Stockpile – Fill Soils 

(“SP”) 

REAF-
001 

REAF-
002 

REAF-
003 

REAF-
004 

REAF-
005 

REAF-
006 

SP1-
001 

SP1-
002 

SP2-
001 

Liquid Limit (%) 40 48 65 66 37 57 47 50 16 

Plastic Limit (%) 22.0 23.0 27.0 30.0 20.0 23.0 26.0 27.0 11.0 

Plasticity Index (%) 18.00 25.00 38.00 36.00 17.00 34.00 21.00 23.00 5.00 

Linear Shrinkage (%) 11.5 + 15.0 + 18.0 + 19.0 + 11.0 * 18.0 + 14.0 + 16.0 + 2.5 * 

Moisture (%) 10.3 13.2 17.5 19.6 9.2 11.3 10.5 11.8 3.2 

AS Sieve Size (mm) PERCENT PASSING 

37.5 - 

NT 

- 

  

  

  

  

  

  

NT  

  

  

  

  

  

  

  

- - 

NT NT 

100 

26.5 - 100 - - 95 

19 100 93 - - 91 

13.2 99 93 100 - 89 

9.5 98 93 99 - 89 

6.78 96 92 97 - 88 

4.75 95 92 95 100 88 

2.36 92 91 93 98 86 

1.18 91 90 92 95 85 

0.6 89 89 90 91 79 

0.425 87 87 88 88 73 

0.300 84 85 85 85 62 

0.15 75 81 78 77 38 

0.075 70 78 73 73 29 

Refer Plate 9 for sample locations 
NT- not tested 

 
(B) Stockpile Fill Soils and Rock 

Parameter 

Stockpile - Fill Soils 

(“SP”) 

Rock 

(“ROCK”) 
 

SP2-
002 

SP3-
001 

SP3-
002 

SP4-
001 

SP4-
002 

ROCK-
001 

ROCK-
002 

ROCK-
004 

 

Liquid Limit (%) 17 43 54 34 66 

NT NT NT 

 

Plastic Limit (%) 12.0 23.0 27.0 20.0 20.0  

Plasticity Index (%) 5.00 20.00 27.00 14.00 46.00  

Linear Shrinkage (%) 1.5 * 12.5 + 16.0 + 11.0 + 18.5 *  

Moisture (%) 3.4 9.7 8.7 10.7 7.1 12.6 9.6 9.8  

AS Sieve Size (mm) PERCENT PASSING 

9.5 

NT NT 

100 

NT NT 

- - 100  

6.78 99 - - 99  

4.75 98 - 100 98  

2.36 97 100 91 89  

1.18 96 98 87 86  

0.6 94 96 84 83  

0.425 91 96 83 82  

0.300 88 95 80 81  

0.15 79 93 76 77  

0.075 74 88 69 71  

Refer Plate 9 for sample locations 
NT- not tested  
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Table 11 
Summary Laboratory Test Results - Permeability Testing on Potential Capping Material* 

Parameter 

REA Footprint – Insitu Soils 

(“REAF”) 

Stockpile – Fill Soils 

(“SP”) 

REAF-001 REAF-003 REAF-006 SP2-001 SP3-002 

Laboratory Description 
SILTY 
CLAY 

SILTY 
CLAY 

SILTY 
CLAY 

SANDY 
GRAVEL 

SILTY 
CLAY 

Maximum Dry Density (t/m3) 1.71 1.56 1.65 2.02 1.63 

Optimum Moisture Content (%) 15.9 22.8 20.4 9.3 20.9 

Placement Moisture Content (%) 15.6 22.6 21.4 9.6 21.1 

Moisture Ratio (%) 97.9 99.3 104.7 103.3 100.8 

Placement Wet Density (t/m3) 1.94 1.87 1.96 2.17 1.93 

Density Ratio (%) 98.2 97.9 97.8 97.8 97.8 

Permeability, k20 (m/sec) 4.6 x 10-9 1.2 x 10-9 2.4 x 10-9 4.1 x 10-9 1.5 x 10-10 

* AS1289.5.1.1 – Standard Compaction; Refer Plate 9 for sample locations 
 

Table 12 
Summary Laboratory Test Results – SWCC Testing on Potential Capping Material 

Suction  

Moisture content (%) by 
weight 

REAF-002 REAF-005 

Saturation 65 57 

0.05 bar 48 46 

0.1 bar 47 42 

0.3 bar (Field Capacity) 36 32 

1.0 bar 26 22 

3.0 bar 23 19 

5.0 bar 22 17 

8 bar 21 17 

10 bar 20 16 

15 bar (Wilting Point) 19 15 

Available Water Capacity 17 17 

 
Table 13 

Summary Laboratory Test Results - Slake Durability Index Testing on Potential Capping Material 

Parameter ROCK-001 ROCK-002 

Slake Durability (1st cycle) (%) 88.2 86.8 

Slake Durability (2nd cycle) (%) 78.8 80.2 

Slake Durability (3rd cycle) (%) - - 

Water Used Tap Water Tap Water 

Temperature (°C) 19.8 19.7 

Appearance of fragments retained in the drum Moderate Deterioration Slight Deterioration 

Appearance of fragments passing through the drum Fragments & Fines Fragments & Fines 
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4.3 Reject Material Characteristics 

4.3.1 Physical Characteristics 

Physical characteristics of reject material have been assessed from particle size distribution 
testing.  The sample tested indicates GRAVEL, of cobble to boulder size (up to 150mm size), with 
trace of sand and clay/silt fines. 
 
These results indicate physical characteristics consistent with those observed during previous 
assessments (ATCW, 2016).  Consistent with this classification and supported by visual 
classification, reject material is expected to be competent (i.e. not readily crushable under load), 
be highly permeable and free draining (due to its grading), and therefore generally of low field 
moisture capacity. 

4.3.2 Geochemical Characteristics  

A range of parameters was tested for environmental geochemical assessment of reject material, 
sampled from both the emplacement and the ROM stockpile.  The geochemical testwork program 
was developed by Geo-Environmental Management (GEM), the objectives of which was to support 
assessment of salinity, sodicity, acid forming potential and metals enrichment and solubility.  
GEM’s interpretation of results obtained is reproduced as Appendix D.  A summary of the outcomes 
from this study in relation to reject material, based on GEM (2019) is provided in Table 14.   
 

Table 14 
Summary of Geochemical Characteristics for Reject Material 

Characteristic Summary 

pH  
• Typically alkaline with median values of 9.3 and 9.4 for placed and fresh rejects 

respectively. 

Salinity 
• Placed rejects typically range from slightly to highly saline. 

• Fresh rejects typically slightly saline. 

Acid Forming 
Potential 

• Total sulfur content relatively low, with majority of contained sulfur occurring 

as reactive sulphide. 

• All samples classified as non-acid forming (NAF). 

Metal Enrichment 

• Selenium (Se) concentration significantly enriched in all samples, compared to 

average crustal abundance. 

• Arsenic (As) and antimony (Sb) concentrations slightly enriched in some samples. 

• Relative enrichment described above is a typical feature of strata in this region. 

Solubility 
(Leaching) 

• Initial results indicate leachate with alkaline pH, with high to very high salinity 

(primarily due to significant sulfate salts). 

 
In summary, reject material is alkaline, likely to be non-acid forming (NAF), with enrichment and 
relative solubility of selenium (Se).  Arsenic (As) and Antimony (Sb) are also expected to be slightly 
enriched in some of the material.  Although fresh rejects recently stockpiled on the REA surface 
(prior to emplacement) were found to possess low salinity, test results imply that rejects exposed 
to atmospheric processes within the active disposal area have developed increased salinity, through 
oxidation.  This therefore suggests potential for release of more saline drainage (seepage and 
surface runoff), which is the primary geochemical concern with respect to management and closure 
of the REA. From a capping layer design perspective, it is considered advisable that exposure of 
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the reject material is minimised in order to avoid atmospheric oxidation processes.  These findings 
are consistent with the previous geochemical assessment completed on behalf of NCOPL during 
project development (reported in GEM, 2012). 
 
These conditions are considered severe enough to take precautions in REA capping layer design, 
with the following recommendations made with respect to engineering of this layer to achieve the 
closure objectives as outlined in Section 3.2: 
 

• Material used in the capping layer is to be generally fine grained and suitably engineered 
to minimise air voids and reduce permeability of the material and the potential for 
moisture infiltration into the emplacement; 

• Thickness of capping layer is to be sufficient and consistent to ensure no rejects are left 
exposed across the capped REA surface, this being a construction quality control measure, 
whilst also maximising performance 

 
GEM (2019) also suggest precautions to reduce the opportunity for capillary rise into the capping 
layer, as a result of the potential for salt generation within the reject material.  Such precautions 
are not relevant to the capping layer design, but to the treatment of the upper layers of reject to 
minimise infilling of voids within the reject matrix with fines.  Principally, this would require 
careful control on reject surface preparation, and particularly limiting over-compaction of the 
reject material. 
 
It is noted that the leach column testing of reject material (which has initially shown alkaline and 
saline leachate) is ongoing, with the primary objective of this testing being to assess in more detail 
the trends in leachate salinity and Se mobility under the prevailing pH conditions.  This program 
will continue for a 6-month period, after which evaluation of results will be undertaken to 
determine whether continuation of testing is required. 
 
GEM also recommended that ongoing testing of reject material as well as water quality monitoring 
is undertaken to validate the capping layer design (refer Appendix D).  The water quality 
monitoring requirements are included in the recommended monitoring program (refer Section 
8.6). 

4.3.3 Spontaneous Combustion Potential 

Three samples of reject material sourced from the REA stockpile, and taken from varying depths 
within the profile, were submitted for spontaneous combustion testing.  Adiabatic self-heating test 
(R70) and relative heating temperature tests were completed on each sample (refer Section 
4.2.1.3).   
 
The R70 values reflect the propensity of a material for spontaneous combustion.  The intrinsic 
spontaneous combustion propensity (ISCP) classification system adopted by the NSW Mine Safety 
Operations Branch (Industry and Investment NSW, 2011) is presented in Plate 11.   
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Plate 11 
ISCP Classification 

 
 
R70 tests for all three samples returned results of less than 1 deg C/h, indicating that the reject 
material is classified as a having a propensity rating of low (L).  These R70 results compare with 
other coal types as presented in Plate 12 (provided by ALS). 
 

Plate 12 
Spontaneous Combustion Test Results – Comparison With Other Coals 

 

 
 
The test results indicate that the risk of spontaneous combustion, in the form of fires or heating 
within the REA, is low.  As such, it is considered that specific measures in relation to placement 
and encapsulation are not necessarily required.  Notwithstanding, the adopted capping 
construction approach should consider measures to minimise potential for oxygen diffusion into the 
rejects mass, which would be a key trigger for spontaneous combustion.  These measures are 
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aligned with those recommended in Section 4.3.2 to reduce potential salinity generation in reject 
material. 

4.4 Potential Capping Material Characteristics 

Characteristics of both soil and rock material, available for use in the capping layer construction 
for the REA, are reviewed in the following sections. 

4.4.1 Soils 

4.4.1.1 Physical Characteristics  

Physical characteristics of the soil materials has been assessed from particle size distribution, 
Atterberg Limits, compaction and permeability testing.  A summary of soil classification from each 
soil sample source from this testing is presented below: 
 

• Insitu Soils (REAF samples)  SILTY CLAY, some sand (70 to 80% passing 0.075mm 
     size), medium to high plasticity (LL ranging from 70 to 
     78%) 

• Stockpile Soils (SP samples) SILTY CLAY, some sand (69 to 88% passing 0.075mm 
     size), medium to high plasticity (LL ranging from 43 to 
     66%) 

     OR 
     SANDY GRAVEL, Fine to medium grained, some clay/silt 
     fines of low plasticity 

 
These results indicate that the insitu CLAY soils from the REA footprint are very similar to the 
stockpiled CLAY soils.  Other stockpile soils comprise SANDY GRAVEL.  Compaction and permeability 
of these soil types are summarised in Table 15. 
 

Table 15 
Compaction and Permeability Characteristics - Soils 

Soil Type/Source Compaction Properties Permeability* 

SILTY CLAY  
(Insitu or Stockpile) 

Max Dry Density  1.55 to 1.7t/m3 

Opt Moisture Content 16 to 22% 
5 x 10-9 to 1x10-9m/s 

SANDY GRAVEL  
(some clay/silt) 

Max Dry Density  2.0t/m3 

Opt Moisture Content 9% 
1x10-9m/s 

* Recompacted to approximately 98% of maximum dry density at a moisture content within -2 to +4% of optimum moisture 
content.  This compaction is considered typical of the standard that would be adopted in construction of the capping 
layer. 
 
In summary, it is evident that: 
 

• the insitu soils within the REA footprint area and a portion of adjacent soil stockpiles 
(presumably formed by soils taken previously from the REA footprint) comprise SILTY CLAY 
soils that are of relatively high plasticity, which correlates to low (recompacted) 
permeability when compacted to an engineering standard.  Classification and compaction 
properties correlate to a material that suitable for engineering purposes, with application 
in capping layer construction; and 

• the remaining portion of the soil stockpile comprises coarse GRAVELs, with a fine fraction 
that appears to contribute to its compaction characteristics as well as leading to lower 
recompacted permeabilities that would be typical for this type of material.  
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Notwithstanding, the grading of the material would create uncertainty in replicating these 
permeabilities in construction. 

 
In addition to this physical characterisation of soils that are available for capping layer 
construction, an investigation of surface soils from the box cut area was undertaken.  As outlined 
in Section 4.1, these soils have created a non-eroding surface and supported vegetation growth on 
relatively steep slopes.  This testing was therefore undertaken as a reference batter rehabilitation 
within the site.  The results of this testwork, as summarised in Appendix B, indicate that the 
capping soils used in this area comprise SILTY/SANDY CLAY of medium to high plasticity.  Emerson 
Class Nos for these clay soils indicate non-dispersive behaviour, although in the presence of 
carbonate and gypsum, meaning breakdown of soil lumps on wetting.  (Although Emerson Class 
analysis was not undertaken on REA soil samples, it has been assumed that similar characteristics 
to the box cut batter samples are achievable.) 
 
The results of the supplementary testing (on the reference site material) indicates similar physical 
characteristics to the soils sourced from the REA.  This may imply a similar borrow location.  As 
such, it is considered that the performance of the capping profile in the box cut area could be 
replicated at the REA subject to similar placement conditions, topsoil and revegetation conditions 
and similar batter slopes. 

4.4.1.2 Geochemical Characteristics  

As described in Section 4.3.2, an assessment of environmental geochemistry of potential capping 
materials (and reject material) was undertaken by Geo-Environmental Management Pty Ltd (GEM) 
to support assessment of salinity, sodicity, acid forming potential and metals enrichment and 
solubility.  GEM’s interpretation of results obtained is reproduced as Appendix D.  As part of this 
assessment, geochemical analyses were undertaken on soil samples recovered from the REA 
footprint and existing stockpiles for a range of parameters, with results of this testing presented 
in Section 4.2.2.  It is noted that both CLAY soils (from the REA and from stockpile) and GRAVEL 
(from stockpile) were tested.  As a comparison, soils used for interim capping on existing REA 
batters were also tested. 
 
From GEM (2019), results of geochemical characterisation of potential capping materials (both 
CLAY and GRAVEL; REA and SP samples) are summarised in Table 16.   
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Table 16 
Summary of Geochemical Characteristics for Potential Capping Materials 

(REA and SP Samples) 

Characteristic Summary 

pH  
• Stockpiled and placed REA capping materials typically alkaline  

• REA footprint materials slightly acidic to neutral 

Salinity 

• Stockpiled capping materials non-saline to slightly saline  

• Placed REA capping materials highly saline 

• REA footprint materials non-saline 

Sodicity 
• Stockpiled and REA footprint capping materials typically non-sodic (one 

sample slightly sodic) 

Acid Forming Potential 

• Total sulfur content low 

• All samples classified as non-acid forming (NAF) and barren in terms of 

acid generation and neutralisation 

Metal Enrichment 
• Selenium concentration significantly enriched in all samples 

• Arsenic and antimony concentrations slightly enriched in some samples 

Solubility (Leaching) • Initial results indicate neutral pH and high salinity 

 
Mineralogical testing of insitu soils (CLAY) indicate a difference in the two samples tested, with 
one being quartz dominant and the other kaolinite (and other clay minerals) dominant.  This 
contrast would potentially create differences in physical properties of the material, with the 
kaolinite material tending more clayey and a higher potential for shrinkage and swelling. 
 
The assessment indicates that the insitu (REA footprint) and stockpiled soil material (both CLAY 
and GRAVEL) are benign, alkaline, with low salinity, sodicity and sulfur content, are significantly 
enriched in selenium and classified as NAF (non-acid forming). 
 
In contrast, the soils used as interim cover over the existing northeastern REA batters (REAC 

samples) is of high salinity (in excessive of 1,000S/cm, compared to less than 200S/cm for CLAY 
and GRAVEL soils), although are NAF (non-acid forming)2.  It has been concluded through 
observation, that the development of salinity within these interim cover soils has developed insitu, 
related presumably to contact with rejects.  NCOPL have since advised that the interim capping 
material was placed without design and specific construction protocols, and therefore is considered 
to be unengineered.  It is also understood that that mixing and exposure of rejects has likely 
occurred, and that this contact and exposure would account for elevated salinity in the overlying 
soils.   
 
This possibility would emphasise the need to carefully design the placement methodology for any 
REA capping material that is in contact with this material, with consideration of: 
 

• Use of an interim cover layer over recently placed reject (as a separation between reject 
and the capping layer) 

• Capping material specification 

• Method of placement (i.e. mixing with underlying rejects, or adjacent exposure of rejects) 

• Capping layer design (related to potential moisture migration). 

 
2 Mineralogy of the interim cover soil is quartz dominant, but of similar characteristics to one of the insitu 
clay soils tested, including enrichment in selenium.  Similar physical characteristics to this material are 
therefore implied. 
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As described in Section 4.3.2, leach column testing of capping material is ongoing.  The results of 
this testwork will provide further insight to the potential for migration of salts out of the reject 
into adjacent soils layers. 

4.4.2 Rock 

The use of rocky material for amelioration of potential capping soils, as well as for use as erosion 
protection for areas of drainage, has been considered.  Excavated basement sequences (that might 
be typical of borrows or underground workings) are the only sources of rock within the site.  As 
such, rock samples from the box cut were recovered for geotechnical and geochemical testing to 
assess suitability in these applications.  It is understood that these materials comprise highly to 
moderately weathered metasiltstone/ sandstone. The results of testing on rock samples are 
presented in Section 4.2.   
 
In summary, the results and interpretation of rock sample testing are summarised below: 
 
Physical Testing 
 
The rock samples can be classified as fine to coarse grained SAND with gravel, comprising a 
maximum particle size of between 2 and 10mm.  The fines content within samples tested varied 
between 70 and 90%.  (Note that it is possible that the samples tested for particle size distribution 
had broken down in transit and through the testing process, to reduce the quantity of larger 
particles.  This however would imply a particular material quality.) 
 
Slake durability testing was undertaken on the rock samples, which shows slight to moderate 
deterioration. 
 
Additionally, mineralogical testing was carried out on select rock samples, showing a dominance of 
quartz, but also kaolinite, illite and mica.  These latter constituents (clay minerals) would create 
the potential for instability of the rock structure and dispersiveness. 
 
In summary, these results highlight concerns with respect to the durability and integrity of the rock 
material under load and subject to exposure.  The likelihood is that this material would break down 
to a sandy material with fines, and therefore would have no specific application as a soil ameliorant 
(to reduce erosion potential) or for erosion protection. 
 
Geochemical Characteristics 
 
Based on the results of physical testing, there is little relevance in the geochemical testing given 
that the rock samples would have no application in soil capping or erosion protection.  
Notwithstanding the results obtained indicate that the rock material sampled is NAF (non-acid 
forming) with low sulfur content. 

4.5 Summary 

A summary of the materials testing program as outlined in the previous sections is provided below: 
 
Reject Material 
 

• Reject material tested can be classified as GRAVEL, of cobble to boulder size (up to 
150mm size), with trace of sand and clay/silt fines. 

• The material is likely to be non-acid forming (NAF), with some level of enrichment, 
although being not of concern. 
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• The material was found to possess low salinity, although increased salinity appears to 
develop through exposure and oxidation.  This is the primary geochemical concern with 
respect to rejects.  It is noted that the geochemical assessment of interim cover soils used 
on the REA identifies elevated salinity likely related to contact with rejects, although also 
recognising that this layer has been unengineered.  It is acknowledged that under 
uncontrolled conditions, mixing and exposure of rejects is a possibility that can impact on 
capping soils.   

• The potential for salt generation and potential impact on capping soils is considered 
severe enough to take precautions in REA capping layer design, with consideration of the 
following recommendations  
 Materials used in the capping layer to be generally fine grained and suitably 

engineered to minimise air voids and reduce permeability of the material and the 
potential for moisture infiltration into the emplacement; 

 Thickness of capping layer is to be sufficient and consistent to ensure no rejects are 
left exposed across the capped REA surface, this being a construction quality control 
measure, whilst also maximising performance. 

 Careful control on preparation of the upper layers of reject would be necessary, 
including limiting over-compaction of the reject material to minimise infilling of 
voids within the reject matrix with fines, and possibly the use of an interim soil 
cover layer (prior to construction of the capping layer). 

It is noted that leach column testing of reject material is ongoing, with the primary objective of 
this testing being to assess in more detail the trends in leachate salinity. 
 
Based on these geochemical properties of reject, the position has been adopted that the 
Alternative Case Capping profile comprising a rock ameliorated capping soil (refer Section 3.1.5) 
should not be considered further at this stage. 
 
Potential Capping Material 
 

• Sources of potential capping soils include insitu borrow from the REA footprint, as well as 
existing soil stockpiles within the site. 

• The insitu soils and a portion of soil stockpiles (presumably formed by soils taken 
previously from the REA footprint) comprise SILTY CLAY soils that are of relatively high 
plasticity, which correlates to low (recompacted) permeability when compacted to an 
engineering standard.  It is considered that these materials are suitable for engineering 
purposes, with application in capping layer construction. 

• The remaining portion of the soil stockpile comprises coarse GRAVELs.  Although tested 
permeabilities for this material were low, it is not expected that these would be 
replicated in construction.  These materials would therefore not be recommended for use 
as a fine-grained capping soil. 

• Insitu and stockpiled soil material (both CLAY and GRAVEL) are benign with low salinity, 
sodicity and sulfur content, and are classified as NAF (non-acid forming). 

• Investigation of surface soils from the box cut area, as a reference site indicate that the 
capping soils used in this area comprise SILTY/SANDY CLAY of medium to high plasticity, 
with these materials being generally non-dispersive.  As such, similar physical 
characteristics to the soils sourced from the REA are expected, with the potential to 
replicate the performance of the capping profile in the box cut area subject to similar 
placement conditions, topsoil and revegetation conditions and similar batter slopes. 

• Assessment of rock samples taken from the box cut area (being representative of rock 
sources from the site) highlight concerns with respect to the durability and integrity of 
the rock material under load and subject to exposure.  The likelihood is that this material 
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would break down to a sandy material with fines, and therefore would have no specific 
application as a soil ameliorant (to reduce erosion potential) or for erosion protection. 

4.6 Capping Material Balance 

As a wrap-up of the materials characterisation assessment, a preliminary material balance has been 
undertaken to assess capping material volume requirements based on the conceptual landform and 
proposed capping profile (as outlined in Section 3), against CLAY material availability (for use as 
capping material) based on existing stockpile volumes and potential borrow from the REA footprint.  
The results of this material balance are presented in Table 17.  It is emphasised that these 
estimates are preliminary only, assumptions made in relation to the following factors: 
 

• soil thickness in borrows; 

• suitability of soils from borrows and stockpiles 

• material bulking factors of 1.0 (i.e. bulking factors have been ignored) 

• rock material for use as a soil ameliorant has been ignored 

• borrow from construction of contour drains or erosion protection has been ignored. 

It is also noted that material requirements and availability for formation of drainage bunds, 
drainage aggregate and other material requirements have not been considered. 
 

Table 17 
Capping Material Balance 

Capping Material Required Capping Material Available 

Capping Aspect Slope Area (m2) Volume (m3)* Source Area Volume (m3) 

Plateau 146,000 58,000 Stockpiles 11,000 

Batters 100,000 40,000 REA footprint stripping  72,000 

TOTAL 246,000 98,000 TOTAL 83,000 

Shortfall  15,000   

* Based on a capping layer thickness of 400mm 

 
This material balance indicates a potential shortfall of some 15,000m3 of soil material required to 
construct the capping over the final landform.  This indicates a need for additional sources of 
suitable soil material in the long-term; however, it is noted that based on the current rejects 
generation forecast, this would not be required for approximately 9-10 years.  It is also noted that 
this assessment has not considered implications of Stage 3 development expansion plans currently 
under consideration by NCOPL (with respect to material sources and/or additional rejects 
quantities).  
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5 VADOSE ZONE MODELLING 

5.1 Background 

Modelling has been undertaken to assess the movement and potential fate of moisture within the 
proposed capping layer system.  This modelling has been undertaken to address the closure 
objective (outlined in Section 3.2.2) related to generation and release of leachate that is 
potentially polluting.  The specific purpose of the modelling is to assess the overall water balance 
related to the capping profile, with consideration of the net flux of moisture through the profile 
that would report to the rejects emplacement and that would otherwise be available as leachate. 
 
Modelling was undertaken with VADOSE/W, a computer-based, finite element package used for 
numerical modelling of saturated and unsaturated flow within soils.  Model results of the capping 
system include with inward fluxes associated with rainfall and outward fluxes from evaporation, 
with the balance reporting as net infiltration through the model section. 
 
Modelling was undertaken using a one-dimensional slice taken through the proposed capping layer 
profile extending some 13 metres into the reject emplacement below.  To simulate infiltration 
conditions, a boundary condition was included in the base of the modelled column to allow model 
outflows. 
 
Modelling was based on the Base Case Capping profile as described in Section 3.1.5, and 
reproduced below.  It is noted that due to the limited availability of a suitable rock material, as 
outlined in Section 4.5, the use of a rock ameliorated capping soil was not considered.  It was also 
reasoned that, with the need to reduce the potential for gaseous oxygen diffusion through the 
capping profile, as a means of reducing the potential for generation of salt from the reject, the 
use of rock on the capping profile may compromise this condition by increasing soil permeability. 
 

 

5.2 Model Development 

Two scenarios were modelled to simulate average rainfall conditions (Scenario 1) and wet 
conditions (Scenario 2).  Each scenario was modelled for a duration of 3 years. 
 
Model development is discussed further below. 
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5.2.1 Boundary Conditions 

The geometric configuration of the model comprises a 1-dimensional column, comprised of 13m of 
reject material overlain by 0.4m of capping soil.  The 1-dimensional profile eliminates lateral flow 
and is considered representative of expected drainage conditions within the REA. Other boundary 
conditions are outlined as follows: 
 
Climatic Conditions:  Applied to the surface of cover system. Further detail is 

provided in Section 5.3. 
 
Initial Water Level: Zero head conditions applied at the base of the reject 

materials under the assumption that the coarse rejects are 
well drained under unsaturated conditions. 

 
Initial Gradient (free drainage): Applied at the base of the model to allow seepage from the 

model. Seepage rates are calculated assuming the downward 
flux is equal to the hydraulic conductivity at that point. 

 
Vegetation was not considered in the modelling. It is recognised that although vegetation will form 
an important component of the final capping system for erosion protection purposes, for the 
purpose of Vadose modelling, exclusion of vegetation will achieve conservative outcomes by 
ignoring moisture losses through evapotranspiration effects. 
 
As a 1-dimensional model, the effect of stormwater runoff from the surface of the capping layer is 
represented by a runoff ‘loss’ rate determined from the effects of the soil-water characteristic 
curve of the surface layer on rainfall rates (refer Section 5.2.2). 

5.2.2 Soil-Water Characteristics 

Primary input parameters for materials are comprised of hydraulic properties related to 
conductivity and volumetric water content for a range of negative soil pressures (matrix suction).  
These properties are defined in the form of a soil-water characteristic curve. 
 
Laboratory testing for selected soil samples from the REA footprint was undertaken to define a 
representative soil water characteristic curve for the capping soils (refer Section 4.4.1).  Samples 
tested were from sampling locations REAF-002 and REAF-005.  The soil water characteristic curve 
was generated empirically using the Mualem equation (1976) to define unsaturated, vertical 
permeability.  This equation is reproduced below. 
 

Equation 1: 𝐾𝜑 = 𝐾𝑆 ∙ 𝑆𝑒
𝑙 ∙ [1 − (1 − 𝑆𝑒

1

𝑚)

𝑚

]2 

 
A description of input parameters and adopted values for the proposed capping soil is presented in 
Table 18. 
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Table 18 
Mualem Equation Input Parameters 

Parameter Description Value 

K Ψ Hydraulic Conductivity at Matric Potential Calculated 

Ks Saturated hydraulic conductivity (Permeability) 1.00E-07 

Se Effective water content 0.48 

I Pore structure of material (default value of 0.5 used) 0.5 

m 
Curve fitting parameter estimated recommended value in 
published literature for Clay 

0.46 

 
Soil-characteristic curves and unsaturated permeability soil functions generated for capping layer 
soils, as a composite from samples REA002 and REA005, are shown in Plate 13. 
 

Plate 13 
Capping Layer Soil Water Characteristic Curves 

 
 
Soil-water characteristic and unsaturated permeability soil functions for reject material were 
adopted using data available from the literature (calibrated against previous ATCW project 
experience with similar material types, such as rock fill) based fundamentally on particle size 
distribution and material type.  These are reproduced in Plate 14. 
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Plate 14 
Rock Fill Soil Water Characteristic Curves 

 

5.3 Climate Data 

Climate data for modelling purposes was sourced from a SILO Data Drill and the Bureau of 
Meteorology, as summarised in Table 19. 
 

Table 19 
Adopted Climatic Conditions 

Climatic Aspect Data Source 

Rainfall 

Data obtained from the SILO Data Drill program 

Evaporation 

Maximum and minimum air temperatures 

Maximum and Minimum Relative humidity 

Wind speed 

Data obtained from Narrabri West Post Office* 

Average monthly wind speed taken from average of 
9am conditions and 3pm conditions 

*Bureau of Meteorology site number 053030 - Latitude: 30.34 °S; Longitude: 149.76°E 

 
The method applied for rainfall inputs was to obtain the 1-year duration record for both average 
and wet rainfall conditions, assessed as the 50th percentile 1-year total (for average conditions) 
and 93rd percentile 1-year total (for wet conditions), as obtained statistically from the SILO data 
drill.  These records were then repeated for 3 consecutive years, which is considered to represent 
a conservative position, particularly for the wet scenario (given the very low probability that the 
wet year would be repeated over 3 consecutive years).  Years 2013 and 1978 were identified as the 
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average and wet rainfall years, respectively.  Corresponding records for evaporation and other 
climatic aspects were then applied. 
 
A summary of rainfall and evaporation records adopted for modelling purposes is summarized in 
Table 20. 
 

Table 20 
Adopted Rainfall & Evaporation Conditions 

Parameter Scenario 1 - Average Year 

 50th percentile (Year 2013) 

Scenario 2 – Wet Year 

93rd percentile (Year 1978) 

Rainfall 554mm 777mm 

Evaporation 2,165mm 1,762mm 

5.4 Results 

Model output is generated in the following forms: 
 

• Water Balance (accounting for net rainfall, runoff and evaporation) 

• Flux rates (net infiltration through the model) 

A summary of model outputs is provided in the following sections. 

5.4.1 Water Balance 

Water balance output from the Vadose model is presented in Plate 15.  Results indicate that over 
the modelled 3-year period, the following contributions exist: 
 

• Average Rainfall Sequence - Surface Runoff 32% of rainfall depth 
     - Evaporation  68% of rainfall depth 

• Wet Rainfall Sequence - Surface Runoff 22% of rainfall depth 
     - Evaporation  72% of rainfall depth 

 
The residual depth of rainfall would report as infiltration into the reject, a portion of which would 
contribute to the field moisture capacity of the reject material and the balance reporting as flux 
through the model base (refer Section 5.4.2).  
 



 

21 November 2019 45 of 73  Narrabri Coal Mine 
REA Capping Assessment & Closure Design     

116100_03_R001_0 

Plate 15 
Water Balance 

 
 

5.4.2 Flux Rates (Infiltration) 

Flux rates are presented as follows: 
 

• Plate 16 - Flux at Model Surface 

• Plate 17 - Flux at Base of Capping Layer (Contact with Rejects) 

• Plate 18 - Flux at Model Base (base of Reject Profile) 
 
These results indicate the following: 
 

• Flux at the surface is primarily controlled by climatic conditions. Inflows from rainfall 
(negative flux) is followed by a period of evaporation (positive flux) in the following days 
(refer Plate 16). Flux rates at the surface range from -0.3m/day (infiltration) to 
0.003m/day (evaporation) for wet conditions and -0.2m/day to 0.003m/day for average 
conditions. 

• It is indicated in Plate 17 that at the base of capping layer (i.e. at a depth of 400mm 
within the model section), the modelled flux (i.e. water reporting from the capping soil 
to the rejects) ranges from -5.8 x 10-6m/day for wet conditions and 1 x 10-8m/day for 
average conditions.   

• Results shown in Plate 18 indicate that approximately 1.3% of the total rainfall infiltrating 
the capping system (for both average and wet scenarios) reports as infiltration that 
reaches the base of the model, with the remainder lost through evaporation or stored 
within the rejects material (as field moisture capacity).  The similar seepage rates 
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observed for both the average and wet scenarios indicate that rainfall rates do not 
significantly impact seepage at the base, noting the following: 
 the majority of rainfall reports as surface runoff with limited infiltration through 

the cover system; 
 of the rainfall that does infiltrate the cover system, the majority is either lost 

through evaporation, or stored within the rejects - noting that the rejects do not 
become saturated for either scenario during the modelled period, higher storage 
within the rejects for the wet scenario buffers the flux towards the base of the 
rejects; and, 

 the balance of moisture not lost through surface runoff, storage or evaporation, 
reports as seepage to the base, limited by material properties of the cover system 
and rejects material. 

 
Plate 16 

Flux – Surface* 

 
* The vertical axis been truncated to highlight daily flux, which is not otherwise visible at a scale where 
the maximum and minimum flux rates are shown. 
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Plate 17 
Flux – Base of Clay 

 
 

Plate 18 
Flux – Base of Rejects 
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5.4.3 Vegetation Assessment/Porewater Pressures 

Plate 19 presents a range of soil saturation and resulting availability of moisture for plant uptake 
for various material types. Where the wilting point is exceeded, plant uptake of moisture is limited. 
The field capacity is the residual moisture content in a soil, where the soil has been allowed to 
drain for 2 to 3 days. The moisture range between the wilting point and field capacity facilitates 
uptake of moisture by plants. 
 

Plate 19 
Soil Moisture Content vs Water Availability for Plant Uptake 

 
Ref. ScienceDirect.com, 2018b 

 
Soil-water characteristics for materials utilised in the model (refer Section 5.2.2, Plates 13 and 
14) show that soil moisture content is a function of porewater pressure (existing as matrix suction). 
The availability of soil moisture for plant uptake, as reflected in Plate 19, can therefore be 
interpreted through review of porewater pressure. 
 
Plates 20 and 21 present modelled porewater pressures at a range of depths within the cover 
system for the average and wet rainfall sequences.  Superimposed over these plots are 
benchmark/typical field capacity and wilting point moisture contents for the capping soils.  It is 
noted, as highlighted in Section 5.2.1, that vegetation was not included in the Vadose model, the 
effect being that higher porewater pressures would be expected to develop in the presence of 
vegetation and subject to plant uptake. 
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Plate 20 
Modelled Porewater Pressure – Average Rainfall Sequence 

 
 

Plate 21 
Modelled Porewater Pressure – Wet Rainfall Sequence 

 
 



 

21 November 2019 50 of 73  Narrabri Coal Mine 
REA Capping Assessment & Closure Design     

116100_03_R001_0 

Model results have been reviewed to provide an indication of the moisture availability (as a function 
of porewater pressures) and capacity of the capping system to support vegetation.  The following 
observations are relevant: 
 

• At capping layer depths from 0mm to 100mm below the surface, moisture content is 
controlled by climate conditions, with daily fluctuation of porewater pressure observed. 

• At a depth of 200mm, it is observed that during periods where above average rainfall 
conditions occur, porewater pressure rises above the field capacity., and that generally 
across the model period, porewater pressures fall between the field capacity and the 
wilting point. 

• At a depth of 400mm (base of capping layer), model results indicate porewater pressure 
is maintained at, or just above the wilting point.  

• Below the capping layer (within the upper layer of the rejects), limited moisture for plant 
uptake would be available due to free draining properties of the reject material.  

 
While vegetation effects were not modelled (refer Section 5.2.1), based on modelled porewater 
pressures, these observations would suggest that the capping layer would likely support growth of 
some perennial and drought tolerant grass species, indicated by the marginal levels of moisture 
availability.  It is noted however, that the existence of vegetation would increase moisture losses 
through plant uptake and transpiration, thus reducing available water content.  Selection of plant 
species appropriate for the climate conditions and water holding capacity of the cover soil is 
therefore considered crucial. 
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6 WATER CHEMISTRY MODELLING 

6.1 Overview and Objectives 

Water chemistry modelling of drainage water through the rejects mass was completed by 
GeoSquare (Geosquare, 2019).  This study had the following objectives: 
 

a) evaluate the likely water chemistry representing the potential long-term release water 
quality reporting as leachate (or seepage) discharge from the REA, and 

b) illustrate potential changes in water quality characteristics over time due to interaction 
with the identified mineralogical composition of the reject material.  

 
A geochemical transport model for the REA was developed using PHREEQC, a program designed to 
perform a wide variety of aqueous geochemical calculations.  Model inputs were based on review 
of the rejects geochemical testing results (refer Section 4.3), plus the outputs of vadose zone 
modelling as infiltration rates through the proposed capping (refer Section 5.4.2).  The model did 
not include oxygen diffusion through the capping layer, nor weathering of the reject material. 
 
Model outputs comprised predictions of REA seepage water quality for a range of parameters over 
time.  These parameters included pH, total dissolved solids, alkalinity and sulfate. 
 
The technical memorandum detailing this study is attached as Appendix E. 

6.2 Modelling Results  

Modelling results showed pH values of REA seepage water quality ranging from 7.6 to 8.6, indicating 
circum-neutral to slightly basic conditions.  An initial flush of soluble chemical species (sodium, 
calcium, chloride and alkalinity) with a small amount of sulphate release was indicated; however, 
over an extended time period, concentrations showed a steady decline with limited generation 
potential for sulphate due to pyrite oxidation and the circum-neutral conditions.  Modelled long-
term concentrations of total dissolved salts (TDS) were approximately 86mg/L.  This would 

correlate to electrical conductivity of between 100 and 150S/cm. 

6.3 Conclusions 

It was concluded that based on current geochemical characteristics of rejects and the proposed 
capping profile, the potential for acidification or saline drainage discharging from the REA is 
limited.  It is noted that this conclusion is made on the basis of ingress of oxygenated rainwater 
through the cap (using the flux rates determined from vadose zone modelling as described in 
Section 5) however oxygen diffusion (and hence potential oxidation of underlying rejects) was not 
included in the model scope.   
 
As outlined in Section 4.3.2, kinetic leach column testing is being undertaken to evaluate the 
production of sulfate from the reject material.  This testing is being undertaken for an initial 6-
month period by GEM, after which further assessment of potential issues will be undertaken. 
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7 LANDFORM EVOLUTION AND EROSION MODELLING 

7.1 Overview and Objectives 

Landloch Pty Ltd (Landloch) was engaged to assess the erosional stability of the REA’s proposed 
capping layer configuration.  The overall objective was to determine if the proposed capping layer 
and overall landform rehabilitation design will remain erosionally stable in the long term.  The 
basis of this study was the REA concept as presented in Section 3.2.3. 
 
The assessment comprised the following tasks: 
 

• assessment of erodibility characteristics of the soil (capping layer)3 material to be applied 
over the entire landform, by application of simulated rain and overland flows to the 
materials;  

• assessment of sediment characteristics of the soil (capping layer) material using settling 
columns;  

• WEPP (Water Erosion Prediction Project) runoff/erosion model simulations to assess the 
erosion performance of batters with the soil (capping layer) applied to the surface of the 
landform, considering the effect of vegetation cover on the surface; and  

• SIBERIA landform evolution modelling to assess the long-term erosional performance of 
the landform as a whole.  

 
The Base Case Capping profile as shown in Section 3.1.5, and reproduced below, was adopted for 
this study. 
 

 
 
Landloch’s Landform Evolution and Erosion Modelling Report (Landloch, 2019) is attached as 
Appendix F, with results summarised in the following sections. 

7.2 Methodology 

The Landform Evolution and Erosion Modelling study was based on assessment of predicted erosion 
rates, against target erosion rates considered tolerable from a long-term stability perspective.  In 
setting the target erosion rates, a key assumption was that the landform batter slopes generally 
represent high erosion risk due to:  

 
3 Assumed sourced as borrow from the REA footprint, and described in Section 3.2 as topsoil/subsoil. 
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• the lack of competent (durable) rock in the soil cover, and  

• discharge of runoff from the landform top on to the batters. 
 
Accordingly, the peak erosion value selected as the basis for this assessment was 5 
tonnes/hectare/year.  It is noted that in Landloch’s waste landform planning experience, rilling 
(the precursor for gully formation) is largely, if not completely, absent at this erosion rate.  In this 
regard, it is considered that this target soil loss value achieves acceptable levels of stability to 
erosion. 
 
In assessing the proposed landform, the following methodology was applied: 
 

a) Laboratory testing of erodibility of topsoil/subsoil material samples; 
b) Use WEPP model to consider runoff and erosion from a range of 2D landform and 

rehabilitation batter options; 
c) Run WEPP to generate time series data on runoff and erosion that can be used to develop 

SIBERIA parameters relevant to the site material and climate; and 
d) Run the SIBERIA model to consider the broader 3D landform, to identify any point of flow 

concentration that may create instability, and to assess the long-term changes in the 
landform that may be critical for its long-term stability. 

7.3 Results 

Results of the testing and modelling activities as outlined in Section 7.2 are summarised in the 
following sections.  

7.3.1 Material Testing 

A blended mixture of bulk soil samples retrieved from site soil stockpiles (SP1 and SP3) and the REA 
footprint (REAF_002) was prepared for laboratory testing of material properties and erodibility. 
 
The test results for soil pH, salinity, exchangeable cations and dispersion, and particle size 
distribution, as generated by Landloch, were consistent with laboratory test results as summarised 
in Section 4.2.2.  On this basis, the soil blend was generally characterised as SANDY CLAY with 
slight acidity, low salinity, low sodicity and low dispersion potential.  The soil characteristics are 
considered not limiting in terms of supporting vegetation; however, based on the fines content, 
the soil is considered likely to be susceptible to erosion. 
 
Rainfall and overland flows were simulated to enable calculation of erodibility parameters of the 
unvegetated soil for the WEPP runoff/erosion model (refer Plate 22).  Sediment size and density 
properties were measured using a settling tube.  Erodibility parameters and equivalent sand size 
distributions are included in the report presented as Appendix F. 
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Plate 22 
Rainfall Plot and Overland Flow Flume Simulation Test Examples 

    

7.3.2 WEPP Modelling 

A range of WEPP simulations using a 100-year synthetic climate file were undertaken based on the 
following landform aspects: 
 

• Landform height of 15m 

• Slope gradients of 6H:1V, 5H:1V and 4H:1V 4 

• Vegetation cover levels of bare, 50% grass, 70% grass and 80% grass  
 
Key outcomes of the WEPP modelling are summarised as follows: 
 
Impacts of Slope Gradient 
 

• For 80% vegetation cover, erosion rates for all three modelled slope gradients exceeded 
the target based on the associated batter slope lengths (for a 15m high landform).  
Maximum slope lengths (to avoid unacceptable erosion) were as follows: 
 4H:1V  ~35m 
 5H:1V   ~50m 
 6H:1V  ~75m 

 
Impacts of Vegetation Cover 
 

• Plate 23 shows extreme rates of erosion predicted for bare unvegetated slopes.  Large 

reductions in erosion rates are predicted from establishment of vegetation.   

 
4 Batters of 5(H) to 1(V) are targeted as a nominal slope (refer Section 3.2.3) 
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Plate 23 
Predicted Erosion Rates for 5H:1V Slopes 

 
• Results indicate that considerable care will be required to control erosion during the 

period when vegetation is establishing and vegetative cover levels are not yet sufficient 
to manage erosion. 

• Equally, the requirement to achieve approximately 80% vegetative cover means that 
management of soil fertility will be important, as will future management of the 
rehabilitated areas to ensure that that cover level is maintained. Drought, fire, and 
uncontrolled grazing could be of concern. 

7.3.3 SIBERIA Modelling 

Modelling was based on the conceptual landform (refer Section 3.1.2; Plate 7) comprising a 
maximum height of 15m, batter slopes of 5H:1V and plateau gradient of 1% sloping to the north for 
the following vegetation cover scenarios: 

 
• 50% vegetation cover - to model the effect of poor or insufficient vegetation 

establishment;  

• 80% vegetation cover - to model the effect of vegetation cover levels observed to be 
achievable on similar topsoil materials on site.  

• 95% vegetation cover - to consider what vegetation levels may be needed given the 
potential higher risk of erosion from plateau runoff discharging to the batters.  

 
It is highlighted that the landform was modelled without any stormwater management, with 
outcomes representing the predicted landform evolution resulting from uncontrolled discharge of 
runoff from the plateau and down the batter slopes. 
 
Simulations were run for a 500-year period, with 100-year outputs including average erosion rates, 
depth of rill formation and visual representation of erosion and deposition.  Results for the 80% 
vegetation cover scenario are summarised in Table 21.  
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Table 21 
Results of SIBERIA Simulations with 80% Vegetation Cover 

Simulation 
year 

Average rill 
depth (m) 

Average rill 
length (m) 

Average 
erosion 
(t/ha/y) 

Average 
erosion 
(mm/y) 

Cumulative 
erosion (mm) 

100 - - 3.0 0.20 20 

200 0.1 10 2.5 0.19 39 

300 0.2 12 2.5 0.19 57 

400 0.3 15 2.5 0.19 76 

500 0.5 22 2.5 0.19 95 

 
From Table 20, average erosion rates for all simulation periods for the 80% vegetation cover 
scenario meet the target erosion rate, with a loss of 100mm from the batter slopes predicted after 
500 years; however, rill erosion from plateau runoff is predicted to erode through the cover system 
after 400 years.  This highlights the need for effective control of stormwater discharge both from 
the plateau, and on the batter slopes.   
 
It was also noted that results for the 50% vegetation cover scenario showed average erosion rates 
well above the target rate, highlighting the critical role that vegetation establishment plays in 
reducing erosion rates, as well as incorporation of erosion control measures such as polymer 
stabilisation while vegetation establishes. 
 
Visual representation of the modelled landform condition after the 500-year simulations is shown 
in Plate 24. 
 

Plate 24 
Erosion & Deposition on Modelled Landform – 500 Year Simulation 
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An assessment of potential catchment and flow pathways (that would potentially occur in the 
absence of dedicated stormwater management infrastructure) was also undertaken, as shown in 
Plate 25. 
 

Plate 25 
Erosion & Deposition on Modelled Landform – 500 Year Simulation 

 

7.4 Conclusions & Recommendations  

Both the WEPP and SIBERIA modelling showed that for the proposed landform to remain stable, 
establishment of vegetation is essential, with acceptable erosion rates for a vegetation cover of 
greater than 80%.  Vegetation cover at or below 80% will result in rilling and gullying which will 
eventually cut through the 400mm cover layer, exposing the underlying rejects.  
 
A reliance of vegetation to provide erosion protection requires consideration of the following 
aspects: 
 

• Temporary erosion protection measures will be required to manage high erosion risk 
during the initial period post-construction and prior to establishment of vegetation, or 
while vegetation cover is developing but low; 

• Sound agronomy practices to facilitate the establishment and persistence of sufficient 
vegetation cover will be vital; and, 

• Loss of vegetation through grazing, fire, or extreme weather events will reduce the 
effectiveness of the erosion protection. 

 
Incorporation of a suitable rock fraction within the cover surface layer would also reduce the 
reliance on vegetation as the primary erosion reduction measure; however, it is highlighted that 
the rock material assessed as part of this capping assessment is not considered suitable for this 
purpose. 
 
Modelling outcomes also confirmed that, consistent with the proposed stormwater management 
approach outlined in Section 3.1.4, management of stormwater runoff both from the plateau and 
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down the batters will be required in order to reduce erosion rates to acceptable levels and prevent 
potential for rilling and subsequent gully formation.  Two specific management aspects are 
required in this regard: 
 

• Minimisation of uncontrolled runoff over the plateau edge reporting to the batter slopes 
– it is proposed that this will be achieved by formation of swale drains on the plateau that 
will collect and discharge surface runoff to contour drains constructed down the batter 
slopes at 5% grade (refer Section 8.1.5 for further information); and 

• Reduction of effective slope lengths down the batter – it is proposed that this will be 
achieved through construction of the batter contour drains mentioned above. In addition 
to conveying flows reporting from the proposed plateau swale drains, the contour drains 
will be designed to ensure that the maximum slope lengths reported in Section 7.3.2 are 
achieved.  

 
In addition to assessment of the overall landform erosion potential, specific features of the 
conceptual design were highlighted as potentially resulting in formation of water-concentrating 
areas.  These include the planar geometry of the northern batter and the south-eastern and south-
western ‘corners’ of the design.  It is recommended that these conceptual design features be 
considered in further during detailed design. 
 
Recommendations with respect to construction aspects were also made, including minimising the 
size of cross-slope rip lines. 
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8 CLOSURE DESIGN 

8.1 Background 

A closure design for the REA has been developed on the basis of the material characterisation and 
modelling outcomes detailed in Sections 4 to 7. The closure design described in this section 
addresses the final REA landform and capping configuration for the completed landform at full 
capacity (expected to be reached by 2026 based on rejects generation forecasts – refer Section 
2.2.1).  The completed landform design therefore forms the basis for the closure and capping works 
to be undertaken progressively as each ‘cell’ is formed and reaches capacity.  The form of 
presentation for the closure design is therefore to cover the final landform, as well as the first 
development stage, referred to as Cell 1. 
 
As part of closure design, an inspection, maintenance and monitoring program applicable to the 
staged closure works has been prepared.  Implementation of this program by NCOPL is considered 
crucial in order to assess the initial and ongoing effectiveness of the REA, particularly with respect 
to the critical role of vegetation establishment in reducing erosion risks. 
 
Design drawings covering the REA closure design are presented as Figures 001 to 007.     

8.2 Design Criteria 

8.2.1 Summary 

The key closure design criteria for the closure design, based on closure objectives as outlined in 
Section 3.2.2 are summarised in Table 22. 
 

Table 22 
Design Criteria Summary 

Design Aspect Criteria/Features 

Landform 
Attributes 

- Maximum height 15m 
- Footprint area 25ha 
- External batters nominally 5H:1V  
- Internal (operational) batters 2H:1V 

Capacity 
- Total airspace availability 3.4million m3 (based on design landform) 
- Capping volume 98,000 m3 
- Available reject material capacity 3.3 million m3 

Capping 
Configuration  

- Base Case comprising 400mm thick soil layer using CLAY capping material 
borrowed from topsoil and subsoil stripping from the REA development area 

- Revegetation by hydromulch (with tackifier) grass cover; species selection 
appropriate for soil properties and local climate conditions   

Stormwater 
Management 

- External perimeter drain (clean water diverted around REA for release) 
- Internal perimeter drain (site water directed to sediment basin SB3 during 

operations; offsite release post-closure) 
- Contour drains on batters, discharging to internal perimeter drain 
- Swale drains on plateau surface discharging to contour drains  
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8.2.2 Landform 

Landform stability from a geotechnical perspective has been assessed as part of previous studies 
(ATCW, 2016b), where the risk of any geotechnical stability issue (either global failure through the 
coarse reject or local failure through the cover layer) was considered to be low to very low.  These 
assessments were based on landform attributes and material characteristics of rejects and capping 
material that are deemed consistent with those associated with this closure design, and as such 
the outcomes are considered representative of proposed design conditions. 

The final landform footprint is nominated as the area designated for REA development, as shown 
on Figure 003. 

The design landform therefore comprises the following attributes: 

• Maximum height of 15m above natural surface level;  

• Total footprint area of 25ha; 

• Plateau area of some 15ha, sloping at 1% to the north; 

• permanent external batters of 11 degrees (5H:1V), with the exception of the north-
eastern batter (associated with Cell 1), which has a slope of 14 degrees (4H:1V); and  

• internal batters within the operating cell (comprising rejects material) of nominal 30 
degrees (2H:1V).   

 
Constructability and associated erosion potential of the ‘sharp’ corners at the south-western and 
south-eastern corners of the landform have been highlighted from an erosion potential perspective.  
This issue will be addressed by locally thickening the capping layer to 0.6m, with placement of 
imported rock fill over these surfaces to reduce erosion potential. 

8.2.3 Landform Capacity 

The design capacity of the REA is dictated by the landform attributes, described in Section 8.1.2.  
The final landform is shown on Figure 003.  Based on this configuration, the total available airspace 
formed by the landform would be approximately 3.4 million m3, of which 98,000m3 would be 
consumed by the proposed capping layer, leaving approximately 3.3 million m3 for disposal of 
rejects material.  Based on forecast rejects generation rates (refer Section 2.2.1), this volume 
would be reached in approximately 2026, meaning that additional storage capacity will be required 
beyond this date to maintain operations. 
 
A design for Cell 1 of the REA (in which reject disposal is currently occurring) has been completed, 
with layout sown on Figure 005.  This layout highlights the steepened (4H:1V) batters on the 
eastern margins.  These batters will remain.   

8.2.4 Capping 

The key outcomes of the materials characterisation and modelling studies relating to design of the 
capping configuration are as follows: 

• From a geotechnical and geochemical perspective, the available capping materials 
(predominantly topsoil and subsoil horizons to be stripped from the REA footprint) are 
generally considered suitable for use in the capping layer to provide acceptable 
performance outcomes.  These outcomes relate to: 
 Minimisation of gaseous oxygen diffusion, leading to salt generation from the 

emplaced reject, and subsequent degraded leachate (seepage) quality.  This relates 
to the permeability of the capping material, typically comprising CLAY soil. 

 Minimisation of erosion across landform surfaces, being controlled by vegetation of 
capping layers. 
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It is noted that the reject has low propensity for spontaneous combustion, therefore this 
aspect is not relevant to capping design. 

• As indicated above, a vegetated capping layer across the REA landform is critical to 
minimising erosion and exposing the reject material; with an 80% vegetation cover being 
identified as a key revegetation target. 

• Slope lengths are to be limited to also reduce erosion risks from surface water runoff 
(refer Section 8.1.5), with the use of contour drains necessary to achieve appropriate 
slope lengths;  

• Implementation of erosion and sediment control measures including use of soil 
stabilisers/binders during construction will be crucial. 

Based on the above, the Base Case Capping configurations is considered acceptable for design 
purposes.  
 
The Base Case capping configuration is reproduced in Plate 26, and is formed using CLAY material 
stripped from the REA footprint and stockpiled during REA development, as well as from existing 
stockpiles (as deemed suitable).   The minimum thickness of this capping layer would be 400mm 
(compacted).  The capping layer surface would be revegetated by hydromulching with a fast-
growing cover crop.  It is critical that selection of the cover crop species be appropriate for the 
soil properties and local climate conditions, with modelling suggesting that some perennial and 
drought tolerant species would be best suited to this application.  Notwithstanding, selection of 
plant species appropriate to prevailing climatic conditions and water holding capacity of the 
capping soils is crucial.  In this regard, specialist agronomist advice is recommended. 
 

Plate 26 
Proposed Capping Configuration for REA Landform 

 
 

Erosion and sediment control measures recommended during the construction and revegetation 
phases are discussed in Section 8.3.3. 

8.2.5 Stormwater Management 

8.2.5.1 Overview 

Consistent with the conceptual stormwater management layout proposed as described in Section 
3.1.4, the stormwater system design accommodates the operational life of the REA as cells are 
developed and then progressively closed, and is based on the following design aspects: 
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• Two perimeter drains (an external drain and an internal drain) located on the outer edge 
of the developing landform, with these drains being separated by an access road;  

• An external drain diverting clean water from upslope catchments around the REA, with 
release to the environment (subject to appropriate flow control measures being in place);   

• An internal drain collecting site stormwater runoff from the REA surface (comprising 
either exposed/uncapped reject or exposed capping layers) and reporting to the existing 
sediment basin SB3.  This system will function would be maintained until rehabilitation of 
the REA is complete and surfaces are stabilised and vegetated, at which time the 
stormwater run-off from the rehabilitated surface would be considered ‘clean’ and 
therefore suitable for release to the environment enabling sediment basin SB3 to be 
decommissioned; 

• Contour drains located across landform batters for collection of runoff from capped 
surfaces and discharge to the internal perimeter drain.  The base of these drains would 
be lined with coarse rock for additional erosion protection and geotextile to provide a 
short-term separation from the underlying capping soils; and  

• Swales formed on the landform plateau surface to direct surface runoff to the contour 
drains, thus reducing uncontrolled discharge over plateau edges. 

8.2.5.2 Perimeter Drains 

Hydrological and hydraulic modelling was undertaken to determine the required capacity of the 
internal and external perimeter drains. 
 
Hydrological modelling was undertaken using XPStorm, with rainfall data generated using the 
XPStorm ARR Storm Generator.  The Storm generator adopts the 2016 BOM Intensity Frequency 
Duration (IFD) rainfall data and the 2016 AR&R regional temporal patterns.  Multiple durations and 
temporal patterns were modelled to determine the critical duration and temporal pattern causing 
the peak discharge from the catchment using an Annual Exceedance Probability (AEP) of 1% (i.e. 1 
in 100 year event).  Catchment areas were determined using site survey and 1m LiDAR survey 
obtained from Geoscience Australia. Catchment areas and drain alignments are depicted in 
Plate 27. 
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Plate 27 
Catchment Areas 

 
 

 
Typical dimensions of the adopted perimeter drain profiles are shown in Plate 28.  
 

Plate 28 
Perimeter Drains Typical Profiles 
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The peak flow depths in drains were calculated using Manning’s formula, adopting the peak 
catchment discharges modelled in XPStorm. A Manning’s ‘n’ roughness coefficient of 0.03 was 
adopted for all drains based on drain surfaces comprising grass cover.  
 
The modelling inputs (drain dimensions, critical storm events) and results (modelled discharge rates 
and flow depths) are summarised in Table 23.  As the slope of upstream natural surface varies, the 
peak flow depths for clean water drains are based on the drain geometry with the smallest cross-
sectional area. 

Table 23 
Hydrological & Hydraulic Modelling Summary 

Parameter 
Internal Drains (Site Water) External Drains (Clean Water) 

SW1 SW1 CW1 CW2 

Minimum Depth (m) 1 1 1 1 

Base Width (m) 0.5 0.5 0.5 0.5 

Batter Slopes 1V:3H 1V:3H 

Varies 

Max 1V:3H 

Min 1V:100H 

Varies 

Max 1V:3H 

Min 1V:100H 

Catchment Area (ha) 15.7 10.4 17.0 1.0 

Average Catchment Slope 1% 1% 2% 2% 

Design AEP 1% 1% 1% 1% 

Critical storm event (min) 45 45 45 30 

Rainfall Depth (mm) 59.6 59.6 59.6 51.5 

Catchment Peak Discharge (m³/s) 3.6 2.6 3.9 0.4 

Peak flow in drain (m) 0.7 0.6 0.8 0.3 

Remaining Freeboard (m) 0.3 0.4 0.2 0.7 

 
Modelling results indicate that for the critical storm events, the drains as designed have sufficient 
capacity to convey flows, maintaining a minimum freeboard of 0.2m for maximum discharge rates 
of 3.9m3/s within the external drains, and 3.6m3/s within the internal drains.   

8.2.5.3 Batter Contour Drains 

Erosion modelling outcomes emphasise that management of stormwater runoff down the capped 
batters of the REA is required in order to reduce erosion rates to acceptable levels and prevent 
potential for rilling and subsequent gully formation.  Accordingly, construction of contour drains 
on the batter surfaces to intercept runoff and convey flows to the internal perimeter drain has 
been incorporated into the closure design.   
 
A typical detail of the batter contour drains is presented as Plate 29, which shows that drains are 
to be constructed as a bund on the capped surface using general fill, forming a drainage channel 
with maximum depth of 0.6m and side slopes of 1.5H : 1V. 
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Plate 29 
Typical Detail of Contour Drain 

 

 
 
The hydraulic capacity of this drain profile was assessed using the Rational method in order to 
determine the size of catchment area (A) able to be serviced by one drain, and hence the number 
of contour drains required to adequately drain.  
 
 A  = Q / c.i 
 

where: 
 

Q, peak discharge = 1.5m3/s (based on drain geometry, Mannings ‘n’) 
 
  c, runoff coefficient = 0.46   (2% AEP) 
     = 0.57  (1% AEP 
 
  i, rainfall intensity = 134mm/hr  (2%AEP, tc = 15min) 
     = 182mm/hr (1%AEP, tc = 10min) 
 
Based on this analysis, the minimum number of drains required based on drain capacity was 
assessed as follows: 
 
  2% AEP   = 2 contour drains per batter   
  1% AEP   = 3 contour drains per batter   
   
Further evaluation was undertaken based on the recommendations discussed in Section 7.3.2 with 
respect to limiting the slope lengths in order to reduce erosion risk to acceptable levels.  
Assessment of these requirements (assuming an 80% vegetative cover) revealed that this is the 
constraining factor in terms of contour drain spacing, rather than the hydraulic capacity.  As a 
result, the closure design layout presented in Figure 003 shows the final spacing and number of 
contours drains required to achieve acceptable performance.  
 
Furthermore, predicted velocities estimated for the contour drains, indicate that armouring of the 
contour drains with a nominal diameter (d50) of 100mm (placed over geotextile) would be 
necessary to reduce erosion potential.   
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8.2.5.4 Plateau Swale Drains 

Erosion modelling outcomes indicated that in addition to contour drains on batter slopes, 
uncontrolled runoff over the plateau edge reporting to the batter slopes should also be minimised 
to reduce erosion risk.  This would be achieved by forming swale drains on the plateau that would 
collect and discharge surface runoff to the batter contour drains  
 
A typical detail for swale drains is presented as Plate 30, which shows that drains will be 
constructed as a 0.3m high bund on the capped plateau surface using general fill.   
 

Plate 30 
Typical Detail of Swale Drain 

 

 
 
The swale drains would be generally aligned obliquely to the 1% fall of the plateau and located 
such that flows are directed from the swales to the contour drains. It is considered that given the 
relatively low velocities anticipated on the plateau surface, rock armouring of swale drain inverts 
would not be required with vegetation (grass) cover considered sufficient.  However, armouring 
would need to be placed between the contour drain inlet point to the swale drain connection to 
prevent scouring over the plateau edge. 

8.3 Construction Aspects 

8.3.1 Technical Specification 

A Technical Specification has been developed that describes the technical requirements of the 
construction activities required to implement the closure design.  This Technical Specification is 
presented as Appendix G and is to be used with reference to the associated design drawings. 

8.3.2 Methodology  

An overview of the proposed construction methodology for capping and stormwater management 
works is provided below, assuming that the completed landform with the current cell has been 
completed and a stockpile of suitable capping material is available: 

Step 1 - Construct the perimeter drains and access road. 
Grade the exposed rejects surface, removing severe undulations and low spots, 
remove large rocks and infill with coarse rejects. 
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Step 2 - Proof roll the reprofiled rejects surface ensuring not to breakdown reject material 
to an extent that fines are generated and infill the rejects matrix 
 

Step 3 - Survey prepared surface and install capping layer thickness markers. 
 

Step 4 - Remove weeds and unsuitable matter from stockpiled capping soils.  Sample and 
undertake quality control testwork as specified (confirming suitability of the 
material for use as capping soil) 
 

Step 5 - If applicable, moisture condition the soil. 
 

Step 6 - Install sediment fences and other erosion control measures as required. 
 

Step 7 - Starting from the batter toe, move upwards working in sections to spread the soils 
across the prepared surface and spread to achieve the required thickness, followed 
by compaction.  Undertake quality control testwork to ensure specification 
requirements have been achieved. 
 

Step 8 - Form contour drains on batters and swale drains on plateau as surfaces are 
completed.  Place geotextile and coarse rock on the base of contour drains as per 
design.  Ensure geotextile and coarse rock extends to the swale drain outlets.  
 

Step 9 - Apply hydromulch to all exposed surfaces. 
 

Step 10 - Install temporary fences around hydromulch areas and manage weeds. 

Until effectively established, surface irrigation (if rainfall is inadequate) would be required until 
the vegetative stage is completed.  Access to the rehabilitated area would therefore be precluded 
within the first reproductive cycle of the grass or until access can be safely provided.  It is also 
envisaged that through the initial growth seasons, slashing of tall grass growth would be undertaken 
to reduce grass fire risks and to enhance the understory to enhance establishment of the grass 
growth. 

8.3.3 Erosion & Sediment Control Measures 

In conjunction with the placement of the capping layer, appropriate erosion and sediment control 
(ESC) measures are required contribute to the stabilisation of bare earth surfaces during and 
immediately following the construction period (i.e. before stabilisation of vegetation has been 
achieved), and to capture/minimise release of sediment that may be mobilised during this period.  
For construction of the Cell 1 capping, these requirements are covered generally on Figure 007 
and a general schedule of sediment and erosion control works for the works area is outlined as 
follows: 
 

1. Construct perimeter drains and associated check dams.  
2. Install sediment fences along toe of batter in preparation for capping construction 

works. 
3. Apply soil stabiliser to capped surfaces. 
4. Construct contour drains and associated check dams 
5. Install sediment fences on the batter (upstream of contour drains) in addition to those in 

place on the toe of the batter. 
6. Revegetation of capped surface by the use of hydromulch (with tackifier). 
7. Remove check dams and sediment fences when vegetation established.   

 
A summary of the applicable sediment and erosion control measures is provided in Table 24.  
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Table 24 
Erosion and Sediment Control Measures 

Measure Application Affected Area 

Check Dams The installation of check dams allows for 
collection of the sediment along the drainage 
line minimising its offsite transport 

Perimeter and contour drains 

Silt Fences Minimises the potential for erosion by reducing 
the velocity of stormwater sheet flow. 

Capped REA surface prior to 
revegetation and during 
establishment of vegetation 

Bare earth 
stabilisation 

Use of soil stabiliser during construction and 
prior to revegetation to reduce rill formation. 

Capped REA surface following 
compaction and prior to 
revegetation 

Revegetation  

(hydromulching with 
tackifier) 

Long term stability by reinforcing the soil with 
vegetation. Use of tackifier also increases 
stability during establishment phase. 

Capped REA surface  

Management measures relating to exclusion of traffic (human, vehicles, cattle) vegetation 
establishment would also be implemented. 

8.4 Post-Closure Management  

8.4.1 Monitoring  

The typical post closure monitoring requirements would include: 
 

• overall condition of REA in accordance with industry standards and EPL conditions; 

• integrity of structures including perimeter drains, contour drains; 

• presence (and cause) of surface settlement/displacement/erosion/disturbance; 

• vegetation condition, including weeds. 
 
Specific monitoring requirements are described in the following sections. 

8.4.1.1 Surface Water Monitoring 

Surface water monitoring should be conducted at a frequency consistent with other monitoring 
events conducted at the site. Samples must be collected by a suitably trained person, and the 
samples must be analysed by a NATA accredited laboratory.  
 
Surface water samples should be retrieved from the internal perimeter drains (when flow is 
available), at points located immediately upstream of each of the internal drain inlet points to 
sediment basin SB3.  
 
Field analysis of pH, temperature, electrical conductivity and dissolved oxygen is recommended, 
as well as laboratory analysis of surface water analytes consistent with the site’s EPL requirements, 
plus the following analytes specifically identified as potential indicators of impacted seepage:  
 

• Alkalinity 

• Sulphate  

• Arsenic 

• Selenium 
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It is also recommended that the above parameters be included in the monitoring suite for upstream 
and downstream monitoring locations with Kurrajong Creek (KC1US and KC1DS). 

8.4.2 Inspections 

Site inspections of rehabilitated surfaces should occur monthly while the REA is progressively 
capped and mining operations continue, and annually following mine site closure.  Inspections are 
also recommended following significant rainfall events.  A significant rainfall event is typically 
defined as greater than 100mm in one day or heavy rainfall (>50mm/day) over a period of more 
than 3 consecutive days.  The site inspections shall include assessment of the integrity of the 
following aspects: 
 

• Access tracks and road 
o Gate and security fences (if relevant) 
o Erosion/scour 
o Ponding of surface water 
o Maintenance of weed control 

• REA cover material and batter slopes 
o Erosion/scour 
o Surface water ponding/ seeps 
o Vegetation establishment  
o Weed control 
o Settlement inspection 
o Condition & access  

• Surface water drains – swales, contour drains and perimeter drains 
o Sediment or debris build up in drainage lines 
o Erosion/scouring of drainage lines 
o Ponding of surface water 

 
An inspection checklist should be completed during each inspection. This inspection checklist would 
form a record for tracking the condition and ongoing rehabilitation and maintenance requirements 
of the site. 

8.4.3 Maintenance  

8.4.3.1 Cover 

The cover should be inspected as outlined in Section 8.4.2.  To ensure maintenance of the 
structural integrity of the final capping layer, inspections would need to identify areas of 
settlement, erosion, scour, vegetation loss or ponding of surface water.  Settlement shall also be 
monitored on an ongoing basis in order to measure and assess any rejects consolidation and any 
effects on the capping surface levels.  Settled areas within the capping surface should be repaired 
by reprofiling and filling with cover soils to facilitate surface water run-off toward designed swales 
or drainage channels and ultimately to prevent ponding.  
 
Vegetation management requirements include maintenance of established vegetation and 
establishment of new vegetation following any maintenance works. Depending on vegetation 
thickness, slashing of the cover areas may be required prior to site inspections.  Weed management 
should also be undertaken for the site as required. 
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8.4.3.2 Drainage 

Drainage channels established as part of rehabilitation works would need to be inspected as 
outlined in Section 8.4.2.  Maintenance of drainage channels would include regular removal of any 
obstructions, including vegetation and sediment.  Drainage channels should be reprofiled as 
required to accommodate surface water runoff from any reprofiling of the cover system.  

8.4.3.3 Access Road 

The perimeter access road should be inspected as outlined in Section 8.3.2. Maintenance of the 
access road would include clearing of dense/excessive vegetation as required and repair of scour 
or erosion. The access road would need to be maintained and upgraded as required. 
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8.4.4 Inspection, Maintenance and Monitoring Summary 

Table 25 presents the recommended ongoing inspection, maintenance and monitoring aspects for the REA. 
 

Table 25 
Details of Inspection, Maintenance and Monitoring Program 

Element Inspection — Non-Conformance Maintenance Monitoring Type Frequency 

Surface 
cover  

Erosion Control Exposure of subsurface (rejects) 
profile/scour 

Stabilise and repair capping layer Visual inspection Annually and 
after a significant storm event 

Other indicators of erosion (see 
Vegetative Cover) 

Stabilise, replace vegetation with 
seeding or hydromulch and establish 

Refer to Vegetative Cover 

Visual inspection 

Damage to 
Batters  

Evidence of scour 
or exposed subsurface 

 

Cover exposed subsurface 
In the case of a significant scour, 

obtain advice from a suitably 
qualified engineer and undertake 

recommended works   

Visual inspection Annually and 
after a significant storm event 

Differential 
Settlement / 
Consolidation 

Surface depressions 
Rainfall pooling significantly 

Restoration of capping layer as 
required to prevent ponding 

Visual inspection Annually and 
after a significant storm event   

Surface 
cover 

Seepage High moisture in surface soil 
Evidence of seep through batters 

Investigate source of seep and 
reinstatement capping layer as 

required 
 

Visual inspection Annually  
After a significant storm event 

 

Vegetation dieback or inhibited 
growth 

Collection and testing of seepage Sample collection As required 

Burrowing 
Animals 

Surface depressions Removal of animals Visual inspection Annually 

Presence of animal burrows Restoration of capping layer Visual inspection Annually 
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Table 25 
Details of Inspection, Maintenance and Monitoring Program (Cont’d) 

Element Inspection — Non-Conformance Maintenance Monitoring Type Frequency 

Vegetative Cover 
 
 
 

Excessive grass growth   Slash grass Visual inspection Quarterly  

Diminished vegetation growth 
rate 

Irrigate vegetation Visual inspection Annually 

Wilting vegetation 

Plant death due to drought 

Diminished vegetation growth 
rate 

Fertilise vegetation 

Excessive vegetation growth Prune vegetation as required 

Diminished vegetation growth 
rate 

Poor vegetation growth Apply pesticide as recommended by 
manufacturer 

Vegetation death 

Deformed and distorted foliage 

Weed infestation Apply herbicide. Manual removal 

Surface Drainage 
 
 

Accumulation of sediment and 
debris 

Removal of accumulated sediment 
and debris 

Visual inspection Annually and after significant 
rainfall 

Disrepair of drainage paths 
Localised inundation during 

rainfall 
Erosion and scouring of drainage 

Repair of drainage paths 

Surface Water Quality Indication of contamination from 
assessment of water quality 

analysis results against published 
guidelines (ANZECC) or license 

limits. 

Identification of contaminant 
sources and remedial measures as 

required. Ongoing monitoring 
(internal perimeter drains and 

Kurrajong Creek). 

Visual Inspection 
Field Analysis 

Laboratory 
Analysis 

Consistent with site EPL. 

Security Systems Disrepair of site fencing or gate Repair site perimeter fence or gate Visual inspection Annually / After a significant 
weather event. 
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SURFACE WATER QUALITY MONITORING – DESKTOP REVIEW 
 
1.0 Introduction 
 
In accordance with the requirements of the project approval PA 08_0144 held for the site, the mine 
operates under a Water Management Plan (Whitehaven, 2013) which details management aspects 
of: 

 

• Mine site water management and water balance 

• Surface water management controls 

• Erosion and sediment control 

• Surface water and groundwater monitoring 
 
A desktop review of available water quality data and the current water sampling program has been 
undertaken to: 
 

• characterize the receiving environment for discharge from the REA 

• inform development of recommendations for measuring REA closure performance with 
respect to testing locations, frequencies and water quality parameters. 

 
2.0 Baseline Water Quality 
 
Baseline surface water quality data was compiled prior to commencement of reject placement at 
the REA, which showed that water flows in the local area (following storm events) were typically 
fresh, of neutral pH and contained relatively high suspended sediments (MOP, 2015).  These water 
quality characteristics are typical of those associated with ephemeral creeks, which flow in 
response to rainfall events.  
 
3.0 Surface Water Quality Monitoring Program 
 
3.1 Program Overview 
 
The site currently operates under Environmental Protection Licence (EPL) Number 12789 issued by 
the NSW EPA dated 19 January 2017.  Condition M2.3 of the EPL specifies water quality monitoring 
requirements related to site water discharge points (including wet weather discharge) plus ambient 
(upstream and downstream) surface water monitoring locations.  In accordance with the EPL, 
monitoring is to be undertaken on a quarterly basis as well as following wet weather discharge, for 
the parameters detailed in Table A1. 
 
In addition to the monitoring locations as specified in the EPL, NCOPL undertake regular sampling 

and analysis of a number of site water storages, including the REA sediment pond SB3.  Surface 

water monitoring locations are listed in Table A1 and shown as Attachment A1. 
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Table A1 
Scope of Surface Water Quality Monitoring Program  

Monitoring 
Aspect 

Monitoring Locations 
Monitoring 

Details 
Parameters 

Surface water Discharge Monitoring 

SD4, SD2, SD7 

Ambient Monitoring 

KC1US, KC1DS, KC2US, 
KC2DS, KCUS, KCDS, 
PCa, PC1 

Site Storages 

SB1, SB2, SB3, SB4, A1, 
A2, A3, B1, B2, C, D 

Sampling and 
analysis 

Field analysis: 
pH 
Electrical conductivity (EC) 

Laboratory analysis: 
Total suspended solids (TSS) 
Total organic carbon (TOC) 
Oil and Grease 

 
The existing surface water quality monitoring locations of direct relevance to the REA from an 
operational perspective are located within Kurrajong Creek, as follows: 
 

• KC1US  - upstream of the REA 

• KC1DS -  downstream of the REA 
 
3.2 Data Review 
 
Records of water quality monitoring in response to wet weather events within Kurrajong Creek 
from September 2008 to June 2018 were reviewed. 
 
Plots of historical data showing pH, electrical conductivity (EC), total suspended solids (TSS) and 
total organic carbon (TOC) levels are presented in Plates A1, A2, A3 and A4 respectively. 
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Plate A1 
Kurrajong Creek Monitoring - pH 

 
 

Plate A2 
Kurrajong Creek Monitoring – Electrical Conductivity  
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Plate A3 
Kurrajong Creek Monitoring – Total Suspended Solids 

 
 

Plate A4 
Kurrajong Creek Monitoring – Total Organic Carbon 
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Plate 1 shows pH levels at the upstream monitoring location ranged between 6.7 and 8 over the 
monitoring period.  pH levels at the downstream monitoring location were generally recorded at 
marginally higher levels, ranging between 6.8 and 8.2; indicating a marginal increase in 
downstream alkalinity within the creek. 
 
Plate 2 shows EC ranged between 62 and 255 µS/cm at the upstream monitoring location.   
Downstream EC levels were generally higher, ranging between 36 and 1,270 µS/cm.  Recent 
sampling events occurring concurrently at both locations also indicated EC levels downstream of 
the site were marginally higher.  
 
Plate 3 shows TSS concentrations are variable at both monitoring locations, generally below 
approximately 400mg/L, with a small number of outliers higher than this.  These results are 
consistent with the baseline measurements, where sediments would be expected to mobilise in 
ephemeral creeks in response to catchment flush events.  
 
Plate 4 shows TOC concentrations are similarly variable at both monitoring locations, generally 
below 20mg/L in recent years.   
 
The recorded water quality within Kurrajong Creek is generally consistent with that expected of a 
fresh water ephemeral water course.  The monitoring record shows a marginal difference in water 
quality within Kurrajong Creek between locations upstream and downstream of the mine site; with 
marginal increases observed for pH and EC in particular.   
 
4.0 Conclusion 
 
Based on monitoring records, the receiving environment downstream of the REA is characterised 
by freshwater ephemeral watercourses, generally consistent with the findings of the baseline 
assessment. 
 
Operational and post-closure water quality monitoring is required to assess any impacts of surface 
water runoff and / or leachate seepage from the REA. 
 
Depending on the outcomes of the capping assessment and development of the final REA closure 
design, the existing water quality monitoring program maintained by NCOPL in accordance with 
the EPL may need to be expanded in terms of number of monitoring locations and water quality 
testing parameters.  Recommendations in this regard will be based on the expected water quality 
from the REA as a potential source of contaminants, and will be included in the overall post-closure 
monitoring and maintenance regime to be developed for the site. 
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ATTACHMENT A1 – ENVIRONMENTAL MONITORING LOCATIONS 
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BOX CUT AREA SOIL SAMPLING & TESTING PROGRAM 
 
1.0 Introduction 
 
As part of the Narrabri Mine REA Closure Design and Capping Assessment, ALS were instructed to 
collect surface soil samples from the box cut area for geochemical and geotechnical testing. The 
purpose of the testing program was to assess the soil characteristics of the vegetated slopes 
comprising the box cut excavation and surrounding bund.  The box cut bund is understood to have 
been constructed with similar materials to those proposed for closure capping of the REA i.e. 
topsoil/subsoil stripped from site areas.  
 
Photos of typical conditions in this area (refer Plate B1) show stable slopes with well-established 
grass cover. 
 

Plate B1 
Box Cut Existing Conditions  

  

  
 

Details of this sampling event and test results are provided below. 
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2.0 Sample Locations 
 
A total of six samples were retrieved from locations shown on Figure 001.  
 
Also shown on Figure 001 is an assessment of the slope angles associated with the box cut area.  
Cross sections S1 and S2 as displayed on Figure 001 are presented as Plates B2 and B3. 
 

Plate B2 
S1 Cross Section 

 
 

Plate B3 
S2 Cross Section 

 
 
Assessment of the topography indicates that slope angles at the sample locations range between 
18 and 22%.  
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Photographs of surface conditions at samples locations are provided as Plate B4. 
 

Plate B4 
Sample Location Surface Conditions 
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3.0 Laboratory Testing 
 
Samples were submitted to laboratories for geochemical and geotechnical testing, as follows: 
 

• ALS Brisbane: pH 
Electrical conductivity (EC) 
Exchangeable cations 

 

• Trilab Brisbane: Particle Size Distribution 
Atterberg Limits 
Emerson Class Number  

4.0 Laboratory Results 
 
Laboratory testing results are summarized in Table B1, with test certificates provided as 
Attachment B1. 
 

Table B1 
Laboratory Testing Results Summary 

Parameter Unit BC001 BC002 BC003 BC004 BC005 BC006 

Location  Excavation Bund Bund Excavation Bund Bund 

GEOTECHNICAL 

Description 

 
Sandy CLAY 

- brown 
(organics 
present) 

Gravelly 
Sandy 
CLAY - 
brown 

(organics 
present) 

Gravelly 
Sandy 
CLAY - 
brown 

Gravelly 
Sandy 
CLAY - 
brown 

Sandy 
CLAY - 
brown 

Gravelly 
Sandy 
CLAY - 
brown 

Liquid Limit (%) % 54 66 46 48 55 44 

Plastic Limit (%) % 17 18 11 18 15 16 

Plasticity Index (%) % 37 48 35 30 40 28 

Linear Shrinkage (%) % 15.5 + 17.5 + 6.5 + 14.0 + 16.0 + 14.0 + 

Emerson Class Number - 4 3 4 4 4 4 

Moisture (%) % 12.4 18.9 11.2 9 12.6 11.8 

AS Sieve Size (mm) PERCENT PASSING 

19    100         

13.2    98   100   100 

9.5    98 100 99   99 

6.7    98 99 99   99 

4.75  100 97 98 98 100 98 

2.36  99 95 97 97 99 97 

1.18  97 92 96 97 98 96 

0.6  94 88 94 95 96 94 

0.425  92 85 92 92 93 91 

0.300  89 82 86 87 89 85 

0.15  80 75 71 73 79 71 

0.075  75 71 62 65 73 63 
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Table B1 
Laboratory Testing Results Summary (Cont.)  

Parameter 
Unit 

BC001 BC002 BC003 BC004 BC005 BC006 

Location Excavation Bund Bund Excavation Bund Bund 

GEOCHEMICAL 

pH - 8.5 9.3 8.4 8.5 8.7 8.6 

Electrical Conductivity  µS/cm 147 349 142 145 175 129 

Exchangeable Calcium meq/100g 34.8 21 30.4 30 28.5 29.2 

Exchangeable 
Magnesium 

meq/100g 5.9 4.7 4.4 4.2 6.4 4.4 

Exchangeable 
Potassium 

meq/100g 1.2 0.9 1 1 0.8 0.9 

Exchangeable Sodium meq/100g 0.9 5.3 0.7 0.8 1.8 0.9 

Cation Exchange 
Capacity 

meq/100g 42.7 31.9 36.6 36.1 37.5 35.5 

Exchangeable Sodium 
Percent 

% 2 16.5 1.9 2.2 4.7 2.6 

Calcium/Magnesium 
Ratio 

% 5.9 4.5 6.9 7.1 4.5 6.7 

Magnesium/Potassium 
Ratio 

% 5.1 5 4.3 4.1 7.7 4.7 

 
4.0 Materials Characterisation 
 
4.1 Geotechnical 
 
The results of the geotechnical testing are summarised as follows: 
 

• Liquid Limit 44-66% 

• Plasticity Index  28-48% 

• PSD (Passing 0.075µm sieve). 62-75% 

• Emerson Class Number (ECN) All Class 4, excepting one sample (Class 3) 

 
The above results indicate that the materials can be generally classified as intermediate to high 
plasticity Gravelly Sandy Clay / Sandy Clay (CI/CH).  
 
Emerson Class Numbers (ECNs) provide an indication of the dispersion potential of a material.  
Determination of the ECN for a soil is shown in Plate B5. 
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Plate B5 
ECN Determination 

 
Source: AS1289.3.8.1: 2017. Methods of testing soils for engineering purposes – Soil classification tests – Dispersion-Determination of 
Emerson class number of a soil. 

 
The ECNs for the majority of the soil samples were classified as Class 4, indicating the presence of 
carbonate or gypsum, meaning that soil lumps could break down into smaller fragments on wetting; 
however, with no dispersion. Potential for erosion of Class 4 soils is considered to be medium.  
 
One sample showed an ECN of Class 3, indicating potential for dispersion if the material is 
remoulded at water content equivalent to field capacity and/or immersed in water.  Potential for 
erosion of Class 3 materials is therefore considered high.  
 
4.2 Geochemical 
 
pH test results ranged between 8.4 and 9.3, indicating the moderate to highly alkaline soil 
conditions.  
 
A soil’s electrical conductivity (EC) is a measure of a soil’s ability to conduct electricity, related to 
the presence of salts within a soil.  Typical ranges of soil EC are shown in Table B2.  
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Table B2 
Typical Ranges of Soil EC 

Material 
Electrical Conductivity 

(µS/cm) 
Comment 

Unconsolidated materials  100-10,000 Saturation & mineralogy dependence 

Sedimentary Rocks 10-2,000 - 

Igneous & Metamorphic Rocks 1-100 Weathering decreases resistivity 

Clays  250-2,500 Clay type and moisture important 

Clayey soil (40% clay) 1,250 Clay  

Source: Subsurface Insights, https://www.subsurfaceinsights.com/tlp_electricalproperties_ranges, accessed 17/1/19 

 
EC test results for all samples were low to extremely low (below 350µS/cm), typical of a clay 
material. 
 
Cationic Exchange Capacity (CEC) measures a soil’s ability to hold positively charged cations by 
electrical interaction by negatively charged clay particles (colloids), providing an indication of 
nutrient retention potential for uptake by plants.  The stronger the negative charge, the greater 
the capacity to hold and exchange cations.  The CEC varies according to clay content, clay type, 
soil pH and content of organic matter within a soil sample.  Typical soil characteristics based on 
CEC ranges are shown in Table B3. 
 

Table B3 
Soil CEC Ranges  

CEC Ranges (meq/100g) Soil Characteristics 

Low <10 
Soils prone to leaching and nutrient loss; maintaining organic 
matter is essential. Low water holding capacity. 

Medium 10-20 
Typical range for loams. Moderate nutrient and water holding 
capacity. 

High >20 
Typical of heavy clay soils and organic peats. High nutrient 
status soils and high-water holding capacity. 

Source: http://soilquality.org.au/factsheets/cations-and-cec-tas, accessed 17/1/19 

 
Test results showed all samples had high CEC, ranging between 31.9 and 42.7 meq/100g, indicating 
high nutrient content and water holding capacity.   
 
5.0 Conclusion 
 
The surface soil samples retrieved from the box cut area indicate that this area generally comprises 
Gravelly Sandy Clays / Sandy Clays, with similar characteristics observed across all sample locations 
within both the box cut excavation and surrounding bund.  Geochemical characteristics indicate 
that the soils are likely capable of supporting vegetation growth, which is evidenced by the existing 
grass cover across the area.   
 
While the soil characteristics show medium to high potential for erosion, the existence of 
vegetation cover appears to mitigate this risk, with observations of existing conditions showing 
stable slopes with minimal to nil erosion impacts. 

https://www.subsurfaceinsights.com/tlp_electricalproperties_ranges
http://soilquality.org.au/factsheets/cations-and-cec-tas


 

 



 

 

Attachment 1 – Laboratory Test Result Certificates



 0  0.00 True

Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 4EB1823355

:: LaboratoryClient ATC WILLIAMS P/L Environmental Division Brisbane

: :ContactContact MR JOEL EADIE Customer Services EB

:: AddressAddress LEVEL 2 16-20 EDMONDSTONE STREET

NEWMARKET  4051

2 Byth Street Stafford QLD Australia 4053

:Telephone ---- :Telephone +61-7-3243 7222

:Project 116100.03 Date Samples Received : 26-Sep-2018 11:20

:Order number Date Analysis Commenced : 28-Sep-2018

:C-O-C number ---- Issue Date : 04-Oct-2018 14:44

Sampler : ----

Site : Whitehaven Coal, Narribri Mine

Quote number : EN/222

6:No. of samples received

6:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Kim McCabe Senior Inorganic Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Tom Maloney Senior Inorganic Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

EB1823355

116100.03:Project

ATC WILLIAMS P/L

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

ALS is not NATA accredited for the analysis of Exchangeable Aluminium and Exchange Acidity in soils when performed under ALS Method ED005.l

ALS is not NATA accredited for the analysis of Exchangeable Cations on Alkaline Soils when performed under ALS Method ED006.l

ED007 and ED008: When Exchangeable Al is reported from these methods, it should be noted that Rayment & Lyons (2011) suggests Exchange Acidity by 1M KCl - Method 15G1 (ED005) is a more suitable method 

for the determination of exchange acidity (H+ + Al3+).

l
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Work Order :

:Client

EB1823355

116100.03:Project

ATC WILLIAMS P/L

Analytical Results

BC-005BC-004BC-003BC-002BC-001Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

26-Sep-2018 00:0026-Sep-2018 00:0026-Sep-2018 00:0026-Sep-2018 00:0026-Sep-2018 00:00Client sampling date / time

EB1823355-005EB1823355-004EB1823355-003EB1823355-002EB1823355-001UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

8.5 9.3 8.4 8.5 8.7pH Unit0.1----pH Value

EA010: Conductivity (1:5)

147 349 142 145 175µS/cm1----Electrical Conductivity @ 25°C

ED006: Exchangeable Cations on Alkaline Soils

34.8 21.0 30.4 30.0 28.5meq/100g0.2----Exchangeable Calcium

5.9 4.7 4.4 4.2 6.4meq/100g0.2----Exchangeable Magnesium

1.2 0.9 1.0 1.0 0.8meq/100g0.2----Exchangeable Potassium

0.9 5.3 0.7 0.8 1.8meq/100g0.2----Exchangeable Sodium

42.7 31.9 36.6 36.1 37.5meq/100g0.2----Cation Exchange Capacity

2.0 16.5 1.9 2.2 4.7%0.2----Exchangeable Sodium Percent

5.9 4.5 6.9 7.1 4.5-0.2----Calcium/Magnesium Ratio

5.1 5.0 4.3 4.1 7.7-0.2----Magnesium/Potassium Ratio
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Work Order :

:Client

EB1823355

116100.03:Project

ATC WILLIAMS P/L

Analytical Results

----------------BC-006Client sample IDSub-Matrix: SOIL

 (Matrix: SOIL)

----------------26-Sep-2018 00:00Client sampling date / time

--------------------------------EB1823355-006UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EA002: pH 1:5 (Soils)

8.6 ---- ---- ---- ----pH Unit0.1----pH Value

EA010: Conductivity (1:5)

129 ---- ---- ---- ----µS/cm1----Electrical Conductivity @ 25°C

ED006: Exchangeable Cations on Alkaline Soils

29.2 ---- ---- ---- ----meq/100g0.2----Exchangeable Calcium

4.4 ---- ---- ---- ----meq/100g0.2----Exchangeable Magnesium

0.9 ---- ---- ---- ----meq/100g0.2----Exchangeable Potassium

0.9 ---- ---- ---- ----meq/100g0.2----Exchangeable Sodium

35.5 ---- ---- ---- ----meq/100g0.2----Cation Exchange Capacity

2.6 ---- ---- ---- ----%0.2----Exchangeable Sodium Percent

6.7 ---- ---- ---- -----0.2----Calcium/Magnesium Ratio

4.7 ---- ---- ---- -----0.2----Magnesium/Potassium Ratio
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QUALITY CONTROL REPORT
Work Order : EB1823355 Page : 1 of 3

:: LaboratoryClient Environmental Division BrisbaneATC WILLIAMS P/L

:Contact MR JOEL EADIE :Contact Customer Services EB

:Address LEVEL 2 16-20 EDMONDSTONE STREET

NEWMARKET  4051

Address : 2 Byth Street Stafford QLD Australia 4053

::Telephone ---- +61-7-3243 7222:Telephone

:Project 116100.03 Date Samples Received : 26-Sep-2018

:Order number Date Analysis Commenced : 28-Sep-2018

:C-O-C number ---- Issue Date : 04-Oct-2018

Sampler : ----

Site : Whitehaven Coal, Narribri Mine

Quote number : EN/222

No. of samples received 6:

No. of samples analysed 6:

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full.

This Quality Control Report contains the following information:

l Laboratory Duplicate (DUP) Report; Relative Percentage Difference (RPD) and Acceptance Limits

l Method Blank (MB) and Laboratory Control Spike (LCS) Report ; Recovery and Acceptance Limits

l Matrix Spike (MS) Report; Recovery and Acceptance Limits

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Kim McCabe Senior Inorganic Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Tom Maloney Senior Inorganic Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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Work Order :

:Client

EB1823355

ATC WILLIAMS P/L

116100.03:Project

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis. Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

Anonymous = Refers to samples which are not specifically part of this work order but formed part of the QC process lot

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society. 

LOR = Limit of reporting 

RPD = Relative Percentage Difference

#  = Indicates failed QC

Key :

Laboratory Duplicate (DUP) Report

The quality control term Laboratory Duplicate refers to a randomly selected intralaboratory split. Laboratory duplicates provide information regarding method precision and sample heterogeneity. The permitted ranges 

for the Relative Percent Deviation (RPD) of Laboratory Duplicates are specified in ALS Method QWI -EN/38 and are dependent on the magnitude of results in comparison to the level of reporting: Result < 10 times LOR: 

No Limit; Result between 10 and 20 times LOR: 0% - 50%; Result > 20 times LOR: 0% - 20%.

Sub-Matrix: SOIL Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EA002: pH 1:5 (Soils)  (QC Lot: 1954109)

EA002: pH Value ---- 0.1 pH Unit 8.4 8.4 0.00 0% - 20%BC-003 EB1823355-003

EA002: pH Value ---- 0.1 pH Unit 7.9 7.9 0.00 0% - 20%Anonymous EB1823331-007

EA010: Conductivity (1:5)  (QC Lot: 1954106)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 116 118 1.62 0% - 20%Anonymous EB1823320-001

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 1160 1150 0.433 0% - 20%Anonymous EB1823328-008

ED006: Exchangeable Cations on Alkaline Soils  (QC Lot: 1961180)

ED006: Exchangeable Calcium ---- 0.2 meq/100g 2.7 2.3 15.0 0% - 50%Anonymous EB1822983-035

ED006: Exchangeable Magnesium ---- 0.2 meq/100g <0.2 <0.2 0.00 No Limit

ED006: Exchangeable Potassium ---- 0.2 meq/100g <0.2 <0.2 0.00 No Limit

ED006: Exchangeable Sodium ---- 0.2 meq/100g <0.2 <0.2 0.00 No Limit

ED006: Cation Exchange Capacity ---- 0.2 meq/100g 2.7 2.3 15.0 0% - 50%

ED006: Exchangeable Calcium ---- 0.2 meq/100g 29.2 27.2 7.29 0% - 20%BC-006 EB1823355-006

ED006: Exchangeable Magnesium ---- 0.2 meq/100g 4.4 4.1 6.62 0% - 20%

ED006: Exchangeable Potassium ---- 0.2 meq/100g 0.9 0.9 0.00 No Limit

ED006: Exchangeable Sodium ---- 0.2 meq/100g 0.9 0.9 0.00 No Limit

ED006: Cation Exchange Capacity ---- 0.2 meq/100g 35.5 33.0 7.06 0% - 20%
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116100.03:Project

Method Blank (MB) and Laboratory Control Spike (LCS) Report

The quality control term Method / Laboratory Blank refers to an analyte free matrix to which all reagents are added in the same volumes or proportions as used in standard sample preparation. The purpose of this QC 

parameter is to monitor potential laboratory contamination. The quality control term Laboratory Control Spike (LCS) refers to a certified reference material, or a known interference free matrix spiked with target 

analytes. The purpose of this QC parameter is to monitor method precision and accuracy independent of sample matrix. Dynamic Recovery Limits are based on statistical evaluation of processed LCS.

Sub-Matrix: SOIL Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EA002: pH 1:5 (Soils)  (QCLot: 1954109)

EA002: pH Value ---- ---- pH Unit ---- 1014 pH Unit 10298

---- 99.87 pH Unit 10298

EA010: Conductivity (1:5)  (QCLot: 1954106)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm <1 99.81412 µS/cm 10397

ED006: Exchangeable Cations on Alkaline Soils  (QCLot: 1961180)

ED006: Exchangeable Calcium ---- 0.2 meq/100g <0.2 1295.4 meq/100g 13070

ED006: Exchangeable Magnesium ---- 0.2 meq/100g <0.2 1014.84 meq/100g 13070

ED006: Exchangeable Potassium ---- 0.2 meq/100g <0.2 1282.73 meq/100g 13070

ED006: Exchangeable Sodium ---- 0.2 meq/100g <0.2 1252.68 meq/100g 13070

ED006: Cation Exchange Capacity ---- 0.2 meq/100g <0.2 12015.6 meq/100g 13070

Matrix Spike (MS) Report
The quality control term Matrix Spike (MS) refers to an intralaboratory split sample spiked with a representative set of target analytes. The purpose of this QC parameter is to monitor potential matrix effects on 

analyte recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.

l No Matrix Spike (MS) or Matrix Spike Duplicate (MSD) Results are required to be reported.
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Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 20EB1819502

:: LaboratoryClient ATC WILLIAMS P/L Environmental Division Brisbane

: :ContactContact MR JOEL EADIE Customer Services EB

:: AddressAddress A DIVISION OF ATC WILLIAMS P/L PO BOX 3309

NEWMARKET QLD, AUSTRALIA 4051

2 Byth Street Stafford QLD Australia 4053

:Telephone ---- :Telephone +61-7-3243 7222

:Project 116100 Date Samples Received : 10-Jul-2018 09:20

:Order number Date Analysis Commenced : 27-Aug-2018

:C-O-C number ---- Issue Date : 28-Sep-2018 11:57

Sampler : ----

Site : Whitehaven Coal, Narribri Mine

Quote number : BN/199/18

89:No. of samples received

61:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:

l General Comments

l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA/QC Compliance Assessment to assist with 

Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Andrew Epps Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD

Kim McCabe Senior Inorganic Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Satishkumar Trivedi Senior Acid Sulfate Soil Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Satishkumar Trivedi Senior Acid Sulfate Soil Chemist Brisbane Inorganics, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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:Client

EB1819502

116100:Project

ATC WILLIAMS P/L

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^ = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

ALS is not NATA accredited for the analysis of Exchangeable Aluminium and Exchange Acidity in soils when performed under ALS Method ED005.l

ALS is not NATA accredited for the analysis of Exchangeable Cations on Alkaline Soils when performed under ALS Method ED006.l

ASS: EA013 (ANC) Fizz Rating: 0- None; 1- Slight; 2- Moderate; 3- Strong; 4- Very Strong; 5- Lime.l

EA011E (Extended Boil Coal Washery NAG) Testing was discontinued for samples that exceeded pH (ox) of 4.5 as per the method guidelines.l

ED007 and ED008: When Exchangeable Al is reported from these methods, it should be noted that Rayment & Lyons (2011) suggests Exchange Acidity by 1M KCl - Method 15G1 (ED005) is a more suitable method 

for the determination of exchange acidity (H+ + Al3+).

l
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ATC WILLIAMS P/L

Analytical Results

REAF-005-025REAF-004-050REAF-004-025REAF-001-BREAF-001-AClient sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-005EB1819502-004EB1819502-003EB1819502-002EB1819502-001UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

5.7 5.5 6.3 6.6 6.5pH Unit0.1----pH Value

EA009: Nett Acid Production Potential

-5.6 -5.7 -7.8 -9.5 -6.7kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)

13 55 9 78 10µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation

6.8 6.9 6.9 7.1 7.0pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

0.2 0.2 0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX

---- ---- ---- 7.2 ----pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity

5.6 5.7 7.8 9.5 6.7kg H2SO4 

equiv./t

0.5----ANC as H2SO4

0.6 0.6 0.8 1.0 0.7% CaCO30.1----ANC as CaCO3

0 0 0 1 0Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)

---- ---- ---- 3.5 ----%0.1----Moisture Content

ED005: Exchange Acidity

<0.1 0.1 ---- ---- ----meq/100g0.1----Exchange Acidity

<0.1 <0.1 ---- ---- ----meq/100g0.1----Exchangeable Aluminium

ED007: Exchangeable Cations

10.7 10.8 18.0 23.5 11.3meq/100g0.1----Exchangeable Calcium

3.8 3.9 6.4 8.5 4.6meq/100g0.1----Exchangeable Magnesium

0.3 0.3 0.3 0.3 0.2meq/100g0.1----Exchangeable Potassium

0.1 0.1 0.1 0.3 0.3meq/100g0.1----Exchangeable Sodium

15.0 15.1 24.8 32.6 16.5meq/100g0.1----Cation Exchange Capacity

0.9 0.8 0.5 1.0 2.1%0.1----Exchangeable Sodium Percent

2.8 2.8 2.8 2.8 2.4-0.1----Calcium/Magnesium Ratio

14.4 14.7 22.6 28.6 25.2-0.1----Magnesium/Potassium Ratio

ED040T : Total Sulfate by ICPAES

----Sulfate as SO4 2- ---- ---- 360 ----mg/kg10014808-79-8

ED042T: Total Sulfur by LECO

<0.01 <0.01 <0.01 <0.01 <0.01%0.01----Sulfur - Total as S (LECO)
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Analytical Results

REAF-005-025REAF-004-050REAF-004-025REAF-001-BREAF-001-AClient sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-005EB1819502-004EB1819502-003EB1819502-002EB1819502-001UnitLORCAS NumberCompound

Result Result Result Result Result

ED042T: Total Sulfur by LECO - Continued

EK085M: Sulfide as S2-

---- ---- ---- <0.01 ----%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil

0.50 0.47 0.58 0.52 0.77%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil

0.66Total Carbon 0.77 0.85 0.94 0.96%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil

0.16 0.30 0.27 0.42 0.19%0.02----Total Inorganic Carbon



5 of 20:Page

Work Order :

:Client

EB1819502

116100:Project

ATC WILLIAMS P/L

Analytical Results

SP1-001-002 (?)SP1-001-001 (?)REAF-006-050REAF-006-025REAF-005-050Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-010EB1819502-009EB1819502-008EB1819502-007EB1819502-006UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

6.2 7.4 7.4 7.4 7.4pH Unit0.1----pH Value

EA009: Nett Acid Production Potential

-9.0 -11.7 -12.4 -10.5 -11.2kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)

57 33 90 132 191µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation

7.1 7.3 7.4 7.3 7.4pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX

---- ---- 7.4 ---- ----pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity

9.0 11.7 12.4 11.1 11.8kg H2SO4 

equiv./t

0.5----ANC as H2SO4

0.9 1.2 1.3 1.1 1.2% CaCO30.1----ANC as CaCO3

0 1 1 1 1Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)

---- ---- 2.4 ---- ----%0.1----Moisture Content

ED006: Exchangeable Cations on Alkaline Soils

---- 15.1 16.9 18.0 17.6meq/100g0.2----Exchangeable Calcium

---- 4.3 4.8 3.0 2.8meq/100g0.2----Exchangeable Magnesium

---- 0.3 0.3 1.8 2.8meq/100g0.2----Exchangeable Potassium

---- <0.2 <0.2 0.4 0.5meq/100g0.2----Exchangeable Sodium

---- 19.8 22.0 23.2 23.8meq/100g0.2----Cation Exchange Capacity

---- <0.2 <0.2 1.7 2.2%0.2----Exchangeable Sodium Percent

---- 3.5 3.5 5.9 6.2-0.2----Calcium/Magnesium Ratio

---- 12.8 16.7 1.7 1.0-0.2----Magnesium/Potassium Ratio

ED007: Exchangeable Cations

11.7 ---- ---- ---- ----meq/100g0.1----Exchangeable Calcium

5.0 ---- ---- ---- ----meq/100g0.1----Exchangeable Magnesium

0.2 ---- ---- ---- ----meq/100g0.1----Exchangeable Potassium

0.4 ---- ---- ---- ----meq/100g0.1----Exchangeable Sodium

17.4 ---- ---- ---- ----meq/100g0.1----Cation Exchange Capacity

2.6 ---- ---- ---- ----%0.1----Exchangeable Sodium Percent
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Analytical Results

SP1-001-002 (?)SP1-001-001 (?)REAF-006-050REAF-006-025REAF-005-050Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-010EB1819502-009EB1819502-008EB1819502-007EB1819502-006UnitLORCAS NumberCompound

Result Result Result Result Result

ED007: Exchangeable Cations - Continued

2.3 ---- ---- ---- -----0.1----Calcium/Magnesium Ratio

22.0 ---- ---- ---- -----0.1----Magnesium/Potassium Ratio

ED040T : Total Sulfate by ICPAES

----Sulfate as SO4 2- ---- 290 ---- ----mg/kg10014808-79-8

ED042T: Total Sulfur by LECO

<0.01 <0.01 <0.01 0.02 0.02%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-

---- ---- <0.01 ---- ----%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil

0.78 0.59 0.57 1.02 1.12%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil

1.26Total Carbon 1.20 1.08 1.55 1.84%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil

0.48 0.61 0.51 0.53 0.72%0.02----Total Inorganic Carbon
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Analytical Results

SP3-003SP3-002SP3-001SP1-002-002 (?)SP1-002-001 (?)Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-017EB1819502-015EB1819502-013EB1819502-012EB1819502-011UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

5.7 5.6 8.8 8.2 8.2pH Unit0.1----pH Value

EA009: Nett Acid Production Potential

-2.2 <0.5 ---- -51.4 ----kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)

40 58 164 130 186µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation

6.9 7.0 ---- 9.3 ----pH Unit0.1----pH (OX)

<0.1 <0.1 ---- <0.1 ----kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 ---- <0.1 ----kg H2SO4/t0.1----NAG (pH 7.0)

EA013: Acid Neutralising Capacity

2.2 <0.5 ---- 52.0 ----kg H2SO4 

equiv./t

0.5----ANC as H2SO4

0.2 <0.1 ---- 5.3 ----% CaCO30.1----ANC as CaCO3

0 0 ---- 2 ----Fizz Unit0----Fizz Rating

ED005: Exchange Acidity

<0.1 <0.1 ---- ---- ----meq/100g0.1----Exchange Acidity

<0.1 <0.1 ---- ---- ----meq/100g0.1----Exchangeable Aluminium

ED006: Exchangeable Cations on Alkaline Soils

---- ---- 12.4 26.5 25.6meq/100g0.2----Exchangeable Calcium

---- ---- 8.1 5.7 5.5meq/100g0.2----Exchangeable Magnesium

---- ---- 0.5 0.8 0.7meq/100g0.2----Exchangeable Potassium

---- ---- 1.7 0.5 0.6meq/100g0.2----Exchangeable Sodium

---- ---- 22.7 33.6 32.4meq/100g0.2----Cation Exchange Capacity

---- ---- 7.4 1.6 1.8%0.2----Exchangeable Sodium Percent

---- ---- 1.5 4.6 4.7-0.2----Calcium/Magnesium Ratio

---- ---- 15.1 7.5 7.5-0.2----Magnesium/Potassium Ratio

ED007: Exchangeable Cations

5.7 2.5 ---- ---- ----meq/100g0.1----Exchangeable Calcium

1.8 1.0 ---- ---- ----meq/100g0.1----Exchangeable Magnesium

1.2 0.8 ---- ---- ----meq/100g0.1----Exchangeable Potassium

<0.1 <0.1 ---- ---- ----meq/100g0.1----Exchangeable Sodium

8.9 4.4 ---- ---- ----meq/100g0.1----Cation Exchange Capacity

0.8 1.1 ---- ---- ----%0.1----Exchangeable Sodium Percent

3.2 2.5 ---- ---- -----0.1----Calcium/Magnesium Ratio



8 of 20:Page

Work Order :

:Client

EB1819502

116100:Project

ATC WILLIAMS P/L

Analytical Results

SP3-003SP3-002SP3-001SP1-002-002 (?)SP1-002-001 (?)Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-017EB1819502-015EB1819502-013EB1819502-012EB1819502-011UnitLORCAS NumberCompound

Result Result Result Result Result

ED007: Exchangeable Cations - Continued

1.5 1.2 ---- ---- -----0.1----Magnesium/Potassium Ratio

ED042T: Total Sulfur by LECO

<0.01 <0.01 ---- 0.02 ----%0.01----Sulfur - Total as S (LECO)

EP003: Total Organic Carbon (TOC) in Soil

0.37 0.39 ---- 1.21 ----%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil

0.46Total Carbon 0.52 ---- 1.58 ----%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil

0.09 0.13 ---- 0.37 ----%0.02----Total Inorganic Carbon
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Analytical Results

REA-002-025REA-001-050REA-001-025SP4-002SP4-001Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-025EB1819502-024EB1819502-023EB1819502-021EB1819502-019UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

8.5 8.5 9.7 9.7 9.3pH Unit0.1----pH Value

EA009: Nett Acid Production Potential

-8.6 ---- -66.2 -68.1 -242kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)

186 126 445 486 280µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation

8.7 ---- 8.7 8.3 8.7pH Unit0.1----pH (OX)

<0.1 ---- <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 ---- <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX

---- ---- ---- 8.2 ----pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity

8.6 ---- 69.0 71.2 246kg H2SO4 

equiv./t

0.5----ANC as H2SO4

0.9 ---- 7.0 7.2 25.1% CaCO30.1----ANC as CaCO3

0 ---- 2 2 4Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)

---- ---- ---- 1.2 ----%0.1----Moisture Content

ED006: Exchangeable Cations on Alkaline Soils

7.4 8.5 ---- ---- ----meq/100g0.2----Exchangeable Calcium

7.4 6.2 ---- ---- ----meq/100g0.2----Exchangeable Magnesium

0.6 0.9 ---- ---- ----meq/100g0.2----Exchangeable Potassium

0.9 <0.2 ---- ---- ----meq/100g0.2----Exchangeable Sodium

16.3 15.6 ---- ---- ----meq/100g0.2----Cation Exchange Capacity

5.5 <0.2 ---- ---- ----%0.2----Exchangeable Sodium Percent

1.0 1.4 ---- ---- -----0.2----Calcium/Magnesium Ratio

12.2 7.0 ---- ---- -----0.2----Magnesium/Potassium Ratio

ED040T : Total Sulfate by ICPAES

----Sulfate as SO4 2- ---- ---- 570 ----mg/kg10014808-79-8

ED042T: Total Sulfur by LECO

<0.01 ---- 0.09 0.10 0.12%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-

---- ---- ---- 0.08 ----%0.01----Sulfide as S
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Analytical Results

REA-002-025REA-001-050REA-001-025SP4-002SP4-001Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-025EB1819502-024EB1819502-023EB1819502-021EB1819502-019UnitLORCAS NumberCompound

Result Result Result Result Result

EP003: Total Organic Carbon (TOC) in Soil

0.15 ---- 18.4 11.4 13.0%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil

0.34Total Carbon ---- 25.3 23.4 34.4%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil

0.19 ---- 6.90 12.0 21.4%0.02----Total Inorganic Carbon
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Analytical Results

REA-004-200REA-004-100REA-003-050REA-003-025REA-002-050Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-030EB1819502-029EB1819502-028EB1819502-027EB1819502-026UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

9.1 8.6 9.1 9.1 9.0pH Unit0.1----pH Value

EA009: Nett Acid Production Potential

-73.8 -58.8 -43.8 -46.6 -50.6kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)

212 661 278 909 552µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation

8.6 7.5 8.1 5.3 5.0pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 7.6 23.7kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX

---- ---- 8.1 ---- ----pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity

79.0 65.5 47.8 53.3 56.4kg H2SO4 

equiv./t

0.5----ANC as H2SO4

8.1 6.7 4.9 5.4 5.8% CaCO30.1----ANC as CaCO3

2 2 2 2 2Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)

---- ---- 1.0 ---- ----%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES

----Sulfate as SO4 2- ---- 200 ---- ----mg/kg10014808-79-8

ED042T: Total Sulfur by LECO

0.17 0.22 0.13 0.22 0.19%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-

---- ---- 0.12 ---- ----%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil

18.2 19.8 25.3 17.6 20.2%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil

47.0Total Carbon 40.5 32.8 43.4 41.2%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil

28.8 20.7 7.50 25.8 21.0%0.02----Total Inorganic Carbon
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Analytical Results

REA-006-025REA-005-050REA-005-025REA-004-400REA-004-300Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-035EB1819502-034EB1819502-033EB1819502-032EB1819502-031UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

9.3 8.8 8.3 8.2 8.9pH Unit0.1----pH Value

EA009: Nett Acid Production Potential

-116 -14.5 -80.4 -54.7 -110kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)

411 319 1280 1030 285µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation

8.6 3.0 5.4 4.8 8.4pH Unit0.1----pH (OX)

<0.1 41.9 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 95.4 10.2 13.8 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011-B:  Dissolved Major Anions

----Sulfur as S 30 ---- ---- ----mg/L163705-05-5

----Chloride 11 ---- ---- ----mg/L116887-00-6

EA011-C:  Dissolved Major Cations

----Calcium 42 ---- ---- ----mg/L17440-70-2

----Magnesium 17 ---- ---- ----mg/L17439-95-4

----Sodium 18 ---- ---- ----mg/L17440-23-5

----Potassium 3 ---- ---- ----mg/L17440-09-7

EA011-D:  Calculated Components

---- 9.1 ---- ---- ----kg H2SO4/t0.1----Calculated Acid Component

---- 19.9 ---- ---- ----kg H2SO4/t0.1----Calculated Neutralisng Component

---- <0.1 ---- ---- ----kg H2SO4/t0.1----Calculated NAG Acidity

EA011E-A: pH OX

---- 2.6 ---- ---- ----pH Unit0.1----pH (OX)

---- 5.6 ---- ---- ----pH Unit0.1----pH -2  (ext)

EA013: Acid Neutralising Capacity

121 23.7 89.6 65.1 116kg H2SO4 

equiv./t

0.5----ANC as H2SO4

12.4 2.4 9.1 6.6 11.8% CaCO30.1----ANC as CaCO3

3 1 2 2 3Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)

---- 1.3 ---- ---- ----%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES

----Sulfate as SO4 2- 270 ---- ---- ----mg/kg10014808-79-8
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Work Order :

:Client

EB1819502

116100:Project

ATC WILLIAMS P/L

Analytical Results

REA-006-025REA-005-050REA-005-025REA-004-400REA-004-300Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-035EB1819502-034EB1819502-033EB1819502-032EB1819502-031UnitLORCAS NumberCompound

Result Result Result Result Result

ED042T: Total Sulfur by LECO

0.15 0.30 0.30 0.34 0.21%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-

---- 0.29 ---- ---- ----%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil

19.4 33.6 16.9 14.3 15.2%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil

41.8Total Carbon 73.6 31.6 51.3 50.3%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil

22.4 40.0 14.7 37.0 35.1%0.02----Total Inorganic Carbon
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Work Order :

:Client

EB1819502

116100:Project

ATC WILLIAMS P/L

Analytical Results

REA-007-400REA-007-300REA-007-200REA-007-100REA-006-050Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-040EB1819502-039EB1819502-038EB1819502-037EB1819502-036UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

8.9 9.2 9.2 9.1 9.1pH Unit0.1----pH Value

EA009: Nett Acid Production Potential

-330 -63.8 -43.6 -281 -95.6kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)

124 213 240 258 180µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation

9.0 8.5 8.8 8.3 8.8pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX

---- ---- 8.1 ---- ----pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity

335 68.4 47.0 287 103kg H2SO4 

equiv./t

0.5----ANC as H2SO4

34.2 7.0 4.8 29.3 10.5% CaCO30.1----ANC as CaCO3

4 2 2 4 3Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)

---- ---- 0.7 ---- ----%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES

----Sulfate as SO4 2- ---- 130 ---- ----mg/kg10014808-79-8

ED042T: Total Sulfur by LECO

0.16 0.15 0.11 0.19 0.24%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-

---- ---- 0.10 ---- ----%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil

10.1 19.7 18.6 14.5 13.9%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil

42.6Total Carbon 42.6 24.0 49.2 41.7%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil

32.5 22.9 5.40 34.7 27.8%0.02----Total Inorganic Carbon
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Work Order :

:Client

EB1819502

116100:Project

ATC WILLIAMS P/L

Analytical Results

REA-010-050REA-010-025REA-009-050REA-009-025REA-007-500Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-045EB1819502-044EB1819502-043EB1819502-042EB1819502-041UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

9.5 10.2 10.4 9.7 9.6pH Unit0.1----pH Value

EA009: Nett Acid Production Potential

-118 -259 -38.6 -195 -292kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)

416 1060 1810 422 282µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation

8.4 8.6 10.7 8.4 8.8pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX

---- ---- ---- 8.3 ----pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity

124 262 39.8 202 297kg H2SO4 

equiv./t

0.5----ANC as H2SO4

12.6 26.8 4.1 20.6 30.3% CaCO30.1----ANC as CaCO3

3 3 2 3 4Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)

---- ---- ---- 1.2 ----%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES

----Sulfate as SO4 2- ---- ---- 330 ----mg/kg10014808-79-8

ED042T: Total Sulfur by LECO

0.18 0.10 0.04 0.24 0.15%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-

---- ---- ---- 0.23 ----%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil

11.7 9.07 0.87 19.0 12.9%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil

41.0Total Carbon 22.6 1.49 40.0 35.2%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil

29.3 13.5 0.62 21.0 22.3%0.02----Total Inorganic Carbon
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Work Order :

:Client

EB1819502

116100:Project

ATC WILLIAMS P/L

Analytical Results

REA-013-001REA-012-050REA-012-025REA-011-050REA-011-025Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-050EB1819502-049EB1819502-048EB1819502-047EB1819502-046UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

9.2 9.6 9.7 9.8 10.1pH Unit0.1----pH Value

EA009: Nett Acid Production Potential

-14.0 -61.0 -87.7 -154 -179kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)

410 276 393 510 739µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation

7.9 8.0 8.6 8.4 10.8pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX

---- ---- 8.5 ---- 10.9pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity

18.6 67.7 93.8 160 184kg H2SO4 

equiv./t

0.5----ANC as H2SO4

1.9 6.9 9.6 16.3 18.7% CaCO30.1----ANC as CaCO3

1 2 2 3 3Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)

---- ---- 1.4 ---- 0.1%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES

----Sulfate as SO4 2- ---- 170 ---- 380mg/kg10014808-79-8

ED042T: Total Sulfur by LECO

0.15 0.22 0.20 0.18 0.16%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-

---- ---- 0.19 ---- 0.15%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil

13.9 23.0 26.2 21.2 3.88%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil

19.8Total Carbon 52.3 42.2 38.6 6.11%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil

5.90 29.3 16.0 17.4 2.23%0.02----Total Inorganic Carbon
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Work Order :

:Client

EB1819502

116100:Project

ATC WILLIAMS P/L

Analytical Results

REAC-002REAC-001REA-014-300REA-014-200REA-014-100Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-055EB1819502-054EB1819502-053EB1819502-052EB1819502-051UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

9.5 9.7 9.7 10.0 10.3pH Unit0.1----pH Value

EA009: Nett Acid Production Potential

-64.4 -146 -120 -31.1 -36.0kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)

391 336 414 980 1600µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation

8.1 8.7 8.6 10.2 10.6pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX

---- ---- 8.5 ---- 10.7pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity

71.1 150 125 32.0 36.9kg H2SO4 

equiv./t

0.5----ANC as H2SO4

7.2 15.2 12.8 3.3 3.8% CaCO30.1----ANC as CaCO3

2 3 3 1 2Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)

---- ---- 1.0 ---- 1.7%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES

----Sulfate as SO4 2- ---- 240 ---- 480mg/kg10014808-79-8

ED042T: Total Sulfur by LECO

0.22 0.14 0.15 0.03 0.03%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-

---- ---- 0.14 ---- 0.01%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil

23.4 27.1 23.2 1.07 0.29%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil

36.8Total Carbon 31.5 26.6 1.71 0.62%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil

13.4 4.40 3.40 0.64 0.33%0.02----Total Inorganic Carbon
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Work Order :

:Client

EB1819502

116100:Project

ATC WILLIAMS P/L

Analytical Results

STOCKPILE-004STOCKPILE-003STOCKPILE-002STOCKPILE-001REAC-3Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-060EB1819502-059EB1819502-058EB1819502-057EB1819502-056UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

9.8 9.6 9.3 9.9 9.4pH Unit0.1----pH Value

EA009: Nett Acid Production Potential

-40.8 -160 -124 -147 -118kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)

1340 236 153 691 253µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation

10.4 9.0 8.9 9.7 9.0pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX

---- ---- 9.0 ---- ----pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity

42.3 163 127 153 119kg H2SO4 

equiv./t

0.5----ANC as H2SO4

4.3 16.6 13.0 15.6 12.1% CaCO30.1----ANC as CaCO3

2 3 3 3 3Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)

---- ---- 1.2 ---- ----%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES

----Sulfate as SO4 2- ---- 110 ---- ----mg/kg10014808-79-8

ED042T: Total Sulfur by LECO

0.05 0.08 0.10 0.18 0.04%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-

---- ---- 0.10 ---- ----%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil

1.12 16.4 19.2 8.51 7.87%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil

1.78Total Carbon 22.2 22.9 12.3 11.6%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil

0.66 5.80 3.70 3.79 3.73%0.02----Total Inorganic Carbon
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Work Order :
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EB1819502

116100:Project

ATC WILLIAMS P/L

Analytical Results

ROCK-008ROCK-006ROCK-004ROCK-002STOCKPILE-005Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-079EB1819502-077EB1819502-075EB1819502-073EB1819502-061UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)

9.3 8.5 9.0 8.7 9.0pH Unit0.1----pH Value

EA009: Nett Acid Production Potential

-105 -4.3 -12.5 -6.6 -7.7kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)

268 46 233 126 160µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation

8.8 7.5 8.4 7.9 8.5pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX

---- ---- 8.4 ---- 8.2pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity

108 4.9 13.4 7.2 8.3kg H2SO4 

equiv./t

0.5----ANC as H2SO4

11.1 0.5 1.4 0.7 0.8% CaCO30.1----ANC as CaCO3

3 0 1 0 1Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)

---- ---- 1.6 ---- 1.3%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES

----Sulfate as SO4 2- ---- 160 ---- <100mg/kg10014808-79-8

ED042T: Total Sulfur by LECO

0.09 0.02 0.03 0.02 0.02%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-

---- ---- 0.02 ---- 0.02%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil

19.0 0.31 0.88 0.37 0.56%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil

25.1Total Carbon 0.31 1.43 0.37 0.60%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil

6.10 <0.02 0.55 <0.02 0.04%0.02----Total Inorganic Carbon
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EB1819502
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ATC WILLIAMS P/L

Analytical Results

----------------ROCK-010Client sample IDSub-Matrix: ROCK

 (Matrix: SOIL)

----------------09-Jul-2018 00:00Client sampling date / time

--------------------------------EB1819502-081UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EA002: pH 1:5 (Soils)

8.2 ---- ---- ---- ----pH Unit0.1----pH Value

EA009: Nett Acid Production Potential

-3.6 ---- ---- ---- ----kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)

60 ---- ---- ---- ----µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation

7.3 ---- ---- ---- ----pH Unit0.1----pH (OX)

<0.1 ---- ---- ---- ----kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 ---- ---- ---- ----kg H2SO4/t0.1----NAG (pH 7.0)

EA013: Acid Neutralising Capacity

4.2 ---- ---- ---- ----kg H2SO4 

equiv./t

0.5----ANC as H2SO4

0.4 ---- ---- ---- ----% CaCO30.1----ANC as CaCO3

0 ---- ---- ---- ----Fizz Unit0----Fizz Rating

ED042T: Total Sulfur by LECO

0.02 ---- ---- ---- ----%0.01----Sulfur - Total as S (LECO)

EP003: Total Organic Carbon (TOC) in Soil

0.48 ---- ---- ---- ----%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil

0.48Total Carbon ---- ---- ---- ----%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil

<0.02 ---- ---- ---- ----%0.02----Total Inorganic Carbon
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Work Order : EB1825094 Client ID:

Sub Matrix Soil

Client Sample Identification 1

Client Sample Identification 2

Sample Date 9/07/2018

Method Analyte Units LOR

1

EB1825094

EA046 - A Titration information

HCl Molarity: M 0.1

Increments: mL 0.5

Weight (g) 2

ANC kgH2SO4/t 23.7

EA046 -B - Curve information

Addition

mLs added 

(total)
kg    

H2SO4/t pH Addition

mLs added 

(total)
kg    

H2SO4/t pH

0 0 0 8.94

1 0.5 1.225 7.85

2 1 2.45 7.25

3 1.5 3.675 6.81

4 2 4.9 6.42

5 2.5 6.125 6.10

6 3 7.35 5.82

7 3.5 8.575 5.59

8 4 9.8 5.37

9 4.5 11.025 5.15

10 5 12.25 4.90

11 5.5 13.475 4.68

12 6 14.7 4.47

13 6.5 15.925 4.28

14 7 17.15 4.07

15 7.5 18.375 3.85

16 8 19.6 3.65

17 8.5 20.825 3.48

18 9 22.05 3.34

19 9.5 23.275 3.22

20 10 24.5 3.12

21 10.5 25.725 3.02

22 11 26.95 2.94

23 11.5 28.175 2.87

24 12 29.4 2.80

25 12.5 30.625 2.74

26 13 31.85 2.68

27 13.5 33.075 2.63

28 14 34.3 2.58

29 14.5 35.525 2.54

30 15 36.75 2.49

ATC WILLIAMS P/L

REA-004-400



Work Order : EB1825094 Client ID:

Sub Matrix Soil

Client Sample Identification 1

Client Sample Identification 2

Sample Date 9/07/2018

Method Analyte Units LOR

1 Check

EB1825094

EA046 - A Titration information

HCl Molarity: M 0.1

Increments: mL 0.5

Weight (g) 2

ANC kgH2SO4/t 23.7

EA046 -B - Curve information

Addition

mLs added 

(total)
kg    

H2SO4/t pH Addition

mLs added 

(total)
kg    

H2SO4/t pH

0 0 0 9.04

1 0.5 1.225 7.96

2 1 2.45 7.40

3 1.5 3.675 6.96

4 2 4.9 6.65

5 2.5 6.125 6.40

6 3 7.35 6.12

7 3.5 8.575 5.88

8 4 9.8 5.66

9 4.5 11.025 5.44

10 5 12.25 5.18

11 5.5 13.475 4.92

12 6 14.7 4.67

13 6.5 15.925 4.44

14 7 17.15 4.19

15 7.5 18.375 3.93

16 8 19.6 3.69

17 8.5 20.825 3.49

18 9 22.05 3.34

19 9.5 23.275 3.21

20 10 24.5 3.10

21 10.5 25.725 3.00

22 11 26.95 2.92

23 11.5 28.175 2.84

24 12 29.4 2.77

25 12.5 30.625 2.70

26 13 31.85 2.64

27 13.5 33.075 2.59

28 14 34.3 2.54

29 14.5 35.525 2.49

ATC WILLIAMS P/L

REA-004-400



Work Order : EB1825094 Client ID:

Sub Matrix Soil

Client Sample Identification 1

Client Sample Identification 2

Sample Date 9/07/2018

Method Analyte Units LOR

2

EB1825094

EA046 - A Titration information

HCl Molarity: M 0.5

Increments: mL 0.2

Weight (g) 2

ANC kgH2SO4/t 65.1

EA046 -B - Curve information

Addition

mLs added 

(total)
kg    

H2SO4/t pH Addition

mLs added 

(total)
kg    

H2SO4/t pH

0 0 0 8.29

1 0.2 2.45 7.68

2 0.4 4.9 7.46

3 0.6 7.35 7.24

4 0.8 9.8 7.11

5 1 12.25 6.93

6 1.2 14.7 6.75

7 1.4 17.15 6.57

8 1.6 19.6 6.49

9 1.8 22.05 6.39

10 2 24.5 6.23

11 2.2 26.95 5.87

12 2.4 29.4 5.50

13 2.6 31.85 4.99

14 2.8 34.3 4.66

15 3 36.75 4.38

16 3.2 39.2 4.06

17 3.4 41.65 3.73

18 3.6 44.1 3.45

19 3.8 46.55 3.28

20 4 49 3.11

21 4.2 51.45 2.98

22 4.4 53.9 2.86

23 4.6 56.35 2.78

24 4.8 58.8 2.69

25 5 61.25 2.60

26 5.2 63.7 2.48

ATC WILLIAMS P/L

REA-005-050
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ALS CODE DESCRIPTION

SAMPLE PREPARATION

LOG-22 Sample login - Rcd w/o BarCode
ASH-01 Ashing of carbons/soils

ALS CODE DESCRIPTION INSTRUMENT

ANALYTICAL PROCEDURES

ME-XRF26 XRFWhole Rock By Fusion/XRF
ME-GRA05 TGAH2O/LOI by TGA furnace
ME-MS61 48 element four acid ICP-MS
Hg-MS42 ICP-MSTrace Hg by ICPMS
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Sample Description

Method
Analyte
Units
LOD 

ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26
Al2O3 BaO CaO Cr2O3 Fe2O3 K2O MgO MnO Na2O P2O5 SO3 SiO2 SrO TiO2 Total

% % % % % % % % % % % % % % %
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

REAF-004-050 21.87 0.05 0.91 0.04 14.26 0.23 0.96 0.09 0.16 0.08 0.04 48.31 <0.01 1.28 99.93
REAF-006-050 13.30 0.02 0.77 0.03 10.27 0.33 0.81 0.16 0.17 0.05 0.03 64.56 <0.01 1.48 100.00
REA-001-050 8.09 0.03 2.65 0.01 4.90 0.64 1.47 0.12 0.37 0.04 0.26 45.88 0.02 0.48 99.50
REA-003-050 8.82 0.04 1.48 0.01 3.69 1.32 0.89 0.11 0.34 0.02 0.22 36.82 0.01 0.42 100.50
REA-004-400 2.59 0.01 0.68 <0.01 1.38 0.07 0.34 0.03 0.19 0.01 0.18 6.93 <0.01 0.16 100.15

REA-007-200 6.42 0.03 1.68 0.01 6.12 0.54 0.96 0.30 0.25 0.03 0.21 47.19 0.01 0.56 100.60
REA-010-025 5.58 0.03 7.04 <0.01 5.56 0.50 3.41 0.10 0.23 0.02 0.43 18.27 0.03 0.27 100.65
REA-012-025 5.46 0.02 3.28 <0.01 9.96 0.50 1.81 0.29 0.25 0.01 0.38 18.25 0.02 0.27 100.45
REA-013-001 9.49 0.08 6.33 0.01 6.19 2.32 2.96 0.05 0.53 0.09 0.45 53.97 0.04 0.47 100.70
REA-014-300 9.03 0.04 4.50 0.02 5.68 1.08 2.95 0.09 0.48 0.12 0.34 33.27 0.04 0.65 100.55

REAC-002 9.14 0.05 1.04 0.02 5.14 0.52 0.96 0.07 0.89 0.03 0.06 76.28 0.01 0.72 100.05
STOCKPILE-002 10.86 0.04 4.07 0.01 8.15 0.93 2.36 0.21 0.18 0.02 0.25 33.63 0.03 0.48 100.85
ROCK-004 15.90 0.04 0.30 0.01 5.31 2.42 0.86 0.12 0.13 0.06 0.08 66.40 0.01 0.76 100.00
ROCK-008 16.22 0.04 0.25 0.01 3.37 2.59 0.76 0.03 0.18 0.05 0.03 69.73 0.01 0.72 100.05

***** See Appendix Page for comments regarding this certificate *****
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Sample Description

Method
Analyte
Units
LOD 

ME-GRA05 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
LOI Ag Al As Ba Be Bi Ca Cd Ce Co Cr Cs Cu Fe
% ppm % ppm ppm ppm ppm % ppm ppm ppm ppm ppm ppm %

0.01 0.01 0.01 0.2 10 0.05 0.01 0.01 0.02 0.01 0.1 1 0.05 0.2 0.01

REAF-004-050 11.54 0.03 7.24 1.9 350 0.92 0.05 0.43 0.02 9.06 31.5 245 0.47 56.8 7.47
REAF-006-050 7.92 0.05 6.40 3.0 200 0.95 0.08 0.50 0.02 38.6 36.5 191 1.53 43.7 6.09
REA-001-050 34.50 0.05 3.99 2.8 200 1.10 0.22 1.72 0.07 36.9 6.5 46 2.86 19.1 2.96
REA-003-050 46.26 0.04 4.25 4.0 290 1.17 0.21 0.98 0.04 35.5 2.9 25 2.99 17.3 2.24
REA-004-400 87.60 0.01 0.90 0.7 60 0.55 0.12 0.41 0.07 8.59 1.7 9 0.12 10.2 0.77

REA-007-200 36.24 0.07 3.25 1.2 200 0.85 0.31 1.13 0.07 34.0 2.5 32 2.76 22.9 3.77
REA-010-025 59.14 0.03 2.81 2.6 230 1.13 0.15 4.44 0.05 40.3 2.0 20 3.11 10.4 3.46
REA-012-025 59.90 0.03 2.79 1.2 180 1.11 0.16 2.14 0.07 38.9 1.9 19 2.88 10.6 6.37
REA-013-001 17.70 0.03 4.92 11.2 660 0.86 0.06 4.22 0.03 49.3 10.3 52 1.49 9.3 3.91
REA-014-300 42.22 0.04 4.30 2.7 290 1.30 0.18 2.88 0.08 44.5 10.3 74 3.25 16.6 3.43

REAC-002 5.04 0.02 4.66 4.7 410 1.18 0.13 0.71 <0.02 52.2 16.1 99 2.16 15.3 3.20
STOCKPILE-002 39.58 0.06 5.41 2.0 260 1.67 0.23 2.72 0.12 41.8 5.1 33 4.89 14.9 5.17
ROCK-004 7.55 0.08 7.96 10.9 350 2.36 0.30 0.21 0.13 57.4 10.1 55 8.91 39.6 3.36
ROCK-008 6.01 0.08 7.51 7.0 340 1.99 0.25 0.16 0.07 56.9 9.1 42 8.36 35.5 2.02

***** See Appendix Page for comments regarding this certificate *****
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Sample Description

Method
Analyte
Units
LOD 

ME-MS61 ME-MS61 ME-MS61 Hg-MS42 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
Ga Ge Hf Hg In K La Li Mg Mn Mo Na Nb Ni P

ppm ppm ppm ppm ppm % ppm ppm % ppm ppm % ppm ppm ppm
0.05 0.05 0.1 0.005 0.005 0.01 0.5 0.2 0.01 5 0.05 0.01 0.1 0.2 10

REAF-004-050 23.8 0.53 2.1 0.023 0.058 0.13 4.1 15.5 0.35 564 0.70 0.11 7.9 218 310
REAF-006-050 15.75 0.34 2.8 0.028 0.048 0.23 18.0 16.2 0.41 1110 0.57 0.12 11.1 120.5 230
REA-001-050 10.30 0.27 2.0 0.034 0.049 0.47 19.0 17.2 0.76 783 0.91 0.24 6.3 17.4 140
REA-003-050 11.30 0.23 2.1 0.030 0.047 0.95 17.5 14.6 0.45 789 0.86 0.23 6.4 7.8 80
REA-004-400 3.56 0.25 1.0 0.018 0.027 0.05 3.7 5.0 0.15 234 0.67 0.12 2.3 5.6 40

REA-007-200 10.80 0.30 2.0 0.026 0.038 0.40 18.4 15.8 0.51 2130 1.18 0.16 8.4 8.6 100
REA-010-025 7.93 0.39 1.4 0.054 0.036 0.37 20.8 12.8 1.85 698 1.90 0.15 4.4 6.4 60
REA-012-025 7.69 0.43 1.4 0.020 0.043 0.38 19.9 12.7 0.97 2010 1.16 0.17 4.1 6.3 60
REA-013-001 10.45 0.38 2.2 0.031 0.030 1.72 27.3 17.2 1.60 373 3.38 0.35 10.1 29.9 400
REA-014-300 11.95 0.35 2.1 0.036 0.049 0.76 23.0 18.4 1.53 580 1.64 0.31 12.1 42.7 470

REAC-002 11.20 0.38 2.2 0.017 0.044 0.38 23.2 21.7 0.51 490 0.44 0.61 7.8 34.1 140
STOCKPILE-002 13.50 0.35 2.0 0.041 0.046 0.69 21.2 24.9 1.26 1440 1.05 0.12 8.3 11.5 60
ROCK-004 19.40 0.43 3.5 0.068 0.067 1.79 26.7 30.4 0.44 817 0.74 0.10 8.1 24.1 270
ROCK-008 18.90 0.39 3.6 0.061 0.072 1.89 25.1 30.1 0.37 256 0.62 0.12 8.2 20.1 190

***** See Appendix Page for comments regarding this certificate *****
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Sample Description

Method
Analyte
Units
LOD 

ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
Pb Rb Re S Sb Sc Se Sn Sr Ta Te Th Ti Tl U

ppm ppm ppm % ppm ppm ppm ppm ppm ppm ppm ppm % ppm ppm
0.5 0.1 0.002 0.01 0.05 0.1 1 0.2 0.2 0.05 0.05 0.01 0.005 0.02 0.1

REAF-004-050 3.9 3.9 <0.002 0.02 0.13 15.6 2 1.2 41.3 0.58 <0.05 1.26 0.598 0.09 0.3
REAF-006-050 7.1 22.2 <0.002 0.01 0.23 16.8 2 1.2 55.4 0.75 <0.05 5.36 0.734 0.17 0.6
REA-001-050 11.4 33.4 <0.002 0.14 0.43 7.8 1 1.6 162.0 0.48 <0.05 6.72 0.242 0.24 1.3
REA-003-050 10.0 42.4 <0.002 0.13 1.54 6.5 1 1.7 117.5 0.49 <0.05 6.84 0.233 0.28 1.6
REA-004-400 3.4 0.6 <0.002 0.25 0.28 2.1 1 0.7 54.7 0.18 0.05 1.40 0.077 0.09 0.5

REA-007-200 8.9 26.6 <0.002 0.10 0.37 5.5 1 2.0 119.0 0.66 0.05 8.31 0.307 0.16 2.1
REA-010-025 7.5 24.5 <0.002 0.17 0.23 6.7 1 1.3 332 0.35 <0.05 5.06 0.148 0.28 1.2
REA-012-025 7.6 24.7 <0.002 0.17 0.35 7.6 1 1.2 211 0.31 <0.05 5.52 0.142 0.17 1.2
REA-013-001 9.6 69.1 <0.002 0.18 0.71 10.7 1 1.1 394 0.67 <0.05 8.01 0.265 0.58 1.8
REA-014-300 9.9 31.1 <0.002 0.16 0.39 9.7 1 1.8 294 0.81 <0.05 6.34 0.346 0.26 1.5

REAC-002 11.1 32.7 <0.002 0.02 0.42 8.8 1 1.2 121.0 0.56 <0.05 7.32 0.350 0.19 1.0
STOCKPILE-002 13.9 29.3 <0.002 0.10 0.28 8.9 1 2.2 277 0.61 0.05 9.25 0.264 0.26 2.4
ROCK-004 19.0 114.5 <0.002 0.03 1.32 14.1 1 2.6 117.5 0.65 0.05 10.40 0.398 0.61 2.5
ROCK-008 18.1 114.0 <0.002 0.01 1.03 11.9 1 2.7 103.5 0.66 <0.05 10.05 0.386 0.52 2.6

***** See Appendix Page for comments regarding this certificate *****
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Sample Description

Method
Analyte
Units
LOD 

ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
V W Y Zn Zr

ppm ppm ppm ppm ppm
1 0.1 0.1 2 0.5

REAF-004-050 176 0.3 7.8 83 75.4
REAF-006-050 145 0.6 17.7 58 96.2
REA-001-050 46 2.2 15.3 29 68.9
REA-003-050 34 1.4 14.1 35 71.4
REA-004-400 15 0.4 5.0 9 37.6

REA-007-200 29 2.3 14.2 19 74.3
REA-010-025 34 0.8 14.6 17 49.5
REA-012-025 32 0.8 16.1 19 50.1
REA-013-001 42 0.9 18.7 31 70.2
REA-014-300 59 1.2 15.4 36 72.8

REAC-002 74 0.7 18.6 34 77.1
STOCKPILE-002 54 1.7 15.5 22 65.6
ROCK-004 98 1.8 23.3 87 115.0
ROCK-008 84 2.0 22.7 62 117.5

***** See Appendix Page for comments regarding this certificate *****
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CERTIFICATE COMMENTS

ANALYTICAL COMMENTS
REE's may not be totally soluble in this method.
ME-MS61Applies to Method:

ACCREDITATION COMMENTS
NATA Accreditation covers the performance of this service but does not cover the performance of ALS Brisbane Sample Preparation. Corporate 
Accreditation No: 825, Corporate Site No: 818. The Technical Signatory is David Jones,ICPMS Supervising Chemist
ME-MS61Applies to Method:

NATA Accreditation covers the performance of this service but does not cover the performance of ALS Brisbane Sample Preparation. Corporate 
Accreditation No: 825, Corporate Site No: 818. The Technical Signatory is James Lo, XRF Supervising Chemist
ME-GRA05Applies to Method: ME-XRF26

LABORATORY ADDRESSES
Processed at ALS Brisbane located at 32 Shand Street, Stafford, Brisbane, QLD, Australia. Processed at ALS Brisbane Sample Preparation at 116 
Delta Street, Geebung, QLD 4034, Australia
ASH-01Applies to Method: Hg-MS42 LOG-22 ME-GRA05
ME-MS61 ME-XRF26
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RESULTS 

Phase Identification / Quantification  

The powder X-ray diffraction patterns show the presence of crystalline phases. Graphics of the 
collected diffraction patterns along with the phases identified are included at the end of this report. 
The estimated normalised abundance of the corundum internal standard in the samples is higher 
than 10 wt%. This means there is an unaccounted for component in the samples (i.e., the samples 
contain non-diffracting and/or unidentified material). This component is frequently referred to as 
amorphous. 

Table of phase abundances (nominal wt%, absolute) 

X18306 1 2 3 4 5 6 

EB1819502 REAF-004-
050 

REAF-006-
050 

REA-001-
050 

REA-003-
050 

REA-004-
400 

REA-007-
200 

Quartz 9.8 34.6 32.3 22.9 4.5 38.2 
Anatase 1.5 1.7 0.2 0.4   

Hematite 5.9 4.9     

Calcite   0.9 0.6 0.2  

Dawsonite    1.3 1.4  

Dolomite / 
ankerite 

  5.4 3.1 1.1 3.8 

Siderite   4.3 4.4 1.6 8.5 
Albite 3.1 1.6 1.5   1.3 

K-Feldspar  9.4 1.8 7.9  1.9 
Kaolinite 34.9 11.7 10.2 11.7 4.1 8.7 

Illite / mica   7.5 7.2  6.1 
Montmorillonite 17 16.2     

Amorphous 27.9 19.8 36.0 40.6 87.2 31.4 
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X18306 7 8 9 10 11 12 

EB1819502 REA-010-
025 

REA-012-
025 

REA-013-
001 

REA-014-
300 

REAC-
002 

STOCKPILE-
002 

Quartz 11.0 11.2 37.9 21.1 55.7 21.4 
Anatase   0.4 0.4 0.6 0.5 

Hematite     0.9  

Calcite 2.2 0.5 2.1 1.4 1.4 0.6 
Dawsonite   2.6 1.6   

Dolomite / 
ankerite 21.5 8.7 20.2 12.8  14.1 

Siderite 6.9 15.5 7.1 7.2  12.8 
Diopside    3.5   

Analcime    1.2   

Albite 0.5   1.8 1.8 1.0 
K-Feldspar 2.8  16.5 7.9 2.5 2.3 
Kaolinite 9.0 8.1 8.4 11.8 10.4 17.9 

Illite / mica 5.8 7.3 3.8 6.4  10.1 
Montmorillonite     13.6  

Amorphous 40.3 48.8 1.0 23.0 13.1 19.4 
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APPENDIX 1 – X-RAY DIFFRACTION DATA AND GRAPHICS 

Powder X-ray Diffraction Patterns 
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APPENDIX 2 – ANALYTICAL TECHNIQUES 

Sample preparation 

Sub-samples were accurately weighed and specimens prepared for X-ray diffraction analysis by the 
addition of a corundum (Al2O3) internal standard at 10 wt%. The specimens were micronised in a 
McCrone mill using zirconia beads and ethanol, then dried in an oven overnight at 40 °C. The 
resultant homogenous powders were back-pressed into sample holders.  

Sample analysis 

Step scanned X-ray diffraction patterns were collected for an hour per sample using a PANalytical 
X’Pert Pro powder diffractometer and cobalt Kα radiation operating in Bragg-Brentano geometry. 
The collected data was analysed using JADE (V2010, Materials Data Inc.) and X’Pert Highscore Plus 
(V4, PANalytical) with various reference databases (PDF4+, AMCSD, COD) for phase identification. 
Rietveld refinement was performed using TOPAS (V5, Bruker) or Siroquant (Sietronics, V3) for 
quantitative phase analysis. Siroquant is typically used for those samples which contain significant 
clay in the bulk powder patterns. The known addition of corundum facilitates reporting of absolute 
phase abundances for the modelled phases. The sum of the absolute abundances is subtracted from 
100 wt% to obtain a residual (called non-diffracting/unidentified, also known as “amorphous”). The 
residual represents the unexplained portion of the pattern: it may be non-diffracting content but will 
also contain unidentified phases and the error from poorly modelled phases. It is the least accurate 
measure as its error is the sum of the errors of the modelled phases. An absorption contrast 
correction (Brindley) was made on the basis that the average size of the particles in the specimens is 
approximately 5 µm. The more absorbing phases will be under estimated if their actual average 
particle size is greater than 5 µm. The estimated uncertainties in the reported phase abundances are 
20 wt% relative or better for every modelled phase. Due to propagation of errors the uncertainty in 
the amorphous (non-diffracting/unidentified) content is higher at approximately 30 wt% relative. 
The detection limit and limit of quantification using our method is approximately 1 wt% or less 
depending on the phase in question and sample matrix. 

Powder X-ray diffraction is bulk phase analysis, it is not bulk chemical analysis. Phase abundances 
may be mis-estimated if an incorrect chemical formula is assigned to a phase. Therefore, the closest 
matches in the reference phase identification databases were used in the Rietveld refinement 
model, but other members of the identified mineral groups may be present.  
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RESULTS 

Phase Identification / Quantification  

The powder X-ray diffraction patterns show the presence of crystalline phases. Graphics of the 
collected diffraction patterns along with the phases identified are included at the end of this report. 
The estimated normalised abundance of the corundum internal standard in the samples is higher 
than 10 wt%. This means there is an unaccounted for component in the samples (i.e., the samples 
contain non-diffracting and/or unidentified material). This component is frequently referred to as 
amorphous. The major difference between the two samples is the absence of siderite in sample 
ROCK-008.  

Table of phase abundances (nominal wt%, absolute) 

X18331 1 2 
EB1819502 ROCK-004 ROCK-008 

Quartz 41.7 42.5 
Anatase 0.5 0.4 
Siderite 2.7  
Butlerite 1.4 1.4 

K-Feldspar 8.3 9.8 
Kaolinite 19.0 19.3 

Illite 9.4 8.8 
Mica 7.3 6.7 

Non-diffracting (amorphous) 9.8 11.1 
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APPENDIX 1 – X-RAY DIFFRACTION DATA AND GRAPHICS 

Powder X-ray Diffraction Patterns 

In the graphics below the coloured line is the collected data, the red line is the Rietveld refinement 
model, and the grey line is the difference. Note that the phase abundances on the graphics are 
before taking into account the known addition of corundum at 10 wt%. Please use the tabulated 
abundances which require no further manipulation.  
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X18331-1_ROCK-004.xy Corundum (QUT) 10.97 %
Quartz 41.12 %
Anatase 0.44 %
Siderite 2.67 %
Butlerite 1.41 %
K-Feldspar (Sanidine, Na0.07) 8.16 %
Kaolinite 18.72 %
Illite 2M1 9.32 %
Muscovite (2M1) 7.20 %
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X18331-2_ROCK-008.xy Corundum (QUT) 11.11 %
Quartz 42.49 %
Anatase 0.42 %
Butlerite 1.38 %
K-Feldspar (Sanidine, Na0.07) 9.84 %
Kaolinite 19.28 %
Illite 2M1 8.76 %
Muscovite (2M1) 6.73 %
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APPENDIX 2 – ANALYTICAL TECHNIQUES 

Sample preparation 

Sub-samples were accurately weighed and specimens prepared for X-ray diffraction analysis by the 
addition of a corundum (Al2O3) internal standard at 10 wt%. The specimens were micronised in a 
McCrone mill using zirconia beads and ethanol, then dried in an oven overnight at 40 °C. The 
resultant homogenous powders were back-pressed into sample holders.  

Sample analysis 

Step scanned X-ray diffraction patterns were collected for an hour per sample using a PANalytical 
X’Pert Pro powder diffractometer and cobalt Kα radiation operating in Bragg-Brentano geometry. 
The collected data was analysed using JADE (V2010, Materials Data Inc.) and X’Pert Highscore Plus 
(V4, PANalytical) with various reference databases (PDF4+, AMCSD, COD) for phase identification. 
Rietveld refinement was performed using TOPAS (V5, Bruker) or Siroquant (Sietronics, V3) for 
quantitative phase analysis. Siroquant is typically used for those samples which contain significant 
clay in the bulk powder patterns. The known addition of corundum facilitates reporting of absolute 
phase abundances for the modelled phases. The sum of the absolute abundances is subtracted from 
100 wt% to obtain a residual (called non-diffracting/unidentified, also known as “amorphous”). The 
residual represents the unexplained portion of the pattern: it may be non-diffracting content but will 
also contain unidentified phases and the error from poorly modelled phases. It is the least accurate 
measure as its error is the sum of the errors of the modelled phases. An absorption contrast 
correction (Brindley) was made on the basis that the average size of the particles in the specimens is 
approximately 5 µm. The more absorbing phases will be under estimated if their actual average 
particle size is greater than 5 µm. The estimated uncertainties in the reported phase abundances are 
20 wt% relative or better for every modelled phase. Due to propagation of errors the uncertainty in 
the amorphous (non-diffracting/unidentified) content is higher at approximately 30 wt% relative. 
The detection limit and limit of quantification using our method is approximately 1 wt% or less 
depending on the phase in question and sample matrix. 

Powder X-ray diffraction is bulk phase analysis, it is not bulk chemical analysis. Phase abundances 
may be mis-estimated if an incorrect chemical formula is assigned to a phase. Therefore, the closest 
matches in the reference phase identification databases were used in the Rietveld refinement 
model, but other members of the identified mineral groups may be present.  
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APPENDIX I 
 

ADIABATIC SELF HEATING – R70 



APPENDIX A 
THE ACIRL ADIABATIC SELF-HEATING TEST 

 
 

The coal sample to be tested is prepared by crushing to 200 microns and drying in 
nitrogen at about 105 C.  The coal sample is allowed to cool after drying before being 
loaded into the vacuum flask reaction vessel.  Once loaded, the reaction vessel is sealed 
with a push fit stopper through which pass a gas inlet, an exhaust, and a double platinum 
bulb resistance thermometer.  As soon as practical, a flow of nitrogen is established 
through the coal sample in order to prevent pre-oxidation. 
 
The reaction vessel is then placed into a fan forced oven.  The temperature of the oven is 
maintained constant by an electronic controller until the sample temperature stabilises at 
40 C.  The gas supply which passes through a copper coil housed in the oven to pre-heat 
it, is then changed from nitrogen to oxygen.  The function of the electronic controller is 
also changed to adiabatic mode in which it holds the oven temperature as close to the coal 
temperature as possible.  The temperature of the coal is recorded during the self-heating 
period until 70 oC is exceeded or until 72 hours have expired since admission of oxygen.  
The rate of temperature rise gives a relative measure of the oxidation rate of the coal.  
Some typical self-heating curves are shown in Figure A.1. 
 
To quantify the propensity of the coal to spontaneous combustion, the average rate of 
self-heating from 40 C to 70 C (R70) is used as an index.  As R70 increases, reactivity of 
the coal, and hance its propensity to spontaneous combustion increases. 
 
For a range of Australian bituminous coals previously tested (Humphreys, 1979 and 
Humphreys et al, 1981), the range of R70 self-heating rates observed was from 0 C/hour 
to 1.45 C/hour. See Figure A.2. R70 values greater than 0.5 oC/h were obtained with coals 
having some history of spontaneous combustion problems in practice. 
 
REFERENCES 
 
HUMPHREYS, D.R. 
A study of Propensity of Queensland Coal to Spontaneous Combustion, M.Sc. Thesis, 
University of Queensland, 1979 
 
HUMPHREYS, D.R., ROWLANDS, D. and CUDMORE, J.F. 
Proceedings of As I,M,M. Symposium on “Ignition, Explosion and Fires in Coal Mines”, 
1981, 
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ACCREDITED TESTS 

 
HARD COAL TEST  ABBREVIATION        STANDARD /REFERENCE 
Abrasion Index   AI    AS1038.19 
Adiabatic Self Heating      AL035 (In-House) 
Ash     A    AS1038.3 
Ash Fusibility       AS1038.15 
Carbon        AS1038.6.4 
Carbonate Carbon   Cm    AS1038.23 
Chlorine    C1    AS1038.8 
Crucible Swelling Number CSN    AS1038.12.1 
Dilatometer        AS 1038.12.3 
Fixed Carbon   FC    AS1038.3 
Float/Sink Analysis  F/S    AS4156.1 
Forms of Sulfur   FOS [So, Sp, Ss]  AS1038.11 
Gieseler        AS1038.12.4.1 
Gray King Coke Type  GKCT    AS1038.12.2 
Hardgrove Grindability Index HGI    AS1038.20 
Hydrogen    H    AS1038.6.4 
Moisture (residual)   Mr    AS1038.3 
Moisture Holding Capacity MHC    AS1038.17 
Nitrogen    N    AS1038.6.4 
Oxygen    O    AS1038.16 
Phosphorus    P    BS1016.14 
Relative Density   RD    AS1038.21.1.1 
Relative Ignition Temperature RIT    AL030 (In-House) 
Size Analysis       AS3881 
Gross Calorific Value  q    AS1038.5 
Total Moisture   M    AS1038.1 
Total Sulfur    S    AS1038.6.3.3 
Volatile Matter   VM    AS1038.3 
Ash Analysis       AL044 (In-House) * 
Roga Index         ISO335 
Caking Index        ISO15585   
    
 
COKE TEST   ABBREVIATION        STANDARD /REFERENCE 
Proximate Analysis      AS 1038.4 

Note(s): 

1. Acceptance and reporting of results is in accordance with AS1038.16 

2. Sampling by ACIRL is in accordance with the following AS2617 (seams, insitu); 
AS4264.1 Sampling Procedures ; 

 AS4264.4 Determination of Precision and Bias 

3. All analyses reported to Air-Dried Basis unless otherwise indicated. 

*4. Ash Analysis performed at ACTest Newcastle laboratory (accreditation 15784/1422). 
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NON ACCREDITED TEST 

 

The following tests are not covered in by the scope of accreditation relating to the 
laboratories technical accreditation. 

 

TEST      STANDARD/REFERENCE 

 

Drop Shatter     AS2519 
Durham Cone     AS1038.25 
Froth Flotation    AS4156.2 and Client Specific Procedures 
Mineral Matter    AS1038.22 
Pre- Treatment    AS2519 
 
Roadway Dusts QLD Department of Mines and Energy – Quality 

of incompatible dust, sampling and analysis of 
roadway dust in underground coal mine – Coal 
Mining Safety and Health Act 1999 Recognised 
Standard – No. 05, July 2003 

 
Roga Index     ISO335 
Caking Index    ISO15585 
 
 
Sapozhnikov    Journal of Mine Metals and  
      Fuels India Oct 1978 
 
Size Adjustment    AS2519 
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TRILAB BRISBANE CERTIFICATES 
  

APPENDIX C4 



Brisbane

346A Bilsen Road, 

Geebung

QLD  4034                 

Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  

Queens Park             

WA  6107                

Ph: +61 8 9258 8323Soil      Rock      Calibration

chrispgo22

James

Client Report No.

Workorder No.

Address Report Date

Project

Sample No. 18080381 18080383 18080385 18080386 18080389 18080392 18080395

Test Date 27/08/2018 27/08/2018 27/08/2018 27/08/2018 27/08/2018 27/08/2018 31/08/2018

Client ID REAF-001 REAF-003 REAF-005 REAF-006 SP2-001 SP3-002 REA-002

Depth (m) Not Supplied Not Supplied Not Supplied Not Supplied Not Supplied Not Supplied Not Supplied

Moisture (%) 10.3 17.5 9.2 11.3 3.2 8.7 13.0

AS SIEVE SIZE 

(mm)

150 100

75 91

63 81

53 78

37.5 100 62

26.5 100 95 45

19 100 93 91 35

13.2 99 93 100 89 31

9.5 98 93 99 89 100 29

6.7 96 92 97 88 99 25

4.75 95 92 95 100 88 98 22

2.36 92 91 93 98 86 97 17

1.18 91 90 92 95 85 96 13

0.600 89 89 90 91 79 94 10

0.425 87 87 88 88 73 91 9

0.300 84 85 85 85 62 88 8

0.150 75 81 78 77 38 79 6

0.075 70 78 73 73 29 74 5

NOTES/REMARKS:  

Sample/s supplied by the client Page 1 of 1 REP01103

Laboratory No. 9926

116100.03 - Whitehaven Coal, Narrabri Mine

PARTICLE SIZE DISTRIBUTION TEST REPORT
Test Method: AS 1289 3.6.1, 2.1.1

ATC Williams Pty Ltd

Level 2, 16-20 Edmondstone St   Newmarket   

QLD 4051

18080381-G

18/09/2018

4675

PERCENT PASSING

Trilab Pty Ltd     ABN 25 065 630 506

 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

 The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

Authorised Signatory

T. Lockhart

Authorised Signatory

C. Channon

Accredited for compliance with ISO/IEC 17025 - Testing. 
The results of the tests, calibrations, and/or measurements included in 

this document are traceable to Australian/National Standards. 
 

Tested at Trilab Brisbane Laboratory. 

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



Brisbane

346A Bilsen Road, 

Geebung

QLD  4034                 

Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  

Queens Park             

WA  6107                

Ph: +61 8 9258 8323Soil      Rock      Calibration

chrispgo22

James

Client Report No.

Workorder No.

Address Report Date

Project

Sample No. 18080396 18080397 18080399 18080401 18080402 18080403

Test Date 27/08/2018 31/08/2018 31/08/2018 31/08/2018 31/08/2018 31/08/2018

Client ID REA-006 REA-007 REA-012 ROCK-001 ROCK-002 ROCK-004

Depth (m) Not Supplied Not Supplied Not Supplied Not Supplied Not Supplied Not Supplied

Moisture (%) 13.9 15.3 7.0 12.6 9.6 9.8

AS SIEVE SIZE 

(mm)

150 100 100

75 81 100 98

63 77 92 96

53 74 84 87

37.5 57 69 76

26.5 43 51 63

19 33 38 53

13.2 28 33 44

9.5 26 29 39 100

6.7 23 27 35 99

4.75 22 25 31 100 98

2.36 17 20 23 100 91 89

1.18 13 16 17 98 87 86

0.600 10 13 14 96 84 83

0.425 9 12 13 96 83 82

0.300 8 11 11 95 80 81

0.150 6 9 9 93 76 77

0.075 5 7 8 88 69 71

NOTES/REMARKS:  

Sample/s supplied by the client Page 1 of 1 REP01103

Laboratory No. 9926

PERCENT PASSING

Trilab Pty Ltd     ABN 25 065 630 506

 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

 The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

116100.03 - Whitehaven Coal, Narrabri Mine

PARTICLE SIZE DISTRIBUTION TEST REPORT
Test Method: AS 1289 3.6.1, 2.1.1

ATC Williams Pty Ltd

Level 2, 16-20 Edmondstone St   Newmarket   

QLD 4051

18080396-G

18/09/2018

4675

Authorised Signatory

T. Lockhart

Authorised Signatory

C. Channon

Accredited for compliance with ISO/IEC 17025 - Testing. 
The results of the tests, calibrations, and/or measurements included in 

this document are traceable to Australian/National Standards. 
 

Tested at Trilab Brisbane Laboratory. 

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



Brisbane

346A Bilsen Road, 

Geebung

QLD  4034                 

Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  

Queens Park             

WA  6107                

Ph: +61 8 9258 8323Soil      Rock      Calibration

chrispgo22

James

Client Report No.

Workorder No.

Address Report Date

Project

18080381 18080382 18080383 18080384 18080385 18080386

Test Date 10/09/2018 31/08/2018 31/08/2018 31/08/2018 10/09/2018 31/08/2018

REAF-001 REAF-002 REAF-003 REAF-004 REAF-005 REAF-006

Not Supplied Not Supplied Not Supplied Not Supplied Not Supplied Not Supplied

40 48 65 66 37 57

22 23 27 30 20 23

Plasticity Index (%) 18 25 38 36 17 34

Linear Shrinkage (%) 11.5 + 15.0 + 18.0 + 19.0 + 11.0 * 18.0 +

Moisture Content (%) 10.3 13.2 17.5 19.6 9.2 11.3

18080387 18080388 18080389 18080390 18080391 18080392

Test Date 31/08/2018 31/08/2018 31/08/2018 31/08/2018 10/09/2018 31/08/2018

SP1-001 SP1-002 SP2-001 SP2-002 SP3-001 SP3-002

Not Supplied Not Supplied Not Supplied Not Supplied Not Supplied Not Supplied

47 50 16 17 43 54

26 27 11 12 23 27

Plasticity Index (%) 21 23 5 5 20 27

Linear Shrinkage (%) 14.0 + 16.0 + 2.5 * 1.5 * 12.5 + 16.0 +

Moisture Content (%) 10.5 11.8 3.2 3.4 9.7 8.7

NOTES/REMARKS: The samples were tested oven dried, dry sieved and in a 125-250mm mould.

Sample/s supplied by the client *  Cracking occurred  +  Curling occurred Page 1 of 1 REP00102

Laboratory No. 9926

 ATTERBERG LIMITS TEST REPORT
Test Method: AS 1289 2.1.1, 3.1.1, 3.1.2, 3.2.1, 3.3.1, 3.4.1

ATC Williams Pty Ltd

Level 2, 16-20 Edmondstone St   Newmarket   

QLD 4051

18080381-AL

14/09/2018

0004675

116100.03 - Whitehaven Coal, Narrabri Mine

Depth (m)

Trilab Pty Ltd     ABN 25 065 630 506

 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

 The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

Liquid Limit (%)

Plastic Limit (%)

Sample No.

Client ID

Depth (m)

Client ID

Sample No.

Plastic Limit (%)

Liquid Limit (%)

Authorised Signatory

T. Lockhart

Authorised Signatory

C. Channon

Accredited for compliance with ISO/IEC 17025 - Testing. 
The results of the tests, calibrations, and/or measurements included in 

this document are traceable to Australian/National Standards. 
 

Tested at Trilab Brisbane Laboratory. 

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



Brisbane

346A Bilsen Road, 

Geebung

QLD  4034                 

Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  

Queens Park             

WA  6107                

Ph: +61 8 9258 8323Soil      Rock      Calibration

chrispgo22

James

Client Report No.

Workorder No.

Address Report Date

Project

18080393 18080394

Test Date 10/09/2018 10/09/2018

SP4-001 SP4-002

Not Supplied Not Supplied

34 66

20 20

Plasticity Index (%) 14 46

Linear Shrinkage (%) 11.0 + 18.5 *

Moisture Content (%) 10.7 7.1

Test Date

Plasticity Index (%)

Linear Shrinkage (%)

Moisture Content (%)

NOTES/REMARKS: The samples were tested oven dried, dry sieved and in a 125-250mm mould.

Sample/s supplied by the client *  Cracking occurred  +  Curling occurred Page 1 of 1 REP00102

Laboratory No. 9926

 ATTERBERG LIMITS TEST REPORT
Test Method: AS 1289 2.1.1, 3.1.1, 3.1.2, 3.2.1, 3.3.1, 3.4.1

ATC Williams Pty Ltd

Level 2, 16-20 Edmondstone St   Newmarket   

QLD 4051

18080393-AL

14/09/2018

0004675

116100.03 - Whitehaven Coal, Narrabri Mine

Depth (m)

Trilab Pty Ltd     ABN 25 065 630 506

 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

 The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

Liquid Limit (%)

Plastic Limit (%)

Sample No.

Client ID

Depth (m)

Client ID

Sample No.

Plastic Limit (%)

Liquid Limit (%)

Authorised Signatory

T. Lockhart

Authorised Signatory

C. Channon

Accredited for compliance with ISO/IEC 17025 - Testing. 
The results of the tests, calibrations, and/or measurements included in 

this document are traceable to Australian/National Standards. 
 

Tested at Trilab Brisbane Laboratory. 

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



Brisbane

346A Bilsen Road, 

Geebung

QLD  4034                 

Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  

Queens Park             

WA  6107                

Ph: +61 8 9258 8323Soil      Rock      Calibration

neil

James

Client Report No.

Workorder No.

Address Test Date

Report Date

Project

NOTES/REMARKS:

Sample/s supplied by the client Page 1 of 1 REP02402

Laboratory No. 9926

Slake Durability (3rd cycle) (%)

Slake Durability (4th cycle) (%)

-

0004675

116100.03 - Whitehaven Coal, Narrabri Mine

88.2

Not Supplied

Slake Durability (1st cycle) (%)

ROCK-001

18080401Sample No.

Client ID

Depth (m)

Trilab Pty Ltd     ABN 25 065 630 506

 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

 The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

Slake Durability (2nd cycle) (%)

Water Used

Appearance of fragments retained in the drum

Appearance of fragments passing through the drum Fragments & Fines

Moderate Deterioration

Tap Water

78.8

-

Temperature (
o
C) 19.8

 SLAKE DURABILITY INDEX TEST REPORT
Test Method: AS 4133.3.4

ATC Williams Pty Ltd

Level 2, 16-20 Edmondstone St   Newmarket   

QLD 4051

18080401-SD

23/08/2018

20/08/2018

Authorised Signatory

N. Maddison

Authorised Signatory

N. Maddison

Accredited for compliance with ISO/IEC 17025 - Testing. 
The results of the tests, calibrations, and/or measurements included in 

this document are traceable to Australian/National Standards. 
 

Tested at Trilab Brisbane Laboratory. 

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



Brisbane

346A Bilsen Road, 

Geebung

QLD  4034                 

Ph: +61 7 3265 5656

Perth

2 Kimmer Place,  

Queens Park             

WA  6107                

Ph: +61 8 9258 8323Soil      Rock      Calibration

neil

James

Client Report No.

Workorder No.

Address Test Date

Report Date

Project

NOTES/REMARKS:

Sample/s supplied by the client Page 1 of 1 REP02402

Laboratory No. 9926

Slake Durability (3rd cycle) (%)

Slake Durability (4th cycle) (%)

-

0004675

116100.03 - Whitehaven Coal, Narrabri Mine

86.8

Not Supplied

Slake Durability (1st cycle) (%)

ROCK-002

18080402Sample No.

Client ID

Depth (m)

Trilab Pty Ltd     ABN 25 065 630 506

 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

 The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

Slake Durability (2nd cycle) (%)

Water Used

Appearance of fragments retained in the drum

Appearance of fragments passing through the drum Fragments & Fines

Slight Deterioration

Tap Water

80.2

-

Temperature (
o
C) 19.7

 SLAKE DURABILITY INDEX TEST REPORT
Test Method: AS 4133.3.4

ATC Williams Pty Ltd

Level 2, 16-20 Edmondstone St   Newmarket   

QLD 4051

18080402-SD

23/08/2018

20/08/2018

Authorised Signatory

N. Maddison

Authorised Signatory

N. Maddison

Accredited for compliance with ISO/IEC 17025 - Testing. 
The results of the tests, calibrations, and/or measurements included in 

this document are traceable to Australian/National Standards. 
 

Tested at Trilab Brisbane Laboratory. 

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



Brisbane

10/104 Newmarket Rd,  

Windsor                    

QLD  4030                 

Ph: +61 7 3357 5535

Perth

2 Kimmer Place,  

Queens Park             

WA  6107                

Ph: +61 8 9258 8323Soil      Rock      Calibration

chrisc 1919

Client Report No.

Address

Project Test Date

Report Date

Client ID

Description Sample Type

Compaction Method AS1289.5.1.1 - Standard Compaction

Maximum Dry Density (t/m
3
) Hydraulic Gradient

Optimum Moisture Content (%) Surcharge (kPa)

Placement Moisture Content (%) Head Pressure Applied (kPa)

Moisture Ratio (%) Water Type

Placement Wet Density (t/m
3
) Percentage Material Retained/Sieve Size (mm)

Density Ratio (%) Sample Height and Diameter (mm)

Remarks: The above specimen was remoulded to a target of 98% of Standard Dry Density and at 100% of Optimum Moisture Content.

Sample/s supplied by client REP36301

PO Box 3309    NEWMARKET   QLD  4051

98.2

 The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

Depth (m) Not Supplied

3 / 9.5 

Distilled

1.94

SILTY CLAY - red / brown

97.9

Trilab Pty Ltd            ABN 25 065 630 506

Laboratory No. 9926

116.3 / 101.2 

PERMEABILITY k(20) =

Page: 1 of 1

4.6 x 10 
-09 (m/sec)

PERMEABILITY BY FALLING HEAD TEST REPORT

Test Method AS 1289 6.7.2, 5.1.1 , KH2 (Based on K H Head (1988) Manual of Laboratory Testing,10.7)

10.1

3.0

11.58

RESULTS OF TESTING

1.71

15.9

15.6

Whitehaven Coal, Narrabri Mine

Remoulded Soil Specimen

6/09/2018-11/09/2018

12/09/2018

P 18080086-FHPT

REAF-001

ATC Williams

Authorised Signatory

C. Channon

Accredited for compliance with ISO/IEC 17025 - Testing. 
The results of the tests, calibrations, and/or measurements included in 

this document are traceable to Australian/National Standards.  
 

Tested at Trilab Perth Laboratory 
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Permeability 

ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



Brisbane

10/104 Newmarket Rd,  

Windsor                    

QLD  4030                 

Ph: +61 7 3357 5535

Perth

2 Kimmer Place,  

Queens Park             

WA  6107                

Ph: +61 8 9258 8323Soil      Rock      Calibration

Gerard boma

Client Report No.

Address

Project Test Date

Report Date

Client ID

Description Sample Type

Compaction Method AS1289.5.1.1 - Standard Compaction

Maximum Dry Density (t/m
3
) Hydraulic Gradient

Optimum Moisture Content (%) Surcharge (kPa)

Placement Moisture Content (%) Head Pressure Applied (kPa)

Moisture Ratio (%) Water Type

Placement Wet Density (t/m
3
) Percentage Material Retained/Sieve Size (mm)

Density Ratio (%) Sample Height and Diameter (mm)

Remarks: The above specimen was remoulded to a target of 98% of Standard Dry Density and at 100% of Optimum Moisture Content.

Sample/s supplied by client REP36301

PERMEABILITY BY FALLING HEAD TEST REPORT

Test Method AS 1289 6.7.2, 5.1.1 , KH2 (Based on K H Head (1988) Manual of Laboratory Testing,10.7)

10.1

3.0

11.58

RESULTS OF TESTING

1.56

22.8

22.6

Whitehaven Coal, Narrabri Mine

Remoulded Soil Specimen

6/09/2018-11/09/2018

12/09/2018

P 18080087-FHPT

REAF-003

ATC Williams

Trilab Pty Ltd            ABN 25 065 630 506

Laboratory No. 9926

116.5 / 101.1 

PERMEABILITY k(20) =

Page: 1 of 1

1.2 x 10 
-09 (m/sec)

PO Box 3309    NEWMARKET   QLD  4051

97.9

 The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

Depth (m) Not Supplied

0 / 9.5 

Distilled

1.87

SILTY CLAY - red / brown

99.3

Authorised Signatory

C. Channon

Accredited for compliance with ISO/IEC 17025 - Testing. 
The results of the tests, calibrations, and/or measurements included in 

this document are traceable to Australian/National Standards.  
 

Tested at Trilab Perth Laboratory 
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ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



Brisbane

10/104 Newmarket Rd,  

Windsor                    

QLD  4030                 

Ph: +61 7 3357 5535

Perth

2 Kimmer Place,  

Queens Park             

WA  6107                

Ph: +61 8 9258 8323Soil      Rock      Calibration

Gerard boma

Client Report No.

Address

Project Test Date

Report Date

Client ID

Description Sample Type

Compaction Method AS1289.5.1.1 - Standard Compaction

Maximum Dry Density (t/m
3
) Hydraulic Gradient

Optimum Moisture Content (%) Surcharge (kPa)

Placement Moisture Content (%) Head Pressure Applied (kPa)

Moisture Ratio (%) Water Type

Placement Wet Density (t/m
3
) Percentage Material Retained/Sieve Size (mm)

Density Ratio (%) Sample Height and Diameter (mm)

Remarks: The above specimen was remoulded to a target of 98% of Standard Dry Density and at 100% of Optimum Moisture Content.

Sample/s supplied by client REP36301

PO Box 3309    NEWMARKET   QLD  4051

97.8

 The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

Depth (m) Not Supplied

0 / 9.5 

Distilled

1.96

SILTY CLAY - brown

104.7

Trilab Pty Ltd            ABN 25 065 630 506

Laboratory No. 9926

116.4 / 101.1 

PERMEABILITY k(20) =

Page: 1 of 1

2.4 x 10 
-09 (m/sec)

PERMEABILITY BY FALLING HEAD TEST REPORT

Test Method AS 1289 6.7.2, 5.1.1 , KH2 (Based on K H Head (1988) Manual of Laboratory Testing,10.7)

10.1

2.9

11.58

RESULTS OF TESTING

1.65

20.4

21.4

Whitehaven Coal, Narrabri Mine

Remoulded Soil Specimen

6/09/2018-11/09/2018

12/09/2018

P 18080088-FHPT

REAF-006

ATC Williams

Authorised Signatory

C. Channon

Accredited for compliance with ISO/IEC 17025 - Testing. 
The results of the tests, calibrations, and/or measurements included in 

this document are traceable to Australian/National Standards.  
 

Tested at Trilab Perth Laboratory 
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ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



Brisbane

10/104 Newmarket Rd,  

Windsor                    

QLD  4030                 

Ph: +61 7 3357 5535

Perth

2 Kimmer Place,  

Queens Park             

WA  6107                

Ph: +61 8 9258 8323Soil      Rock      Calibration

chrisc 1919

Client Report No.

Address

Project Test Date

Report Date

Client ID

Description Sample Type

Compaction Method AS1289.5.1.1 - Standard Compaction

Maximum Dry Density (t/m
3
) Hydraulic Gradient

Optimum Moisture Content (%) Surcharge (kPa)

Placement Moisture Content (%) Head Pressure Applied (kPa)

Moisture Ratio (%) Water Type

Placement Wet Density (t/m
3
) Percentage Material Retained/Sieve Size (mm)

Density Ratio (%) Sample Height and Diameter (mm)

Remarks: The above specimen was remoulded to a target of 98% of Standard Dry Density and at 100% of Optimum Moisture Content.

Sample/s supplied by client REP36301

PO Box 3309    NEWMARKET   QLD  4051

97.8

 The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

Depth (m) Not Supplied

2 / 9.5 

Distilled

2.17

Gravelly CLAY - red / brown

103.3

Trilab Pty Ltd            ABN 25 065 630 506

Laboratory No. 9926

116.6 / 101 

PERMEABILITY k(20) =

Page: 1 of 1

4.1 x 10 
-09 (m/sec)

PERMEABILITY BY FALLING HEAD TEST REPORT

Test Method AS 1289 6.7.2, 5.1.1 , KH2 (Based on K H Head (1988) Manual of Laboratory Testing,10.7)

10.1

2.9

11.58

RESULTS OF TESTING

2.02

9.3

9.6

Whitehaven Coal, Narrabri Mine

Remoulded Soil Specimen

7/09/2018-12/09/2018

12/09/2018

P 18080089-FHPT

SP2-001

ATC Williams

Authorised Signatory

C. Channon

Accredited for compliance with ISO/IEC 17025 - Testing. 
The results of the tests, calibrations, and/or measurements included in 

this document are traceable to Australian/National Standards.  
 

Tested at Trilab Perth Laboratory 
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ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



Brisbane

10/104 Newmarket Rd,  

Windsor                    

QLD  4030                 

Ph: +61 7 3357 5535

Perth

2 Kimmer Place,  

Queens Park             

WA  6107                

Ph: +61 8 9258 8323Soil      Rock      Calibration

Gerard boma

Client Report No.

Address

Project Test Date

Report Date

Client ID

Description Sample Type

Compaction Method AS1289.5.1.1 - Standard Compaction

Maximum Dry Density (t/m
3
) Hydraulic Gradient

Optimum Moisture Content (%) Surcharge (kPa)

Placement Moisture Content (%) Head Pressure Applied (kPa)

Moisture Ratio (%) Water Type

Placement Wet Density (t/m
3
) Percentage Material Retained/Sieve Size (mm)

Density Ratio (%) Sample Height and Diameter (mm)

Remarks: The above specimen was remoulded to a target of 98% of Standard Dry Density and at 100% of Optimum Moisture Content.

Sample/s supplied by client REP36301

PERMEABILITY BY FALLING HEAD TEST REPORT

Test Method AS 1289 6.7.2, 5.1.1 , KH2 (Based on K H Head (1988) Manual of Laboratory Testing,10.7)

10.1

2.9

11.58

RESULTS OF TESTING

1.63

20.9

21.1

Whitehaven Coal, Narrabri Mine

Remoulded Soil Specimen

10/09/2018-13/09/2018

13/09/2018

P 18080090-FHPT

SP3-002

ATC Williams

Trilab Pty Ltd            ABN 25 065 630 506

Laboratory No. 9926

116.7 / 100.9 

PERMEABILITY k(20) =

Page: 1 of 1

1.5E-10 (m/sec)

PO Box 3309    NEWMARKET   QLD  4051

97.8

 The results of calibrations and tests performed apply only to the specific instrument or sample at the time of test unless otherwise clearly stated.

 Reference should be made to Trilab's “Standard Terms and Conditions of Business” for further details.

Depth (m) Not Supplied

1 / 9.5 

Distilled

1.93

CLAY - red / brown, trace gravel

100.8

Authorised Signatory

C. Channon

Accredited for compliance with ISO/IEC 17025 - Testing. 
The results of the tests, calibrations, and/or measurements included in 

this document are traceable to Australian/National Standards.  
 

Tested at Trilab Perth Laboratory 
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ACCURATE QUALITY RESULTS FOR TOMORROW'S ENGINEERING



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

SOIL CONVERSATION SERVICE (SCS) CERTIFICATE 
 

APPENDIX C5 



 

 

Soil Conservation Service 
Scone Research Center 

709 Gundy Rd 
PO Box 283 

SCONE NSW 2333 
Tel: 02 6544 4907 

www.scs.nsw.gov.au 
Ref: 

Chris Channon 
Trilab Pty Ltd 
346A Bilsen Rd 
Geebung QLD 4034  

SOIL TEST REPORT 
 

REPORT NO:   SCO18/087R1 

REPORT ON:   Two soil samples 
    Your ref:  116100.03 Whitehaven Coal, Narrabri Mine 

PRELIMINARY RESULTS 
ISSUED:   Not issued 

REPORT STATUS:  Final 

DATE REPORTED:  25 September 2018 

METHODS: Information on test procedures can be obtained from Scone Research 
Centre 

TESTING CARRIED OUT ON SAMPLE AS RECEIVED 
THIS DOCUMENT MAY NOT BE REPRODUCED EXCEPT IN FULL 

 

 

Lynette Dunn 

Senior Technical Officer  

 

 



 

 

 

 

 

 

Report No:  SCO18/087R1 
Client Reference: Chris Channon 

Trilab Pty Ltd 
346A Bilsen Rd 
Geebung QLD 4034 

 

Lab No 

Method P18B/3 (%) 

Sample Id Saturation 0.05 bar 0.1 bar 0.3 bar 
(Field 

Capacity) 

1.0 bar 3.0 bar 5.0 bar 8 bar 10 bar 15 bar 
(Wilting 
Point) 

Available 
Water 

Capacity 

1 18080382 / REAF-002 65 48 47 36 26 23 22 21 20 19 17 

2 18080385 / REAF-005 57 46 42 32 22 19 17 17 16 15 17 
moisture content (%) by weight 

 

END OF TEST REPORT 

 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

ALS QUALITY CONTROL REPORTS 
 

APPENDIX C6 



False

 4 4.00True

Environmental

QUALITY CONTROL REPORT
Work Order : EB1819502 Page : 1 of 8

:: LaboratoryClient Environmental Division BrisbaneATC WILLIAMS P/L

:Contact MR JOEL EADIE :Contact Customer Services EB

:Address A DIVISION OF ATC WILLIAMS P/L PO BOX 3309

NEWMARKET QLD, AUSTRALIA 4051

Address : 2 Byth Street Stafford QLD Australia 4053

::Telephone ---- +61-7-3243 7222:Telephone

:Project 116100 Date Samples Received : 10-Jul-2018

:Order number Date Analysis Commenced : 27-Aug-2018

:C-O-C number ---- Issue Date : 28-Sep-2018

Sampler : ----

Site : Whitehaven Coal, Narribri Mine

Quote number : BN/199/18

No. of samples received 89:

No. of samples analysed 61:

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full.

This Quality Control Report contains the following information:

l Laboratory Duplicate (DUP) Report; Relative Percentage Difference (RPD) and Acceptance Limits

l Method Blank (MB) and Laboratory Control Spike (LCS) Report ; Recovery and Acceptance Limits

l Matrix Spike (MS) Report; Recovery and Acceptance Limits

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Andrew Epps Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD

Kim McCabe Senior Inorganic Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Satishkumar Trivedi Senior Acid Sulfate Soil Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Satishkumar Trivedi Senior Acid Sulfate Soil Chemist Brisbane Inorganics, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R



2 of 8:Page

Work Order :

:Client

EB1819502

ATC WILLIAMS P/L

116100:Project

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis. Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

Anonymous = Refers to samples which are not specifically part of this work order but formed part of the QC process lot

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society. 

LOR = Limit of reporting 

RPD = Relative Percentage Difference

#  = Indicates failed QC

Key :

Laboratory Duplicate (DUP) Report

The quality control term Laboratory Duplicate refers to a randomly selected intralaboratory split. Laboratory duplicates provide information regarding method precision and sample heterogeneity. The permitted ranges 

for the Relative Percent Deviation (RPD) of Laboratory Duplicates are specified in ALS Method QWI -EN/38 and are dependent on the magnitude of results in comparison to the level of reporting: Result < 10 times LOR: 

No Limit; Result between 10 and 20 times LOR: 0% - 50%; Result > 20 times LOR: 0% - 20%.

Sub-Matrix: SOIL Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EA002: pH 1:5 (Soils)  (QC Lot: 1899618)

EA002: pH Value ---- 0.1 pH Unit 5.7 5.9 4.48 0% - 20%REAF-001-A EB1819502-001

EA002: pH Value ---- 0.1 pH Unit 5.7 5.6 0.00 0% - 20%SP1-002-001 (?) EB1819502-011

EA002: pH 1:5 (Soils)  (QC Lot: 1899620)

EA002: pH Value ---- 0.1 pH Unit 9.1 9.2 1.10 0% - 20%REA-004-100 EB1819502-029

EA002: pH Value ---- 0.1 pH Unit 9.1 9.1 0.00 0% - 20%REA-007-300 EB1819502-039

EA002: pH 1:5 (Soils)  (QC Lot: 1899624)

EA002: pH Value ---- 0.1 pH Unit 9.8 9.9 0.00 0% - 20%REA-012-050 EB1819502-049

EA002: pH Value ---- 0.1 pH Unit 9.9 9.9 0.00 0% - 20%STOCKPILE-003 EB1819502-059

EA002: pH 1:5 (Soils)  (QC Lot: 1943179)

EA002: pH Value ---- 0.1 pH Unit 8.8 8.9 0.00 0% - 20%SP3-001 EB1819502-013

EA002: pH Value ---- 0.1 pH Unit 6.4 6.5 0.00 0% - 20%Anonymous EB1822853-001

EA010: Conductivity (1:5)  (QC Lot: 1899619)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 13 13 0.00 0% - 50%REAF-001-A EB1819502-001

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 40 40 0.00 0% - 20%SP1-002-001 (?) EB1819502-011

EA010: Conductivity (1:5)  (QC Lot: 1899621)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 909 885 2.68 0% - 20%REA-004-100 EB1819502-029

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 258 251 2.67 0% - 20%REA-007-300 EB1819502-039

EA010: Conductivity (1:5)  (QC Lot: 1899625)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 510 575 12.0 0% - 20%REA-012-050 EB1819502-049

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 691 688 0.435 0% - 20%STOCKPILE-003 EB1819502-059

EA010: Conductivity (1:5)  (QC Lot: 1943178)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 164 163 0.734 0% - 20%SP3-001 EB1819502-013

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 1120 1060 6.24 0% - 20%Anonymous EB1822853-001
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Sub-Matrix: SOIL Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EA011: Net Acid Generation  (QC Lot: 1901569)

EA011: NAG (pH 4.5) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No LimitREAF-004-050 EB1819502-004

EA011: NAG (pH 7.0) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No Limit

EA011: pH (OX) ---- 0.1 pH Unit 7.1 7.0 1.42 0% - 20%

EA011: NAG (pH 4.5) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No LimitSTOCKPILE-002 EB1819502-058

EA011: NAG (pH 7.0) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No Limit

EA011: pH (OX) ---- 0.1 pH Unit 8.9 8.9 0.00 0% - 20%

EA011: Net Acid Generation  (QC Lot: 1904491)

EA011: NAG (pH 4.5) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No LimitREAF-001-A EB1819502-001

EA011: NAG (pH 7.0) ---- 0.1 kg H2SO4/t 0.2 0.2 0.00 No Limit

EA011: pH (OX) ---- 0.1 pH Unit 6.8 6.8 0.00 0% - 20%

EA011: NAG (pH 4.5) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No LimitSP4-001 EB1819502-019

EA011: NAG (pH 7.0) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No Limit

EA011: pH (OX) ---- 0.1 pH Unit 8.7 8.6 1.16 0% - 20%

EA011: Net Acid Generation  (QC Lot: 1904493)

EA011: NAG (pH 4.5) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No LimitREA-005-050 EB1819502-034

EA011: NAG (pH 7.0) ---- 0.1 kg H2SO4/t 13.8 13.4 2.30 0% - 20%

EA011: pH (OX) ---- 0.1 pH Unit 4.8 4.9 2.06 0% - 20%

EA011: NAG (pH 4.5) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No LimitREA-011-050 EB1819502-047

EA011: NAG (pH 7.0) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No Limit

EA011: pH (OX) ---- 0.1 pH Unit 8.0 7.9 1.26 0% - 20%

EA011: Net Acid Generation  (QC Lot: 1904495)

EA011: NAG (pH 4.5) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No LimitSTOCKPILE-005 EB1819502-061

EA011: NAG (pH 7.0) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No Limit

EA011: pH (OX) ---- 0.1 pH Unit 8.8 8.7 1.14 0% - 20%

EA011E-A: pH OX  (QC Lot: 1901571)

EA011E: pH (OX) ---- 0.1 pH Unit 7.2 7.1 1.40 0% - 20%REAF-004-050 EB1819502-004

EA011E: pH (OX) ---- 0.1 pH Unit 9.0 8.9 1.12 0% - 20%STOCKPILE-002 EB1819502-058

EA013: Acid Neutralising Capacity  (QC Lot: 1901570)

EA013: ANC as H2SO4 ---- 0.5 kg H2SO4 

equiv./t

9.5 9.6 1.73 0% - 50%REAF-004-050 EB1819502-004

EA013: ANC as H2SO4 ---- 0.5 kg H2SO4 

equiv./t

127 130 1.73 0% - 20%STOCKPILE-002 EB1819502-058

EA013: Acid Neutralising Capacity  (QC Lot: 1904492)

EA013: ANC as H2SO4 ---- 0.5 kg H2SO4 

equiv./t

5.6 6.1 8.14 0% - 50%REAF-001-A EB1819502-001

EA013: ANC as H2SO4 ---- 0.5 kg H2SO4 

equiv./t

8.6 8.4 2.35 0% - 50%SP4-001 EB1819502-019

EA013: Acid Neutralising Capacity  (QC Lot: 1904494)
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Sub-Matrix: SOIL Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EA013: Acid Neutralising Capacity  (QC Lot: 1904494)  - continued

EA013: ANC as H2SO4 ---- 0.5 kg H2SO4 

equiv./t

65.1 62.0 4.95 0% - 20%REA-005-050 EB1819502-034

EA013: ANC as H2SO4 ---- 0.5 kg H2SO4 

equiv./t

67.7 67.3 0.608 0% - 20%REA-011-050 EB1819502-047

EA013: Acid Neutralising Capacity  (QC Lot: 1904496)

EA013: ANC as H2SO4 ---- 0.5 kg H2SO4 

equiv./t

108 108 0.933 0% - 20%STOCKPILE-005 EB1819502-061

EA055: Moisture Content (Dried @ 105-110°C)  (QC Lot: 1899622)

EA055: Moisture Content ---- 0.1 % 3.5 3.5 0.00 0% - 20%REAF-004-050 EB1819502-004

EA055: Moisture Content (Dried @ 105-110°C)  (QC Lot: 1899626)

EA055: Moisture Content ---- 0.1 % 0.1 0.1 0.00 No LimitREA-013-001 EB1819502-050

ED005: Exchange Acidity  (QC Lot: 1947775)

ED005: Exchange Acidity ---- 0.1 meq/100g 11.6 11.5 0.00 0% - 20%Anonymous EB1822825-087

ED005: Exchangeable Aluminium ---- 0.1 meq/100g 12.6 12.4 1.99 0% - 20%

ED005: Exchange Acidity ---- 0.1 meq/100g <0.1 <0.1 0.00 No LimitREAF-001-A EB1819502-001

ED005: Exchangeable Aluminium ---- 0.1 meq/100g <0.1 <0.1 0.00 No Limit

ED006: Exchangeable Cations on Alkaline Soils  (QC Lot: 1947805)

ED006: Exchangeable Calcium ---- 0.2 meq/100g 15.1 18.2 18.3 0% - 20%REAF-006-025 EB1819502-007

ED006: Exchangeable Magnesium ---- 0.2 meq/100g 4.3 5.1 16.8 0% - 20%

ED006: Exchangeable Potassium ---- 0.2 meq/100g 0.3 0.4 0.00 No Limit

ED006: Exchangeable Sodium ---- 0.2 meq/100g <0.2 0.2 0.00 No Limit

ED006: Cation Exchange Capacity ---- 0.2 meq/100g 19.8 24.0 19.0 0% - 20%

ED006: Exchangeable Calcium ---- 0.2 meq/100g 9.7 10.8 9.88 0% - 20%Anonymous EB1822703-002

ED006: Exchangeable Magnesium ---- 0.2 meq/100g 5.4 5.9 8.73 0% - 20%

ED006: Exchangeable Potassium ---- 0.2 meq/100g 0.4 0.4 0.00 No Limit

ED006: Exchangeable Sodium ---- 0.2 meq/100g 2.7 2.8 5.87 0% - 50%

ED006: Cation Exchange Capacity ---- 0.2 meq/100g 18.2 19.9 8.89 0% - 20%

ED007: Exchangeable Cations  (QC Lot: 1947762)

ED007: Exchangeable Calcium ---- 0.1 meq/100g 7.2 7.2 0.00 0% - 20%Anonymous EB1822545-006

ED007: Exchangeable Magnesium ---- 0.1 meq/100g 5.2 5.2 0.00 0% - 20%

ED007: Exchangeable Potassium ---- 0.1 meq/100g 0.4 0.4 0.00 No Limit

ED007: Exchangeable Sodium ---- 0.1 meq/100g <0.1 <0.1 0.00 No Limit

ED007: Exchangeable Calcium ---- 0.1 meq/100g 18.0 18.6 3.05 0% - 20%REAF-004-025 EB1819502-003

ED007: Exchangeable Magnesium ---- 0.1 meq/100g 6.4 6.5 2.59 0% - 20%

ED007: Exchangeable Potassium ---- 0.1 meq/100g 0.3 0.3 0.00 No Limit

ED007: Exchangeable Sodium ---- 0.1 meq/100g 0.1 0.1 0.00 No Limit

ED007: Exchangeable Cations  (QC Lot: 1947774)

ED007: Exchangeable Calcium ---- 0.1 meq/100g 1.5 1.5 0.00 0% - 50%Anonymous EB1822545-012

ED007: Exchangeable Magnesium ---- 0.1 meq/100g 0.6 0.6 0.00 No Limit
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Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

ED007: Exchangeable Cations  (QC Lot: 1947774)  - continued

ED007: Exchangeable Potassium ---- 0.1 meq/100g 0.2 0.2 0.00 No LimitAnonymous EB1822545-012

ED007: Exchangeable Sodium ---- 0.1 meq/100g <0.1 <0.1 0.00 No Limit

ED007: Exchangeable Calcium ---- 0.1 meq/100g 10.7 10.9 2.38 0% - 20%REAF-001-A EB1819502-001

ED007: Exchangeable Magnesium ---- 0.1 meq/100g 3.8 3.9 0.00 0% - 20%

ED007: Exchangeable Potassium ---- 0.1 meq/100g 0.3 0.3 0.00 No Limit

ED007: Exchangeable Sodium ---- 0.1 meq/100g 0.1 0.1 0.00 No Limit

ED040T : Total Sulfate by ICPAES  (QC Lot: 1899613)

ED040T: Sulfate as SO4 2- 14808-79-8 100 mg/kg 360 350 0.00 No LimitREAF-004-050 EB1819502-004

ED040T: Sulfate as SO4 2- 14808-79-8 100 mg/kg 240 240 0.00 No LimitREA-014-300 EB1819502-053

ED042T: Total Sulfur by LECO  (QC Lot: 1905034)

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % <0.01 <0.01 0.00 No LimitREAF-001-A EB1819502-001

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % 0.02 0.02 0.00 No LimitSP1-001-002 (?) EB1819502-010

ED042T: Total Sulfur by LECO  (QC Lot: 1905037)

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % 0.22 0.22 0.00 0% - 20%REA-004-100 EB1819502-029

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % 0.11 0.11 0.00 0% - 50%REA-007-200 EB1819502-038

ED042T: Total Sulfur by LECO  (QC Lot: 1905040)

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % 0.18 0.18 0.00 0% - 50%REA-012-050 EB1819502-049

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % 0.10 0.11 0.00 0% - 50%STOCKPILE-002 EB1819502-058

EP003: Total Organic Carbon (TOC) in Soil  (QC Lot: 1905033)

EP003: Total Organic Carbon ---- 0.02 % 0.50 0.46 9.09 0% - 20%REAF-001-A EB1819502-001

EP003: Total Organic Carbon ---- 0.02 % 1.12 1.19 6.27 0% - 20%SP1-001-002 (?) EB1819502-010

EP003: Total Organic Carbon (TOC) in Soil  (QC Lot: 1905036)

EP003: Total Organic Carbon ---- 0.02 % 17.6 18.1 2.65 0% - 20%REA-004-100 EB1819502-029

EP003: Total Organic Carbon ---- 0.02 % 18.6 21.0 12.6 0% - 20%REA-007-200 EB1819502-038

EP003: Total Organic Carbon (TOC) in Soil  (QC Lot: 1905039)

EP003: Total Organic Carbon ---- 0.02 % 21.2 20.8 1.74 0% - 20%REA-012-050 EB1819502-049

EP003: Total Organic Carbon ---- 0.02 % 19.2 19.4 0.982 0% - 20%STOCKPILE-002 EB1819502-058

EP003TC: Total Carbon (TC) in Soil  (QC Lot: 1905032)

EP003TC: Total Carbon TC 0.02 % 0.66 0.66 0.00 0% - 20%REAF-001-A EB1819502-001

EP003TC: Total Carbon TC 0.02 % 1.84 1.86 0.946 0% - 20%SP1-001-002 (?) EB1819502-010

EP003TC: Total Carbon (TC) in Soil  (QC Lot: 1905035)

EP003TC: Total Carbon TC 0.02 % 43.4 43.5 0.248 0% - 20%REA-004-100 EB1819502-029

EP003TC: Total Carbon TC 0.02 % 24.0 24.2 0.712 0% - 20%REA-007-200 EB1819502-038

EP003TC: Total Carbon (TC) in Soil  (QC Lot: 1905038)

EP003TC: Total Carbon TC 0.02 % 38.6 38.3 0.799 0% - 20%REA-012-050 EB1819502-049

EP003TC: Total Carbon TC 0.02 % 22.9 23.0 0.449 0% - 20%STOCKPILE-002 EB1819502-058
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Method Blank (MB) and Laboratory Control Spike (LCS) Report

The quality control term Method / Laboratory Blank refers to an analyte free matrix to which all reagents are added in the same volumes or proportions as used in standard sample preparation. The purpose of this QC 

parameter is to monitor potential laboratory contamination. The quality control term Laboratory Control Spike (LCS) refers to a certified reference material, or a known interference free matrix spiked with target 

analytes. The purpose of this QC parameter is to monitor method precision and accuracy independent of sample matrix. Dynamic Recovery Limits are based on statistical evaluation of processed LCS.

Sub-Matrix: SOIL Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EA002: pH 1:5 (Soils)  (QCLot: 1899618)

EA002: pH Value ---- ---- pH Unit ---- 1014 pH Unit 10298

---- 99.67 pH Unit 10298

EA002: pH 1:5 (Soils)  (QCLot: 1899620)

EA002: pH Value ---- ---- pH Unit ---- 1014 pH Unit 10298

---- 99.67 pH Unit 10298

EA002: pH 1:5 (Soils)  (QCLot: 1899624)

EA002: pH Value ---- ---- pH Unit ---- 1004 pH Unit 10298

---- 1007 pH Unit 10298

EA002: pH 1:5 (Soils)  (QCLot: 1943179)

EA002: pH Value ---- ---- pH Unit ---- 1014 pH Unit 10298

---- 1007 pH Unit 10298

EA010: Conductivity (1:5)  (QCLot: 1899619)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm <1 99.81412 µS/cm 10397

EA010: Conductivity (1:5)  (QCLot: 1899621)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm <1 99.11412 µS/cm 10397

EA010: Conductivity (1:5)  (QCLot: 1899625)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm <1 98.71412 µS/cm 10397

EA010: Conductivity (1:5)  (QCLot: 1943178)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm <1 1001412 µS/cm 10397

EA011: Net Acid Generation  (QCLot: 1901569)

EA011: NAG (pH 7.0) ---- ---- kg H2SO4/t ---- 99.822.5 kg H2SO4/t 13070

EA011: Net Acid Generation  (QCLot: 1904491)

EA011: NAG (pH 7.0) ---- ---- kg H2SO4/t ---- 93.222.5 kg H2SO4/t 13070

EA011: Net Acid Generation  (QCLot: 1904493)

EA011: NAG (pH 7.0) ---- ---- kg H2SO4/t ---- 99.322.5 kg H2SO4/t 13070

EA011: Net Acid Generation  (QCLot: 1904495)

EA011: NAG (pH 7.0) ---- ---- kg H2SO4/t ---- 97.622.5 kg H2SO4/t 13070

EA011E-A: pH OX  (QCLot: 1901571)

EA011E: pH (OX) ---- ---- pH Unit ---- 81.42.58 pH Unit 13070

EA011E: pH -2  (ext) ---- ---- pH Unit ---- 95.62.51 pH Unit 13070

EA011E-B: Dissolved Major Anions  (QCLot: 1901571)

EA011E: Sulfur as S 63705-05-5 ---- mg/L ---- 10050.9 mg/L 13070

EA011E: Chloride 16887-00-6 ---- mg/L ---- 1061.2 mg/L 13070
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Sub-Matrix: SOIL Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EA011E-C: Dissolved Major Cations  (QCLot: 1901571)

EA011E: Calcium 7440-70-2 ---- mg/L ---- 1010.44 mg/L 13070

EA011E: Magnesium 7439-95-4 ---- mg/L ---- 1010.16 mg/L 13070

EA011E: Sodium 7440-23-5 ---- mg/L ---- 1031.71 mg/L 13070

EA011E: Potassium 7440-09-7 ---- mg/L ---- 86.80.38 mg/L 13070

EA011E-D: Calculated Components  (QCLot: 1901571)

EA011E: Calculated Acid Component ---- ---- kg H2SO4/t ---- 10015.6 kg H2SO4/t 13070

EA011E: Calculated Neutralisng Component ---- ---- kg H2SO4/t ---- 95.20.44 kg H2SO4/t 13070

EA011E: Calculated NAG Acidity ---- ---- kg H2SO4/t ---- 10015.2 kg H2SO4/t 13070

EA013: Acid Neutralising Capacity  (QCLot: 1901570)

EA013: ANC as H2SO4 ---- ---- kg H2SO4 equiv./t ---- 10449 kg H2SO4 equiv./t 12082

EA013: Acid Neutralising Capacity  (QCLot: 1904492)

EA013: ANC as H2SO4 ---- ---- kg H2SO4 equiv./t ---- 11049 kg H2SO4 equiv./t 12082

EA013: Acid Neutralising Capacity  (QCLot: 1904494)

EA013: ANC as H2SO4 ---- ---- kg H2SO4 equiv./t ---- 10396.2 kg H2SO4 equiv./t 12082

EA013: Acid Neutralising Capacity  (QCLot: 1904496)

EA013: ANC as H2SO4 ---- ---- kg H2SO4 equiv./t ---- 84.69.9 kg H2SO4 equiv./t 12082

ED005: Exchange Acidity  (QCLot: 1947775)

ED005: Exchange Acidity ---- 0.1 meq/100g <1.6 -------- --------

ED005: Exchangeable Aluminium ---- 0.1 meq/100g <1.6 -------- --------

ED006: Exchangeable Cations on Alkaline Soils  (QCLot: 1947805)

ED006: Exchangeable Calcium ---- 0.2 meq/100g <0.2 1135.4 meq/100g 13070

ED006: Exchangeable Magnesium ---- 0.2 meq/100g <0.2 96.84.84 meq/100g 13070

ED006: Exchangeable Potassium ---- 0.2 meq/100g <0.2 1112.73 meq/100g 13070

ED006: Exchangeable Sodium ---- 0.2 meq/100g <0.2 1252.68 meq/100g 13070

ED006: Cation Exchange Capacity ---- 0.2 meq/100g <0.2 11015.6 meq/100g 13070

ED007: Exchangeable Cations  (QCLot: 1947762)

ED007: Exchangeable Calcium ---- 0.1 meq/100g <0.1 1023.54 meq/100g 11379

ED007: Exchangeable Magnesium ---- 0.1 meq/100g <0.1 98.51.15 meq/100g 11585

ED007: Exchangeable Potassium ---- 0.1 meq/100g <0.1 1130.635 meq/100g 12270

ED007: Exchangeable Sodium ---- 0.1 meq/100g <0.1 1020.382 meq/100g 11276

ED007: Cation Exchange Capacity ---- 0.1 meq/100g <0.1 1025.707 meq/100g 11282

ED007: Exchangeable Cations  (QCLot: 1947774)

ED007: Exchangeable Calcium ---- 0.1 meq/100g <0.1 97.03.54 meq/100g 11379

ED007: Exchangeable Magnesium ---- 0.1 meq/100g <0.1 95.61.15 meq/100g 11585

ED007: Exchangeable Potassium ---- 0.1 meq/100g <0.1 1000.635 meq/100g 12270

ED007: Exchangeable Sodium ---- 0.1 meq/100g <0.1 83.40.382 meq/100g 11276

ED007: Cation Exchange Capacity ---- 0.1 meq/100g <0.1 96.25.707 meq/100g 11282
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Sub-Matrix: SOIL Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

ED040T : Total Sulfate by ICPAES  (QCLot: 1899613)

ED040T: Sulfate as SO4 2- 14808-79-8 100 mg/kg <100 1024800 mg/kg 12179

ED042T: Total Sulfur by LECO  (QCLot: 1905034)

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % <0.01 1100.51 % 13070

ED042T: Total Sulfur by LECO  (QCLot: 1905037)

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % <0.01 1120.51 % 13070

ED042T: Total Sulfur by LECO  (QCLot: 1905040)

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % <0.01 1060.51 % 13070

EP003: Total Organic Carbon (TOC) in Soil  (QCLot: 1905033)

EP003: Total Organic Carbon ---- 0.02 % <0.02 98.91.94 % 13070

EP003: Total Organic Carbon (TOC) in Soil  (QCLot: 1905036)

EP003: Total Organic Carbon ---- 0.02 % <0.02 99.717.61 % 13070

EP003: Total Organic Carbon (TOC) in Soil  (QCLot: 1905039)

EP003: Total Organic Carbon ---- 0.02 % <0.02 100.017.61 % 13070

EP003TC: Total Carbon (TC) in Soil  (QCLot: 1905032)

EP003TC: Total Carbon TC 0.02 % <0.02 98.61.94 % 13070

EP003TC: Total Carbon (TC) in Soil  (QCLot: 1905035)

EP003TC: Total Carbon TC 0.02 % <0.02 94.917.61 % 13070

EP003TC: Total Carbon (TC) in Soil  (QCLot: 1905038)

EP003TC: Total Carbon TC 0.02 % <0.02 94.817.61 % 13070

Matrix Spike (MS) Report
The quality control term Matrix Spike (MS) refers to an intralaboratory split sample spiked with a representative set of target analytes. The purpose of this QC parameter is to monitor potential matrix effects on 

analyte recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.

l No Matrix Spike (MS) or Matrix Spike Duplicate (MSD) Results are required to be reported.
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1.0 Introduction 
 
Geo-Environmental Management Pty Ltd (GEM) was commissioned by Narrabri Coal 
Operations Pty Ltd (Narrabri) to conduct an environmental geochemistry assessment 
for Narrabri Coal Mine’s Reject Emplacement Area (REA).  It is understood that this 
assessment is required for submission of the REA closure plan being undertaken by 
ATC Williams Pty Ltd.  The Narrabri Coal Mine is an underground longwall mining 
operation situated in central northern New South Wales (NSW), approximately 30 
kilometres (km) south-southeast of the township of Narrabri.  This report presents the 
results and findings of the geochemical assessment program, identifies the 
geochemical implications and provides recommendations for closure of the REA, and 
provides recommendations for ongoing and future geochemical testing that may be 
required. 
 
1.1 Background 
 
The coarse rejects and fines generated during processing of the coal at the on-site Coal 
Preparation Plant (CCP) are blended to produce coal rejects (rejects) that are trucked 
to the REA for disposal.  The REA is located to the west of the Pit Top area and 
covers an approved area of approximately 25 hectares (ha).  Figure 1 is the general site 
layout of the mine’s surface infrastructure showing the footprint of the approved REA.  
The rejects are disposed in a series of cells with a north-south orientation with the cells 
being constructed from east to west.  Prior to reject disposal the soil and sub-soil 
material is removed and stockpile nearby for later use as capping material.  The base 
of each cell is compacted or lined, as required, to create an impermeable membrane 
and each cell is constructed to a maximum height of 15 m above the natural land 
surface.  The cells are progressively capped to a depth of 400 mm with a blend of 
stockpiled soil/sub-soil and benign rock to provide a protective layer followed by a 
stabilising soil and revegetation layer.  Reject disposal has commenced in the eastern 
zone of the REA and the capping has been constructed on a small area in the north-
east of this cell. 
 
O’Kane Consultants Pty Ltd (OKC) conducted a review of the REA rehabilitation 
design to identify any concerns for the proposed closure plan and the findings from 
this review were presented in a report titled ‘Rehabilitation Methodology Assessment 
– Narrabri Coal Mine’ in March 2017.  The findings from this review identified that an 
increased number of rejects samples, collected from a representative cross-section of 
the REA, should be geochemically characterised in order to reliably assess the risk of 
the REA rejects developing increased salinity and/or acid and metalliferous drainage 
(AMD). It was also recommended that representative samples of the stockpiled 
capping materials should be geochemically characterised to confirm the suitably 
benign nature of these materials in term of salinity, sodicity, acid forming 
characteristics and metal release. 
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Figure 1: Site layout for the Narrabri Coal Mine showing the location of the Reject 
Emplacement Area (REA). 
 
1.2 Study Objectives 
 
Based on the recommendations from the OKC review (OKC, 2017) and the Narrabri’s 
requirements for the REA closure planning, the objectives of this study were to: 
 

1. Develop and coordinate a sampling program designed to obtain representative 
samples of the deposited (REA) and stockpiled rejects and the proposed REA 
capping materials, including the provision of detailed instructions for the 
collection, preparation and dispatch of the required samples for inclusion in the 
geochemical testing program. 

2. Design a suitable geochemical testing program to assess the salinity, sodicity, 
acid forming potential, and metal enrichment and solubility of the rejects and 
potential capping materials. 

3. Identify the preferred external laboratories to be utilised to prepare and analyse 
the samples identified in item 2 and coordinate the laboratories, as required.  
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4. Receive, tabulate and evaluate the test work results. 

5. Prepare a geochemistry assessment report which provides the results and 
findings of the test work, identifies any potential environmental impacts 
associated with the REA, provides recommendations for REA closure 
planning, and identifies any additional or ongoing test work that may be 
required. 
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2.0 Previous Investigations 
 
The geochemical characteristics of coal rejects from a temporary stockpile adjacent to 
the CHPP, were assessed by GEM in 2012 and the results and finding of this 
assessment were presented in the report titled ‘Environmental Geochemistry 
Assessment of Coarse Rejects from the Narrabri Mine, September 2012’.  For this 
assessment 21 samples were collected from a depth of 0 to 300 mm, along a number of 
transects radiating from the centre of the stockpile, and analysed to determine the 
salinity, acid forming characteristics, and element enrichment and/or solubility risks. 
 
Based on the presented results, the rejects were expected to be non-saline and non-acid 
forming (NAF).  However, due to the moderate sulfur content and moderate acid 
neutralising capacity (ANC), the rejects were reported to be relatively reactive in terms 
of acid generation and neutralisation and therefore, were identified as having a risk of 
developing increased salinity if left exposed to surface weathering conditions for 
extended periods.  This assessment also found that the rejects were likely to be 
significantly enriched in arsenic (As) and selenium (Se) compared to the average 
crustal abundance, a characteristic which is typical for the coal deposits within this 
region.  Additional to this, the contained Se was expected to be readily soluble under 
the prevailing near-neutral to slightly alkaline pH of the reject materials. It was 
therefore recommended that Se be included in the relevant water quality monitoring 
programs in order to determine if the high concentrations of dissolved Se indicate 
relatively short-term flushing of readily available Se or a potential long-term trend of 
Se release from the rejects. 
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3.0 Geochemical Assessment Program 
 
3.1 Testing Methodology 
 
The testing program for this assessment was designed to evaluate the salinity, acid 
forming characteristics, element enrichment and leaching behaviour of the rejects and 
capping materials.  Additional to these parameters, the sodicity of selected capping 
material samples was evaluated.  The analytical program included the following tests 
and procedures:  

• pH and electrical conductivity (EC) determination (all samples); 
• exchangeable sodium percent (ESP) determination (selected samples); 
• total sulfur (S) assay (all samples); 
• sulfur forms analysis (selected samples); 
• acid neutralising capacity (ANC) determination (all samples); 
• acid buffering characteristic curve determination (selected samples) 
• net acid producing potential (NAPP) calculation (all samples); 
• single addition net acid generation (NAG) testing (all samples); 
• extended boil NAG testing (selected samples); 
• multi-element scans on solids (selected samples); 
• leach column testing (selected samples) 

 
The sample preparation, pH and EC determination, ESP determination, acid-base 
analysis, and NAG testing were performed by Australian Laboratory Services Pty Ltd 
(Environment Division), and the leach column tests are being undertaken by GEM. 
Following is an overview of the procedures used for the geochemical assessment 
program. 
 
Determination of pH and EC  
The pH and EC are measured on water extracts from the samples providing an 
indication of the inherent acidity and salinity of the material.  The salinity ranking for 
the common water extracts used, including saturation extract (ECse), 1 part sample to 2 
parts water (EC1:2) 1 part sample to 5 parts water (EC1:5), is provided below: 
 

Salinity Classification 
ECse EC1:2 EC1:5 

(dS/m) 
Non- Saline < 2 < 0.5 < 0.2 
Slightly Saline 2 to 4 0.5 to 1.5 0.2 to 0.3 
Moderately Saline 4 to 8 1.5 to 2.5 0.3 to 0.4 
Highly Saline > 8 > 2.5 > 0.4 

Source :Rhoades et al. (1999) 
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Sodicity Assessment 
The concentration of exchangeable cations (Na, Ca, Mg and K) is measured in order to 
determine the proportion of available Na compared to the other major cations.  
Samples with proportionally high exchangeable Na are classified as sodic based on the 
exchangeable sodium percent (ESP) ranking below: 
 

Sodicity Dispersion ESP 
Non-Sodic 
Slightly Sodic 
Moderately Sodic 
Highly Sodic 

Not Dispersive 
Slightly Dispersive 
Moderately Dispersive 
Highly Dispersive 

< 6 
6 to 15 
15 to 30 
> 30 

Source: Rengasamy et al (2010) 
 
Total Sulfur Content and Maximum Potential Acidity (MPA) 
Total sulfur content is determined by the Leco high temperature combustion method.  
This is then used to calculate the MPA, which is based on the assumption that all of 
the contained sulfur occurs as reactive pyrite.   
 
Acid Neutralising Capacity (ANC) Determination 
The ANC measures the capacity of a sample to react with and neutralise acid by 
addition of acid to a known weight of sample and back titration with NaOH.  This 
method is used to determine the total ANC of the test sample.  The proportion of the 
total ANC that is readily available to sulfide generated acidity be evaluated if required 
using the Acid Buffering Characteristic Curve (ABCC) procedure which involves slow 
acidimetric titration to a set end-point and evaluation of the resultant titration curve. 
 
Acid Buffering Characteristic Curve (ABCC) Determination 
The ABCC test involves slow titration of a sample with acid while continuously 
monitoring pH.  This data provides an indication of the portion of ANC within a 
sample that is readily available for acid neutralisation.  
 
Net Acid Producing Potential (NAPP)  
The NAPP represents the theoretical balance between a samples inherent capacity to 
generate and neutralise acid.  It is calculated by subtracting the ANC from the MPA 
value. Therefore, a sample with excess MPA over ANC will have a positive NAPP, 
and a sample with excess ANC over MPA will have a negative NAPP. 
 
ANC/MPA Ratio 
The ANC/MPA ratio is frequently used as a means of assessing the risk of acid 
generation from mine waste materials.  The ANC/MPA ratio is another way of 
evaluating the ABA results.  A sample with a positive NAPP value will have an 
ANC/MPA ratio less than 1, and a sample with negative NAPP value will have an 
ANC/MPA ratio greater than 1.  A sample with a NAPP of zero will have an 
ANC/MPA ratio of 1. 
The purpose of the ANC/MPA ratio is to provide an indication of the relative margin 
of safety (or lack thereof) within a material.  Various ANC/MPA values are reported in 
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the literature for indicating safe values for prevention of acid generation.  These values 
typically range from 1 to 3.  As a general rule, an ANC/MPA ratio of 2 or more 
generally signifies that there is a high probability that the material will remain circum-
neutral in pH and thereby should not be problematic with respect to acid generation. 
 
Acid-Base Account Plot 
Sulfur and ANC data are often presented graphically in a format similar to that shown 
in Figure 2.  This figure includes a line indicating the division between NAPP positive 
samples from NAPP negative samples.  Also shown are lines corresponding to 
ANC/MPA ratios of 2 and 3. 
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Figure 2:  Acid-base account (ABA) plot. 

 
Net Acid Generation (NAG) Test 
The net acid generation (NAG) test involves the addition of hydrogen peroxide to a 
sample to oxidise the contained reactive sulfide, then measurement of pH and titration 
of any net acidity produced. A NAGpH < 4.5 indicates that acid conditions remain 
after all acid generating and acid neutralising reactions have taken place and a 
NAGpH > 4.5 indicates that any generated acidity has been neutralised. Therefore, the 
NAG test provides a direct assessment of the potential for a material to produce acid 
after a period of exposure and weathering and is used to complement the results of the 
theoretical NAPP predictions.  In samples containing carbonaceous material, organic 
acids may be generated during the NAG reaction which can lead to misleading low 
NAGpH values and acidities.  To overcome this effect an ‘extended boil’ NAG test 
has been developed by Environmental Geochemistry International Pty Ltd (EGi), 
where the organic acids are decomposed in order to ensure that the NAGpH and 
acidity of the NAG solution are due solely to sulfide oxidation. 
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Element Enrichment  
Multi-element scans are carried out to identify any elements that are present in a 
material at concentrations which may be of environmental concern with respect to 
water quality and revegetation.  The assay results from the solid samples are compared 
to the average crustal abundance for each element to provide a measure of the extent 
of element enrichment.  The extent of enrichment is reported as the Geochemical 
Abundance Index (GAI).  However, identified element enrichment does not 
necessarily mean that an element will be a concern for revegetation, water quality, or 
public health and this technique is used to identify any significant element enrichments 
that warrant further examination.  
 
Leach Column Testing 
Leach column tests are utilised to provide information on sulfide reactivity, oxidation 
kinetics, metal solubility and the leaching behaviour of mine waste materials.  The free 
draining leach column test is the most commonly used and provides information on 
sulfide reactivity, oxidation kinetics, and the leaching behaviour of materials under 
optimum oxidising conditions.  The Buchner Funnel, a plastic funnel with an internal 
diameter of 175 mm and a height of 100 mm, is commonly used for this test.  This 
style funnel typically holds about 2 to 2.5 kg of crushed rock, tailings or sediment. 
 
The free draining leach column operation is typically designed to achieve a weekly 
wet-dry cycle and a monthly leaching cycle.  Leachates are usually collected monthly 
and analysed for pH, electrical conductivity (EC), alkalinity/acidity titration and 
selected or multi-element composition.  The test period required for the leach columns 
varies depending on material characteristics and the investigation needs, and the 
results are usually reviewed on a 6 or 12 monthly basis. 
 
3.2 Geochemical Classification 
 
The acid forming potential of a sample is classified on the basis of the acid-base 
account and NAG test results into one of the following categories: 
• Barren  
• Non-Acid Forming (NAF) 
• Potentially Acid Forming (PAF) 
• Acid Consuming (AC) 
• Uncertain (UC)   
 
Barren 
A sample classified as barren essentially has no acid generating capacity and no acid 
buffering capacity.  This category is most likely to apply to highly weathered 
materials.  In essence, it represents an ‘inert’ material with respect to acid generation.  
The criteria used to classify a sample as barren may vary between sites, but it 
generally applies to materials with a total sulfur content ≤ 0.1 %S and an 
ANC ≤ 10 kg H2SO4/t. 
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Non-Acid Forming 
A sample classified as NAF may or may not have a significant sulfur content, but the 
availability of the ANC within the sample is adequate to neutralise all of the acid that 
could theoretically be produced by the contained sulfide minerals.  As such, material 
classified as NAF is considered unlikely to be a source of acidic drainage.  A sample is 
usually defined as NAF when it has a negative NAPP and a final NAGpH ≥ 4.5. 
 
Potentially Acid Forming 
A sample classified as PAF always has a significant sulfur content, the acid generating 
potential of which exceeds the inherent acid neutralising capacity of the material.  This 
means there is a high risk that such a material, even if pH circum-neutral when freshly 
mined or processed, could oxidise and generate acidic drainage if exposed to 
atmospheric conditions. A sample is classified as PAF if it has a positive NAPP and a 
final NAGpH < 4.5.  Typically, if a PAF sample has a NAPP ≤ 5 kg H2SO4/t it is 
considered to only have a low capacity to generate acid and is classified as PAF-LC. 
 
Acid Consuming 
A sample is classified as AC if it has the same characteristics as NAF material, but has 
sufficient ANC to result in a NAPP of ≤ minus 100 kg H2SO4/t. 
 
Uncertain 
An uncertain classification is used when there is an apparent conflict between the 
NAPP and NAG results (i.e. when the NAPP is positive and NAGpH > 4.5, or when 
the NAPP is negative and NAGpH ≤ 4.5).   
 
Figure 3 shows a typical geochemical classification plot for mine waste materials 
where the NAPP values are plotted against the NAGpH values.  Samples that plot in 
the upper left quadrate, with negative NAPP values and NAGpH values > 4.5, are 
classified as NAF.  Those that plot on the lower right quadrate, with positive NAPP 
values and NAGpH values ≤ 4.5, are classified as PAF.  Those that plot in this 
quadrate with a NAPP ≤ 5 kg H2SO4/t are classified as PAF/LC.  Samples that plot in 
the upper right or lower left quadrates of this plot have an uncertain geochemical 
classification (UC) due to a contradiction in the acid-base and NAG test results, and 
further testing is required to determine the geochemical classification of these material 
types.  
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Figure 3: Geochemical classification plot. 

 
3.3 Sample Selection and Preparation 
 
The sampling plan for the geochemistry assessment was prepared by GEM and 
sampling was undertaken by ATC Williams Pty Ltd (ATC) under instruction from 
GEM.  A total of 61 samples were collected, including 36 samples representing the 
rejects and 25 samples representing the various REA capping materials.  The reject 
materials sampled include the deposited rejects, collected from the surface of the REA 
and from depth profiles at a number of locations, and the reject materials stockpiled 
nearby. The capping materials sampled include the stockpiled materials and the 
surface materials that will be excavated from the footprint of the approved REA, that 
are scheduled for capping the REA cells.  The sample details and sampling locations 
are provided in Attachment A and a summary of the material types and quantities 
sampled is provided on Table 1. 
 
Table 1: Material types and quantities sampled for the REA geochemical assessment 
program. 
 

Material Type Quantity Sample Type Quantity 

Rejects 36 REA Rejects - Surface/Sub-surface 19 

    REA Rejects - Profile 12 

    Stockpiled Rejects  5 

Capping Material 25 REA Capping 3 

    Stockpiled Capping Material 14 

    REA Footprint (Capping Material) 8 

TOTAL 61   61 
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The surface/sub-surface sampling involved the collection of samples from 2 depth 
intervals, typically 0 to 25 cm and 25 to 50 cm, at 10 locations over the surface of the 
REA.  The profile sampling involved digging a pit at 3 locations across the REA and 
the collection of 1 m interval samples from the surface to a depth ranging from 3 to 
5 m.  The stockpile samples were typically collected from the upper 25 cm at a number 
of locations across each stockpile and similarly, the in-place REA capping material 
was sampled to a depth of 25 cm at 3 locations across the capped area.   
 
Approximately 2 kg of each sample was collected and crushed to a nominal 10 mm 
size prior to being riffle split.  Once split, approximately 200 to 300 g of each sample 
was pulverised to minus 75 micrometres (µm) in preparation for analysis.  The crushed 
portion of each sample was retained for the leach column test procedure.  
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4.0 Geochemistry of the Coal Rejects 
 
The geochemical test results for the 31 REA reject and 5 stockpiled samples, including 
the pH1:5 and EC1:5, acid forming characteristics and element enrichment, are provided 
in Attachment B and summaries of the pH1:5 and EC1:5, and acid forming 
characteristics are provided in Table 2.  
 
Table 2: Summary of the pH, EC and acid forming characteristic results for the reject 
samples. 

Material Type 
pH1:5 EC1:5 Total S MPA ANC NAPP NAGpH 

  (dS/m) (%S) (kg H2SO4/t)   
REA Rejects Min 8.2 0.124 0.04 1 19 -330 3.0 

Max 10.4 1.810 0.34 10 335 -14 10.8 

(31 Samples) Aver 9.3 0.504 0.18 5 121 -115 8.4 
Stockpiled 
Rejects 

Min 9.3 0.153 0.04 1 108 -161 8.8 

Max 9.9 0.691 0.18 6 163 -105 9.7 

(5 Samples) Aver 9.4 0.320 0.10 3 134 -131 9.0 

NOTE: The reported average pH1:5 and NAGpH values are the median values. 

 
4.1 Existing pH and Salinity 
 
The pH1:5 values are typically alkaline ranging from 8.2 to 10.4, with median values of 
9.3 for the REA Rejects and 9.4 for the Stockpiled Rejects.  The EC1:5 values for the 
REA Rejects range from 0.124 to 1.810 dS/m with an average value of 0.504 dS/m.  
These results indicate that the REA Reject samples typically range from slightly to 
highly saline with only 6% of the samples being non-saline and 42% being slightly to 
moderately saline, while 52% of the samples are classified as highly saline.  The 
results for the Stockpiled Reject samples range from 0.153 to 0.691 dS/m with an 
average value of 0.320 dS/m for the Stockpiled Rejects, and these results indicate the 
Stockpiled Rejects are typically slightly saline apart from one highly saline sample 
with an EC1:5 value of 0.691 dS/m.   
 
4.2 Acid Forming Characteristics 
 
The total sulfur (S) content of these samples is relatively low ranging from 0.04 to 
0.34 %S with an average content of 0.18 %S for the REA Rejects and 0.10 %S for the 
Stockpiled Rejects.  The majority of the samples (90%) have a total S content of 
0.2 %S or less and 10% of the samples have a total S content of 0.30 to 0.34 %S.  The 
sulfide-S analyses that were performed on selected samples indicates that, with a 
range of 80 to 100%, 95% of the contained S in these samples typically occurs as 
reactive sulfide.  The ANC of the reject samples ranges widely from 19 to 
335 kg H2SO4/t with an average value of 121 kg H2SO4/t for the REA Rejects and 
134 kg H2SO4/t for the Stockpiled Rejects.  The plots for the ABCC determinations 
performed on two REA Reject samples provided in Attachment B (REA-004-400 and 
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REA-005-050) indicate that all of the contained ANC in the lower ANC sample 
(24 kg H2SO4/t) is readily available to neutralise sulfide generated acidity, while 
approximately 80% is readily available in the higher ANC sample (65 kg H2SO4/t). 
 
Figure 4 is the acid-base plot, where the total sulfur content is plotted against the 
ANC, for the reject samples.  Samples that plot above the NAPP = 0 (ANC/MPA = 1) 
line are NAPP negative, indicating an excess in acid buffering capacity over potential 
acidity.  Samples that plot above the ANC/MPA=2 line have at least a two-fold excess 
in acid buffering over acid potential and those that plot above the ANC/MPA=3 line 
have a three-fold excess.  This plot shows that all of the samples are NAPP negative 
and that all but one, with an ANC/MPA ratio of 2.6, have ANC/MPA ratios greater 
than 3 indicating a significant excess in acid buffering over the acid potential.  The 
NAPP values generally range from minus 14 to minus 330 kg H2SO4/t. 
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Figure 4: Acid-base account plot for the REA and stockpiled reject samples. 
 
The NAGpH values range from 3.0 to 10.8 with only one sample having a NAGpH 
below 4.5.  Figure 5 is a plot of the NAPP values compared to the NAGpH of the 
reject samples.  This plot shows that all but one of the samples plot in the upper left 
quadrate, being NAPP negative with NAGpH values greater than 4.5, and these 
samples are confirmed to be non-acid forming (NAF).  With a NAGpH below 4.5 and 
a negative NAPP, sample REA-004-400 plots in the lower left quadrate of the 
geochemical classification plot and therefore has an uncertain (UC) classification.  
When calculated using the sulfide-S content this sample has a NAPP value of minus 
15 kg H2SO4/t and the ABCC results indicate that essentially all of the contained 
ANC is readily available to neutralise sulfide generated acidity.  In order to clarify the 
geochemical classification of this sample it was subjected to the Extended Boil NAG 
test.  This test is conducted to decompose any organic acids that may be generated 
during the NAG reaction, resulting a NAGpH and acidity due solely to the process of 
sulfide oxidation.  The NAGpH of sample REA-004-400 using the standard NAG 
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procedure was 3.0 and this sample had a UC classification.  However, when subjected 
to the Extended Boil NAG test the resulting NAGpH increased to 5.6, shown by the 
dotted arrow on Figure 5, allowing a NAF classification for this sample. 
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Figure 5: Geochemical classification plot for the REA and stockpiled reject samples. 
 
4.3 Metal Enrichment 
 
Nine of the reject samples, including those collected from the REA and the rejects 
stockpile, were selected for multi-element analysis.  The results from these analyses 
and the calculated geochemical abundances indices are provided in Attachment B 
(Table B-3 and B-4, respectively).  These results indicate that Se is significantly 
enriched compared to the average crustal abundances in all of the selected reject 
samples and that As and antimony (Sb) are slightly enriched in some of these 
samples.  Although the concentration of Se is at or close to the lower limit of 
detection for these samples (i.e. 1.00 mg/L), these results indicate a greater than 10-
fold enrichment of Se compared to the average crustal abundance.  The relative 
enrichment of As, Sb and Se is a typical feature of strata in this region.  The 
concentration ranges and average crustal abundance of these elements are summarised 
in Table 3.   
 

Table 3: Concentration ranges and average crustal abundances for As, 
Sb and Se in the reject samples. 

Element 
*Average Crustal Abundance Concentration Range  

(mg/kg) (mg/kg) 
As 1.5 0.7  to  11.2 

Sb 0.2 0.23 to 1.54 

Se 0.05 1.00 

*Bowen, 1979 
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5.0 Geochemistry of the Capping Materials 
 
The geochemical test results for the 25 capping material samples, including the pH1:5 
and EC1:5, exchangeable cations and exchangeable sodium percent (ESP), acid 
forming characteristics and element enrichment, are provided in Attachment B and 
summaries of the pH1:5 and EC1:5, ESP and the acid forming characteristics are 
provided in Table 4.  
 
Table 4: Summary of the pH, EC, ESP and acid forming characteristic results for the 
capping material samples. 

Material Type 
pH1:5 EC1:5 ESP Total S MPA ANC NAPP NAGpH 

  (dS/m) (%) (%S) (kg H2SO4/t)   
REA Capping Min 9.8 0.980 - 0.03 1 32 -41 10.2 

Max 10.3 1.600 - 0.05 2 42 -31 10.6 

(3 Samples) Aver 10.0 1.307 - 0.04 1 37 -36 10.4 
Stockpiled 
Capping Material 

Min 5.6 0.040 <0.200 0.01 0 0 -51 6.9 

Max 9.0 0.233 7.400 0.03 1 52 0 9.3 

(14 Samples) Aver 8.4 0.131 2.763 0.02 1 11 -11 7.5 
REA Footprint 
(Capping Material) 

Min 5.5 0.009 <0.200 0.01 0 6 -12 6.8 

Max 7.4 0.090 2.600 0.01 0 12 -5 7.4 

(8 Samples) Aver 6.4 0.043 1.317 0.01 0 9 -8 7.1 

NOTE: The reported average pH1:5 and NAGpH values are the median values. 

 
5.1 Existing pH and Salinity 
 
The pH1:5 values of the REA Capping are alkaline, ranging from 9.8 to 10.3 and the 
EC1:5 values are highly saline, ranging from 0.98 to 1.60 dS/m.  Apart from two 
samples with a pH1:5 of 5.6 and 5.7, the pH1:5 values of the Stockpiled Capping 
Material are typically alkaline ranging from 7.4 to 9.0 and the EC1:5 values are non-
saline to slightly saline, ranging from 0.04 to 2.33 dS/m.  Differing from these 
characteristics, the pH1:5 values for the REA Footprint samples are slightly acid to 
neutral, ranging from 5.5 to 7.4 and the EC1:5 values are non-saline, ranging from 
0.009 to 0.090 dS/m.   
 
These results indicate that the stockpiled capping materials are expected to be 
relatively alkaline with low salinity.  Once placed, the salinity of this material is 
expected to increase significantly to become highly saline.  The surface material from 
the footprint of future cells within the approved REA is expected to be pH neutral and 
non-saline.   
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5.2 Sodicity 
 
Exchangeable cations and ESP were determined for selected Stockpiled Capping 
Material and REA Footprint samples, and the results are presented in Attachment B 
(Table B-5).  A summary of the ESP results is presented in Table 4 and, with a range 
of <0.020 to 7.40, these samples are typically non-sodic with only one sample 
identified as slightly sodic with an ESP of 7.4 
 
5.3 Acid Forming Characteristics 
 
The total S content of these samples is considered low ranging from 0.01 to 0.05 %.  
All but one of these samples (i.e. 95%) have a total S content of 0.3 %S or less.  The 
ANC values range from low (0 kg H2SO4/t) to moderate (52 kg H2SO4/t), with an 
average ANC of 37 kg H2SO4/t for the REA Capping, 11 kg H2SO4/t for the 
Stockpiled Capping Material, and 9 kg H2SO4/t for the REA Fooprint Capping 
Material.   
 
Figure 6 is the acid-base plot, where the total sulfur content is plotted against the 
ANC, and Figure 7 is the geochemical classification plot where the NAPP values are 
plotted against the NAGpH for all of the capping material samples.  These samples 
are all NAPP negative with NAGpH values < 4.5 and are therefore they are all 
classified as NAF.  Moreover, with NAPP values typically < 10 kg H2SO4/t, the 
Stockpiled Capping Material and REA Footprint samples are classified as barren in 
terms of acid generation and neutralisation. 
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Figure 6: Acid-base account plot for the capping material samples. 
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Figure 7: Geochemical classification plot for the capping material samples. 
 
5.4 Metal Enrichment 
 
Five of the capping material samples, including the in-place REA capping, the 
stockpile capping material and the REA footprint material for future capping, were 
selected for multi-element analysis.  The results from these analyses and the 
calculated geochemical abundances indices are provided in Attachment B (Table B-3 
and B-4, respectively).  Similar to the results for the reject samples, these results 
indicate that Se is significantly enriched in all of the selected samples with 
concentrations at least 10-fold higher than the average crustal abundance and that As 
and Sb are slightly enriched in some of the samples compared to the average crustal 
abundance.  The concentration ranges and average crustal abundance of these 
elements are summarised in Table 5.   
 

Table 5: Concentration ranges and average crustal abundances for As, 
Sb and Se in the capping material samples. 

Element 
*Average Crustal Abundance Concentration Range  

(mg/kg) (mg/kg) 
As 1.5 1.9  to  10.9 

Sb 0.2 0.13 to 1.32 

Se 0.05 1.00  to  2.00 

*Bowen, 1979 
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6.0 Initial Results for the Leach Column Program 
 

Based on their geochemical characteristics a number of the crushed (nominal 10 cm) 
samples were composited to produce representative samples of the reject and capping 
material for leach column testing.  In order to prepare a sample of the more reactive 
rejects for inclusion in the program, a number of the higher S samples (≥ 0.3 %S) 
were composited.  A list of the individual samples used to prepare the composite 
samples is provided in Attachment C (Table C-1) and the acid-base characteristics of 
the prepared composite samples are provided in Table 6 below. 
 
Table 6:  Acid-base characteristics for the leach column materials. 

Leach 
Column Material Type pH1:5 EC1:5 

Total S MPA ANC NAPP 

(%S) (kg H2SO4/t) 

CAP Capping Material 7.4 123 0.02 0 14 -14 

REJ REA Rejects 9.3 371 0.18 6 120 -115 

REJ/S REA Rejects - Higher S 8.3 876 0.31 10 59 -50 

 
An outline of the free-draining leach column set-up and operation procedure is 
provided in Section 3.1 of this report.  The commissioned leach columns include: 
CAP (Capping Material), REJ (Reject), and REJ/S (Higher S Rejects).  The first 
(initial) leachate collections have been analysed to-date and the results are provided in 
Attachment C (Table C-2).  These results indicate that the pH of the Capping Material 
is neutral at pH 7.0 and for the Reject and Higher S Reject is alkaline at pH 8.4 and 
pH 8.0, respectively.  As expected, the EC values for the Capping Material and Reject 
are relatively high at 0.911 and 1.586 dS/m, respectively, and very high for the Higher 
S Reject at 5.440 dS/m.  These high EC values are primarily due to the presence of 
significant sulfate salts, but also due in part to the presence of Cl salts.   
 
Consistent with the findings from the previous investigations, the initial leachates 
from the reject columns (Reject and Higher S Reject) indicates that Se is readily 
soluble under the prevailing alkaline pH of these materials, with dissolved Se 
concentrations of 5.9 and 20 µg/L, respectively.  The leach column testing program 
will be continued to investigate the longer term leaching behavior of these materials. 
 



 

NARRABRI COAL MINE 

Geochemistry Assessment for Reject Emplacement Area 19 
 

 
Geo-Environmental Management Pty Ltd 

7.0 Conclusions and Recommendations 
 

Based on the geochemical characterisation of representative samples of the in situ 
REA rejects and capping and the stockpiled rejects and capping material, the 
following conclusions and recommendations for management of, and closure planning 
for the REA are provided. 
 
7.1 REA Rejects 
 
The geochemical characteristics of coal rejects from a temporary stockpile adjacent to 
the CHPP, were assessed in 2012 by GEM (GEM, 2012).  For this assessment 21 
samples were analysed to determine the salinity, acid forming characteristics, and 
element enrichment and solubility risks for the rejects.  These results indicated that the 
rejects were expected to be non-saline and NAF, but due to the moderate sulfur 
content in some of the samples, the risk of developing increased salinity if left exposed 
to surface weathering conditions for extended periods was identified.  The test results 
also indicated the enrichment of As and Se and the potential solubility of Se under the 
expected near-neutral to slightly alkaline pH conditions. 
 
Similar to the findings from the previous investigations, the findings from the current 
investigations, involving geochemical characterisation of 31 in situ REA reject 
samples and 5 stockpiled reject samples, confirm that the REA and stockpiled rejects 
are likely to be NAF with the enrichment and relative solubility of Se.  However, 
although the stockpiled rejects have low salinity, as predicted from the previous 
investigations, the REA rejects that have been exposed to atmospheric processes 
within the active disposal area of the REA have developed increased salinity, ranging 
from slightly to highly saline.  These investigations also indicated that As, along with 
Sb, is expected to be slightly enriched in some of these materials. 
 
These findings indicate that the primary geochemical concern for management and 
closure of the REA is the development of increased salinity and potential release of 
highly saline drainage (seepage and surface run-off).  In order to reduce this risk, 
exposure of the rejects within the stockpiles and disposal cells should be minimised to 
avoid atmospheric oxidation processes.  To prevent longer-term development of 
increased salinity it is important that the capping material is engineered to ensure that 
oxidation of the rejects is minimised and that no rejects are left exposed on the surface 
of the REA at closure (i.e. ensure suitable and consistent cap thickness) and that the 
cap is suitably engineered to ensure that capillary rise does not occur, where salts may 
migrate from the rejects to the surface of the rehabilitated REA. 
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7.2 REA Capping 
 
The geochemical characteristics of the REA capping material samples, including 3 
samples of the existing in-place capping, 14 samples of the stockpiled capping 
material and 8 samples of the surface/sub-surface material collected from the REA 
footprint to be stockpiled to provide additional capping material for future use, 
indicate that the stockpiled and footprint materials are relatively benign with low 
salinity, sodicity and S, and are classified as NAF.  However, the in-place capping 
typically has high salinity which has most likely developed in situ.  It is therefore 
recommended that a review of the placement of this capping material be undertaken 
to determine if the increased salinity is due to the characteristics of the material used, 
occurred during placement of the capping (i.e. mixing with the underlying rejects) or 
has developed due to unsatisfactory placement of the capping (e.g. reject exposed in 
areas) or inappropriate cover design (i.e. cap not sufficient to negate oxidation, 
infiltration and/or capillary rise). 
 
7.3 Future Investigations and Monitoring 
 
The current leach column program is assessing the leaching behavior of the typical 
rejects, the higher S rejects and the typical capping material.  The primary objective of 
this program is to assess the trends in leachate salinity and Se mobility under the 
prevailing near-neutral to alkaline pH conditions.  This program will continue for a 6 
month period, when the results will be evaluated and the program reviewed to 
determine if there is a requirement continue any of the columns. 
 
The OKC review (OKC, 2017) recommended that routine ABA (geochemical 
characterisation) testing be undertaken to confirm the NAF nature of the rejects 
within, or destined for, the REA, and to expand the existing geochemical database for 
the rejects.  This would be best achieved by collecting grab samples from a grid over 
the surface/sub-surface of each disposal cell prior to capping.  These samples should 
be characterised using standard acid-base and NAG testing (if required) procedures 
prior to installing the cap incase any further earthworks are required to ensure no PAF 
materials are exposed on the surface/sub-surface of the cell. 
 
To address the identified salinity concerns for the higher S rejects and the possibility 
of PAF materials occurring within the REA, and due the identified enrichment of As 
and Se, and potential solubility of Se, it is recommended that the following 
parameters are included in the REA water quality program:  

• pH, EC, alkalinity, SO4, As and Se. 
 
The parameters that should be included in the REA water quality program will be 
reviewed and modified, as required, when the results from the current leach column 
program are available. 
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Attachment A 

Sample Details and Locations 

 
Table A-1:  Sample details for the REA geochemistry assessment, Narrabri 

Coal Mine. 
 
Figure A-1:  Sampling locations for the REA geochemistry assessment, 

Narrabri Coal Mine. 
 
 
 



from to from to

REA-001-025 0 25 REAC-001 0 25
REA-001-050 25 50 REAC-002 0 25
REA-002-025 0 25 REAC-003 0 25
REA-002-050 25 50
REA-003-025 0 25 ROCK-002
REA-003-050 25 50 ROCK-004
REA-005-025 0 25 ROCK-006
REA-005-050 25 50 ROCK-008
REA-006-025 0 25 ROCK-010
REA-006-050 25 50 SP1-001-001
REA-009-025 0 25 SP1-001-002
REA-009-050 25 50 SP1-002-001
REA-010-025 0 25 SP1-002-002
REA-010-050 25 50 SP3-001
REA-011-025 0 25 SP3-002
REA-011-050 25 50 SP3-003
REA-012-025 0 25 SP4-001
REA-012-050 25 50 SP4-002
REA-013-001 0 25

REAF-001-025 0 25
REA-004-100 0 100 REAF-001-050 25 50
REA-004-200 100 200 REAF-004-025 0 25
REA-004-300 200 300 REAF-004-050 25 50
REA-004-400 300 400 REAF-005-025 0 25
REA-007-100 0 100 REAF-005-050 25 50
REA-007-200 100 200 REAF-006-025 0 25
REA-007-300 200 300 REAF-006-050 25 50
REA-007-400 300 400
REA-007-500 400 500
REA-014-100 0 100
REA-014-200 100 200
REA-014-300 200 300

STOCKPILE-001
STOCKPILE-002
STOCKPILE-003
STOCKPILE-004
STOCKPILE-005

Table A-1: Sample details for the REA geochemistry assessment, Narrabri Coal Mine

REA Footprint (Capping Material)

REA Rejects - Surface/Sub-surface

REA Rejects - Profile

Stockpiled Rejects

Sample ID Sample Interval (cm) Sample ID Sample Interval (cm)

REA Capping

Stockpiled Capping Material
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Table A-1: Sample details for the REA geochemistry assessment, Narrabri Coal Mine. 
 

Sample ID 
Sample Interval (cm)  

Sample ID 
Sample Interval (cm) 

from to  from to 
REA Rejects - Surface/Sub-surface  REA Capping 
REA-001-025 0 25  REAC-001 0 25 
REA-001-050 25 50  REAC-002 0 25 
REA-002-025 0 25  REAC-003 0 25 
REA-002-050 25 50  Stockpiled Capping Material 
REA-003-025 0 25  ROCK-002     
REA-003-050 25 50  ROCK-004     
REA-005-025 0 25  ROCK-006     
REA-005-050 25 50  ROCK-008     
REA-006-025 0 25  ROCK-010     
REA-006-050 25 50  SP1-001-001     
REA-009-025 0 25  SP1-001-002     
REA-009-050 25 50  SP1-002-001     
REA-010-025 0 25  SP1-002-002     
REA-010-050 25 50  SP3-001     
REA-011-025 0 25  SP3-002     
REA-011-050 25 50  SP3-003     
REA-012-025 0 25  SP4-001     
REA-012-050 25 50  SP4-002     
REA-013-001 0 25  REA Footprint (Capping Material) 
REA Rejects - Profile  REAF-001-025 0 25 
REA-004-100 0 100  REAF-001-050 25 50 
REA-004-200 100 200  REAF-004-025 0 25 
REA-004-300 200 300  REAF-004-050 25 50 
REA-004-400 300 400  REAF-005-025 0 25 
REA-007-100 0 100  REAF-005-050 25 50 
REA-007-200 100 200  REAF-006-025 0 25 
REA-007-300 200 300  REAF-006-050 25 50 
REA-007-400 300 400     
REA-007-500 400 500     
REA-014-100 0 100     

REA-014-200 100 200     
REA-014-300 200 300     

Stockpiled Rejects     
STOCKPILE-001         
STOCKPILE-002         
STOCKPILE-003         
STOCKPILE-004         

STOCKPILE-005         
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Figure A-1: Sampling locations for the REA geochemistry assessment, Narrabri Coal Mine. 



 

 

 

 

 

Attachment B 

Static Geochemical Test Results 

 
Table B-1:  Acid forming characteristics of the REA reject materials, Narrabri Coal 

Mine. 
 
Table B-2:  Acid forming characteristics of the REA capping materials, Narrabri Coal 

Mine. 
 
Table B-3:  Multi-element composition of selected REA reject and capping material 

samples, Narrabri Coal Mine. 
 
Table B-4:  Geochemical abundance indices for selected REA reject and capping 

material samples, Narrabri Coal Mine. 
 
Table B-5:  pH and EC, exchangeable cations, cation exchange capacity and 

exchangeable sodium percent for selected REA capping material samples, 
Narrabri Coal Mine. 

 
Figure B-1: Acid Buffering Characteristic Curve for REA Reject sample REA-004-400. 
 
Figure B-2: Acid Buffering Characteristic Curve for REA Reject sample REA-005-050. 
 
 



from to Total 
%S

Sulfide 
%S MPA ANC NAPP 

(tot S)
NAPP 

(sulfide)
ANC/ 
MPA NAGpH NAGpH4.5 NAGpH7.0

REA-001-025 0.00 0.25 Surface/Sub-surface 9.7 0.445 0.09 3 69 -66 25.1 8.7 0 0 NAF

REA-001-050 0.25 0.50 Surface/Sub-surface 9.7 0.486 0.10 0.080 3 71 -68 -69 23.3 8.3 0 0 NAF

REA-002-025 0.00 0.25 Surface/Sub-surface 9.3 0.280 0.12 4 246 -242 67.0 8.7 0 0 NAF

REA-002-050 0.25 0.50 Surface/Sub-surface 9.1 0.212 0.17 5 79 -74 15.2 8.6 0 0 NAF

REA-003-025 0.00 0.25 Surface/Sub-surface 8.6 0.661 0.22 7 66 -59 9.7 7.5 0 0 NAF

REA-003-050 0.25 0.50 Surface/Sub-surface 9.1 0.278 0.13 0.120 4 48 -44 -44 12.0 8.1 0 0 NAF

REA-005-025 0.00 0.25 Surface/Sub-surface 8.3 1.280 0.30 9 90 -80 9.8 5.4 0 10 NAF

REA-005-050 0.25 0.50 Surface/Sub-surface 8.2 1.030 0.34 10 65 -55 6.3 4.8 0 14 NAF

REA-006-025 0.00 0.25 Surface/Sub-surface 8.9 0.285 0.21 6 116 -110 18.1 8.4 0 0 NAF

REA-006-050 0.25 0.50 Surface/Sub-surface 8.9 0.124 0.16 5 335 -330 68.4 9.0 0 0 NAF

REA-009-025 0.00 0.25 Surface/Sub-surface 10.2 1.060 0.10 3 262 -259 85.6 8.6 0 0 NAF

REA-009-050 0.25 0.50 Surface/Sub-surface 10.4 1.810 0.04 1 40 -39 32.5 10.7 0 0 NAF

REA-010-025 0.00 0.25 Surface/Sub-surface 9.7 0.422 0.24 0.230 7 202 -195 -195 27.5 8.4 0 0 NAF

REA-010-050 0.25 0.50 Surface/Sub-surface 9.6 0.282 0.15 5 297 -292 64.7 8.8 0 0 NAF

REA-011-025 0.00 0.25 Surface/Sub-surface 9.2 0.410 0.15 5 19 -14 4.1 7.9 0 0 NAF

REA-011-050 0.25 0.50 Surface/Sub-surface 9.6 0.276 0.22 7 68 -61 10.1 8.0 0 0 NAF

REA-012-025 0.00 0.25 Surface/Sub-surface 9.7 0.393 0.20 0.190 6 94 -88 -88 15.3 8.6 0 0 NAF

REA-012-050 0.25 0.50 Surface/Sub-surface 9.8 0.510 0.18 6 160 -154 29.0 8.4 0 0 NAF

REA-013-001 0.00 0.25 Surface/Sub-surface 10.1 0.739 0.16 0.150 5 184 -179 -179 37.6 10.8 0 0 NAF

Table B-1: Acid forming characteristics of reject samples the REA, Narrabri Coal Mine.

Sample ID Material Type pH1:5 EC1:5

ACID-BASE ANALYSIS
Geochem. 

Class.

NAG  TESTDepth (m)

Page 1 of 2

ARD Classification Key

NAF = Non-Acid Forming

PAF = Potentially Acid Forming

PAF-LC = PAF Low Capacity

UC = Uncertain (expected classification)

MPA = Maximum Potential Acidity (kg H2SO4/t)

ANC = Acid Neutralising Capacity (kg H2SO4/t)

KEY
pH1:5 = pH of 1:5 extract

EC1:5 = Electrical Conductivity of 1:5 extract (dS/m)

NAPP = Net Acid Producing Potential (kg H2SO4/t)

NAGpH = pH of NAG liquor

NAGpH4.5 = Net Acid Generation capacity to pH 4.5 (kg H2SO4/t)

NAGpH7.0 = Net Acid Generation capacity to pH 7.0 (kg H2SO4/t)



from to Total 
%S

Sulfide 
%S MPA ANC NAPP 

(tot S)
NAPP 

(sulfide)
ANC/ 
MPA NAGpH NAGpH4.5 NAGpH7.0

REA-004-100 0.0 1.0 Profile 9.1 0.909 0.22 7 53 -47 7.9 5.3 0 8 NAF

REA-004-200 1.0 2.0 Profile 9.0 0.552 0.19 6 56 -51 9.7 5.0 0 24 NAF

REA-004-300 2.0 3.0 Profile 9.3 0.411 0.15 5 121 -116 26.4 8.6 0 0 NAF

REA-004-400 3.0 4.0 Profile 8.8 0.319 0.30 0.290 9 24 -15 -15 2.6 3.0 (5.4) 42 (0) 95 (0) NAF

REA-007-100 0.0 1.0 Profile 9.2 0.213 0.15 5 68 -64 14.9 8.5 0 0 NAF

REA-007-200 1.0 2.0 Profile 9.2 0.240 0.11 0.100 3 47 -44 -44 14.0 8.8 0 0 NAF

REA-007-300 2.0 3.0 Profile 9.1 0.258 0.19 6 287 -281 49.4 8.3 0 0 NAF

REA-007-400 3.0 4.0 Profile 9.1 0.180 0.24 7 103 -96 14.0 8.8 0 0 NAF

REA-007-500 4.0 5.0 Profile 9.5 0.416 0.18 6 124 -118 22.5 8.4 0 0 NAF

REA-014-100 0.0 1.0 Profile 9.5 0.391 0.22 7 71 -64 10.6 8.1 0 0 NAF

REA-014-200 1.0 2.0 Profile 9.7 0.336 0.14 4 150 -146 35.0 8.7 0 0 NAF

REA-014-300 2.0 3.0 Profile 9.7 0.414 0.15 0.140 5 125 -120 -121 27.2 8.6 0 0 NAF

STOCKPILE-001 - - Stockpiled Rejects 9.6 0.236 0.08 2 163 -161 66.6 9.0 0 0 NAF

STOCKPILE-002 - - Stockpiled Rejects 9.3 0.153 0.10 0.100 3 127 -124 -124 41.5 8.9 0 0 NAF

STOCKPILE-003 - - Stockpiled Rejects 9.9 0.691 0.18 6 153 -147 27.8 9.7 0 0 NAF

STOCKPILE-004 - - Stockpiled Rejects 9.4 0.253 0.04 1 119 -118 97.2 9.0 0 0 NAF

STOCKPILE-005 - - Stockpiled Rejects 9.3 0.268 0.09 3 108 -105 39.2 8.8 0 0 NAF

EC1:5 = Electrical Conductivity of 1:5 extract (dS/m) NAGpH = pH of NAG liquor PAF = Potentially Acid Forming
MPA = Maximum Potential Acidity (kg H2SO4/t) NAGpH4.5 = Net Acid Generation capacity to pH 4.5 (kg H2SO4/t) PAF-LC = PAF Low Capacity

KEY ARD Classification Key
pH1:5 = pH of 1:5 extract NAPP = Net Acid Producing Potential (kg H2SO4/t) NAF = Non-Acid Forming

ANC = Acid Neutralising Capacity (kg H2SO4/t) NAGpH7.0 = Net Acid Generation capacity to pH 7.0 (kg H2SO4/t) UC = Uncertain (expected classification)

Page 2 of 2

NAG  TEST
Geochem. 

Class.

Depth (m)

Table B-1: Acid forming characteristics of reject samples the REA, Narrabri Coal Mine. CONTINUED

Sample ID Material Type pH1:5 EC1:5

ACID-BASE ANALYSIS



from to Total 
%S

Sulfide 
%S MPA ANC NAPP 

(tot S)
NAPP 

(sulfide)
ANC/ 
MPA NAGpH NAGpH4.5 NAGpH7.0

REAC-001 - - REA Capping 10.0 0.980 0.03 1 32 -31 34.9 10.2 0 0 NAF

REAC-002 - - REA Capping 10.3 1.600 0.03 0.010 1 37 -36 -37 40.2 10.6 0 0 NAF

REAC-003 - - REA Capping 9.8 1.340 0.05 2 42 -41 27.6 10.4 0 0 NAF

ROCK-002 - - Stockpiled Cap Material 8.5 0.046 0.02 1 5 -4 8.0 7.5 0 0 NAF

ROCK-004 - - Stockpiled Cap Material 9.0 0.233 0.03 0.020 1 13 -12 -13 14.6 8.4 0 0 NAF

ROCK-006 - - Stockpiled Cap Material 8.7 0.126 0.02 1 7 -7 11.8 7.9 0 0 NAF

ROCK-008 - - Stockpiled Cap Material 9.0 0.160 0.02 0.020 1 8 -8 -8 13.6 8.5 0 0 NAF

ROCK-010 - - Stockpiled Cap Material 8.2 0.060 0.02 1 4 -4 6.9 7.3 0 0 NAF

SP1-001-001 - - Stockpiled Cap Material 7.4 0.132 0.02 1 11 -10 18.1 7.3 0 0 NAF

SP1-001-002 - - Stockpiled Cap Material 7.4 0.191 0.02 1 12 -11 19.3 7.4 0 0 NAF

SP1-002-001 - - Stockpiled Cap Material 5.7 0.040 0.01 0 2 -2 7.2 6.9 0 0 NAF

SP1-002-002 - - Stockpiled Cap Material 5.6 0.058 0.01 0 0 0 0.0 7.0 0 0 NAF

SP3-001 - - Stockpiled Cap Material 8.8 0.164 - - - - - - - - -

SP3-002 - - Stockpiled Cap Material 8.2 0.130 0.02 1 52 -51 85.0 9.3 0 0 NAF

SP3-003 - - Stockpiled Cap Material 8.2 0.186 - - - - - - - - -

SP4-001 - - Stockpiled Cap Material 8.5 0.186 0.01 0 9 -8 28.1 8.7 0 0 NAF

SP4-002 - - Stockpiled Cap Material 8.5 0.126 - - - - - - - - -

REAF-001-A - - REA Footprint 5.7 0.013 0.01 0 6 -5 18.3 6.8 0 0 NAF

REAF-001-B - - REA Footprint 5.5 0.055 0.01 0 6 -5 18.6 6.9 0 0 NAF

REAF-004-025 0.00 0.25 REA Footprint 6.3 0.009 0.01 0 8 -7 25.5 6.9 0 0 NAF

REAF-004-050 0.25 0.50 REA Footprint 6.6 0.078 0.01 0.010 0 10 -9 -9 31.0 7.1 0 0 NAF

REAF-005-025 0.00 0.25 REA Footprint 6.5 0.010 0.01 0 7 -6 21.9 7.0 0 0 NAF

REAF-005-050 0.25 0.50 REA Footprint 6.2 0.057 0.01 0 9 -9 29.4 7.1 0 0 NAF

REAF-006-025 0.00 0.25 REA Footprint 7.4 0.033 0.01 0 12 -11 38.2 7.3 0 0 NAF

REAF-006-050 0.25 0.50 REA Footprint 7.4 0.090 0.01 0.010 0 12 -12 -12 40.5 7.4 0 0 NAF

ANC = Acid Neutralising Capacity (kg H2SO4/t) NAGpH7.0 = Net Acid Generation capacity to pH 7.0 (kg H2SO4/t) UC = Uncertain (expected classification)

EC1:5 = Electrical Conductivity of 1:5 extract (dS/m) NAGpH = pH of NAG liquor PAF = Potentially Acid Forming
MPA = Maximum Potential Acidity (kg H2SO4/t) NAGpH4.5 = Net Acid Generation capacity to pH 4.5 (kg H2SO4/t) PAF-LC = PAF Low Capacity

pH1:5 = pH of 1:5 extract NAPP = Net Acid Producing Potential (kg H2SO4/t) NAF = Non-Acid Forming

Depth (m)
pH1:5 EC1:5

ACID-BASE ANALYSIS NAG  TEST

Table B-2: Acid forming characteristics of the REA Capping Materials.

Sample ID Material Type Geochem. 
Class.

KEY ARD Classification Key



Stockpile Cap

REA-001-
050

REA-003-
050

REA-010-
025

REA-012-
025

REA-013-
001

REA-004-
400

REA-007-
200

REA-014-
300

STOCKPIL
E-002 REAC-002 ROCK-004 ROCK-008 REAF-004-

050
REAF-006-

050

Ag mg/kg 0.01 0.05 0.04 0.03 0.03 0.03 0.01 0.07 0.04 0.06 0.02 0.08 0.08 0.03 0.05
Al % 0.01% 3.99% 4.25% 2.81% 2.79% 4.92% 0.90% 3.25% 4.30% 5.41% 4.66% 7.96% 7.51% 7.24% 6.40%
As mg/kg 0.2 2.8 4.0 2.6 1.2 11.2 0.7 1.2 2.7 2.0 4.7 10.9 7.0 1.9 3.0
Ba mg/kg 10 200.0 290.0 230.0 180.0 660.0 60.0 200.0 290.0 260.0 410.0 350.0 340.0 350.0 200.0
Be mg/kg 0.05 1.10 1.17 1.13 1.11 0.86 0.55 0.85 1.30 1.67 1.18 2.36 1.99 0.92 0.95
Ca % 0.01% 1.72% 0.98% 4.44% 2.14% 4.22% 0.41% 1.13% 2.88% 2.72% 0.71% 0.21% 0.16% 0.43% 0.50%
Cd mg/kg 0.02 0.07 0.04 0.05 0.07 0.03 0.07 0.07 0.08 0.12 <0.02 0.13 0.07 0.02 0.02
Co mg/kg 0.1 6.5 2.9 2.0 1.9 10.3 1.7 2.5 10.3 5.1 16.1 10.1 9.1 31.5 36.5
Cr mg/kg 1 46 25 20 19 52 9 32 74 33 99 55 42 245 191
Cu mg/kg 0.2 19.1 17.3 10.4 10.6 9.3 10.2 22.9 16.6 14.9 15.3 39.6 35.5 56.8 43.7
Fe % 0.01% 2.96% 2.24% 3.46% 6.37% 3.91% 0.77% 3.77% 3.43% 5.17% 3.20% 3.36% 2.02% 7.47% 6.09%
Hg mg/kg 0.005 0.034 0.030 0.054 0.020 0.031 0.018 0.026 0.036 0.041 0.017 0.068 0.061 0.023 0.028
K % 0.01% 0.47% 0.95% 0.37% 0.38% 1.72% 0.05% 0.40% 0.76% 0.69% 0.38% 1.79% 1.89% 0.13% 0.23%

Mg % 0.01% 0.76% 0.45% 1.85% 0.97% 1.60% 0.15% 0.51% 1.53% 1.26% 0.51% 0.44% 0.37% 0.35% 0.41%
Mn mg/kg 5 783 789 698 2010 373 234 2130 580 1440 490 817 256 564 1110
Mo mg/kg 0.05 0.9 0.9 1.9 1.2 3.4 0.7 1.2 1.6 1.1 0.4 0.7 0.6 0.7 0.6
Na % 0.01% 0.24% 0.23% 0.15% 0.17% 0.35% 0.12% 0.16% 0.31% 0.12% 0.61% 0.10% 0.12% 0.11% 0.12%
Ni mg/kg 0.2 17.4 7.8 6.4 6.3 29.9 5.6 8.6 42.7 11.5 34.1 24.1 20.1 218 120.5
P mg/kg 10 140 80 60 60 400 40 100 470 60 140 270 190 310 230

Pb mg/kg 0.5 11.4 10.0 7.5 7.6 9.6 3.4 8.9 9.9 13.9 11.1 19.0 18.1 3.9 7.1
Sb mg/kg 0.05 0.43 1.54 0.23 0.35 0.71 0.28 0.37 0.39 0.28 0.42 1.32 1.03 0.13 0.23
Se mg/kg 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 2.00
Sn mg/kg 0.2 1.6 1.7 1.3 1.2 1.1 0.7 2.0 1.8 2.2 1.2 2.6 2.7 1.2 1.2
Th mg/kg 0.01 6.72 6.84 5.06 5.52 8.01 1.40 8.31 6.34 9.25 7.32 10.40 10.05 1.26 5.36
U mg/kg 0.1 1.30 1.60 1.20 1.20 1.80 0.50 2.10 1.50 2.40 1.00 2.50 2.60 0.30 0.60
V mg/kg 1 46 34 34 32 42 15 29 59 54 74 98 84 176 145
Zn mg/kg 2 29 35 17 19 31 9 19 36 22 34 87 62 83 58

< element at or below analytical detection limit.

Sample Description/Code
Reject

Table B-3: Multi-element composition of selected REA reject and capping material samples, Narrabri Coal Mine.

Element Unit Detect. 
Limit REA Footprint

Capping Material
StockpileREA surface/sub-surface REA Profile



Stockpile Cap

REA-001-
050

REA-003-
050

REA-010-
025

REA-012-
025

REA-013-
001

REA-004-
400

REA-007-
200

REA-014-
300

STOCKPIL
E-002 REAC-002 ROCK-004 ROCK-008 REAF-004-

050
REAF-006-

050

Ag 0.07 - - - - - - - - - - - - - -
Al 8.2% - - - - - - - - - - - - - -
As 1.5 - 1 - - 2 - - - - 1 2 2 - -
Ba 500 - - - - - - - - - - - - - -
Be 2.6 - - - - - - - - - - - - - -
Ca 4.0% - - - - - - - - - - - - - -
Cd 0.11 - - - - - - - - - - - - - -
Co 20 - - - - - - - - - - - - - -
Cr 100 - - - - - - - - - - - - 1 -
Cu 50 - - - - - - - - - - - - - -
Fe 4.1% - - - - - - - - - - - - - -
Hg 0.05 - - - - - - - - - - - - - -
K 2.1% - - - - - - - - - - - - - -

Mg 2.3% - - - - - - - - - - - - - -
Mn 950 - - - - - - 1 - - - - - - -
Mo 1.5 - - - - 1 - - - - - - - - -
Na 2.3% - - - - - - - - - - - - - -
Ni 80 - - - - - - - - - - - - 1 -
P 1000 - - - - - - - - - - - - - -
Pb 14 - - - - - - - - - - - - - -
Sb 0.2 1 2 - - 1 - - - - - 2 2 - -
Se 0.05 4 4 4 4 4 4 4 4 4 4 4 4 5 5
Sn 2.2 - - - - - - - - - - - - - -
Th 12 - - - - - - - - - - - - - -
U 2.4 - - - - - - - - - - - - - -
V 160 - - - - - - - - - - - - - -
Zn 75 - - - - - - - - - - - - - -

< element      *Bowen H.J.M.(1979) Environmental Chemistry of the Elements.

Table B-4: Geochemical abundance indices for selected REA reject and capping material samples, Narrabri Coal Mine.
Sample Description/Code

Reject*Mean 
Crustal 
Abund.

Element
Capping Material

REA surface/sub-surface REA Profile Stockpile REA Footprint



Ca Mg K Na

REAF-001-A 5.7 0.013 10.7 3.8 0.3 0.1 15.0 0.9
REAF-001-B 5.5 0.055 10.8 3.9 0.3 0.1 15.1 0.8
REAF-004-025 6.3 0.009 18.0 6.4 0.3 0.1 24.8 0.5
REAF-004-050 6.6 0.078 23.5 8.5 0.3 0.3 32.6 1.0
REAF-005-025 6.5 0.010 11.3 4.6 0.2 0.3 16.5 2.1
REAF-005-050 6.2 0.057 11.7 5.0 0.2 0.4 17.4 2.6
REAF-006-025 7.4 0.033 15.1 4.3 0.3 <0.2 19.8 <0.2
REAF-006-050 7.4 0.090 16.9 4.8 0.3 <0.2 22.0 <0.2

SP1-001-001 7.4 0.132 18.0 3.0 1.8 0.4 23.2 1.7
SP1-001-002 7.4 0.191 17.6 2.8 2.8 0.5 23.8 2.2
SP1-002-001 5.7 0.040 5.7 1.8 1.2 <0.1 8.9 0.8
SP1-002-002 5.6 0.058 2.5 1.0 0.8 <0.1 4.4 1.1
SP3-001 8.8 0.164 12.4 8.1 0.5 1.7 22.7 7.4
SP3-002 8.2 0.130 26.5 5.7 0.8 0.5 33.6 1.6
SP3-003 8.2 0.186 25.6 5.5 0.7 0.6 32.4 1.8
SP4-001 8.5 0.186 7.4 7.4 0.6 0.9 16.3 5.5
SP4-002 8.5 0.126 8.5 6.2 0.9 <0.2 15.6 <0.2
KEY
pH1:5 = pH of 1:5 extract CEC = Cation Exchange Capacity (meq/100g)
EC1:5 = Electrical Conductivity of 1:5 extract (dS/m) ESP = Exchangeable Sodium Percent (%)

REA Footprint Material

Stockpiled Cap Material

Table B-5: pH and EC, exchangeable cations, cation exchange capacity and exchangeable sodium 
percent for selected REA capping material samples, Narrabri Coal Mine.

Sample Code pH1:5 EC1:5
Exch. Cations (meq/100g)

CEC ESP



Figure B-1:  Acid Buffering Characteristic Curve for REA Reject sample REA-004-400.

Figure B-2:  Acid Buffering Characteristic Curve for REA Reject sample REA-005-050.
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Attachment C 

Leach Column Test Results 

 
Table C-1:  Samples used to produce composite samples for leach column testing. 
 
Table C-2:  Chemical composition of initial leachates from REA reject and 

capping material samples, Narrabri Coal Mine. 
 



Material Type Column Code Sample ID

SP1-001-001
SP1-001-002
SP1-002-001
SP1-002-002
SP3-002
SP4-001
REA-004-300
REA-007-500
REA-006-025
REA-004-400
REA-005-050
REA-005-025

Table C-1: Samples used to produce composite samples for 
leach column testing.

REA Rejects - Higher S REJ(S)

REA Rejects REJ

Capping Material CAP



CAP REJ REJ/S
Vol. Collected ml 1 222 347 352

pH 0.1 7.0 8.4 8.0
EC dS/m 0.001 0.911 1.586 5.440

Alkalinity mg/l 2 40 134 38
Major Constituents

Al mg/l 0.01 0.03 0.35 <
B mg/l 0.01 0.04 0.15 0.44

Ca mg/l 0.01 89.97 8.6 190.86
Cl mg/l 5 75 280 1060
Cr mg/l 0.01 < < 0.02
Cu mg/l 0.01 0.02 < <
Fe mg/l 0.01 < 0.14 <
K mg/l 0.1 28 11.1 28

Mg mg/l 0.01 23.08 5.27 67.36
Mn mg/l 0.01 0.01 < <
Na mg/l 0.1 80.6 398 1188.4
Ni mg/l 0.01 0.02 < <
P mg/l 0.1 < < <
Si mg/l 0.05 9.35 2.44 4.64

SO4 mg/l 0.3 69.5 359.4 1781.4
V mg/l 0.01 < < <

Zn mg/l 0.01 0.02 0.01 0.04
Minor Constituents

Ag µg/l 0.01 0.05 <0.01 0.06
As µg/l 0.1 1.8 2.9 2.4
Ba µg/l 0.05 216.64 39.95 97.16
Be µg/l 0.1 0.6 0.1 0.4
Cd µg/l 0.5 < < <
Co µg/l 0.1 2.2 0.3 0.4
Hg µg/l 0.1 < < <
Mo µg/l 0.05 0.84 19.41 69.8
Pb µg/l 2 < < <
Sb µg/l 0.01 0.04 1.91 6.78
Se µg/l 0.5 2.8 5.9 20
Sn µg/l 0.1 < < <
Th µg/l 0.005 < 0.133 <
U µg/l 0.005 0.059 1.986 1.908

Measured Parameters in Leachates
Parameters Units Detection 

Limit

Table C-2: Chemical composition of initial leachates from REA reject and 
capping material samples, Narrabri Coal Mine.
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1.0 Introduction 
 
Geo-Environmental Management Pty Ltd (GEM) was commissioned by Narrabri Coal 
Operations Pty Ltd (Narrabri) to conduct an environmental geochemistry assessment 
for Narrabri Coal Mine’s Reject Emplacement Area (REA).  It is understood that this 
assessment is required for submission of the REA closure plan being undertaken by 
ATC Williams Pty Ltd.  The Narrabri Coal Mine is an underground longwall mining 
operation situated in central northern New South Wales (NSW), approximately 30 
kilometres (km) south-southeast of the township of Narrabri.  This report presents the 
results and findings of the geochemical assessment program, identifies the 
geochemical implications and provides recommendations for closure of the REA, and 
provides recommendations for ongoing and future geochemical testing that may be 
required. 
 
1.1 Background 
 
The coarse rejects and fines generated during processing of the coal at the on-site Coal 
Preparation Plant (CCP) are blended to produce coal rejects (rejects) that are trucked 
to the REA for disposal.  The REA is located to the west of the Pit Top area and 
covers an approved area of approximately 25 hectares (ha).  Figure 1 is the general site 
layout of the mine’s surface infrastructure showing the footprint of the approved REA.  
The rejects are disposed in a series of cells with a north-south orientation with the cells 
being constructed from east to west.  Prior to reject disposal the soil and sub-soil 
material is removed and stockpile nearby for later use as capping material.  The base 
of each cell is compacted or lined, as required, to create an impermeable membrane 
and each cell is constructed to a maximum height of 15 m above the natural land 
surface.  The cells are progressively capped to a depth of 400 mm with a blend of 
stockpiled soil/sub-soil and benign rock to provide a protective layer followed by a 
stabilising soil and revegetation layer.  Reject disposal has commenced in the eastern 
zone of the REA and the capping has been constructed on a small area in the north-
east of this cell. 
 
O’Kane Consultants Pty Ltd (OKC) conducted a review of the REA rehabilitation 
design to identify any concerns for the proposed closure plan and the findings from 
this review were presented in a report titled ‘Rehabilitation Methodology Assessment 
– Narrabri Coal Mine’ in March 2017.  The findings from this review identified that an 
increased number of rejects samples, collected from a representative cross-section of 
the REA, should be geochemically characterised in order to reliably assess the risk of 
the REA rejects developing increased salinity and/or acid and metalliferous drainage 
(AMD). It was also recommended that representative samples of the stockpiled 
capping materials should be geochemically characterised to confirm the suitably 
benign nature of these materials in term of salinity, sodicity, acid forming 
characteristics and metal release. 
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Figure 1: Site layout for the Narrabri Coal Mine showing the location of the Reject 
Emplacement Area (REA). 
 
1.2 Study Objectives 
 
Based on the recommendations from the OKC review (OKC, 2017) and the Narrabri’s 
requirements for the REA closure planning, the objectives of this study were to: 
 

1. Develop and coordinate a sampling program designed to obtain representative 
samples of the deposited (REA) and stockpiled rejects and the proposed REA 
capping materials, including the provision of detailed instructions for the 
collection, preparation and dispatch of the required samples for inclusion in the 
geochemical testing program. 

2. Design a suitable geochemical testing program to assess the salinity, sodicity, 
acid forming potential, and metal enrichment and solubility of the rejects and 
potential capping materials. 

3. Identify the preferred external laboratories to be utilised to prepare and analyse 
the samples identified in item 2 and coordinate the laboratories, as required.  
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4. Receive, tabulate and evaluate the test work results. 

5. Prepare a geochemistry assessment report which provides the results and 
findings of the test work, identifies any potential environmental impacts 
associated with the REA, provides recommendations for REA closure 
planning, and identifies any additional or ongoing test work that may be 
required. 

 
 
2.0 Previous Investigations 
 
The geochemical characteristics of coal rejects from a temporary stockpile adjacent to 
the CHPP, were assessed by GEM in 2012 and the results and finding of this 
assessment were presented in the report titled ‘Environmental Geochemistry 
Assessment of coarse rejects from the Narrabri Mine, September 2012’.  For this 
assessment 21 samples were collected from a depth of 0 to 300 mm, along a number of 
transects radiating from the centre of the stockpile, and analysed to determine the 
salinity, acid forming characteristics, and element enrichment and/or solubility risks. 
 
Based on the presented results, the rejects were expected to be non-saline and non-acid 
forming (NAF).  However, due to the moderate sulfur content and moderate acid 
neutralising capacity (ANC), the rejects were reported to be relatively reactive in terms 
of acid generation and neutralisation and therefore, were identified as having a risk of 
developing increased salinity if left exposed to surface weathering conditions for 
extended periods.  This assessment also found that the rejects were likely to be 
significantly enriched in arsenic (As) and selenium (Se) compared to the average 
crustal abundance, a characteristic which is typical for the coal deposits within this 
region.  Additional to this, the contained Se was expected to be readily soluble under 
the prevailing near-neutral to slightly alkaline pH of the reject materials. It was 
therefore recommended that Se be included in the relevant water quality monitoring 
programs in order to determine if the high concentrations of dissolved Se indicate 
relatively short-term flushing of readily available Se or a potential long-term trend of 
Se release from the rejects. 
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3.0 Geochemical Assessment Program 
 
3.1 Testing Methodology 
 
The testing program for this assessment was designed to evaluate the salinity, acid 
forming characteristics, element enrichment and leaching behaviour of the rejects and 
capping materials.  Additional to these parameters, the sodicity of selected capping 
material samples was evaluated.  The analytical program included the following tests 
and procedures:  

• pH and electrical conductivity (EC) determination (all samples); 
• exchangeable sodium percent (ESP) determination (selected samples); 
• total sulfur (S) assay (all samples); 
• sulfur forms analysis (selected samples); 
• acid neutralising capacity (ANC) determination (all samples); 
• acid buffering characteristic curve determination (selected samples) 
• net acid producing potential (NAPP) calculation (all samples); 
• single addition net acid generation (NAG) testing (all samples); 
• extended boil NAG testing (selected samples); 
• multi-element scans on solids (selected samples); 
• leach column testing (selected samples) 

 
The sample preparation, pH and EC determination, ESP determination, acid-base 
analysis, and NAG testing were performed by Australian Laboratory Services Pty Ltd 
(Environment Division), and the leach column tests are being undertaken by GEM. 
Following is an overview of the procedures used for the geochemical assessment 
program. 
 
Determination of pH and EC  
The pH and EC are measured on water extracts from the samples providing an 
indication of the inherent acidity and salinity of the material.  The salinity ranking for 
the common water extracts used, including saturation extract (ECse), 1 part sample to 2 
parts water (EC1:2) 1 part sample to 5 parts water (EC1:5), is provided below: 
 

Salinity Classification 
ECse EC1:2 EC1:5 

(dS/m) 
Non- Saline < 2 < 0.5 < 0.2 
Slightly Saline 2 to 4 0.5 to 1.5 0.2 to 0.3 
Moderately Saline 4 to 8 1.5 to 2.5 0.3 to 0.4 
Highly Saline > 8 > 2.5 > 0.4 

Source :Rhoades et al. (1999) 
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Sodicity Assessment 
The concentration of exchangeable cations (Na, Ca, Mg and K) is measured in order to 
determine the proportion of available Na compared to the other major cations.  
Samples with proportionally high exchangeable Na are classified as sodic based on the 
exchangeable sodium percent (ESP) ranking below: 
 

Sodicity Dispersion ESP 
Non-Sodic 
Slightly Sodic 
Moderately Sodic 
Highly Sodic 

Not Dispersive 
Slightly Dispersive 
Moderately Dispersive 
Highly Dispersive 

< 6 
6 to 15 
15 to 30 
> 30 

Source: Rengasamy et al (2010) 
 
Total Sulfur Content and Maximum Potential Acidity (MPA) 
Total sulfur content is determined by the Leco high temperature combustion method.  
This is then used to calculate the MPA, which is based on the assumption that all of 
the contained sulfur occurs as reactive pyrite.   
 
Acid Neutralising Capacity (ANC) Determination 
The ANC measures the capacity of a sample to react with and neutralise acid by 
addition of acid to a known weight of sample and back titration with NaOH.  This 
method is used to determine the total ANC of the test sample.  The proportion of the 
total ANC that is readily available to sulfide generated acidity be evaluated if required 
using the Acid Buffering Characteristic Curve (ABCC) procedure which involves slow 
acidimetric titration to a set end-point and evaluation of the resultant titration curve. 
 
Acid Buffering Characteristic Curve (ABCC) Determination 
The ABCC test involves slow titration of a sample with acid while continuously 
monitoring pH.  This data provides an indication of the portion of ANC within a 
sample that is readily available for acid neutralisation.  
 
Net Acid Producing Potential (NAPP)  
The NAPP represents the theoretical balance between a samples inherent capacity to 
generate and neutralise acid.  It is calculated by subtracting the ANC from the MPA 
value. Therefore, a sample with excess MPA over ANC will have a positive NAPP, 
and a sample with excess ANC over MPA will have a negative NAPP. 
 
ANC/MPA Ratio 
The ANC/MPA ratio is frequently used as a means of assessing the risk of acid 
generation from mine waste materials.  The ANC/MPA ratio is another way of 
evaluating the ABA results.  A sample with a positive NAPP value will have an 
ANC/MPA ratio less than 1, and a sample with negative NAPP value will have an 
ANC/MPA ratio greater than 1.  A sample with a NAPP of zero will have an 
ANC/MPA ratio of 1. 
The purpose of the ANC/MPA ratio is to provide an indication of the relative margin 
of safety (or lack thereof) within a material.  Various ANC/MPA values are reported in 
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the literature for indicating safe values for prevention of acid generation.  These values 
typically range from 1 to 3.  As a general rule, an ANC/MPA ratio of 2 or more 
generally signifies that there is a high probability that the material will remain circum-
neutral in pH and thereby should not be problematic with respect to acid generation. 
 
Acid-Base Account Plot 
Sulfur and ANC data are often presented graphically in a format similar to that shown 
in Figure 2.  This figure includes a line indicating the division between NAPP positive 
samples from NAPP negative samples.  Also shown are lines corresponding to 
ANC/MPA ratios of 2 and 3. 
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Figure 2:  Acid-base account (ABA) plot. 

 
Net Acid Generation (NAG) Test 
The net acid generation (NAG) test involves the addition of hydrogen peroxide to a 
sample to oxidise the contained reactive sulfide, then measurement of pH and titration 
of any net acidity produced. A NAGpH < 4.5 indicates that acid conditions remain 
after all acid generating and acid neutralising reactions have taken place and a 
NAGpH > 4.5 indicates that any generated acidity has been neutralised. Therefore, the 
NAG test provides a direct assessment of the potential for a material to produce acid 
after a period of exposure and weathering and is used to complement the results of the 
theoretical NAPP predictions.  In samples containing carbonaceous material, organic 
acids may be generated during the NAG reaction which can lead to misleading low 
NAGpH values and acidities.  To overcome this effect an ‘extended boil’ NAG test 
has been developed by Environmental Geochemistry International Pty Ltd (EGi), 
where the organic acids are decomposed in order to ensure that the NAGpH and 
acidity of the NAG solution are due solely to sulfide oxidation. 
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Element Enrichment  
Multi-element scans are carried out to identify any elements that are present in a 
material at concentrations which may be of environmental concern with respect to 
water quality and revegetation.  The assay results from the solid samples are compared 
to the average crustal abundance for each element to provide a measure of the extent 
of element enrichment.  The extent of enrichment is reported as the Geochemical 
Abundance Index (GAI).  However, identified element enrichment does not 
necessarily mean that an element will be a concern for revegetation, water quality, or 
public health and this technique is used to identify any significant element enrichments 
that warrant further examination.  
 
Leach Column Testing 
Leach column tests are utilised to provide information on sulfide reactivity, oxidation 
kinetics, metal solubility and the leaching behaviour of mine waste materials.  The free 
draining leach column test is the most commonly used and provides information on 
sulfide reactivity, oxidation kinetics, and the leaching behaviour of materials under 
optimum oxidising conditions.  The Buchner Funnel, a plastic funnel with an internal 
diameter of 175 mm and a height of 100 mm, is commonly used for this test.  This 
style funnel typically holds about 2 to 2.5 kg of crushed rock, tailings or sediment. 
 
The free draining leach column operation is designed to achieve a weekly wet-dry 
cycle with monthly flushing and leachate collection.  The leachates are analysed for 
pH, electrical conductivity (EC), alkalinity/acidity titration and selected or multi-
element composition.  The test period required for the leach columns varies depending 
on material characteristics and the investigation needs, and the results are usually 
reviewed on a 6 or 12 monthly basis. 
 
3.2 Geochemical Classification 
 
The acid forming potential of a sample is classified on the basis of the acid-base 
account and NAG test results into one of the following categories: 
• Barren  
• Non-Acid Forming (NAF) 
• Potentially Acid Forming (PAF) 
• Acid Consuming (AC) 
• Uncertain (UC)   
 
Barren 
A sample classified as barren essentially has no acid generating capacity and no acid 
buffering capacity.  This category is most likely to apply to highly weathered 
materials.  In essence, it represents an ‘inert’ material with respect to acid generation.  
The criteria used to classify a sample as barren may vary between sites, but it 
generally applies to materials with a total sulfur content ≤ 0.1 %S and an 
ANC ≤ 10 kg H2SO4/t. 
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Non-Acid Forming 
A sample classified as NAF may or may not have a significant sulfur content, but the 
availability of the ANC within the sample is adequate to neutralise all of the acid that 
could theoretically be produced by the contained sulfide minerals.  As such, material 
classified as NAF is considered unlikely to be a source of acidic drainage.  A sample is 
usually defined as NAF when it has a negative NAPP and a final NAGpH ≥ 4.5. 
 
Potentially Acid Forming 
A sample classified as PAF always has a significant sulfur content, the acid generating 
potential of which exceeds the inherent acid neutralising capacity of the material.  This 
means there is a high risk that such a material, even if pH circum-neutral when freshly 
mined or processed, could oxidise and generate acidic drainage if exposed to 
atmospheric conditions. A sample is classified as PAF if it has a positive NAPP and a 
final NAGpH < 4.5.  Typically, if a PAF sample has a NAPP ≤ 5 kg H2SO4/t it is 
considered to only have a low capacity to generate acid and is classified as PAF-LC. 
 
Acid Consuming 
A sample is classified as AC if it has the same characteristics as NAF material, but has 
sufficient ANC to result in a NAPP of ≤ minus 100 kg H2SO4/t. 
 
Uncertain 
An uncertain classification is used when there is an apparent conflict between the 
NAPP and NAG results (i.e. when the NAPP is positive and NAGpH > 4.5, or when 
the NAPP is negative and NAGpH ≤ 4.5).   
 
Figure 3 shows a typical geochemical classification plot for mine waste materials 
where the NAPP values are plotted against the NAGpH values.  Samples that plot in 
the upper left quadrate, with negative NAPP values and NAGpH values > 4.5, are 
classified as NAF.  Those that plot on the lower right quadrate, with positive NAPP 
values and NAGpH values ≤ 4.5, are classified as PAF.  Those that plot in this 
quadrate with a NAPP ≤ 5 kg H2SO4/t are classified as PAF/LC.  Samples that plot in 
the upper right or lower left quadrates of this plot have an uncertain geochemical 
classification (UC) due to a contradiction in the acid-base and NAG test results, and 
further testing is required to determine the geochemical classification of these material 
types.  
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Figure 3: Geochemical classification plot. 

 
3.3 Sample Selection and Preparation 
 
The sampling plan for the geochemistry assessment was prepared by GEM and 
sampling was undertaken by ATC Williams Pty Ltd (ATC) under instruction from 
GEM.  A total of 61 samples were collected, including 36 samples representing the 
rejects and 25 samples representing the various REA capping materials.  The reject 
materials sampled include the deposited rejects, collected from the surface of the REA 
and from depth profiles at a number of locations, and the reject materials stockpiled 
nearby. The capping materials sampled include the stockpiled materials and the 
surface materials that will be excavated from the footprint of the approved REA, that 
are scheduled for capping the REA cells.  The sample details and sampling locations 
are provided in Attachment A and a summary of the material types and quantities 
sampled is provided on Table 1. 
 
Table 1: Material types and quantities sampled for the REA geochemical assessment 
program. 
 

Material Type Quantity Sample Type Quantity 

Rejects 36 REA Rejects - Surface/Sub-surface 19 

    REA Rejects - Profile 12 

    Stockpiled Rejects  5 

Capping Material 25 REA Capping 3 

    Stockpiled Capping Material 14 

    REA Footprint (Capping Material) 8 

TOTAL 61   61 
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The surface/sub-surface sampling involved the collection of samples from 2 depth 
intervals, typically 0 to 25 cm and 25 to 50 cm, at 10 locations over the surface of the 
REA.  The profile sampling involved digging a pit at 3 locations across the REA and 
the collection of 1 m interval samples from the surface to a depth ranging from 3 to 
5 m.  The stockpile samples were typically collected from the upper 25 cm at a number 
of locations across each stockpile and similarly, the in-place REA capping material 
was sampled to a depth of 25 cm at 3 locations across the capped area.   
 
Approximately 2 kg of each sample was collected and crushed to a nominal 10 mm 
size prior to being riffle split.  Once split, approximately 200 to 300 g of each sample 
was pulverised to minus 75 micrometres (µm) in preparation for analysis.  The crushed 
portion of each sample was retained for the leach column test procedure.  
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4.0 Geochemistry of the Coal Rejects 
 
The geochemical test results for the 31 REA reject and 5 stockpiled samples, including 
the pH1:5 and EC1:5, acid forming characteristics and element enrichment, are provided 
in Attachment B and summaries of the pH1:5 and EC1:5, and acid forming 
characteristics are provided in Table 2.  
 
Table 2: Summary of the pH, EC and acid forming characteristic results for the reject 
samples. 

Material Type 
pH1:5 EC1:5 Total S MPA ANC NAPP NAGpH 

  (dS/m) (%S) (kg H2SO4/t)   
REA Rejects Min 8.2 0.124 0.04 1 19 -330 3.0 

Max 10.4 1.810 0.34 10 335 -14 10.8 

(31 Samples) Aver 9.3 0.504 0.18 5 121 -115 8.4 
Stockpiled 
Rejects 

Min 9.3 0.153 0.04 1 108 -161 8.8 

Max 9.9 0.691 0.18 6 163 -105 9.7 

(5 Samples) Aver 9.4 0.320 0.10 3 134 -131 9.0 

NOTE: The reported average pH1:5 and NAGpH values are the median values. 

 
4.1 Existing pH and Salinity 
 
The pH1:5 values are typically alkaline ranging from 8.2 to 10.4, with median values of 
9.3 for the REA rejects and 9.4 for the stockpiled rejects.  The EC1:5 values for the 
REA rejects range from 0.124 to 1.810 dS/m with an average value of 0.504 dS/m.  
These results indicate that the REA reject samples typically range from slightly to 
highly saline with only 6% of the samples being non-saline and 42% being slightly to 
moderately saline, while 52% of the samples are classified as highly saline.  The 
results for the Stockpiled Reject samples range from 0.153 to 0.691 dS/m with an 
average value of 0.320 dS/m for the stockpiled rejects, and these results indicate the 
stockpiled rejects are typically slightly saline apart from one highly saline sample with 
an EC1:5 value of 0.691 dS/m.   
 
4.2 Acid Forming Characteristics 
 
The total sulfur (S) content of these samples is relatively low ranging from 0.04 to 
0.34 %S with an average content of 0.18 %S for the REA rejects and 0.10 %S for the 
stockpiled rejects.  The majority of the samples (90%) have a total S content of 
0.2 %S or less and 10% of the samples have a total S content of 0.30 to 0.34 %S.  The 
sulfide-S analyses that were performed on selected samples indicates that, with a 
range of 80 to 100%, 95% of the contained S in these samples typically occurs as 
reactive sulfide.  The ANC of the reject samples ranges widely from 19 to 
335 kg H2SO4/t with an average value of 121 kg H2SO4/t for the REA rejects and 
134 kg H2SO4/t for the stockpiled rejects.  The plots for the ABCC determinations 
performed on two REA reject samples provided in Attachment B (REA-004-400 and 



 

NARRABRI COAL MINE 

Geochemistry Assessment for Reject Emplacement Area – Update Report 12 
 

 
Geo-Environmental Management Pty Ltd 

REA-005-050) indicate that all of the contained ANC in the lower ANC sample 
(24 kg H2SO4/t) is readily available to neutralise sulfide generated acidity, while 
approximately 80% is readily available in the higher ANC sample (65 kg H2SO4/t). 
 
Figure 4 is the acid-base plot, where the total sulfur content is plotted against the 
ANC, for the reject samples.  Samples that plot above the NAPP = 0 (ANC/MPA = 1) 
line are NAPP negative, indicating an excess in acid buffering capacity over potential 
acidity.  Samples that plot above the ANC/MPA=2 line have at least a two-fold excess 
in acid buffering over acid potential and those that plot above the ANC/MPA=3 line 
have a three-fold excess.  This plot shows that all of the samples are NAPP negative 
and that all but one, with an ANC/MPA ratio of 2.6, have ANC/MPA ratios greater 
than 3 indicating a significant excess in acid buffering over the acid potential.  The 
NAPP values generally range from minus 14 to minus 330 kg H2SO4/t. 
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Figure 4: Acid-base account plot for the REA and stockpiled reject samples. 
 
The NAGpH values range from 3.0 to 10.8 with only one sample having a NAGpH 
below 4.5.  Figure 5 is a plot of the NAPP values compared to the NAGpH of the 
reject samples.  This plot shows that all but one of the samples plot in the upper left 
quadrate, being NAPP negative with NAGpH values greater than 4.5, and these 
samples are confirmed to be non-acid forming (NAF).  With a NAGpH below 4.5 and 
a negative NAPP, sample REA-004-400 plots in the lower left quadrate of the 
geochemical classification plot and therefore has an uncertain (UC) classification.  
When calculated using the sulfide-S content this sample has a NAPP value of minus 
15 kg H2SO4/t and the ABCC results indicate that essentially all of the contained 
ANC is readily available to neutralise sulfide generated acidity.  In order to clarify the 
geochemical classification of this sample it was subjected to the Extended Boil NAG 
test.  This test is conducted to decompose any organic acids that may be generated 
during the NAG reaction, resulting a NAGpH and acidity due solely to the process of 
sulfide oxidation.  The NAGpH of sample REA-004-400 using the standard NAG 
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procedure was 3.0 and this sample had a UC classification.  However, when subjected 
to the Extended Boil NAG test the resulting NAGpH increased to 5.6, shown by the 
dotted arrow on Figure 5, allowing a NAF classification for this sample. 
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Figure 5: Geochemical classification plot for the REA and stockpiled reject samples. 
 
4.3 Metal Enrichment 
 
Nine of the reject samples, including those collected from the REA and the rejects 
stockpile, were selected for multi-element analysis.  The results from these analyses 
and the calculated geochemical abundances indices are provided in Attachment B 
(Table B-3 and B-4, respectively).  These results indicate that Se is significantly 
enriched compared to the average crustal abundances in all of the selected reject 
samples and that As and antimony (Sb) are slightly enriched in some of these 
samples.  Although the concentration of Se is at or close to the lower limit of 
detection for these samples (i.e. 1.00 mg/L), these results indicate a greater than 10-
fold enrichment of Se compared to the average crustal abundance.  The relative 
enrichment of As, Sb and Se is a typical feature of strata in this region.  The 
concentration ranges and average crustal abundance of these elements are summarised 
in Table 3.   
 

Table 3: Concentration ranges and average crustal abundances for As, 
Sb and Se in the reject samples. 

Element 
*Average Crustal Abundance Concentration Range  

(mg/kg) (mg/kg) 
As 1.5 0.7  to  11.2 

Sb 0.2 0.23 to 1.54 

Se 0.05 1.00 

*Bowen, 1979 
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5.0 Geochemistry of the Capping Materials 
 
The geochemical test results for the 25 capping material samples, including the pH1:5 
and EC1:5, exchangeable cations and exchangeable sodium percent (ESP), acid 
forming characteristics and element enrichment, are provided in Attachment B and 
summaries of the pH1:5 and EC1:5, ESP and the acid forming characteristics are 
provided in Table 4.  
 
Table 4: Summary of the pH, EC, ESP and acid forming characteristic results for the 
capping material samples. 

Material Type 
pH1:5 EC1:5 ESP Total S MPA ANC NAPP NAGpH 

  (dS/m) (%) (%S) (kg H2SO4/t)   
REA Capping Min 9.8 0.980 - 0.03 1 32 -41 10.2 

Max 10.3 1.600 - 0.05 2 42 -31 10.6 

(3 Samples) Aver 10.0 1.307 - 0.04 1 37 -36 10.4 
Stockpiled 
Capping Material 

Min 5.6 0.040 <0.200 0.01 0 0 -51 6.9 

Max 9.0 0.233 7.400 0.03 1 52 0 9.3 

(14 Samples) Aver 8.4 0.131 2.763 0.02 1 11 -11 7.5 
REA Footprint 
(Capping Material) 

Min 5.5 0.009 <0.200 0.01 0 6 -12 6.8 

Max 7.4 0.090 2.600 0.01 0 12 -5 7.4 

(8 Samples) Aver 6.4 0.043 1.317 0.01 0 9 -8 7.1 

NOTE: The reported average pH1:5 and NAGpH values are the median values. 

 
5.1 Existing pH and Salinity 
 
The pH1:5 values of the REA capping are alkaline, ranging from 9.8 to 10.3 and the 
EC1:5 values are highly saline, ranging from 0.98 to 1.60 dS/m.  Apart from two 
samples with a pH1:5 of 5.6 and 5.7, the pH1:5 values of the stockpiled capping material 
are typically alkaline ranging from 7.4 to 9.0 and the EC1:5 values are non-saline to 
slightly saline, ranging from 0.04 to 2.33 dS/m.  Differing from these characteristics, 
the pH1:5 values for the REA footprint samples are slightly acid to neutral, ranging 
from 5.5 to 7.4 and the EC1:5 values are non-saline, ranging from 0.009 to 0.090 dS/m.   
 
These results indicate that the stockpiled capping materials are expected to be 
relatively alkaline with low salinity.  Once placed, the salinity of this material is 
expected to increase significantly to become highly saline.  The surface material from 
the footprint of future cells within the approved REA is expected to be pH neutral and 
non-saline.   
 



 

NARRABRI COAL MINE 

Geochemistry Assessment for Reject Emplacement Area – Update Report 15 
 

 
Geo-Environmental Management Pty Ltd 

5.2 Sodicity 
 
Exchangeable cations and ESP were determined for selected stockpiled capping 
material and REA footprint samples, and the results are presented in Attachment B 
(Table B-5).  A summary of the ESP results is presented in Table 4 and, with a range 
of <0.020 to 7.40, these samples are typically non-sodic with only one sample 
identified as slightly sodic with an ESP of 7.4 
 
5.3 Acid Forming Characteristics 
 
The total S content of these samples is considered low ranging from 0.01 to 0.05 %.  
All but one of these samples (i.e. 95%) have a total S content of 0.3 %S or less.  The 
ANC values range from low (0 kg H2SO4/t) to moderate (52 kg H2SO4/t), with an 
average ANC of 37 kg H2SO4/t for the REA Capping, 11 kg H2SO4/t for the 
stockpiled capping material, and 9 kg H2SO4/t for the REA footprint capping material.   
 
Figure 6 is the acid-base plot, where the total sulfur content is plotted against the 
ANC, and Figure 7 is the geochemical classification plot where the NAPP values are 
plotted against the NAGpH for all of the capping material samples.  These samples 
are all NAPP negative with NAGpH values < 4.5 and are therefore they are all 
classified as NAF.  Moreover, with NAPP values typically < 10 kg H2SO4/t, the 
stockpiled capping material and REA footprint samples are classified as barren in 
terms of acid generation and neutralisation. 
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Figure 6: Acid-base account plot for the capping material samples. 
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Figure 7: Geochemical classification plot for the capping material samples. 
 
5.4 Metal Enrichment 
 
Five of the capping material samples, including the in-place REA capping, the 
stockpile capping material and the REA footprint material for future capping, were 
selected for multi-element analysis.  The results from these analyses and the 
calculated geochemical abundances indices are provided in Attachment B (Table B-3 
and B-4, respectively).  Similar to the results for the reject samples, these results 
indicate that Se is significantly enriched in all of the selected samples with 
concentrations at least 10-fold higher than the average crustal abundance and that As 
and Sb are slightly enriched in some of the samples compared to the average crustal 
abundance.  The concentration ranges and average crustal abundance of these 
elements are summarised in Table 5.   
 

Table 5: Concentration ranges and average crustal abundances for As, 
Sb and Se in the capping material samples. 

Element 
*Average Crustal Abundance Concentration Range  

(mg/kg) (mg/kg) 
As 1.5 1.9  to  10.9 

Sb 0.2 0.13 to 1.32 

Se 0.05 1.00  to  2.00 

*Bowen, 1979 
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6.0 Leach Column Testing 
 

Based on their geochemical characteristics a number of the crushed (nominal 10 mm) 
samples were composited to produce representative samples of the reject and capping 
material for leach column testing.  In order to prepare a sample of the more reactive 
rejects for inclusion in the program, a number of the higher S samples (≥ 0.3 %S) 
were composited.  A list of the individual samples used to prepare the composite 
samples is provided in Attachment C (Table C-1) and the acid-base characteristics of 
the prepared composite samples are provided in Table 6. 
 
Table 6:  Acid-base characteristics for the leach column materials. 

Leach 
Column Material Type pH1:5 EC1:5 

Total S MPA ANC NAPP 

(%S) (kg H2SO4/t) 

CAP Capping Material 7.4 123 0.02 0 14 -14 

REJ REA Rejects 9.3 371 0.18 6 120 -115 

REJ/S REA Rejects - Higher S 8.3 876 0.31 10 59 -50 

 
An outline of the free-draining leach column set-up and operation procedure is 
provided in Section 3.1 of this report.  The commissioned leach columns, including 
CAP (capping material), REJ (rejects) and REJ/S (higher S rejects), have been in 
operation for a 6 month (4-weekly) period.  All of the leachates were analysed for pH, 
EC and alkalinity, and multi-element scans were performed on the initial and month 6 
collections, while selected element scans, including SO4, Al, As, Ca, Mg, Na, Sb, Se 
and Zn, were performed on the month 2 to 5 collections. The results for this program 
are provided in Attachment C (Tables C 2 to C4) and discussed below.   
 
Figure C-1, found in Attachment C, provides the leachate trends for selected 
parameters, including the pH and EC, and the SO4, As, Sb and Se concentrations.  The 
pH of the leachates from the CAP column have typically been maintained at pH 7.0, 
while those for the REJ/S column have been maintained at pH 8.0 and the REJ at 
pH 8.5.  The EC of the initial leachate from the CAP column was 0.911 dS/m and 
after 6 months it decreased to 0.296 dS/m.  Similarly, the EC of the REJ column 
decreased from a high of 1.765 dS/m to a low of 0.340 dS/m and is currently 
0.697 dS/m.  As expected, the REJ/S column has significantly higher EC values, 
which decreased from 5.440 dS/m to 1.078 dS/m over the 6 month period.   
 
The moderate to relatively high EC values observed in these materials is due to the 
presence of soluble Cl and SO4 salts which occur in relatively equal proportions in the 
capping material and rejects.  The SO4 concentrations for the CAP column decreased 
from a high of 69.5 mg/L to a low of 16.1 mg/L over the 24 week leaching period, 
whereas those for the REJ column decreased from 359.4 mg/L to a low of 34.0 mg/L 
after 16 weeks, and from 1,781.4 to 454.9 mg/L after 20 weeks for the REJ/S column.  
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These trends indicate the flushing of high concentrations of soluble salts from the 
higher S rejects and more moderate concentrations from the rejects (non-higher S) 
during the initial 4 to 5 months of leaching.  
 
The alkalinity concentrations show an increasing trend in all of the columns indicating 
that alkalinity release from these materials has not yet reached its peak. The 
concentrations have increased from 40 to 56 mg/L for the CAP column, from 134 to 
309 mg/L for the REJ column, and from 38 to 78 mg/L for the REJ/S column. 
 
Elemental scans performed on selected stockpile capping material and deposited 
reject samples indicates that As, Sb and Se are significantly enriched in these samples 
compared to their average crustal abundance.  The trends in the solubility of these 
elements are provided in Attachment C (Figure C-1).  These results indicate that the 
As, Sb and Se concentrations in leachates from the capping material, along with the 
other metals analysed, are relatively low indicating low solubility under the prevailing 
neutral pH of this material.   
 
The concentrations of As and Sb in leachates from the reject and higher S reject are 
relatively low and show a general decreasing trend under the slightly alkaline pH 
conditions.  This trend indicates low solubility of these metals in the rejects, with a 
decreasing rate of release over time.  However, the concentration of Se in leachates 
from the reject and higher S reject increased from around 6 and 20 µg/L to a peak of 
around 35 and 40 µg/L, respectively, after leaching the reject and higher S reject for a 
period of 8 weeks.  Since peaking, the Se concentrations have decreased back to 
around 5 µg/L for the reject and 15 µg/L for the higher S reject.  Although a further 
decrease in the release of Se from these materials with further leaching is expected, 
these results indicate flushing of the readily soluble Se over a relatively short period 
(i.e. weeks to months) following exposure to surface weathering and leaching 
processes. 
 
The findings from the leach column program confirm the NAF classification of the 
materials represented by the capping material, rejects and the higher S rejects 
samples.  The primary concern for the geochemical security of the REA is the 
potential salinity due to exposure of the rejects, in particular the higher S rejects, for 
extended periods.  Additional to this, the rejects are likely to produce a flush of 
readily soluble Se when exposed to surface weathering and leaching processes.  
However, the leach column results indicate that the capping material will maintain 
low salinity with low metal solubility, and is considered to be geochemically suitable 
for capping the REA.  
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7.0 Conclusions and Recommendations 
 

Based on the geochemical characterisation and leach column testing of representative 
samples of the in situ REA rejects and capping and the stockpiled rejects and capping 
material, the following conclusions and recommendations for management of, and 
closure planning for the REA are provided. 
 
7.1 REA Rejects 
 
The geochemical characteristics of coal rejects from a temporary stockpile adjacent to 
the CHPP, were assessed in 2012 by GEM (GEM, 2012).  For this assessment 21 
samples were analysed to determine the salinity, acid forming characteristics, and 
element enrichment and solubility risks for the rejects.  These results indicated that the 
rejects were expected to be non-saline and NAF, but due to the moderate sulfur 
content in some of the samples, the risk of developing increased salinity if left exposed 
to surface weathering processes for extended periods was identified.  The test results 
also indicated the enrichment of As and Se and the solubility of Se under the expected 
slightly alkaline pH conditions. 
 
Similar to the findings from the previous investigations, the findings from the current 
investigations, involving geochemical characterisation of 31 in situ REA reject 
samples, 5 stockpiled reject samples, and leach column testing of 2 composited reject 
samples, confirm that the rejects are likely to be NAF and enriched with As, Sb and 
Se, and that due to its solubility, a flush of relatively high dissolved Se concentrations 
is likely to occur for a period following deposition and exposure on the surface of the 
REA.  Although the geochemical test work undertaken to date indicates that the 
stockpiled rejects have relatively low salinity, the deposited rejects exposed to surface 
weathering processes are expected to develop increased salinity.  Additional to this, 
the leach column testing program indicates that the higher S rejects will become 
highly saline with the potential to produce significant saline drainage/seepage if left 
exposed to surface weathering and leaching processes.   
 
These findings indicate that the primary geochemical concern for management and 
closure of the REA is the development of increased salinity and potential release of 
saline drainage (seepage and surface run-off).  In order to reduce this risk, exposure of 
the rejects within the stockpiles and disposal cells should be minimised to avoid 
atmospheric oxidation, water infiltration and leaching processes.  To prevent longer-
term development of increased salinity it is important that the capping material is 
engineered to ensure adequate isolation of the rejects from oxidation diffusion and/or 
water infiltration, that no rejects are left exposed on the surface of the REA at closure 
(i.e. ensure suitable and consistent cap thickness) and that the cap is suitably 
engineered to ensure that capillary rise does not occur, with the potential for migration 
of soluble salts to the rehabilitated surface of the REA. 
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7.2 REA Capping 
 
The geochemical characteristics of the REA capping material samples, including 3 
samples of the existing in-place capping, 14 samples of the stockpiled capping 
material, 8 samples of the surface/sub-surface material collected from the REA 
footprint to be stockpiled to provide additional capping material for future use, 
indicate that the stockpiled and footprint capping materials are relatively benign with 
low salinity, sodicity and S, and are classified as NAF.   
 
Leach column testing of the composited stockpiled capping material confirms that 
after 6 months of exposure to oxidation and leaching under maximum oxidation 
conditions, low salinity and metal release has been maintained.  These results confirm 
that the stockpiled capping material is suitable for capping the REA during active 
disposal and for closure.  However, the in-place capping material typically has high 
salinity which has most likely developed in situ.  It is therefore recommended that a 
review of the source material and construction specifications used for this cap be 
undertaken to determine if the high salinity is a result of the source capping material 
having inherently high salinity, inadequate design specifications for construction of 
the cap, or poor quality control during construction, resulting in inadequate control of 
oxygen diffusion and water infiltration to the underlying rejects and capillary rise 
allowing the migration of soluble salts to the surface. 
 
7.3 Future Investigations and Monitoring 
 
The leach column program has been operated for a 6 month period and has fulfilled 
the objectives of the program by allowing a prediction of the potential salinity and 
metal release from the rejects after a period of exposure, and confirming that the 
stockpiled capping material is geochemically suitable for covering the rejects during 
active disposal and at closure of the REA.  However, if ongoing confirmation 
monitoring and determination of longer term trends in salinity and/or Se release are 
required, it is recommended that the CAP and REJ/S columns are continued for an 
additional 6 months with a reduced analytical suite including: 

• pH, EC, Alkalinity, SO4 and Se. 
 
The OKC review (OKC, 2017) recommended that routine ABA (geochemical 
characterisation) testing be undertaken to confirm the NAF nature of the rejects 
within, or destined for, the REA, and to expand the existing geochemical database for 
the rejects.  This would be best achieved by collecting grab samples from a grid over 
the surface/sub-surface of each disposal cell prior to capping.  These samples should 
be characterised using standard acid-base and NAG testing (if required) procedures 
prior to installing the cap incase any further earthworks are required to ensure no PAF 
materials are exposed on the surface/sub-surface of the cell. 
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To address the identified salinity concerns for the higher S rejects and the possibility 
of PAF materials occurring within the REA, and due the identified enrichment 
solubility of Se, it is recommended that the following parameters are included in the 
REA water quality program:  

• pH, EC, alkalinity, SO4 and Se. 
 
The parameters that should be included in the REA water quality program will be 
reviewed and modified, as required, when the results from the current leach column 
program are available. 
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Attachment A 

Sample Details and Locations 

 
Table A-1:  Sample details for the REA geochemistry assessment, Narrabri 

Coal Mine. 
 
 
Figure A-1:  Sampling locations for the REA geochemistry assessment, 

Narrabri Coal Mine. 
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Table A-1: Sample details for the REA geochemistry assessment, Narrabri Coal Mine. 
 

Sample ID 
Sample Interval (cm)  

Sample ID 
Sample Interval (cm) 

from to  from to 
REA Rejects - Surface/Sub-surface  REA Capping 
REA-001-025 0 25  REAC-001 0 25 
REA-001-050 25 50  REAC-002 0 25 
REA-002-025 0 25  REAC-003 0 25 
REA-002-050 25 50  Stockpiled Capping Material 
REA-003-025 0 25  ROCK-002     
REA-003-050 25 50  ROCK-004     
REA-005-025 0 25  ROCK-006     
REA-005-050 25 50  ROCK-008     
REA-006-025 0 25  ROCK-010     
REA-006-050 25 50  SP1-001-001     
REA-009-025 0 25  SP1-001-002     
REA-009-050 25 50  SP1-002-001     
REA-010-025 0 25  SP1-002-002     
REA-010-050 25 50  SP3-001     
REA-011-025 0 25  SP3-002     
REA-011-050 25 50  SP3-003     
REA-012-025 0 25  SP4-001     
REA-012-050 25 50  SP4-002     
REA-013-001 0 25  REA Footprint (Capping Material) 
REA Rejects - Profile  REAF-001-025 0 25 
REA-004-100 0 100  REAF-001-050 25 50 
REA-004-200 100 200  REAF-004-025 0 25 
REA-004-300 200 300  REAF-004-050 25 50 
REA-004-400 300 400  REAF-005-025 0 25 
REA-007-100 0 100  REAF-005-050 25 50 
REA-007-200 100 200  REAF-006-025 0 25 
REA-007-300 200 300  REAF-006-050 25 50 
REA-007-400 300 400     
REA-007-500 400 500     
REA-014-100 0 100     

REA-014-200 100 200     
REA-014-300 200 300     

Stockpiled Rejects     
STOCKPILE-001         
STOCKPILE-002         
STOCKPILE-003         
STOCKPILE-004         

STOCKPILE-005         
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Figure A-1: Sampling locations for the REA geochemistry assessment, Narrabri Coal Mine. 



 

 

 

 

 

Attachment B 

Static Geochemical Test Results 

 
Table B-1:  Acid forming characteristics of the REA reject materials, Narrabri Coal 

Mine. 
 
Table B-2:  Acid forming characteristics of the REA capping materials, Narrabri Coal 

Mine. 
 
Table B-3:  Multi-element composition of selected REA reject and capping material 

samples, Narrabri Coal Mine. 
 
Table B-4:  Geochemical abundance indices for selected REA reject and capping 

material samples, Narrabri Coal Mine. 
 
Table B-5:  pH and EC, exchangeable cations, cation exchange capacity and 

exchangeable sodium percent for selected REA capping material samples, 
Narrabri Coal Mine. 

 
 
Figure B-1: Acid Buffering Characteristic Curve for REA reject sample REA-004-400. 
 
Figure B-2: Acid Buffering Characteristic Curve for REA reject sample REA-005-050. 
 
 



from to Total 
%S

Sulfide 
%S MPA ANC NAPP 

(tot S)
NAPP 

(sulfide)
ANC/ 
MPA NAGpH NAGpH4.5 NAGpH7.0

REA-001-025 0.00 0.25 Surface/Sub-surface 9.7 0.445 0.09 3 69 -66 25.1 8.7 0 0 NAF

REA-001-050 0.25 0.50 Surface/Sub-surface 9.7 0.486 0.10 0.080 3 71 -68 -69 23.3 8.3 0 0 NAF

REA-002-025 0.00 0.25 Surface/Sub-surface 9.3 0.280 0.12 4 246 -242 67.0 8.7 0 0 NAF

REA-002-050 0.25 0.50 Surface/Sub-surface 9.1 0.212 0.17 5 79 -74 15.2 8.6 0 0 NAF

REA-003-025 0.00 0.25 Surface/Sub-surface 8.6 0.661 0.22 7 66 -59 9.7 7.5 0 0 NAF

REA-003-050 0.25 0.50 Surface/Sub-surface 9.1 0.278 0.13 0.120 4 48 -44 -44 12.0 8.1 0 0 NAF

REA-005-025 0.00 0.25 Surface/Sub-surface 8.3 1.280 0.30 9 90 -80 9.8 5.4 0 10 NAF

REA-005-050 0.25 0.50 Surface/Sub-surface 8.2 1.030 0.34 10 65 -55 6.3 4.8 0 14 NAF

REA-006-025 0.00 0.25 Surface/Sub-surface 8.9 0.285 0.21 6 116 -110 18.1 8.4 0 0 NAF

REA-006-050 0.25 0.50 Surface/Sub-surface 8.9 0.124 0.16 5 335 -330 68.4 9.0 0 0 NAF

REA-009-025 0.00 0.25 Surface/Sub-surface 10.2 1.060 0.10 3 262 -259 85.6 8.6 0 0 NAF

REA-009-050 0.25 0.50 Surface/Sub-surface 10.4 1.810 0.04 1 40 -39 32.5 10.7 0 0 NAF

REA-010-025 0.00 0.25 Surface/Sub-surface 9.7 0.422 0.24 0.230 7 202 -195 -195 27.5 8.4 0 0 NAF

REA-010-050 0.25 0.50 Surface/Sub-surface 9.6 0.282 0.15 5 297 -292 64.7 8.8 0 0 NAF

REA-011-025 0.00 0.25 Surface/Sub-surface 9.2 0.410 0.15 5 19 -14 4.1 7.9 0 0 NAF

REA-011-050 0.25 0.50 Surface/Sub-surface 9.6 0.276 0.22 7 68 -61 10.1 8.0 0 0 NAF

REA-012-025 0.00 0.25 Surface/Sub-surface 9.7 0.393 0.20 0.190 6 94 -88 -88 15.3 8.6 0 0 NAF

REA-012-050 0.25 0.50 Surface/Sub-surface 9.8 0.510 0.18 6 160 -154 29.0 8.4 0 0 NAF

REA-013-001 0.00 0.25 Surface/Sub-surface 10.1 0.739 0.16 0.150 5 184 -179 -179 37.6 10.8 0 0 NAF

Table B-1: Acid forming characteristics of reject samples the REA, Narrabri Coal Mine.

Sample ID Material Type pH1:5 EC1:5

ACID-BASE ANALYSIS
Geochem. 

Class.

NAG  TESTDepth (m)

Page 1 of 2

ARD Classification Key

NAF = Non-Acid Forming

PAF = Potentially Acid Forming

PAF-LC = PAF Low Capacity

UC = Uncertain (expected classification)

MPA = Maximum Potential Acidity (kg H2SO4/t)

ANC = Acid Neutralising Capacity (kg H2SO4/t)

KEY
pH1:5 = pH of 1:5 extract

EC1:5 = Electrical Conductivity of 1:5 extract (dS/m)

NAPP = Net Acid Producing Potential (kg H2SO4/t)

NAGpH = pH of NAG liquor

NAGpH4.5 = Net Acid Generation capacity to pH 4.5 (kg H2SO4/t)

NAGpH7.0 = Net Acid Generation capacity to pH 7.0 (kg H2SO4/t)



from to Total 
%S

Sulfide 
%S MPA ANC NAPP 

(tot S)
NAPP 

(sulfide)
ANC/ 
MPA NAGpH NAGpH4.5 NAGpH7.0

REA-004-100 0.0 1.0 Profile 9.1 0.909 0.22 7 53 -47 7.9 5.3 0 8 NAF

REA-004-200 1.0 2.0 Profile 9.0 0.552 0.19 6 56 -51 9.7 5.0 0 24 NAF

REA-004-300 2.0 3.0 Profile 9.3 0.411 0.15 5 121 -116 26.4 8.6 0 0 NAF

REA-004-400 3.0 4.0 Profile 8.8 0.319 0.30 0.290 9 24 -15 -15 2.6 3.0 (5.4) 42 (0) 95 (0) NAF

REA-007-100 0.0 1.0 Profile 9.2 0.213 0.15 5 68 -64 14.9 8.5 0 0 NAF

REA-007-200 1.0 2.0 Profile 9.2 0.240 0.11 0.100 3 47 -44 -44 14.0 8.8 0 0 NAF

REA-007-300 2.0 3.0 Profile 9.1 0.258 0.19 6 287 -281 49.4 8.3 0 0 NAF

REA-007-400 3.0 4.0 Profile 9.1 0.180 0.24 7 103 -96 14.0 8.8 0 0 NAF

REA-007-500 4.0 5.0 Profile 9.5 0.416 0.18 6 124 -118 22.5 8.4 0 0 NAF

REA-014-100 0.0 1.0 Profile 9.5 0.391 0.22 7 71 -64 10.6 8.1 0 0 NAF

REA-014-200 1.0 2.0 Profile 9.7 0.336 0.14 4 150 -146 35.0 8.7 0 0 NAF

REA-014-300 2.0 3.0 Profile 9.7 0.414 0.15 0.140 5 125 -120 -121 27.2 8.6 0 0 NAF

STOCKPILE-001 - - Stockpiled Rejects 9.6 0.236 0.08 2 163 -161 66.6 9.0 0 0 NAF

STOCKPILE-002 - - Stockpiled Rejects 9.3 0.153 0.10 0.100 3 127 -124 -124 41.5 8.9 0 0 NAF

STOCKPILE-003 - - Stockpiled Rejects 9.9 0.691 0.18 6 153 -147 27.8 9.7 0 0 NAF

STOCKPILE-004 - - Stockpiled Rejects 9.4 0.253 0.04 1 119 -118 97.2 9.0 0 0 NAF

STOCKPILE-005 - - Stockpiled Rejects 9.3 0.268 0.09 3 108 -105 39.2 8.8 0 0 NAF

EC1:5 = Electrical Conductivity of 1:5 extract (dS/m) NAGpH = pH of NAG liquor PAF = Potentially Acid Forming
MPA = Maximum Potential Acidity (kg H2SO4/t) NAGpH4.5 = Net Acid Generation capacity to pH 4.5 (kg H2SO4/t) PAF-LC = PAF Low Capacity

KEY ARD Classification Key
pH1:5 = pH of 1:5 extract NAPP = Net Acid Producing Potential (kg H2SO4/t) NAF = Non-Acid Forming

ANC = Acid Neutralising Capacity (kg H2SO4/t) NAGpH7.0 = Net Acid Generation capacity to pH 7.0 (kg H2SO4/t) UC = Uncertain (expected classification)

Page 2 of 2

NAG  TEST
Geochem. 

Class.

Depth (m)

Table B-1: Acid forming characteristics of reject samples the REA, Narrabri Coal Mine. CONTINUED

Sample ID Material Type pH1:5 EC1:5

ACID-BASE ANALYSIS



from to Total 
%S

Sulfide 
%S MPA ANC NAPP 

(tot S)
NAPP 

(sulfide)
ANC/ 
MPA NAGpH NAGpH4.5 NAGpH7.0

REAC-001 - - REA Capping 10.0 0.980 0.03 1 32 -31 34.9 10.2 0 0 NAF

REAC-002 - - REA Capping 10.3 1.600 0.03 0.010 1 37 -36 -37 40.2 10.6 0 0 NAF

REAC-003 - - REA Capping 9.8 1.340 0.05 2 42 -41 27.6 10.4 0 0 NAF

ROCK-002 - - Stockpiled Cap Material 8.5 0.046 0.02 1 5 -4 8.0 7.5 0 0 NAF

ROCK-004 - - Stockpiled Cap Material 9.0 0.233 0.03 0.020 1 13 -12 -13 14.6 8.4 0 0 NAF

ROCK-006 - - Stockpiled Cap Material 8.7 0.126 0.02 1 7 -7 11.8 7.9 0 0 NAF

ROCK-008 - - Stockpiled Cap Material 9.0 0.160 0.02 0.020 1 8 -8 -8 13.6 8.5 0 0 NAF

ROCK-010 - - Stockpiled Cap Material 8.2 0.060 0.02 1 4 -4 6.9 7.3 0 0 NAF

SP1-001-001 - - Stockpiled Cap Material 7.4 0.132 0.02 1 11 -10 18.1 7.3 0 0 NAF

SP1-001-002 - - Stockpiled Cap Material 7.4 0.191 0.02 1 12 -11 19.3 7.4 0 0 NAF

SP1-002-001 - - Stockpiled Cap Material 5.7 0.040 0.01 0 2 -2 7.2 6.9 0 0 NAF

SP1-002-002 - - Stockpiled Cap Material 5.6 0.058 0.01 0 0 0 0.0 7.0 0 0 NAF

SP3-001 - - Stockpiled Cap Material 8.8 0.164 - - - - - - - - -

SP3-002 - - Stockpiled Cap Material 8.2 0.130 0.02 1 52 -51 85.0 9.3 0 0 NAF

SP3-003 - - Stockpiled Cap Material 8.2 0.186 - - - - - - - - -

SP4-001 - - Stockpiled Cap Material 8.5 0.186 0.01 0 9 -8 28.1 8.7 0 0 NAF

SP4-002 - - Stockpiled Cap Material 8.5 0.126 - - - - - - - - -

REAF-001-A - - REA Footprint 5.7 0.013 0.01 0 6 -5 18.3 6.8 0 0 NAF

REAF-001-B - - REA Footprint 5.5 0.055 0.01 0 6 -5 18.6 6.9 0 0 NAF

REAF-004-025 0.00 0.25 REA Footprint 6.3 0.009 0.01 0 8 -7 25.5 6.9 0 0 NAF

REAF-004-050 0.25 0.50 REA Footprint 6.6 0.078 0.01 0.010 0 10 -9 -9 31.0 7.1 0 0 NAF

REAF-005-025 0.00 0.25 REA Footprint 6.5 0.010 0.01 0 7 -6 21.9 7.0 0 0 NAF

REAF-005-050 0.25 0.50 REA Footprint 6.2 0.057 0.01 0 9 -9 29.4 7.1 0 0 NAF

REAF-006-025 0.00 0.25 REA Footprint 7.4 0.033 0.01 0 12 -11 38.2 7.3 0 0 NAF

REAF-006-050 0.25 0.50 REA Footprint 7.4 0.090 0.01 0.010 0 12 -12 -12 40.5 7.4 0 0 NAF

ANC = Acid Neutralising Capacity (kg H2SO4/t) NAGpH7.0 = Net Acid Generation capacity to pH 7.0 (kg H2SO4/t) UC = Uncertain (expected classification)

EC1:5 = Electrical Conductivity of 1:5 extract (dS/m) NAGpH = pH of NAG liquor PAF = Potentially Acid Forming
MPA = Maximum Potential Acidity (kg H2SO4/t) NAGpH4.5 = Net Acid Generation capacity to pH 4.5 (kg H2SO4/t) PAF-LC = PAF Low Capacity

pH1:5 = pH of 1:5 extract NAPP = Net Acid Producing Potential (kg H2SO4/t) NAF = Non-Acid Forming

Depth (m)
pH1:5 EC1:5

ACID-BASE ANALYSIS NAG  TEST

Table B-2: Acid forming characteristics of the REA Capping Materials.

Sample ID Material Type Geochem. 
Class.

KEY ARD Classification Key



Stockpile Cap

REA-001-
050

REA-003-
050

REA-010-
025

REA-012-
025

REA-013-
001

REA-004-
400

REA-007-
200

REA-014-
300

STOCKPIL
E-002 REAC-002 ROCK-004 ROCK-008 REAF-004-

050
REAF-006-

050

Ag mg/kg 0.01 0.05 0.04 0.03 0.03 0.03 0.01 0.07 0.04 0.06 0.02 0.08 0.08 0.03 0.05
Al % 0.01% 3.99% 4.25% 2.81% 2.79% 4.92% 0.90% 3.25% 4.30% 5.41% 4.66% 7.96% 7.51% 7.24% 6.40%
As mg/kg 0.2 2.8 4.0 2.6 1.2 11.2 0.7 1.2 2.7 2.0 4.7 10.9 7.0 1.9 3.0
Ba mg/kg 10 200.0 290.0 230.0 180.0 660.0 60.0 200.0 290.0 260.0 410.0 350.0 340.0 350.0 200.0
Be mg/kg 0.05 1.10 1.17 1.13 1.11 0.86 0.55 0.85 1.30 1.67 1.18 2.36 1.99 0.92 0.95
Ca % 0.01% 1.72% 0.98% 4.44% 2.14% 4.22% 0.41% 1.13% 2.88% 2.72% 0.71% 0.21% 0.16% 0.43% 0.50%
Cd mg/kg 0.02 0.07 0.04 0.05 0.07 0.03 0.07 0.07 0.08 0.12 <0.02 0.13 0.07 0.02 0.02
Co mg/kg 0.1 6.5 2.9 2.0 1.9 10.3 1.7 2.5 10.3 5.1 16.1 10.1 9.1 31.5 36.5
Cr mg/kg 1 46 25 20 19 52 9 32 74 33 99 55 42 245 191
Cu mg/kg 0.2 19.1 17.3 10.4 10.6 9.3 10.2 22.9 16.6 14.9 15.3 39.6 35.5 56.8 43.7
Fe % 0.01% 2.96% 2.24% 3.46% 6.37% 3.91% 0.77% 3.77% 3.43% 5.17% 3.20% 3.36% 2.02% 7.47% 6.09%
Hg mg/kg 0.005 0.034 0.030 0.054 0.020 0.031 0.018 0.026 0.036 0.041 0.017 0.068 0.061 0.023 0.028
K % 0.01% 0.47% 0.95% 0.37% 0.38% 1.72% 0.05% 0.40% 0.76% 0.69% 0.38% 1.79% 1.89% 0.13% 0.23%

Mg % 0.01% 0.76% 0.45% 1.85% 0.97% 1.60% 0.15% 0.51% 1.53% 1.26% 0.51% 0.44% 0.37% 0.35% 0.41%
Mn mg/kg 5 783 789 698 2010 373 234 2130 580 1440 490 817 256 564 1110
Mo mg/kg 0.05 0.9 0.9 1.9 1.2 3.4 0.7 1.2 1.6 1.1 0.4 0.7 0.6 0.7 0.6
Na % 0.01% 0.24% 0.23% 0.15% 0.17% 0.35% 0.12% 0.16% 0.31% 0.12% 0.61% 0.10% 0.12% 0.11% 0.12%
Ni mg/kg 0.2 17.4 7.8 6.4 6.3 29.9 5.6 8.6 42.7 11.5 34.1 24.1 20.1 218 120.5
P mg/kg 10 140 80 60 60 400 40 100 470 60 140 270 190 310 230

Pb mg/kg 0.5 11.4 10.0 7.5 7.6 9.6 3.4 8.9 9.9 13.9 11.1 19.0 18.1 3.9 7.1
Sb mg/kg 0.05 0.43 1.54 0.23 0.35 0.71 0.28 0.37 0.39 0.28 0.42 1.32 1.03 0.13 0.23
Se mg/kg 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 2.00 2.00
Sn mg/kg 0.2 1.6 1.7 1.3 1.2 1.1 0.7 2.0 1.8 2.2 1.2 2.6 2.7 1.2 1.2
Th mg/kg 0.01 6.72 6.84 5.06 5.52 8.01 1.40 8.31 6.34 9.25 7.32 10.40 10.05 1.26 5.36
U mg/kg 0.1 1.30 1.60 1.20 1.20 1.80 0.50 2.10 1.50 2.40 1.00 2.50 2.60 0.30 0.60
V mg/kg 1 46 34 34 32 42 15 29 59 54 74 98 84 176 145
Zn mg/kg 2 29 35 17 19 31 9 19 36 22 34 87 62 83 58

< element at or below analytical detection limit.

Sample Description/Code
Reject

Table B-3: Multi-element composition of selected REA reject and capping material samples, Narrabri Coal Mine.

Element Unit Detect. 
Limit REA Footprint

Capping Material
StockpileREA surface/sub-surface REA Profile



Stockpile Cap

REA-001-
050

REA-003-
050

REA-010-
025

REA-012-
025

REA-013-
001

REA-004-
400

REA-007-
200

REA-014-
300

STOCKPIL
E-002 REAC-002 ROCK-004 ROCK-008 REAF-004-

050
REAF-006-

050

Ag 0.07 - - - - - - - - - - - - - -
Al 8.2% - - - - - - - - - - - - - -
As 1.5 - 1 - - 2 - - - - 1 2 2 - -
Ba 500 - - - - - - - - - - - - - -
Be 2.6 - - - - - - - - - - - - - -
Ca 4.0% - - - - - - - - - - - - - -
Cd 0.11 - - - - - - - - - - - - - -
Co 20 - - - - - - - - - - - - - -
Cr 100 - - - - - - - - - - - - 1 -
Cu 50 - - - - - - - - - - - - - -
Fe 4.1% - - - - - - - - - - - - - -
Hg 0.05 - - - - - - - - - - - - - -
K 2.1% - - - - - - - - - - - - - -

Mg 2.3% - - - - - - - - - - - - - -
Mn 950 - - - - - - 1 - - - - - - -
Mo 1.5 - - - - 1 - - - - - - - - -
Na 2.3% - - - - - - - - - - - - - -
Ni 80 - - - - - - - - - - - - 1 -
P 1000 - - - - - - - - - - - - - -
Pb 14 - - - - - - - - - - - - - -
Sb 0.2 1 2 - - 1 - - - - - 2 2 - -
Se 0.05 4 4 4 4 4 4 4 4 4 4 4 4 5 5
Sn 2.2 - - - - - - - - - - - - - -
Th 12 - - - - - - - - - - - - - -
U 2.4 - - - - - - - - - - - - - -
V 160 - - - - - - - - - - - - - -
Zn 75 - - - - - - - - - - - - - -

< element      *Bowen H.J.M.(1979) Environmental Chemistry of the Elements.

Table B-4: Geochemical abundance indices for selected REA reject and capping material samples, Narrabri Coal Mine.
Sample Description/Code

Reject*Mean 
Crustal 
Abund.

Element
Capping Material

REA surface/sub-surface REA Profile Stockpile REA Footprint



Ca Mg K Na

REAF-001-A 5.7 0.013 10.7 3.8 0.3 0.1 15.0 0.9
REAF-001-B 5.5 0.055 10.8 3.9 0.3 0.1 15.1 0.8
REAF-004-025 6.3 0.009 18.0 6.4 0.3 0.1 24.8 0.5
REAF-004-050 6.6 0.078 23.5 8.5 0.3 0.3 32.6 1.0
REAF-005-025 6.5 0.010 11.3 4.6 0.2 0.3 16.5 2.1
REAF-005-050 6.2 0.057 11.7 5.0 0.2 0.4 17.4 2.6
REAF-006-025 7.4 0.033 15.1 4.3 0.3 <0.2 19.8 <0.2
REAF-006-050 7.4 0.090 16.9 4.8 0.3 <0.2 22.0 <0.2

SP1-001-001 7.4 0.132 18.0 3.0 1.8 0.4 23.2 1.7
SP1-001-002 7.4 0.191 17.6 2.8 2.8 0.5 23.8 2.2
SP1-002-001 5.7 0.040 5.7 1.8 1.2 <0.1 8.9 0.8
SP1-002-002 5.6 0.058 2.5 1.0 0.8 <0.1 4.4 1.1
SP3-001 8.8 0.164 12.4 8.1 0.5 1.7 22.7 7.4
SP3-002 8.2 0.130 26.5 5.7 0.8 0.5 33.6 1.6
SP3-003 8.2 0.186 25.6 5.5 0.7 0.6 32.4 1.8
SP4-001 8.5 0.186 7.4 7.4 0.6 0.9 16.3 5.5
SP4-002 8.5 0.126 8.5 6.2 0.9 <0.2 15.6 <0.2
KEY
pH1:5 = pH of 1:5 extract CEC = Cation Exchange Capacity (meq/100g)
EC1:5 = Electrical Conductivity of 1:5 extract (dS/m) ESP = Exchangeable Sodium Percent (%)

REA Footprint Material

Stockpiled Cap Material

Table B-5: pH and EC, exchangeable cations, cation exchange capacity and exchangeable sodium 
percent for selected REA capping material samples, Narrabri Coal Mine.

Sample Code pH1:5 EC1:5
Exch. Cations (meq/100g)

CEC ESP



Figure B-1:  Acid Buffering Characteristic Curve for REA Reject sample REA-004-400.

Figure B-2:  Acid Buffering Characteristic Curve for REA Reject sample REA-005-050.
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Attachment C 

Leach Column Test Results 

 
Table C-1:  Samples used to produce composite samples for leach column testing. 
 
Table C-2:  Chemical composition of leachates from the stockpiled REA capping 

material, Narrabri Coal Mine. 
 
Table C-3:  Chemical composition of leachates from the typical REA coal reject 

material, Narrabri Coal Mine. 
 
Table C-4:  Chemical composition leachates from the higher sulfur REA coal 

reject material, Narrabri Coal Mine. 
 
 
Figure C-1:  Trends in the pH and EC, and SO4, As, Sb and Se release from the 

capping material (CAP), typical reject material (REJ) and higher S 
reject over the 6 month leaching period. 

 
 



Material Type Column Code Sample ID

SP1-001-001
SP1-001-002
SP1-002-001
SP1-002-002
SP3-002
SP4-001
REA-004-300
REA-007-500
REA-006-025
REA-004-400
REA-005-050
REA-005-025

Table C-1: Samples used to produce composite samples for 
leach column testing.

REA Rejects - Higher S REJ(S)

REA Rejects REJ

Capping Material CAP



Parameters Units Detection 
Limit

Collection Number CAP-1 CAP-2 CAP-3 CAP-4 CAP-5 CAP-6 CAP-7
Week 0 4 8 12 16 20 24

pH 0.1 7.0 6.7 6.7 7.4 7.8 6.8 6.9

EC dS/m 0.001 0.911 0.664 0.911 0.605 0.477 0.317 0.296

Alkalinity mg/l 5 40 26 26 45 29 33 56

Major Constituents
Al mg/l 0.01 0.03 0.01 0.03 0.09 0.42 0.27 0.33

B mg/l 0.01 0.04 <

Ca mg/l 0.01 89.97 74.04 91.95 66.88 53.35 34.35 33.20

Cl mg/l 5 75 <

Cr mg/l 0.01 < <

Cu mg/l 0.01 0.02 <

Fe mg/l 0.01 < 0.23

K mg/l 0.1 28 10

Mg mg/l 0.01 23.08 16.93 20.02 15.04 11.53 7.38 7.25

Mn mg/l 0.01 0.010 0.002

Na mg/l 0.1 80.6 52.4 56.7 40.4 33.1 24 22.8

Ni mg/l 0.01 0.02 <

P mg/l 0.1 < <

Si mg/l 0.05 9.35 6.74

SO4 mg/l 0.3 69.5 38.0 52.9 36.7 28.8 19.2 16.1

V mg/l 0.01 < <

Zn mg/l 0.01 0.02 0.01 0.05 0.01 < 0.01 0.03

Minor Constituents
Ag µg/l 0.01 0.05 <
As µg/l 0.1 1.8 1.2 1.1 1.0 0.8 1.8 1.2

Ba µg/l 0.05 216.64 43.10

Be µg/l 0.1 0.6 <

Cd µg/l 0.02 < <

Co µg/l 0.1 2.2 0.7

Hg µg/l 0.1 < <

Mo µg/l 0.05 0.84 2.48

Pb µg/l 0.5 < <

Sb µg/l 0.01 0.04 0.03 0.04 0.04 0.04 0.05 0.04

Se µg/l 0.5 2.8 0.8 1.2 1.2 1.5 1.3 0.9

Sn µg/l 0.1 < <

Th µg/l 0.005 < 0.017

U µg/l 0.005 0.059 0.121
Calculated Results
SO4 Release Rate (mg/kg/wk) 1.776 1.086 2.143 1.667 1.285 0.914 0.805
Intrisic Oxidation Rate (kg O2/m

3/sec) 4.0E-06 2.4E-06 4.6E-06 3.6E-06 2.8E-06 2.0E-06 1.8E-06
CO3/SO4 molar ratio 4.42 6.43 5.66 5.99 6.02 5.81 6.72
< element at or below analytical detection limit.

Measured Parameters in Leachates

Table C-2: Chemical composition of leachates from the stockpiled REA capping material, 
Narrabri Coal Mine.



Parameters Units Detection 
Limit

Collection Number REJ-1 REJ-2 REJ-3 REJ-4 REJ-5 REJ-6 REJ-7
Week 0 4 8 12 16 20 24

pH 0.1 8.4 8.3 8.5 8.6 8.4 8.1 8.3

EC dS/m 0.001 1.586 1.765 1.445 0.971 0.340 0.590 0.697

Alkalinity mg/l 5 134 137 222 178 133 227 309

Major Constituents
Al mg/l 0.01 0.35 0.71 3.86 4.89 5.24 0.34 0.39

B mg/l 0.01 0.15 0.07

Ca mg/l 0.01 8.60 11.82 6.60 3.64 4.26 5.94 6.00

Cl mg/l 5 280 16

Cr mg/l 0.01 < <

Cu mg/l 0.01 < <

Fe mg/l 0.01 0.14 0.23

K mg/l 0.1 11.1 4.4

Mg mg/l 0.01 5.27 6.42 4.13 2.97 1.65 2.46 3.00

Mn mg/l 0.01 < 0.002

Na mg/l 0.1 398.0 452.1 332.5 224.6 86.4 151.4 184.5

Ni mg/l 0.01 < <

P mg/l 0.1 < <

Si mg/l 0.05 2.44 1.36

SO4 mg/l 0.3 359.4 427.6 244.8 125.6 34.0 71.9 62.0

V mg/l 0.01 < <

Zn mg/l 0.01 0.01 < 0.13 0.01 < < 0.01

Minor Constituents
Ag µg/l 0.01 0.01 <

As µg/l 0.1 2.9 1.9 1.8 1.3 3.5 1.9 1.0

Ba µg/l 0.05 39.95 13.13

Be µg/l 0.1 0.1 <

Cd µg/l 0.02 < <

Co µg/l 0.1 0.3 0.3

Hg µg/l 0.1 < <

Mo µg/l 0.05 19.41 7.18

Pb µg/l 0.5 < <

Sb µg/l 0.01 1.91 2.55 3.11 2.22 1.54 1.61 1.41

Se µg/l 0.5 5.9 34.7 33.8 20.1 7.4 10.6 3.6

Sn µg/l 0.1 < <

Th µg/l 0.005 0.133 0.092

U µg/l 0.005 1.986 2.455
Calculated Results
SO4 Release Rate (mg/kg/wk) 15.359 24.929 12.703 4.942 3.564 4.290 3.324
Intrisic Oxidation Rate (kg O2/m

3/sec) 3.2E-05 5.0E-05 2.5E-05 9.9E-06 6.9E-06 8.4E-06 6.6E-06
CO3/SO4 molar ratio 0.12 0.13 0.13 0.16 0.49 0.33 0.42
< element at or below analytical detection limit.

Measured Parameters in Leachates

Table C-3: Chemical composition of leachates from the typical REA coal reject material, Narrabri 
Coal Mine.



Parameters Units Detection 
Limit

Collection Number REJ(S)-1 REJ(S)-2 REJ(S)-3 REJ(S)-4 REJ(S)-5 REJ(S)-6 REJ(S)-7
Week 0 4 8 12 16 20 24

pH 0.1 8.0 7.9 7.8 8.0 7.8 7.8 7.8

EC dS/m 0.001 5.440 2.757 2.898 1.658 1.166 1.189 1.078

Alkalinity mg/l 5 38 47 53 72 62 65 78

Major Constituents
Al mg/l 0.01 < 0.12 0.19 0.16 0.12 0.11 0.07

B mg/l 0.01 0.44 0.13

Ca mg/l 0.01 190.86 166.25 139.89 79.53 58.48 58.32 64.04

Cl mg/l 5 1060 24

Cr mg/l 0.01 0.02 <

Cu mg/l 0.01 < <

Fe mg/l 0.01 < <

K mg/l 0.1 28.0 5.1

Mg mg/l 0.01 67.36 37.10 28.77 16.59 11.99 12.43 15.01

Mn mg/l 0.01 < <

Na mg/l 0.1 1188.4 579.2 545.1 319.8 220.9 194.0 188.1

Ni mg/l 0.01 < <

P mg/l 0.1 < <

Si mg/l 0.05 4.64 2.02

SO4 mg/l 0.3 1781.4 1307.3 1185.3 671.1 506.9 454.9 476.0

V mg/l 0.01 < <

Zn mg/l 0.01 0.04 < 0.18 0.01 < < 0.02

Minor Constituents
Ag µg/l 0.01 0.06 <

As µg/l 0.1 2.4 1.4 1.2 1.1 0.8 1.0 0.9

Ba µg/l 0.05 97.16 32.21

Be µg/l 0.1 0.4 <

Cd µg/l 0.02 < <

Co µg/l 0.1 0.4 <

Hg µg/l 0.1 < <

Mo µg/l 0.05 69.80 8.91

Pb µg/l 0.5 < <

Sb µg/l 0.01 6.78 6.93 7.20 4.63 5.03 4.09 2.85

Se µg/l 0.5 20.0 29.0 38.2 25.1 20.9 18.1 15.1

Sn µg/l 0.1 < <

Th µg/l 0.005 < <

U µg/l 0.005 1.908 1.011
Calculated Results
SO4 Release Rate (mg/kg/wk) 79.014 37.564 58.419 37.097 26.034 25.887 28.856
Intrisic Oxidation Rate (kg O2/m

3/sec) 1.6E-04 7.3E-05 1.1E-04 7.3E-05 5.1E-05 5.2E-05 5.9E-05
CO3/SO4 molar ratio 0.41 0.42 0.38 0.38 0.37 0.42 0.45
< element at or below analytical detection limit.

Measured Parameters in Leachates

Table C-4: Chemical composition leachates from the higher sulfur REA coal reject material, 
Narrabri Coal Mine.



Figure C-1: Trends in the pH and EC, and SO 4 , As, Sb and Se release from the capping material (CAP), typical reject material (REJ) and higher S reject over the 6 month 
leaching period.
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WATER CHEMISTRY MODELLING REPORT 
 

APPENDIX E 



 

TECHNICAL MEMORANDUM 

TO: JOEL EADIE – PROJECT ENGINEER 

FROM: GIDEON STEYL – PRINCIPAL 

SUBJECT: NARRABRI MINE: GEOCHEMICAL MODEL ON POTENTIAL 

REA SEEPAGE WATER QUALITY 

DATE: JANUARY 14, 2019 

CC: LEE RIGLEY – SENIOR ASSOCIATE ENVIRO. ENGINEER 

INTRODUCTION 

ATC Williams (ATCW) is undertaking an assessment of proposed capping options for 

the Rejects Emplacement Area (REA) at Whitehaven’s Narrabri Coal Mine. GeoSquare 

Consulting Trust (GeoSquare) has been engaged by ATCW to complete a preliminary 

transport geochemical model in Phreeqc (Version 3.4.0.12927).  

 

The geochemical model is intended to evaluate the water chemistry that might represent 

the potential long-term release water quality emanating from the REA. Secondly, the 

model should illustrate likely seepage water quality characteristics or interactions over 

time that could result because of potential interaction with the identified mineralogical 

composition within the REA. 

GEOCHEMISTRY LABORATORY DATA REVIEW 

To obtain relevant information for the assessment, ATCW performed a geochemical 

sampling program on the REA material. Analysis was performed at ALS, a NATA 

accredited laboratory. The assessments included X-Ray diffraction (XRD), X-Ray 

fluorescence (XRF) and static geochemical tests. 

 

XRD data of eight samples were used to obtain a median value of potential mineralogy in 

the REA area (Table 1). Interestingly, no sulphide containing mineral species were 

identified (Pyrite – FeS2, Pyrrhotite – FeS), the only iron containing mineral phase was 

siderite (FeCO3). In all samples a significant portion of the material was present in an 
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amorphous or non-diffracting phase (approximately 35% median value). An amorphous 

phase generally represents a meso-crystalline state in which no-consistent order of 

elements are available to allow for diffraction of X-rays to the detectors. 

 

Table 1: Summary of XRD samples and mineral components identified 

Site Qtz Anat Calc Dolo Daws Sidr Albt KFel Kaol Ille Amor 

REA-001-050 32 0.2 0.9 5.4 - 4.3 1.5 1.8 10 8 36 

REA-003-050 23 0.4 0.6 3.1 1.3 4.4 - 7.9 12 7 41 

REA-004-400 5 - 0.2 1.1 1.4 1.6 - - 4 - 87 

REA-007-200 38 - - 3.8 - 8.5 1.3 1.9 9 6 31 

REA-010-025 11 - 2 22.0 - 7.0 0.5 3 9 6 40 

REA-012-025 11 - 0.5 9.0 - 16.0 - - 8 7 49 

REA-013-001 38 0.4 2 20.0 3 7.0 - 17 8 4 1 

REA-014-300 21 0.4 1 13.0 2 7.0 1.8 8 12 6 23 

Median 21 0.4 0.9 9.0 1.5 7.0 1.4 5 9 7 35 

Qtz = Quartz, Anat = Anatase, Calc = Calcite, Dolo = Dolomite, Daws = Dawsonite, Sidr = Siderite, Albt = Albite, 

KFel = K-Feldspar, Kaol = Kaolinite, Ille = Illite, Amor = Amorphous phase. 

Both XRF analysis (Appendix A) and Static Geochemical (Appendix B) testing 

confirmed the amorphous phase was associated with organic carbon.  

 

Sulphur analysis indicated that limited quantities of sulphide were present in the sampled 

material, it ranged from a maximum value of 0.29% to a minimum of 0.08% and a 

median value of 0.15%. Total sulphur values were recorded for all sampled sites and 

ranged from 0.04% to 0.34% with a median value of 0.17%. However, mineralogical 

analysis did not indicate sulphide or sulphate mineral phases. This observation could be 

indicative of pyrite or pyrrhotite interlayered within the coal cleats which could be highly 

dispersed. A second potential explanation would include amorphous sulphide or sulphate 

mineral phases which could be associated with jarosite solid solutions. 

 

In the geochemical analysis results (acid-base accounting - ABA) there seems to be an 

anomalous correlation between total sulphur and sulphide content (Figure 1). This 

assessment would indicate that nearly all sulphur mineral species present is in the 

sulphide mineral form. In addition, the results would indicate that irrespective of sulphur 

concentration between 0.12 to 0.30% the ratio is constant as described by a linear change 

over this interval (approximate off-set is 0.01). It would warrant additional assessment 

but is beyond the current scope of work. The correlation indicates that minimal 

weathering of material has occurred and that sulphur containing minerals could be 

resistant to this process. Assessing samples petrographically could aid with evaluating 

this unknown parameter. 
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Figure 1: Correlation between total sulphur and sulphide components (%) 

GEOCHEMICAL MODEL 

To construct the geochemical model for the system an initial simple mixing model was 

envisaged but due to the presence of trace quantities of potential sulphide minerals, a 

modified transient transport model was developed. 

The conceptual model is presented in Figure 2  and the inputs to the geochemical model 

are described as follows: 
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Figure 2: Conceptual geochemical model with inflow and seepage output 

• ABA analysis indicates that there is limited Net Acid Production Potential (NAPP) 

ranging from -14 kgH2SO4/t to -330 kgH2SO4/t with a median NAPP of -80.4 kgH2SO4/t. 

• Soil test data with a one to five ratio resulted in a pH1:5 that ranged from 8.2 to 10.4 

with a median value of 9.3. These pH values would indicate a dominant alkaline 

setting with limited acidification potential. 

• Electrical conductivity values, EC1:5 ranged from 124 uS/cm to 1810 uS/cm with a 

median value of 410 uS/cm. The median value would indicate that mineralisation of 

the extract is low. The median EC1:5 of 410 uS/cm can be converted to total 

dissolved solids (TDS) by multiplying EC1:5 with a factor of 0.6, with an estimate of 

246 mg/L in solution that can be used for comparing geochemical model outcomes. 

• The median water quality values and reported water quality chemistry (Appendix A) 

was set as the target water quality for pore water. Rain water was simulated by 

assuming low mineralisation content with general chemistry parameters of 20.9 

mg/L alkalinity (as CaCO3), 3.2 mg/L SO4, 3.7 mg/L Ca, 0.6 mg/L Mg, 3.5 mg/L Na 

and 0.6 mg/L K that was in equilibrium with atmospheric gasses. 

• Mineral phases for the matrix in the REA consisted of the median values identified 

in Table 1, and pyrite as 0.15% was added to ensure sulphide contribution was 

included in the geochemical modelling results. 

• As limited data on cation exchange capacity was available, a value of 21 meq/100g 

was used, but this value could be assumed to be on the lower limit estimate for coal 

discards. 

• A porosity of 10% and bulk density of 1.4 t/m3 was assumed to represent the 

material physical properties. 
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• ATCW hydrological analysis indicated an average flux rate through the proposed 

capping of 5.75 x 10-6 m/d for seepage and was used to calculate pore volume 

exchange per year. 

• The geochemical transport model was constructed over a 20-meter depth interval 

with one day time steps. Dispersivity was set at 0.002 m with a diffusion coefficient 

of 0.3 x 10-9 m2/s. Data is only reported for seepage and a total of 90 cells were used 

for the flow path calculation which included ingress of oxygen into the subsurface. 

 

The following parameters were not considered in the geochemical model 

 

• Kinetic process of mineral and chemical transformations 

• Weathering of materials in the REA 

• Uncertainty analysis of any parameter in the system or mineral phases 

• Oxygen diffusion 

• Heterogeneity of transport pathways and variability in hydrogeology 

• Distribution of mineral phases in the REA 

• Spatial construct of the REA and influence on reactivity 

• Mixing with unidentified solutions or groundwater 

• Evapo-concentration of solution species or transpiration. 

MODEL OUTPUT 

pH as a parameter 

As a first step, effect on pH was evaluated in comparison to TDS (Figure 3A), pE 

(Figure 3B), alkalinity (Figure 3C) and sulphate (Figure 3D) solution components. In 

most of the figures an inverse response is observed with TDS at day 90 reporting similar 

variations. The pH values range from 7.64 to 8.61 which indicates circum-neutral to 

slightly basic conditions. The general trend for pH values also indicates a prolonged 

circum-neutral condition with limited potential for acidification. 

In Figure 3A the TDS value ranges from 86.3 mg/L to 244 mg/L which is in the same 

order as the estimate from converting EC1:5. Sulphate and alkalinity concentration values 

range from 0.01 to 1.09 mg/L and 50 to 153 mg/L as CaCO3, respectively. 
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Figure 3: Time step output for pH versus physical and chemical parameters 

Macro-chemical components 

The simulated change in chemical species in solution is presented in Figure 4 (A and B). 

An initial flush (approximately 90 days) of Na, Ca, Cl and alkalinity can be observed 

with small amounts of sulphate release. This phase is followed with an increase in 

alkalinity and a reduction Na and Ca, Mg concentration levels. An increase in chemical 

components is present from approximately day 160 to day 230 which could be indicative 

of a cation exchange release mechanism but subsequent to this phase a general decline in 

chemical components in solution is observed. 

 

Oxygenated rain water was supplied to the model system but limited influence on 

reactivity is observed, with initial sulphate levels in the flush event representing the 

highest concentration values. 
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Figure 4: Time step output for multiple macro-chemical parameters 

Water quality parameters recorded at selected time step periods are presented in Table 2. 

 

Table 2: Summary of chemical concentration levels per time step (in mg/L) 

Parameter Rainwater Day 1 Day 90 Day 180 Day 270 Day 360 

Alkalinity 25.80 69.60 65.20 153.00 91.40 56.40 

Cl 0.00 11.00 4.33 0.00 0.00 0.00 

Ca 3.69 10.20 7.59 11.10 5.54 2.80 

K 0.60 1.61 1.39 1.67 1.18 0.84 

Mg 0.60 4.19 3.11 4.57 2.27 1.14 

Na 5.40 32.20 27.60 33.50 23.60 16.70 

SO4 3.20 0.01 0.00 0.00 0.00 0.00 

Si 0.00 2.67 2.78 2.65 2.68 2.77 

TDS 38.70 222.00 180.00 204.00 131.00 86.30 

 

CONCLUSION 

A review of geochemical sampling data was performed by GeoSquare and relevant 

information for a preliminary transient transport geochemical model was obtained. XRD 
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analysis indicated that a significant portion of the material sampled consisted of an 

unidentified or amorphous phase. Total organic and XRF analysis indicated that this 

phase could be associated with an organic carbon phase. Geochemical analysis detected 

sulphide concentration levels in the range of 0.08% to 0.29%. But XRD analysis did not 

indicate sulphide mineral phases and it could be indicative that pyrite or pyrrhotite could 

be interlayered within the coal cleats and highly dispersed. GeoSquare did not review 

geochemical reports associated with REA materials beyond the laboratory data. 

 

A modified transient transport model was constructed over a period of 360 days 

representing an exchange of four pore volumes. Results from the preliminary 

geochemical simulation model indicates an initial flush of soluble chemical species, 

limited generation potential of sulphate due to pyrite oxidation and circum-neutral 

conditions with a steady decline over an extended time period. The simulation result 

would indicate limited potential for saline drainage. 

 

Due to the current simulation results and potential mineralogical ambiguity, it is 

recommended that a kinetic leach column is completed to evaluate the potential for 

sulphate production from the material. Static ABA analysis indicates that a negative 

NAPP for the samples is present and the material could be NAF, however this assessment 

is based on the current review of data and should be supported by a geochemical 

assessment report that states the NAF assumption clearly. 

LIMITATIONS OF THIS MEMORANDUM 

This memorandum has been prepared by GeoSquare for ATC and may only be used and 

relied on by ATC for the purpose agreed upon between GeoSquare and ATC as defined 

in tender documents. 

 

GeoSquare otherwise disclaims responsibility to any person other than ATC arising in 

connection with this memorandum. GeoSquare also excludes implied warranties and 

conditions, to the extent legally permissible. The services are undertaken by GeoSquare 

in connection with preparing this memorandum were limited to those specifically detailed 

in the memorandum and are subject to the scope limitations set out in the memorandum 

and associated proposal documents. 

 

The opinions, conclusions and any recommendations in this memorandum are based on 

conditions encountered and information reviewed at the date of preparation of this 

memorandum. GeoSquare has no responsibility or obligation to update this memorandum 

to account for events or changes occurring subsequent to the date that the memorandum 

was prepared. Similarly, assumptions made by GeoSquare are described in this 

memorandum and GeoSquare disclaims liability arising from any of the assumptions 

being incorrect. 
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GeoSquare has not independently verified or checked beyond the agreed scope of work 

any reports supplied and does not accept liability in connection with such unverified 

information, including errors and omissions in the memorandum which were caused by 

errors or omissions in that information. 
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ALS CODE DESCRIPTION

SAMPLE PREPARATION

LOG-22 Sample login - Rcd w/o BarCode
ASH-01 Ashing of carbons/soils

ALS CODE DESCRIPTION INSTRUMENT

ANALYTICAL PROCEDURES

ME-XRF26 XRFWhole Rock By Fusion/XRF
ME-GRA05 TGAH2O/LOI by TGA furnace
ME-MS61 48 element four acid ICP-MS
Hg-MS42 ICP-MSTrace Hg by ICPMS
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Sample Description

Method
Analyte
Units
LOD 

ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26
Al2O3 BaO CaO Cr2O3 Fe2O3 K2O MgO MnO Na2O P2O5 SO3 SiO2 SrO TiO2 Total

% % % % % % % % % % % % % % %
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

REAF-004-050 21.87 0.05 0.91 0.04 14.26 0.23 0.96 0.09 0.16 0.08 0.04 48.31 <0.01 1.28 99.93
REAF-006-050 13.30 0.02 0.77 0.03 10.27 0.33 0.81 0.16 0.17 0.05 0.03 64.56 <0.01 1.48 100.00
REA-001-050 8.09 0.03 2.65 0.01 4.90 0.64 1.47 0.12 0.37 0.04 0.26 45.88 0.02 0.48 99.50
REA-003-050 8.82 0.04 1.48 0.01 3.69 1.32 0.89 0.11 0.34 0.02 0.22 36.82 0.01 0.42 100.50
REA-004-400 2.59 0.01 0.68 <0.01 1.38 0.07 0.34 0.03 0.19 0.01 0.18 6.93 <0.01 0.16 100.15

REA-007-200 6.42 0.03 1.68 0.01 6.12 0.54 0.96 0.30 0.25 0.03 0.21 47.19 0.01 0.56 100.60
REA-010-025 5.58 0.03 7.04 <0.01 5.56 0.50 3.41 0.10 0.23 0.02 0.43 18.27 0.03 0.27 100.65
REA-012-025 5.46 0.02 3.28 <0.01 9.96 0.50 1.81 0.29 0.25 0.01 0.38 18.25 0.02 0.27 100.45
REA-013-001 9.49 0.08 6.33 0.01 6.19 2.32 2.96 0.05 0.53 0.09 0.45 53.97 0.04 0.47 100.70
REA-014-300 9.03 0.04 4.50 0.02 5.68 1.08 2.95 0.09 0.48 0.12 0.34 33.27 0.04 0.65 100.55

REAC-002 9.14 0.05 1.04 0.02 5.14 0.52 0.96 0.07 0.89 0.03 0.06 76.28 0.01 0.72 100.05
STOCKPILE-002 10.86 0.04 4.07 0.01 8.15 0.93 2.36 0.21 0.18 0.02 0.25 33.63 0.03 0.48 100.85
ROCK-004 15.90 0.04 0.30 0.01 5.31 2.42 0.86 0.12 0.13 0.06 0.08 66.40 0.01 0.76 100.00
ROCK-008 16.22 0.04 0.25 0.01 3.37 2.59 0.76 0.03 0.18 0.05 0.03 69.73 0.01 0.72 100.05

***** See Appendix Page for comments regarding this certificate *****
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Sample Description

Method
Analyte
Units
LOD 

ME-GRA05 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
LOI Ag Al As Ba Be Bi Ca Cd Ce Co Cr Cs Cu Fe
% ppm % ppm ppm ppm ppm % ppm ppm ppm ppm ppm ppm %

0.01 0.01 0.01 0.2 10 0.05 0.01 0.01 0.02 0.01 0.1 1 0.05 0.2 0.01

REAF-004-050 11.54 0.03 7.24 1.9 350 0.92 0.05 0.43 0.02 9.06 31.5 245 0.47 56.8 7.47
REAF-006-050 7.92 0.05 6.40 3.0 200 0.95 0.08 0.50 0.02 38.6 36.5 191 1.53 43.7 6.09
REA-001-050 34.50 0.05 3.99 2.8 200 1.10 0.22 1.72 0.07 36.9 6.5 46 2.86 19.1 2.96
REA-003-050 46.26 0.04 4.25 4.0 290 1.17 0.21 0.98 0.04 35.5 2.9 25 2.99 17.3 2.24
REA-004-400 87.60 0.01 0.90 0.7 60 0.55 0.12 0.41 0.07 8.59 1.7 9 0.12 10.2 0.77

REA-007-200 36.24 0.07 3.25 1.2 200 0.85 0.31 1.13 0.07 34.0 2.5 32 2.76 22.9 3.77
REA-010-025 59.14 0.03 2.81 2.6 230 1.13 0.15 4.44 0.05 40.3 2.0 20 3.11 10.4 3.46
REA-012-025 59.90 0.03 2.79 1.2 180 1.11 0.16 2.14 0.07 38.9 1.9 19 2.88 10.6 6.37
REA-013-001 17.70 0.03 4.92 11.2 660 0.86 0.06 4.22 0.03 49.3 10.3 52 1.49 9.3 3.91
REA-014-300 42.22 0.04 4.30 2.7 290 1.30 0.18 2.88 0.08 44.5 10.3 74 3.25 16.6 3.43

REAC-002 5.04 0.02 4.66 4.7 410 1.18 0.13 0.71 <0.02 52.2 16.1 99 2.16 15.3 3.20
STOCKPILE-002 39.58 0.06 5.41 2.0 260 1.67 0.23 2.72 0.12 41.8 5.1 33 4.89 14.9 5.17
ROCK-004 7.55 0.08 7.96 10.9 350 2.36 0.30 0.21 0.13 57.4 10.1 55 8.91 39.6 3.36
ROCK-008 6.01 0.08 7.51 7.0 340 1.99 0.25 0.16 0.07 56.9 9.1 42 8.36 35.5 2.02

***** See Appendix Page for comments regarding this certificate *****
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Sample Description

Method
Analyte
Units
LOD 

ME-MS61 ME-MS61 ME-MS61 Hg-MS42 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
Ga Ge Hf Hg In K La Li Mg Mn Mo Na Nb Ni P

ppm ppm ppm ppm ppm % ppm ppm % ppm ppm % ppm ppm ppm
0.05 0.05 0.1 0.005 0.005 0.01 0.5 0.2 0.01 5 0.05 0.01 0.1 0.2 10

REAF-004-050 23.8 0.53 2.1 0.023 0.058 0.13 4.1 15.5 0.35 564 0.70 0.11 7.9 218 310
REAF-006-050 15.75 0.34 2.8 0.028 0.048 0.23 18.0 16.2 0.41 1110 0.57 0.12 11.1 120.5 230
REA-001-050 10.30 0.27 2.0 0.034 0.049 0.47 19.0 17.2 0.76 783 0.91 0.24 6.3 17.4 140
REA-003-050 11.30 0.23 2.1 0.030 0.047 0.95 17.5 14.6 0.45 789 0.86 0.23 6.4 7.8 80
REA-004-400 3.56 0.25 1.0 0.018 0.027 0.05 3.7 5.0 0.15 234 0.67 0.12 2.3 5.6 40

REA-007-200 10.80 0.30 2.0 0.026 0.038 0.40 18.4 15.8 0.51 2130 1.18 0.16 8.4 8.6 100
REA-010-025 7.93 0.39 1.4 0.054 0.036 0.37 20.8 12.8 1.85 698 1.90 0.15 4.4 6.4 60
REA-012-025 7.69 0.43 1.4 0.020 0.043 0.38 19.9 12.7 0.97 2010 1.16 0.17 4.1 6.3 60
REA-013-001 10.45 0.38 2.2 0.031 0.030 1.72 27.3 17.2 1.60 373 3.38 0.35 10.1 29.9 400
REA-014-300 11.95 0.35 2.1 0.036 0.049 0.76 23.0 18.4 1.53 580 1.64 0.31 12.1 42.7 470

REAC-002 11.20 0.38 2.2 0.017 0.044 0.38 23.2 21.7 0.51 490 0.44 0.61 7.8 34.1 140
STOCKPILE-002 13.50 0.35 2.0 0.041 0.046 0.69 21.2 24.9 1.26 1440 1.05 0.12 8.3 11.5 60
ROCK-004 19.40 0.43 3.5 0.068 0.067 1.79 26.7 30.4 0.44 817 0.74 0.10 8.1 24.1 270
ROCK-008 18.90 0.39 3.6 0.061 0.072 1.89 25.1 30.1 0.37 256 0.62 0.12 8.2 20.1 190

***** See Appendix Page for comments regarding this certificate *****
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Sample Description

Method
Analyte
Units
LOD 

ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
Pb Rb Re S Sb Sc Se Sn Sr Ta Te Th Ti Tl U

ppm ppm ppm % ppm ppm ppm ppm ppm ppm ppm ppm % ppm ppm
0.5 0.1 0.002 0.01 0.05 0.1 1 0.2 0.2 0.05 0.05 0.01 0.005 0.02 0.1

REAF-004-050 3.9 3.9 <0.002 0.02 0.13 15.6 2 1.2 41.3 0.58 <0.05 1.26 0.598 0.09 0.3
REAF-006-050 7.1 22.2 <0.002 0.01 0.23 16.8 2 1.2 55.4 0.75 <0.05 5.36 0.734 0.17 0.6
REA-001-050 11.4 33.4 <0.002 0.14 0.43 7.8 1 1.6 162.0 0.48 <0.05 6.72 0.242 0.24 1.3
REA-003-050 10.0 42.4 <0.002 0.13 1.54 6.5 1 1.7 117.5 0.49 <0.05 6.84 0.233 0.28 1.6
REA-004-400 3.4 0.6 <0.002 0.25 0.28 2.1 1 0.7 54.7 0.18 0.05 1.40 0.077 0.09 0.5

REA-007-200 8.9 26.6 <0.002 0.10 0.37 5.5 1 2.0 119.0 0.66 0.05 8.31 0.307 0.16 2.1
REA-010-025 7.5 24.5 <0.002 0.17 0.23 6.7 1 1.3 332 0.35 <0.05 5.06 0.148 0.28 1.2
REA-012-025 7.6 24.7 <0.002 0.17 0.35 7.6 1 1.2 211 0.31 <0.05 5.52 0.142 0.17 1.2
REA-013-001 9.6 69.1 <0.002 0.18 0.71 10.7 1 1.1 394 0.67 <0.05 8.01 0.265 0.58 1.8
REA-014-300 9.9 31.1 <0.002 0.16 0.39 9.7 1 1.8 294 0.81 <0.05 6.34 0.346 0.26 1.5

REAC-002 11.1 32.7 <0.002 0.02 0.42 8.8 1 1.2 121.0 0.56 <0.05 7.32 0.350 0.19 1.0
STOCKPILE-002 13.9 29.3 <0.002 0.10 0.28 8.9 1 2.2 277 0.61 0.05 9.25 0.264 0.26 2.4
ROCK-004 19.0 114.5 <0.002 0.03 1.32 14.1 1 2.6 117.5 0.65 0.05 10.40 0.398 0.61 2.5
ROCK-008 18.1 114.0 <0.002 0.01 1.03 11.9 1 2.7 103.5 0.66 <0.05 10.05 0.386 0.52 2.6

***** See Appendix Page for comments regarding this certificate *****
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Sample Description

Method
Analyte
Units
LOD 

ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
V W Y Zn Zr

ppm ppm ppm ppm ppm
1 0.1 0.1 2 0.5

REAF-004-050 176 0.3 7.8 83 75.4
REAF-006-050 145 0.6 17.7 58 96.2
REA-001-050 46 2.2 15.3 29 68.9
REA-003-050 34 1.4 14.1 35 71.4
REA-004-400 15 0.4 5.0 9 37.6

REA-007-200 29 2.3 14.2 19 74.3
REA-010-025 34 0.8 14.6 17 49.5
REA-012-025 32 0.8 16.1 19 50.1
REA-013-001 42 0.9 18.7 31 70.2
REA-014-300 59 1.2 15.4 36 72.8

REAC-002 74 0.7 18.6 34 77.1
STOCKPILE-002 54 1.7 15.5 22 65.6
ROCK-004 98 1.8 23.3 87 115.0
ROCK-008 84 2.0 22.7 62 117.5

***** See Appendix Page for comments regarding this certificate *****
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CERTIFICATE COMMENTS

ANALYTICAL COMMENTS
REE's may not be totally soluble in this method.
ME-MS61Applies to Method:

ACCREDITATION COMMENTS
NATA Accreditation covers the performance of this service but does not cover the performance of ALS Brisbane Sample Preparation. Corporate 
Accreditation No: 825, Corporate Site No: 818. The Technical Signatory is David Jones,ICPMS Supervising Chemist
ME-MS61Applies to Method:

NATA Accreditation covers the performance of this service but does not cover the performance of ALS Brisbane Sample Preparation. Corporate 
Accreditation No: 825, Corporate Site No: 818. The Technical Signatory is James Lo, XRF Supervising Chemist
ME-GRA05Applies to Method: ME-XRF26

LABORATORY ADDRESSES
Processed at ALS Brisbane located at 32 Shand Street, Stafford, Brisbane, QLD, Australia. Processed at ALS Brisbane Sample Preparation at 116 
Delta Street, Geebung, QLD 4034, Australia
ASH-01Applies to Method: Hg-MS42 LOG-22 ME-GRA05
ME-MS61 ME-XRF26



ALS CODE DESCRIPTION

SAMPLE PREPARATION

LOG-22 Sample login - Rcd w/o BarCode
ASH-01 Ashing of carbons/soils

ALS CODE DESCRIPTION INSTRUMENT

ANALYTICAL PROCEDURES

ME-XRF26 XRFWhole Rock By Fusion/XRF
ME-GRA05 TGAH2O/LOI by TGA furnace
ME-MS61 48 element four acid ICP-MS
Hg-MS42 ICP-MSTrace Hg by ICPMS

QC CERTIFICATE   BR18218958

This report is for 14 Pulp samples submitted to our lab in Brisbane, QLD, Australia on 
5-SEP-2018.

Project: EB1819502

The following have access to data associated with this certificate:
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QC CERTIFICATE OF ANALYSIS    BR18218958 ALS Brisbane is a NATA Accredited Testing Laboratory. Corporate 
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Sample Description

Method
Analyte
Units
LOD 

ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26
Al2O3 BaO CaO Cr2O3 Fe2O3 K2O MgO MnO Na2O P2O5 SO3 SiO2 SrO TiO2 Total

% % % % % % % % % % % % % % %
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

STANDARDS
GBM908-10
Target Range - Lower Bound
                         Upper Bound
LAT-CS19
Target Range - Lower Bound
                         Upper Bound
MRGeo08
Target Range - Lower Bound
                         Upper Bound
MRGeo08
Target Range - Lower Bound
                         Upper Bound
NCS 14014a 0.09 <0.01 55.7 <0.01 0.08 0.02 0.29 <0.01 <0.01 <0.01 0.11 0.21 0.02 0.01 56.53
NCS 14014a 0.09 <0.01 55.4 <0.01 0.07 0.02 0.29 <0.01 <0.01 <0.01 0.11 0.20 0.02 0.01 56.21
Target Range - Lower Bound 0.07 <0.01 54.0 <0.01 0.06 <0.01 0.26 <0.01 <0.01 <0.01 0.08 0.19 <0.01 <0.01 <0.01
                         Upper Bound 0.12 0.02 56.6 0.02 0.11 0.04 0.32 0.03 0.03 0.02 0.13 0.25 0.04 0.02 0.02
NCS 14017b 0.61 <0.01 54.3 <0.01 0.32 0.01 0.77 <0.01 0.02 <0.01 0.47 0.87 0.03 0.01 57.41
NCS 14017b 0.61 <0.01 54.1 <0.01 0.32 0.01 0.77 0.01 0.02 <0.01 0.47 0.87 0.02 <0.01 57.20
Target Range - Lower Bound 0.56 <0.01 52.8 <0.01 0.28 <0.01 0.73 <0.01 <0.01 <0.01 0.40 0.78 <0.01 <0.01 <0.01
                         Upper Bound 0.66 0.02 55.4 0.02 0.36 0.02 0.85 0.03 0.02 0.02 0.51 0.92 0.05 0.02 0.02
NCSDC73303 13.85 0.06 8.85 0.02 13.36 2.32 7.72 0.17 3.37 0.95 0.02 44.64 0.14 2.37 100.25
NCSDC73303 13.90 0.06 8.94 0.02 13.40 2.32 7.77 0.18 3.38 0.95 0.02 44.68 0.13 2.37 100.50
Target Range - Lower Bound 13.37 0.03 8.48 <0.01 12.95 2.19 7.47 0.14 3.21 0.88 <0.01 43.54 0.10 2.24 97.99
                         Upper Bound 14.29 0.08 9.14 0.04 13.85 2.45 8.07 0.20 3.55 1.02 0.05 45.74 0.16 2.50 102.00
OGGeo08
Target Range - Lower Bound
                         Upper Bound
SARM-4 16.50 0.01 11.50 0.01 9.00 0.25 7.55 0.18 2.48 0.01 0.01 53.11 0.03 0.20 100.95
SARM-4 16.50 0.01 11.45 0.01 9.00 0.25 7.55 0.18 2.47 0.01 0.01 52.85 0.03 0.19 100.60
Target Range - Lower Bound 15.97 <0.01 11.10 <0.01 8.63 0.22 7.20 0.15 2.33 <0.01 <0.01 51.39 <0.01 0.17 <0.01
                         Upper Bound 17.03 0.03 11.90 0.03 9.31 0.28 7.80 0.21 2.59 0.03 0.02 53.89 0.05 0.23 0.02
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QC CERTIFICATE OF ANALYSIS    BR18218958 ALS Brisbane is a NATA Accredited Testing Laboratory. Corporate 
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Sample Description

Method
Analyte
Units
LOD 

ME-GRA05 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
LOI Ag Al As Ba Be Bi Ca Cd Ce Co Cr Cs Cu Fe
% ppm % ppm ppm ppm ppm % ppm ppm ppm ppm ppm ppm %

0.01 0.01 0.01 0.2 10 0.05 0.01 0.01 0.02 0.01 0.1 1 0.05 0.2 0.01

STANDARDS
GBM908-10 2.72 6.88 55.0 1020 1.47 1.12 3.50 1.67 100.5 25.2 135 3.53 3370 5.10
Target Range - Lower Bound 2.60 6.40 50.2 930 1.27 1.12 3.33 1.53 99.0 24.0 125 3.44 3350 4.98
                         Upper Bound 3.20 7.84 61.8 1280 1.66 1.39 4.10 1.91 121.0 29.6 155 4.32 3850 6.10
LAT-CS19  19.95
Target Range - Lower Bound 19.25
                         Upper Bound 20.47
MRGeo08
Target Range - Lower Bound
                         Upper Bound
MRGeo08 4.05 6.08 32.3 970 3.31 0.62 2.33 2.08 51.5 18.3 81 9.80 573 3.48
Target Range - Lower Bound 4.00 6.64 29.5 920 2.98 0.60 2.35 2.00 66.2 17.7 81 11.20 587 3.55
                         Upper Bound 4.92 8.14 36.5 1270 3.76 0.76 2.90 2.48 81.0 21.9 102 13.80 675 4.37
NCS 14014a
NCS 14014a
Target Range - Lower Bound
                         Upper Bound
NCS 14017b
NCS 14017b
Target Range - Lower Bound
                         Upper Bound
NCSDC73303
NCSDC73303
Target Range - Lower Bound
                         Upper Bound
OGGeo08
Target Range - Lower Bound
                         Upper Bound
SARM-4
SARM-4
Target Range - Lower Bound
                         Upper Bound
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Sample Description

Method
Analyte
Units
LOD 

ME-MS61 ME-MS61 ME-MS61 Hg-MS42 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
Ga Ge Hf Hg In K La Li Mg Mn Mo Na Nb Ni P

ppm ppm ppm ppm ppm % ppm ppm % ppm ppm % ppm ppm ppm
0.05 0.05 0.1 0.005 0.005 0.01 0.5 0.2 0.01 5 0.05 0.01 0.1 0.2 10

STANDARDS
GBM908-10 21.1 0.64 3.3 0.072 1.93 50.7 11.2 1.69 750 60.6 2.01 10.0 2150 960
Target Range - Lower Bound 18.65 0.13 3.3 0.064 1.87 49.0 9.8 1.61 715 57.9 1.93 9.5 2020 880
                         Upper Bound 22.9 0.35 4.3 0.092 2.31 61.0 12.4 1.99 885 70.9 2.38 11.9 2470 1100
LAT-CS19
Target Range - Lower Bound
                         Upper Bound
MRGeo08 0.072
Target Range - Lower Bound 0.057
                         Upper Bound 0.084
MRGeo08 18.50 0.48 3.0 0.163 2.74 23.0 32.2 1.13 519 13.95 1.79 19.0 654 970
Target Range - Lower Bound 17.50 <0.05 2.8 0.155 2.79 31.1 29.5 1.17 497 13.65 1.76 19.0 622 930
                         Upper Bound 21.5 0.27 3.6 0.201 3.43 39.1 36.5 1.45 619 16.75 2.18 23.4 760 1160
NCS 14014a
NCS 14014a
Target Range - Lower Bound
                         Upper Bound
NCS 14017b
NCS 14017b
Target Range - Lower Bound
                         Upper Bound
NCSDC73303
NCSDC73303
Target Range - Lower Bound
                         Upper Bound
OGGeo08 0.475
Target Range - Lower Bound 0.436
                         Upper Bound 0.544
SARM-4
SARM-4
Target Range - Lower Bound
                         Upper Bound
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QC CERTIFICATE OF ANALYSIS    BR18218958 ALS Brisbane is a NATA Accredited Testing Laboratory. Corporate 
Accreditation No: 825, Corporate Site No: 818.

Sample Description

Method
Analyte
Units
LOD 

ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
Pb Rb Re S Sb Sc Se Sn Sr Ta Te Th Ti Tl U

ppm ppm ppm % ppm ppm ppm ppm ppm ppm ppm ppm % ppm ppm
0.5 0.1 0.002 0.01 0.05 0.1 1 0.2 0.2 0.05 0.05 0.01 0.005 0.02 0.1

STANDARDS
GBM908-10 1960 158.0 <0.002 0.35 1.54 17.5 2 2.9 285 0.83 0.07 16.80 0.630 1.19 2.1
Target Range - Lower Bound 1845 153.0 <0.002 0.33 1.40 17.0 <1 2.7 258 0.68 <0.05 16.55 0.591 1.00 2.0
                         Upper Bound 2250 187.0 0.006 0.43 2.01 21.0 3 3.9 316 0.97 0.16 20.3 0.733 1.40 2.6
LAT-CS19
Target Range - Lower Bound
                         Upper Bound
MRGeo08
Target Range - Lower Bound
                         Upper Bound
MRGeo08 1000 133.5 0.009 0.27 4.06 9.6 2 3.5 279 1.44 <0.05 13.65 0.463 0.96 4.2
Target Range - Lower Bound 971 173.5 0.005 0.27 3.89 11.1 <1 3.5 277 1.39 <0.05 17.90 0.443 0.89 4.9
                         Upper Bound 1185 212 0.013 0.35 5.39 13.7 4 4.7 339 1.81 0.14 21.9 0.553 1.25 6.2
NCS 14014a
NCS 14014a
Target Range - Lower Bound
                         Upper Bound
NCS 14017b
NCS 14017b
Target Range - Lower Bound
                         Upper Bound
NCSDC73303
NCSDC73303
Target Range - Lower Bound
                         Upper Bound
OGGeo08
Target Range - Lower Bound
                         Upper Bound
SARM-4
SARM-4
Target Range - Lower Bound
                         Upper Bound
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QC CERTIFICATE OF ANALYSIS    BR18218958 ALS Brisbane is a NATA Accredited Testing Laboratory. Corporate 
Accreditation No: 825, Corporate Site No: 818.

Sample Description

Method
Analyte
Units
LOD 

ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
V W Y Zn Zr

ppm ppm ppm ppm ppm
1 0.1 0.1 2 0.5

STANDARDS
GBM908-10 132 3.5 36.0 1000 125.5
Target Range - Lower Bound 123 2.9 35.2 939 117.5
                         Upper Bound 153 4.1 43.2 1150 160.5
LAT-CS19
Target Range - Lower Bound
                         Upper Bound
MRGeo08
Target Range - Lower Bound
                         Upper Bound
MRGeo08 101 4.3 20.6 749 96.1
Target Range - Lower Bound 97 4.1 23.8 722 92.2
                         Upper Bound 121 5.8 29.3 886 126.0
NCS 14014a
NCS 14014a
Target Range - Lower Bound
                         Upper Bound
NCS 14017b
NCS 14017b
Target Range - Lower Bound
                         Upper Bound
NCSDC73303
NCSDC73303
Target Range - Lower Bound
                         Upper Bound
OGGeo08
Target Range - Lower Bound
                         Upper Bound
SARM-4
SARM-4
Target Range - Lower Bound
                         Upper Bound

***** See Appendix Page for comments regarding this certificate *****



    Page: 3 - A
Total # Pages: 3  (A - E)

Plus Appendix Pages
Finalized Date: 21-SEP-2018

Account: ALSENV

Australian Laboratory Services Pty. Ltd.

32 Shand Street
Stafford
Brisbane QLD 4053 
Phone: +61 (7) 3243 7222       Fax: +61 (7) 3243 7218    
www.alsglobal.com/geochemistry Project: EB1819502
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Sample Description

Method
Analyte
Units
LOD 

ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26 ME-XRF26
Al2O3 BaO CaO Cr2O3 Fe2O3 K2O MgO MnO Na2O P2O5 SO3 SiO2 SrO TiO2 Total

% % % % % % % % % % % % % % %
0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

BLANKS
BLANK
Target Range - Lower Bound
                         Upper Bound
BLANK
Target Range - Lower Bound
                         Upper Bound
BLANK <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 99.89 <0.01 <0.01 99.89
BLANK <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 100.00 <0.01 <0.01 100.00
Target Range - Lower Bound <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
                         Upper Bound 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02

DUPLICATES
REA-014-300
DUP
Target Range - Lower Bound
                         Upper Bound

STOCKPILE-002 10.86 0.04 4.07 0.01 8.15 0.93 2.36 0.21 0.18 0.02 0.25 33.63 0.03 0.48 100.85
DUP 10.86 0.03 4.06 0.01 8.13 0.93 2.35 0.21 0.17 0.01 0.24 33.67 0.03 0.47 100.80
Target Range - Lower Bound 10.69 0.02 3.99 <0.01 8.01 0.90 2.31 0.19 0.16 <0.01 0.22 33.14 0.02 0.45 99.81
                         Upper Bound 11.03 0.05 4.14 0.02 8.27 0.96 2.40 0.23 0.19 0.02 0.27 34.16 0.04 0.50 101.85

ROCK-008 16.22 0.04 0.25 0.01 3.37 2.59 0.76 0.03 0.18 0.05 0.03 69.73 0.01 0.72 100.05
DUP 16.26 0.04 0.25 0.01 3.38 2.58 0.76 0.03 0.18 0.04 0.03 69.64 0.01 0.73 100.00
Target Range - Lower Bound 15.99 0.03 0.24 <0.01 3.31 2.51 0.74 0.02 0.17 0.03 0.02 68.63 <0.01 0.70 99.01
                         Upper Bound 16.49 0.05 0.26 0.02 3.44 2.66 0.78 0.04 0.19 0.06 0.04 70.74 0.02 0.75 101.05
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Sample Description

Method
Analyte
Units
LOD 

ME-GRA05 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
LOI Ag Al As Ba Be Bi Ca Cd Ce Co Cr Cs Cu Fe
% ppm % ppm ppm ppm ppm % ppm ppm ppm ppm ppm ppm %

0.01 0.01 0.01 0.2 10 0.05 0.01 0.01 0.02 0.01 0.1 1 0.05 0.2 0.01

BLANKS
BLANK
Target Range - Lower Bound
                         Upper Bound
BLANK <0.01 <0.01 <0.2 <10 <0.05 <0.01 <0.01 <0.02 <0.01 <0.1 1 <0.05 <0.2 <0.01
Target Range - Lower Bound <0.01 <0.01 <0.2 <10 <0.05 <0.01 <0.01 <0.02 <0.01 <0.1 <1 <0.05 <0.2 <0.01
                         Upper Bound 0.02 0.02 0.4 20 0.10 0.02 0.02 0.04 0.02 0.2 2 0.10 0.4 0.02
BLANK
BLANK
Target Range - Lower Bound
                         Upper Bound

DUPLICATES
REA-014-300
DUP
Target Range - Lower Bound
                         Upper Bound

STOCKPILE-002
DUP
Target Range - Lower Bound
                         Upper Bound

ROCK-008 6.01 0.08 7.51 7.0 340 1.99 0.25 0.16 0.07 56.9 9.1 42 8.36 35.5 2.02
DUP  6.04 0.09 7.48 7.3 340 2.02 0.27 0.16 0.08 57.0 9.1 42 8.12 35.8 2.04
Target Range - Lower Bound 5.86 0.07 7.11 6.6 300 1.85 0.24 0.14 0.05 54.1 8.5 39 7.78 34.2 1.92
                         Upper Bound 6.19 0.10 7.88 7.7 380 2.16 0.28 0.18 0.10 59.8 9.7 45 8.70 37.1 2.14
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Sample Description

Method
Analyte
Units
LOD 

ME-MS61 ME-MS61 ME-MS61 Hg-MS42 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
Ga Ge Hf Hg In K La Li Mg Mn Mo Na Nb Ni P

ppm ppm ppm ppm ppm % ppm ppm % ppm ppm % ppm ppm ppm
0.05 0.05 0.1 0.005 0.005 0.01 0.5 0.2 0.01 5 0.05 0.01 0.1 0.2 10

BLANKS
BLANK <0.005
Target Range - Lower Bound <0.005
                         Upper Bound 0.010
BLANK <0.05 <0.05 <0.1 <0.005 <0.01 <0.5 <0.2 <0.01 <5 <0.05 <0.01 <0.1 <0.2 <10
Target Range - Lower Bound <0.05 <0.05 <0.1 <0.005 <0.01 <0.5 <0.2 <0.01 <5 <0.05 <0.01 <0.1 <0.2 <10
                         Upper Bound 0.10 0.10 0.2 0.010 0.02 1.0 0.4 0.02 10 0.10 0.02 0.2 0.4 20
BLANK
BLANK
Target Range - Lower Bound
                         Upper Bound

DUPLICATES
REA-014-300 0.036
DUP 0.040
Target Range - Lower Bound 0.031
                         Upper Bound 0.045

STOCKPILE-002
DUP
Target Range - Lower Bound
                         Upper Bound

ROCK-008 18.90 0.39 3.6 0.072 1.89 25.1 30.1 0.37 256 0.62 0.12 8.2 20.1 190
DUP 19.15 0.37 3.7 0.064 1.89 24.9 30.4 0.37 245 0.66 0.12 8.1 20.2 190
Target Range - Lower Bound 18.00 0.31 3.4 0.060 1.79 23.3 28.5 0.34 233 0.56 0.10 7.6 18.9 170
                         Upper Bound 20.0 0.45 3.9 0.076 1.99 26.8 32.0 0.40 268 0.72 0.14 8.7 21.4 210
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QC CERTIFICATE OF ANALYSIS    BR18218958 ALS Brisbane is a NATA Accredited Testing Laboratory. Corporate 
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Sample Description

Method
Analyte
Units
LOD 

ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
Pb Rb Re S Sb Sc Se Sn Sr Ta Te Th Ti Tl U

ppm ppm ppm % ppm ppm ppm ppm ppm ppm ppm ppm % ppm ppm
0.5 0.1 0.002 0.01 0.05 0.1 1 0.2 0.2 0.05 0.05 0.01 0.005 0.02 0.1

BLANKS
BLANK
Target Range - Lower Bound
                         Upper Bound
BLANK <0.5 <0.1 <0.002 <0.01 <0.05 <0.1 <1 <0.2 <0.2 <0.05 <0.05 <0.01 <0.005 <0.02 <0.1
Target Range - Lower Bound <0.5 <0.1 <0.002 <0.01 <0.05 <0.1 <1 <0.2 <0.2 <0.05 <0.05 <0.01 <0.005 <0.02 <0.1
                         Upper Bound 1.0 0.2 0.004 0.02 0.10 0.2 2 0.4 0.4 0.10 0.10 0.02 0.010 0.04 0.2
BLANK
BLANK
Target Range - Lower Bound
                         Upper Bound

DUPLICATES
REA-014-300
DUP
Target Range - Lower Bound
                         Upper Bound

STOCKPILE-002
DUP
Target Range - Lower Bound
                         Upper Bound

ROCK-008 18.1 114.0 <0.002 0.01 1.03 11.9 1 2.7 103.5 0.66 <0.05 10.05 0.386 0.52 2.6
DUP 18.1 113.0 <0.002 0.01 1.00 12.0 1 2.8 104.0 0.66 0.06 10.25 0.386 0.55 2.6
Target Range - Lower Bound 16.7 107.5 <0.002 <0.01 0.89 11.3 <1 2.4 98.4 0.58 <0.05 9.63 0.362 0.47 2.4
                         Upper Bound 19.5 119.5 0.004 0.02 1.14 12.6 2 3.1 109.0 0.74 0.10 10.65 0.410 0.60 2.8
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QC CERTIFICATE OF ANALYSIS    BR18218958 ALS Brisbane is a NATA Accredited Testing Laboratory. Corporate 
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Sample Description

Method
Analyte
Units
LOD 

ME-MS61 ME-MS61 ME-MS61 ME-MS61 ME-MS61
V W Y Zn Zr

ppm ppm ppm ppm ppm
1 0.1 0.1 2 0.5

BLANKS
BLANK
Target Range - Lower Bound
                         Upper Bound
BLANK <1 <0.1 <0.1 <2 <0.5
Target Range - Lower Bound <1 <0.1 <0.1 <2 <0.5
                         Upper Bound 2 0.2 0.2 4 1.0
BLANK
BLANK
Target Range - Lower Bound
                         Upper Bound

DUPLICATES
REA-014-300
DUP
Target Range - Lower Bound
                         Upper Bound

STOCKPILE-002
DUP
Target Range - Lower Bound
                         Upper Bound

ROCK-008 84 2.0 22.7 62 117.5
DUP 84 1.9 22.6 64 118.0
Target Range - Lower Bound 79 1.7 21.4 58 108.5
                         Upper Bound 89 2.2 23.9 68 127.0

***** See Appendix Page for comments regarding this certificate *****
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QC CERTIFICATE OF ANALYSIS    BR18218958 ALS Brisbane is a NATA Accredited Testing Laboratory. Corporate 
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CERTIFICATE COMMENTS

ANALYTICAL COMMENTS
REE's may not be totally soluble in this method.
ME-MS61Applies to Method:

ACCREDITATION COMMENTS
NATA Accreditation covers the performance of this service but does not cover the performance of ALS Brisbane Sample Preparation. Corporate 
Accreditation No: 825, Corporate Site No: 818. The Technical Signatory is David Jones,ICPMS Supervising Chemist
ME-MS61Applies to Method:

NATA Accreditation covers the performance of this service but does not cover the performance of ALS Brisbane Sample Preparation. Corporate 
Accreditation No: 825, Corporate Site No: 818. The Technical Signatory is James Lo, XRF Supervising Chemist
ME-GRA05Applies to Method: ME-XRF26

LABORATORY ADDRESSES
Processed at ALS Brisbane located at 32 Shand Street, Stafford, Brisbane, QLD, Australia. Processed at ALS Brisbane Sample Preparation at 116 
Delta Street, Geebung, QLD 4034, Australia
ASH-01Applies to Method: Hg-MS42 LOG-22 ME-GRA05
ME-MS61 ME-XRF26
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APPENDIX B – GEOCHEMICAL ANALYSIS 



 0  0.00 True

Environmental

CERTIFICATE OF ANALYSIS
Work Order : Page : 1 of 20EB1819502

:: LaboratoryClient ATC WILLIAMS P/L Environmental Division Brisbane
: :ContactContact MR JOEL EADIE Customer Services EB

:: AddressAddress A DIVISION OF ATC WILLIAMS P/L PO BOX 3309
NEWMARKET QLD, AUSTRALIA 4051

2 Byth Street Stafford QLD Australia 4053

:Telephone ---- :Telephone +61-7-3243 7222
:Project 116100 Date Samples Received : 10-Jul-2018 09:20
:Order number Date Analysis Commenced : 27-Aug-2018
:C-O-C number ---- Issue Date : 28-Sep-2018 11:57

Sampler : ----
Site : Whitehaven Coal, Narribri Mine
Quote number : BN/199/18

89:No. of samples received

61:No. of samples analysed

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full. 

This Certificate of Analysis contains the following information:
l General Comments
l Analytical Results

Additional information pertinent to this report will be found in the following separate attachments: Quality Control Report, QA /QC Compliance Assessment to assist with 
Quality Review and Sample Receipt Notification.

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Andrew Epps Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD
Kim McCabe Senior Inorganic Chemist Brisbane Acid Sulphate Soils, Stafford, QLD
Satishkumar Trivedi Senior Acid Sulfate Soil Chemist Brisbane Acid Sulphate Soils, Stafford, QLD
Satishkumar Trivedi Senior Acid Sulfate Soil Chemist Brisbane Inorganics, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R



2 of 20:Page

Work Order :

:Client

EB1819502

116100:Project
ATC WILLIAMS P/L

General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis.

Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

When sampling time information is not provided by the client, sampling dates are shown without a time component.  In these instances, the time component has been assumed by the laboratory for processing 

purposes.

Where a result is required to meet compliance limits the associated uncertainty must be considered. Refer to the ALS Contact for details.

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society.

LOR = Limit of reporting

^  = This result is computed from individual analyte detections at or above the level of reporting

ø = ALS is not NATA accredited for these tests.

~ = Indicates an estimated value.

Key :

ALS is not NATA accredited for the analysis of Exchangeable Aluminium and Exchange Acidity in soils when performed under ALS Method ED005.l

ALS is not NATA accredited for the analysis of Exchangeable Cations on Alkaline Soils when performed under ALS Method ED006.l

ASS: EA013 (ANC) Fizz Rating: 0- None; 1- Slight; 2- Moderate; 3- Strong; 4- Very Strong; 5- Lime.l

EA011E (Extended Boil Coal Washery NAG) Testing was discontinued for samples that exceeded pH (ox) of 4.5 as per the method guidelines.l

ED007 and ED008: When Exchangeable Al is reported from these methods, it should be noted that Rayment & Lyons (2011) suggests Exchange Acidity by 1M KCl - Method 15G1 (ED005) is a more suitable method 

for the determination of exchange acidity (H+ + Al3+).

l
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Work Order :

:Client

EB1819502

116100:Project
ATC WILLIAMS P/L

Analytical Results

REAF-005-025REAF-004-050REAF-004-025REAF-001-BREAF-001-AClient sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-005EB1819502-004EB1819502-003EB1819502-002EB1819502-001UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)
5.7 5.5 6.3 6.6 6.5pH Unit0.1----pH Value

EA009: Nett Acid Production Potential
-5.6 -5.7 -7.8 -9.5 -6.7kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)
13 55 9 78 10µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation
6.8 6.9 6.9 7.1 7.0pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

0.2 0.2 0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX
---- ---- ---- 7.2 ----pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity
5.6 5.7 7.8 9.5 6.7kg H2SO4 

equiv./t

0.5----ANC as H2SO4

0.6 0.6 0.8 1.0 0.7% CaCO30.1----ANC as CaCO3

0 0 0 1 0Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)
---- ---- ---- 3.5 ----%0.1----Moisture Content

ED005: Exchange Acidity
<0.1 0.1 ---- ---- ----meq/100g0.1----Exchange Acidity

<0.1 <0.1 ---- ---- ----meq/100g0.1----Exchangeable Aluminium

ED007: Exchangeable Cations
10.7 10.8 18.0 23.5 11.3meq/100g0.1----Exchangeable Calcium

3.8 3.9 6.4 8.5 4.6meq/100g0.1----Exchangeable Magnesium

0.3 0.3 0.3 0.3 0.2meq/100g0.1----Exchangeable Potassium

0.1 0.1 0.1 0.3 0.3meq/100g0.1----Exchangeable Sodium

15.0 15.1 24.8 32.6 16.5meq/100g0.1----Cation Exchange Capacity

0.9 0.8 0.5 1.0 2.1%0.1----Exchangeable Sodium Percent

2.8 2.8 2.8 2.8 2.4-0.1----Calcium/Magnesium Ratio

14.4 14.7 22.6 28.6 25.2-0.1----Magnesium/Potassium Ratio

ED040T : Total Sulfate by ICPAES
----Sulfate as SO4 2- ---- ---- 360 ----mg/kg10014808-79-8

ED042T: Total Sulfur by LECO
<0.01 <0.01 <0.01 <0.01 <0.01%0.01----Sulfur - Total as S (LECO)
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Work Order :

:Client

EB1819502

116100:Project
ATC WILLIAMS P/L

Analytical Results

REAF-005-025REAF-004-050REAF-004-025REAF-001-BREAF-001-AClient sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-005EB1819502-004EB1819502-003EB1819502-002EB1819502-001UnitLORCAS NumberCompound

Result Result Result Result Result

ED042T: Total Sulfur by LECO  - Continued

EK085M: Sulfide as S2-
---- ---- ---- <0.01 ----%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil
0.50 0.47 0.58 0.52 0.77%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil
0.66Total Carbon 0.77 0.85 0.94 0.96%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil
0.16 0.30 0.27 0.42 0.19%0.02----Total Inorganic Carbon
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Work Order :

:Client

EB1819502

116100:Project
ATC WILLIAMS P/L

Analytical Results

SP1-001-002 (?)SP1-001-001 (?)REAF-006-050REAF-006-025REAF-005-050Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-010EB1819502-009EB1819502-008EB1819502-007EB1819502-006UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)
6.2 7.4 7.4 7.4 7.4pH Unit0.1----pH Value

EA009: Nett Acid Production Potential
-9.0 -11.7 -12.4 -10.5 -11.2kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)
57 33 90 132 191µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation
7.1 7.3 7.4 7.3 7.4pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX
---- ---- 7.4 ---- ----pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity
9.0 11.7 12.4 11.1 11.8kg H2SO4 

equiv./t

0.5----ANC as H2SO4

0.9 1.2 1.3 1.1 1.2% CaCO30.1----ANC as CaCO3

0 1 1 1 1Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)
---- ---- 2.4 ---- ----%0.1----Moisture Content

ED006: Exchangeable Cations on Alkaline Soils
---- 15.1 16.9 18.0 17.6meq/100g0.2----Exchangeable Calcium

---- 4.3 4.8 3.0 2.8meq/100g0.2----Exchangeable Magnesium

---- 0.3 0.3 1.8 2.8meq/100g0.2----Exchangeable Potassium

---- <0.2 <0.2 0.4 0.5meq/100g0.2----Exchangeable Sodium

---- 19.8 22.0 23.2 23.8meq/100g0.2----Cation Exchange Capacity

---- <0.2 <0.2 1.7 2.2%0.2----Exchangeable Sodium Percent

---- 3.5 3.5 5.9 6.2-0.2----Calcium/Magnesium Ratio

---- 12.8 16.7 1.7 1.0-0.2----Magnesium/Potassium Ratio

ED007: Exchangeable Cations
11.7 ---- ---- ---- ----meq/100g0.1----Exchangeable Calcium

5.0 ---- ---- ---- ----meq/100g0.1----Exchangeable Magnesium

0.2 ---- ---- ---- ----meq/100g0.1----Exchangeable Potassium

0.4 ---- ---- ---- ----meq/100g0.1----Exchangeable Sodium

17.4 ---- ---- ---- ----meq/100g0.1----Cation Exchange Capacity

2.6 ---- ---- ---- ----%0.1----Exchangeable Sodium Percent
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Work Order :

:Client

EB1819502

116100:Project
ATC WILLIAMS P/L

Analytical Results

SP1-001-002 (?)SP1-001-001 (?)REAF-006-050REAF-006-025REAF-005-050Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-010EB1819502-009EB1819502-008EB1819502-007EB1819502-006UnitLORCAS NumberCompound

Result Result Result Result Result

ED007: Exchangeable Cations  - Continued

2.3 ---- ---- ---- -----0.1----Calcium/Magnesium Ratio

22.0 ---- ---- ---- -----0.1----Magnesium/Potassium Ratio

ED040T : Total Sulfate by ICPAES
----Sulfate as SO4 2- ---- 290 ---- ----mg/kg10014808-79-8

ED042T: Total Sulfur by LECO
<0.01 <0.01 <0.01 0.02 0.02%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-
---- ---- <0.01 ---- ----%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil
0.78 0.59 0.57 1.02 1.12%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil
1.26Total Carbon 1.20 1.08 1.55 1.84%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil
0.48 0.61 0.51 0.53 0.72%0.02----Total Inorganic Carbon
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Work Order :

:Client

EB1819502

116100:Project
ATC WILLIAMS P/L

Analytical Results

SP3-003SP3-002SP3-001SP1-002-002 (?)SP1-002-001 (?)Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-017EB1819502-015EB1819502-013EB1819502-012EB1819502-011UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)
5.7 5.6 8.8 8.2 8.2pH Unit0.1----pH Value

EA009: Nett Acid Production Potential
-2.2 <0.5 ---- -51.4 ----kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)
40 58 164 130 186µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation
6.9 7.0 ---- 9.3 ----pH Unit0.1----pH (OX)

<0.1 <0.1 ---- <0.1 ----kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 ---- <0.1 ----kg H2SO4/t0.1----NAG (pH 7.0)

EA013: Acid Neutralising Capacity
2.2 <0.5 ---- 52.0 ----kg H2SO4 

equiv./t

0.5----ANC as H2SO4

0.2 <0.1 ---- 5.3 ----% CaCO30.1----ANC as CaCO3

0 0 ---- 2 ----Fizz Unit0----Fizz Rating

ED005: Exchange Acidity
<0.1 <0.1 ---- ---- ----meq/100g0.1----Exchange Acidity

<0.1 <0.1 ---- ---- ----meq/100g0.1----Exchangeable Aluminium

ED006: Exchangeable Cations on Alkaline Soils
---- ---- 12.4 26.5 25.6meq/100g0.2----Exchangeable Calcium

---- ---- 8.1 5.7 5.5meq/100g0.2----Exchangeable Magnesium

---- ---- 0.5 0.8 0.7meq/100g0.2----Exchangeable Potassium

---- ---- 1.7 0.5 0.6meq/100g0.2----Exchangeable Sodium

---- ---- 22.7 33.6 32.4meq/100g0.2----Cation Exchange Capacity

---- ---- 7.4 1.6 1.8%0.2----Exchangeable Sodium Percent

---- ---- 1.5 4.6 4.7-0.2----Calcium/Magnesium Ratio

---- ---- 15.1 7.5 7.5-0.2----Magnesium/Potassium Ratio

ED007: Exchangeable Cations
5.7 2.5 ---- ---- ----meq/100g0.1----Exchangeable Calcium

1.8 1.0 ---- ---- ----meq/100g0.1----Exchangeable Magnesium

1.2 0.8 ---- ---- ----meq/100g0.1----Exchangeable Potassium

<0.1 <0.1 ---- ---- ----meq/100g0.1----Exchangeable Sodium

8.9 4.4 ---- ---- ----meq/100g0.1----Cation Exchange Capacity

0.8 1.1 ---- ---- ----%0.1----Exchangeable Sodium Percent

3.2 2.5 ---- ---- -----0.1----Calcium/Magnesium Ratio
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Work Order :

:Client

EB1819502

116100:Project
ATC WILLIAMS P/L

Analytical Results

SP3-003SP3-002SP3-001SP1-002-002 (?)SP1-002-001 (?)Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-017EB1819502-015EB1819502-013EB1819502-012EB1819502-011UnitLORCAS NumberCompound

Result Result Result Result Result

ED007: Exchangeable Cations  - Continued

1.5 1.2 ---- ---- -----0.1----Magnesium/Potassium Ratio

ED042T: Total Sulfur by LECO
<0.01 <0.01 ---- 0.02 ----%0.01----Sulfur - Total as S (LECO)

EP003: Total Organic Carbon (TOC) in Soil
0.37 0.39 ---- 1.21 ----%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil
0.46Total Carbon 0.52 ---- 1.58 ----%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil
0.09 0.13 ---- 0.37 ----%0.02----Total Inorganic Carbon
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Work Order :

:Client

EB1819502

116100:Project
ATC WILLIAMS P/L

Analytical Results

REA-002-025REA-001-050REA-001-025SP4-002SP4-001Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-025EB1819502-024EB1819502-023EB1819502-021EB1819502-019UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)
8.5 8.5 9.7 9.7 9.3pH Unit0.1----pH Value

EA009: Nett Acid Production Potential
-8.6 ---- -66.2 -68.1 -242kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)
186 126 445 486 280µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation
8.7 ---- 8.7 8.3 8.7pH Unit0.1----pH (OX)

<0.1 ---- <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 ---- <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX
---- ---- ---- 8.2 ----pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity
8.6 ---- 69.0 71.2 246kg H2SO4 

equiv./t

0.5----ANC as H2SO4

0.9 ---- 7.0 7.2 25.1% CaCO30.1----ANC as CaCO3

0 ---- 2 2 4Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)
---- ---- ---- 1.2 ----%0.1----Moisture Content

ED006: Exchangeable Cations on Alkaline Soils
7.4 8.5 ---- ---- ----meq/100g0.2----Exchangeable Calcium

7.4 6.2 ---- ---- ----meq/100g0.2----Exchangeable Magnesium

0.6 0.9 ---- ---- ----meq/100g0.2----Exchangeable Potassium

0.9 <0.2 ---- ---- ----meq/100g0.2----Exchangeable Sodium

16.3 15.6 ---- ---- ----meq/100g0.2----Cation Exchange Capacity

5.5 <0.2 ---- ---- ----%0.2----Exchangeable Sodium Percent

1.0 1.4 ---- ---- -----0.2----Calcium/Magnesium Ratio

12.2 7.0 ---- ---- -----0.2----Magnesium/Potassium Ratio

ED040T : Total Sulfate by ICPAES
----Sulfate as SO4 2- ---- ---- 570 ----mg/kg10014808-79-8

ED042T: Total Sulfur by LECO
<0.01 ---- 0.09 0.10 0.12%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-
---- ---- ---- 0.08 ----%0.01----Sulfide as S
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Work Order :

:Client

EB1819502

116100:Project
ATC WILLIAMS P/L

Analytical Results

REA-002-025REA-001-050REA-001-025SP4-002SP4-001Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-025EB1819502-024EB1819502-023EB1819502-021EB1819502-019UnitLORCAS NumberCompound

Result Result Result Result Result

EP003: Total Organic Carbon (TOC) in Soil
0.15 ---- 18.4 11.4 13.0%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil
0.34Total Carbon ---- 25.3 23.4 34.4%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil
0.19 ---- 6.90 12.0 21.4%0.02----Total Inorganic Carbon
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Work Order :

:Client

EB1819502

116100:Project
ATC WILLIAMS P/L

Analytical Results

REA-004-200REA-004-100REA-003-050REA-003-025REA-002-050Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-030EB1819502-029EB1819502-028EB1819502-027EB1819502-026UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)
9.1 8.6 9.1 9.1 9.0pH Unit0.1----pH Value

EA009: Nett Acid Production Potential
-73.8 -58.8 -43.8 -46.6 -50.6kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)
212 661 278 909 552µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation
8.6 7.5 8.1 5.3 5.0pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 7.6 23.7kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX
---- ---- 8.1 ---- ----pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity
79.0 65.5 47.8 53.3 56.4kg H2SO4 

equiv./t

0.5----ANC as H2SO4

8.1 6.7 4.9 5.4 5.8% CaCO30.1----ANC as CaCO3

2 2 2 2 2Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)
---- ---- 1.0 ---- ----%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES
----Sulfate as SO4 2- ---- 200 ---- ----mg/kg10014808-79-8

ED042T: Total Sulfur by LECO
0.17 0.22 0.13 0.22 0.19%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-
---- ---- 0.12 ---- ----%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil
18.2 19.8 25.3 17.6 20.2%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil
47.0Total Carbon 40.5 32.8 43.4 41.2%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil
28.8 20.7 7.50 25.8 21.0%0.02----Total Inorganic Carbon
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Work Order :

:Client

EB1819502

116100:Project
ATC WILLIAMS P/L

Analytical Results

REA-006-025REA-005-050REA-005-025REA-004-400REA-004-300Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-035EB1819502-034EB1819502-033EB1819502-032EB1819502-031UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)
9.3 8.8 8.3 8.2 8.9pH Unit0.1----pH Value

EA009: Nett Acid Production Potential
-116 -14.5 -80.4 -54.7 -110kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)
411 319 1280 1030 285µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation
8.6 3.0 5.4 4.8 8.4pH Unit0.1----pH (OX)

<0.1 41.9 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 95.4 10.2 13.8 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011-B:  Dissolved Major Anions
----Sulfur as S 30 ---- ---- ----mg/L163705-05-5

----Chloride 11 ---- ---- ----mg/L116887-00-6

EA011-C:  Dissolved Major Cations
----Calcium 42 ---- ---- ----mg/L17440-70-2

----Magnesium 17 ---- ---- ----mg/L17439-95-4

----Sodium 18 ---- ---- ----mg/L17440-23-5

----Potassium 3 ---- ---- ----mg/L17440-09-7

EA011-D:  Calculated Components
---- 9.1 ---- ---- ----kg H2SO4/t0.1----Calculated Acid Component

---- 19.9 ---- ---- ----kg H2SO4/t0.1----Calculated Neutralisng Component

---- <0.1 ---- ---- ----kg H2SO4/t0.1----Calculated NAG Acidity

EA011E-A: pH OX
---- 2.6 ---- ---- ----pH Unit0.1----pH (OX)

---- 5.6 ---- ---- ----pH Unit0.1----pH -2  (ext)

EA013: Acid Neutralising Capacity
121 23.7 89.6 65.1 116kg H2SO4 

equiv./t

0.5----ANC as H2SO4

12.4 2.4 9.1 6.6 11.8% CaCO30.1----ANC as CaCO3

3 1 2 2 3Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)
---- 1.3 ---- ---- ----%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES
----Sulfate as SO4 2- 270 ---- ---- ----mg/kg10014808-79-8
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Work Order :

:Client

EB1819502

116100:Project
ATC WILLIAMS P/L

Analytical Results

REA-006-025REA-005-050REA-005-025REA-004-400REA-004-300Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-035EB1819502-034EB1819502-033EB1819502-032EB1819502-031UnitLORCAS NumberCompound

Result Result Result Result Result

ED042T: Total Sulfur by LECO
0.15 0.30 0.30 0.34 0.21%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-
---- 0.29 ---- ---- ----%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil
19.4 33.6 16.9 14.3 15.2%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil
41.8Total Carbon 73.6 31.6 51.3 50.3%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil
22.4 40.0 14.7 37.0 35.1%0.02----Total Inorganic Carbon
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Work Order :

:Client

EB1819502

116100:Project
ATC WILLIAMS P/L

Analytical Results

REA-007-400REA-007-300REA-007-200REA-007-100REA-006-050Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-040EB1819502-039EB1819502-038EB1819502-037EB1819502-036UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)
8.9 9.2 9.2 9.1 9.1pH Unit0.1----pH Value

EA009: Nett Acid Production Potential
-330 -63.8 -43.6 -281 -95.6kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)
124 213 240 258 180µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation
9.0 8.5 8.8 8.3 8.8pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX
---- ---- 8.1 ---- ----pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity
335 68.4 47.0 287 103kg H2SO4 

equiv./t

0.5----ANC as H2SO4

34.2 7.0 4.8 29.3 10.5% CaCO30.1----ANC as CaCO3

4 2 2 4 3Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)
---- ---- 0.7 ---- ----%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES
----Sulfate as SO4 2- ---- 130 ---- ----mg/kg10014808-79-8

ED042T: Total Sulfur by LECO
0.16 0.15 0.11 0.19 0.24%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-
---- ---- 0.10 ---- ----%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil
10.1 19.7 18.6 14.5 13.9%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil
42.6Total Carbon 42.6 24.0 49.2 41.7%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil
32.5 22.9 5.40 34.7 27.8%0.02----Total Inorganic Carbon
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Analytical Results

REA-010-050REA-010-025REA-009-050REA-009-025REA-007-500Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-045EB1819502-044EB1819502-043EB1819502-042EB1819502-041UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)
9.5 10.2 10.4 9.7 9.6pH Unit0.1----pH Value

EA009: Nett Acid Production Potential
-118 -259 -38.6 -195 -292kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)
416 1060 1810 422 282µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation
8.4 8.6 10.7 8.4 8.8pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX
---- ---- ---- 8.3 ----pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity
124 262 39.8 202 297kg H2SO4 

equiv./t

0.5----ANC as H2SO4

12.6 26.8 4.1 20.6 30.3% CaCO30.1----ANC as CaCO3

3 3 2 3 4Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)
---- ---- ---- 1.2 ----%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES
----Sulfate as SO4 2- ---- ---- 330 ----mg/kg10014808-79-8

ED042T: Total Sulfur by LECO
0.18 0.10 0.04 0.24 0.15%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-
---- ---- ---- 0.23 ----%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil
11.7 9.07 0.87 19.0 12.9%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil
41.0Total Carbon 22.6 1.49 40.0 35.2%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil
29.3 13.5 0.62 21.0 22.3%0.02----Total Inorganic Carbon
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Analytical Results

REA-013-001REA-012-050REA-012-025REA-011-050REA-011-025Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-050EB1819502-049EB1819502-048EB1819502-047EB1819502-046UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)
9.2 9.6 9.7 9.8 10.1pH Unit0.1----pH Value

EA009: Nett Acid Production Potential
-14.0 -61.0 -87.7 -154 -179kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)
410 276 393 510 739µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation
7.9 8.0 8.6 8.4 10.8pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX
---- ---- 8.5 ---- 10.9pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity
18.6 67.7 93.8 160 184kg H2SO4 

equiv./t

0.5----ANC as H2SO4

1.9 6.9 9.6 16.3 18.7% CaCO30.1----ANC as CaCO3

1 2 2 3 3Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)
---- ---- 1.4 ---- 0.1%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES
----Sulfate as SO4 2- ---- 170 ---- 380mg/kg10014808-79-8

ED042T: Total Sulfur by LECO
0.15 0.22 0.20 0.18 0.16%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-
---- ---- 0.19 ---- 0.15%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil
13.9 23.0 26.2 21.2 3.88%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil
19.8Total Carbon 52.3 42.2 38.6 6.11%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil
5.90 29.3 16.0 17.4 2.23%0.02----Total Inorganic Carbon
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Analytical Results

REAC-002REAC-001REA-014-300REA-014-200REA-014-100Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-055EB1819502-054EB1819502-053EB1819502-052EB1819502-051UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)
9.5 9.7 9.7 10.0 10.3pH Unit0.1----pH Value

EA009: Nett Acid Production Potential
-64.4 -146 -120 -31.1 -36.0kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)
391 336 414 980 1600µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation
8.1 8.7 8.6 10.2 10.6pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX
---- ---- 8.5 ---- 10.7pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity
71.1 150 125 32.0 36.9kg H2SO4 

equiv./t

0.5----ANC as H2SO4

7.2 15.2 12.8 3.3 3.8% CaCO30.1----ANC as CaCO3

2 3 3 1 2Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)
---- ---- 1.0 ---- 1.7%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES
----Sulfate as SO4 2- ---- 240 ---- 480mg/kg10014808-79-8

ED042T: Total Sulfur by LECO
0.22 0.14 0.15 0.03 0.03%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-
---- ---- 0.14 ---- 0.01%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil
23.4 27.1 23.2 1.07 0.29%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil
36.8Total Carbon 31.5 26.6 1.71 0.62%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil
13.4 4.40 3.40 0.64 0.33%0.02----Total Inorganic Carbon
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Analytical Results

STOCKPILE-004STOCKPILE-003STOCKPILE-002STOCKPILE-001REAC-3Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-060EB1819502-059EB1819502-058EB1819502-057EB1819502-056UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)
9.8 9.6 9.3 9.9 9.4pH Unit0.1----pH Value

EA009: Nett Acid Production Potential
-40.8 -160 -124 -147 -118kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)
1340 236 153 691 253µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation
10.4 9.0 8.9 9.7 9.0pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX
---- ---- 9.0 ---- ----pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity
42.3 163 127 153 119kg H2SO4 

equiv./t

0.5----ANC as H2SO4

4.3 16.6 13.0 15.6 12.1% CaCO30.1----ANC as CaCO3

2 3 3 3 3Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)
---- ---- 1.2 ---- ----%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES
----Sulfate as SO4 2- ---- 110 ---- ----mg/kg10014808-79-8

ED042T: Total Sulfur by LECO
0.05 0.08 0.10 0.18 0.04%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-
---- ---- 0.10 ---- ----%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil
1.12 16.4 19.2 8.51 7.87%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil
1.78Total Carbon 22.2 22.9 12.3 11.6%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil
0.66 5.80 3.70 3.79 3.73%0.02----Total Inorganic Carbon
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Analytical Results

ROCK-008ROCK-006ROCK-004ROCK-002STOCKPILE-005Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

09-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:0009-Jul-2018 00:00Client sampling date / time

EB1819502-079EB1819502-077EB1819502-075EB1819502-073EB1819502-061UnitLORCAS NumberCompound

Result Result Result Result Result

EA002: pH 1:5 (Soils)
9.3 8.5 9.0 8.7 9.0pH Unit0.1----pH Value

EA009: Nett Acid Production Potential
-105 -4.3 -12.5 -6.6 -7.7kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)
268 46 233 126 160µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation
8.8 7.5 8.4 7.9 8.5pH Unit0.1----pH (OX)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 <0.1 <0.1 <0.1 <0.1kg H2SO4/t0.1----NAG (pH 7.0)

EA011E-A: pH OX
---- ---- 8.4 ---- 8.2pH Unit0.1----pH (OX)

EA013: Acid Neutralising Capacity
108 4.9 13.4 7.2 8.3kg H2SO4 

equiv./t

0.5----ANC as H2SO4

11.1 0.5 1.4 0.7 0.8% CaCO30.1----ANC as CaCO3

3 0 1 0 1Fizz Unit0----Fizz Rating

EA055: Moisture Content (Dried @ 105-110°C)
---- ---- 1.6 ---- 1.3%0.1----Moisture Content

ED040T : Total Sulfate by ICPAES
----Sulfate as SO4 2- ---- 160 ---- <100mg/kg10014808-79-8

ED042T: Total Sulfur by LECO
0.09 0.02 0.03 0.02 0.02%0.01----Sulfur - Total as S (LECO)

EK085M: Sulfide as S2-
---- ---- 0.02 ---- 0.02%0.01----Sulfide as S

EP003: Total Organic Carbon (TOC) in Soil
19.0 0.31 0.88 0.37 0.56%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil
25.1Total Carbon 0.31 1.43 0.37 0.60%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil
6.10 <0.02 0.55 <0.02 0.04%0.02----Total Inorganic Carbon
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----------------ROCK-010Client sample IDSub-Matrix: ROCK
 (Matrix: SOIL)

----------------09-Jul-2018 00:00Client sampling date / time

--------------------------------EB1819502-081UnitLORCAS NumberCompound

Result ---- ---- ---- ----

EA002: pH 1:5 (Soils)
8.2 ---- ---- ---- ----pH Unit0.1----pH Value

EA009: Nett Acid Production Potential
-3.6 ---- ---- ---- ----kg H2SO4/t0.5----Net Acid Production Potential

EA010: Conductivity (1:5)
60 ---- ---- ---- ----µS/cm1----Electrical Conductivity @ 25°C

EA011: Net Acid Generation
7.3 ---- ---- ---- ----pH Unit0.1----pH (OX)

<0.1 ---- ---- ---- ----kg H2SO4/t0.1----NAG (pH 4.5)

<0.1 ---- ---- ---- ----kg H2SO4/t0.1----NAG (pH 7.0)

EA013: Acid Neutralising Capacity
4.2 ---- ---- ---- ----kg H2SO4 

equiv./t

0.5----ANC as H2SO4

0.4 ---- ---- ---- ----% CaCO30.1----ANC as CaCO3

0 ---- ---- ---- ----Fizz Unit0----Fizz Rating

ED042T: Total Sulfur by LECO
0.02 ---- ---- ---- ----%0.01----Sulfur - Total as S (LECO)

EP003: Total Organic Carbon (TOC) in Soil
0.48 ---- ---- ---- ----%0.02----Total Organic Carbon

EP003TC: Total Carbon (TC) in Soil
0.48Total Carbon ---- ---- ---- ----%0.02TC

EP003TIC: Total inorganic Carbon (TIC) in Soil
<0.02 ---- ---- ---- ----%0.02----Total Inorganic Carbon
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QUALITY CONTROL REPORT
Work Order : EB1819502 Page : 1 of 8

:: LaboratoryClient Environmental Division BrisbaneATC WILLIAMS P/L

:Contact MR JOEL EADIE :Contact Customer Services EB

:Address A DIVISION OF ATC WILLIAMS P/L PO BOX 3309

NEWMARKET QLD, AUSTRALIA 4051

Address : 2 Byth Street Stafford QLD Australia 4053

::Telephone ---- +61-7-3243 7222:Telephone

:Project 116100 Date Samples Received : 10-Jul-2018

:Order number Date Analysis Commenced : 27-Aug-2018

:C-O-C number ---- Issue Date : 28-Sep-2018

Sampler : ----

Site : Whitehaven Coal, Narribri Mine

Quote number : BN/199/18

No. of samples received 89:

No. of samples analysed 61:

This report supersedes any previous report(s) with this reference. Results apply to the sample(s) as submitted. This document shall not be reproduced, except in full.

This Quality Control Report contains the following information:

l Laboratory Duplicate (DUP) Report; Relative Percentage Difference (RPD) and Acceptance Limits

l Method Blank (MB) and Laboratory Control Spike (LCS) Report ; Recovery and Acceptance Limits

l Matrix Spike (MS) Report; Recovery and Acceptance Limits

Signatories
This document has been electronically signed by the authorized signatories below. Electronic signing is carried out in compliance with procedures specified in 21 CFR Part 11.

Signatories Accreditation CategoryPosition

Andrew Epps Senior Inorganic Chemist Brisbane Inorganics, Stafford, QLD

Kim McCabe Senior Inorganic Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Satishkumar Trivedi Senior Acid Sulfate Soil Chemist Brisbane Acid Sulphate Soils, Stafford, QLD

Satishkumar Trivedi Senior Acid Sulfate Soil Chemist Brisbane Inorganics, Stafford, QLD

R I G H T   S O L U T I O N S   |   R I G H T   P A R T N E R
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General Comments

The analytical procedures used by the Environmental Division have been developed from established internationally recognized procedures such as those published by the USEPA, APHA, AS and NEPM. In house 

developed procedures are employed in the absence of documented standards or by client request.

Where moisture determination has been performed, results are reported on a dry weight basis.

Where a reported less than (<) result is higher than the LOR, this may be due to primary sample extract/digestate dilution and/or insufficient sample for analysis. Where the LOR of a reported result differs from standard LOR, this may be due to high moisture content, insufficient sample (reduced weight employed) or matrix interference.

Anonymous = Refers to samples which are not specifically part of this work order but formed part of the QC process lot

CAS Number = CAS registry number from database maintained by Chemical Abstracts Services. The Chemical Abstracts Service is a division of the American Chemical Society. 

LOR = Limit of reporting 

RPD = Relative Percentage Difference

#  = Indicates failed QC

Key :

Laboratory Duplicate (DUP) Report

The quality control term Laboratory Duplicate refers to a randomly selected intralaboratory split. Laboratory duplicates provide information regarding method precision and sample heterogeneity. The permitted ranges 

for the Relative Percent Deviation (RPD) of Laboratory Duplicates are specified in ALS Method QWI -EN/38 and are dependent on the magnitude of results in comparison to the level of reporting: Result < 10 times LOR: 

No Limit; Result between 10 and 20 times LOR: 0% - 50%; Result > 20 times LOR: 0% - 20%.

Sub-Matrix: SOIL Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EA002: pH 1:5 (Soils)  (QC Lot: 1899618)

EA002: pH Value ---- 0.1 pH Unit 5.7 5.9 4.48 0% - 20%REAF-001-A EB1819502-001

EA002: pH Value ---- 0.1 pH Unit 5.7 5.6 0.00 0% - 20%SP1-002-001 (?) EB1819502-011

EA002: pH 1:5 (Soils)  (QC Lot: 1899620)

EA002: pH Value ---- 0.1 pH Unit 9.1 9.2 1.10 0% - 20%REA-004-100 EB1819502-029

EA002: pH Value ---- 0.1 pH Unit 9.1 9.1 0.00 0% - 20%REA-007-300 EB1819502-039

EA002: pH 1:5 (Soils)  (QC Lot: 1899624)

EA002: pH Value ---- 0.1 pH Unit 9.8 9.9 0.00 0% - 20%REA-012-050 EB1819502-049

EA002: pH Value ---- 0.1 pH Unit 9.9 9.9 0.00 0% - 20%STOCKPILE-003 EB1819502-059

EA002: pH 1:5 (Soils)  (QC Lot: 1943179)

EA002: pH Value ---- 0.1 pH Unit 8.8 8.9 0.00 0% - 20%SP3-001 EB1819502-013

EA002: pH Value ---- 0.1 pH Unit 6.4 6.5 0.00 0% - 20%Anonymous EB1822853-001

EA010: Conductivity (1:5)  (QC Lot: 1899619)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 13 13 0.00 0% - 50%REAF-001-A EB1819502-001

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 40 40 0.00 0% - 20%SP1-002-001 (?) EB1819502-011

EA010: Conductivity (1:5)  (QC Lot: 1899621)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 909 885 2.68 0% - 20%REA-004-100 EB1819502-029

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 258 251 2.67 0% - 20%REA-007-300 EB1819502-039

EA010: Conductivity (1:5)  (QC Lot: 1899625)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 510 575 12.0 0% - 20%REA-012-050 EB1819502-049

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 691 688 0.435 0% - 20%STOCKPILE-003 EB1819502-059

EA010: Conductivity (1:5)  (QC Lot: 1943178)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 164 163 0.734 0% - 20%SP3-001 EB1819502-013

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm 1120 1060 6.24 0% - 20%Anonymous EB1822853-001
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Sub-Matrix: SOIL Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EA011: Net Acid Generation  (QC Lot: 1901569)

EA011: NAG (pH 4.5) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No LimitREAF-004-050 EB1819502-004

EA011: NAG (pH 7.0) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No Limit

EA011: pH (OX) ---- 0.1 pH Unit 7.1 7.0 1.42 0% - 20%

EA011: NAG (pH 4.5) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No LimitSTOCKPILE-002 EB1819502-058

EA011: NAG (pH 7.0) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No Limit

EA011: pH (OX) ---- 0.1 pH Unit 8.9 8.9 0.00 0% - 20%

EA011: Net Acid Generation  (QC Lot: 1904491)

EA011: NAG (pH 4.5) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No LimitREAF-001-A EB1819502-001

EA011: NAG (pH 7.0) ---- 0.1 kg H2SO4/t 0.2 0.2 0.00 No Limit

EA011: pH (OX) ---- 0.1 pH Unit 6.8 6.8 0.00 0% - 20%

EA011: NAG (pH 4.5) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No LimitSP4-001 EB1819502-019

EA011: NAG (pH 7.0) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No Limit

EA011: pH (OX) ---- 0.1 pH Unit 8.7 8.6 1.16 0% - 20%

EA011: Net Acid Generation  (QC Lot: 1904493)

EA011: NAG (pH 4.5) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No LimitREA-005-050 EB1819502-034

EA011: NAG (pH 7.0) ---- 0.1 kg H2SO4/t 13.8 13.4 2.30 0% - 20%

EA011: pH (OX) ---- 0.1 pH Unit 4.8 4.9 2.06 0% - 20%

EA011: NAG (pH 4.5) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No LimitREA-011-050 EB1819502-047

EA011: NAG (pH 7.0) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No Limit

EA011: pH (OX) ---- 0.1 pH Unit 8.0 7.9 1.26 0% - 20%

EA011: Net Acid Generation  (QC Lot: 1904495)

EA011: NAG (pH 4.5) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No LimitSTOCKPILE-005 EB1819502-061

EA011: NAG (pH 7.0) ---- 0.1 kg H2SO4/t <0.1 <0.1 0.00 No Limit

EA011: pH (OX) ---- 0.1 pH Unit 8.8 8.7 1.14 0% - 20%

EA011E-A: pH OX  (QC Lot: 1901571)

EA011E: pH (OX) ---- 0.1 pH Unit 7.2 7.1 1.40 0% - 20%REAF-004-050 EB1819502-004

EA011E: pH (OX) ---- 0.1 pH Unit 9.0 8.9 1.12 0% - 20%STOCKPILE-002 EB1819502-058

EA013: Acid Neutralising Capacity  (QC Lot: 1901570)

EA013: ANC as H2SO4 ---- 0.5 kg H2SO4 

equiv./t

9.5 9.6 1.73 0% - 50%REAF-004-050 EB1819502-004

EA013: ANC as H2SO4 ---- 0.5 kg H2SO4 

equiv./t

127 130 1.73 0% - 20%STOCKPILE-002 EB1819502-058

EA013: Acid Neutralising Capacity  (QC Lot: 1904492)

EA013: ANC as H2SO4 ---- 0.5 kg H2SO4 

equiv./t

5.6 6.1 8.14 0% - 50%REAF-001-A EB1819502-001

EA013: ANC as H2SO4 ---- 0.5 kg H2SO4 

equiv./t

8.6 8.4 2.35 0% - 50%SP4-001 EB1819502-019

EA013: Acid Neutralising Capacity  (QC Lot: 1904494)
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Sub-Matrix: SOIL Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

EA013: Acid Neutralising Capacity  (QC Lot: 1904494)  - continued

EA013: ANC as H2SO4 ---- 0.5 kg H2SO4 

equiv./t

65.1 62.0 4.95 0% - 20%REA-005-050 EB1819502-034

EA013: ANC as H2SO4 ---- 0.5 kg H2SO4 

equiv./t

67.7 67.3 0.608 0% - 20%REA-011-050 EB1819502-047

EA013: Acid Neutralising Capacity  (QC Lot: 1904496)

EA013: ANC as H2SO4 ---- 0.5 kg H2SO4 

equiv./t

108 108 0.933 0% - 20%STOCKPILE-005 EB1819502-061

EA055: Moisture Content (Dried @ 105-110°C)  (QC Lot: 1899622)

EA055: Moisture Content ---- 0.1 % 3.5 3.5 0.00 0% - 20%REAF-004-050 EB1819502-004

EA055: Moisture Content (Dried @ 105-110°C)  (QC Lot: 1899626)

EA055: Moisture Content ---- 0.1 % 0.1 0.1 0.00 No LimitREA-013-001 EB1819502-050

ED005: Exchange Acidity  (QC Lot: 1947775)

ED005: Exchange Acidity ---- 0.1 meq/100g 11.6 11.5 0.00 0% - 20%Anonymous EB1822825-087

ED005: Exchangeable Aluminium ---- 0.1 meq/100g 12.6 12.4 1.99 0% - 20%

ED005: Exchange Acidity ---- 0.1 meq/100g <0.1 <0.1 0.00 No LimitREAF-001-A EB1819502-001

ED005: Exchangeable Aluminium ---- 0.1 meq/100g <0.1 <0.1 0.00 No Limit

ED006: Exchangeable Cations on Alkaline Soils  (QC Lot: 1947805)

ED006: Exchangeable Calcium ---- 0.2 meq/100g 15.1 18.2 18.3 0% - 20%REAF-006-025 EB1819502-007

ED006: Exchangeable Magnesium ---- 0.2 meq/100g 4.3 5.1 16.8 0% - 20%

ED006: Exchangeable Potassium ---- 0.2 meq/100g 0.3 0.4 0.00 No Limit

ED006: Exchangeable Sodium ---- 0.2 meq/100g <0.2 0.2 0.00 No Limit

ED006: Cation Exchange Capacity ---- 0.2 meq/100g 19.8 24.0 19.0 0% - 20%

ED006: Exchangeable Calcium ---- 0.2 meq/100g 9.7 10.8 9.88 0% - 20%Anonymous EB1822703-002

ED006: Exchangeable Magnesium ---- 0.2 meq/100g 5.4 5.9 8.73 0% - 20%

ED006: Exchangeable Potassium ---- 0.2 meq/100g 0.4 0.4 0.00 No Limit

ED006: Exchangeable Sodium ---- 0.2 meq/100g 2.7 2.8 5.87 0% - 50%

ED006: Cation Exchange Capacity ---- 0.2 meq/100g 18.2 19.9 8.89 0% - 20%

ED007: Exchangeable Cations  (QC Lot: 1947762)

ED007: Exchangeable Calcium ---- 0.1 meq/100g 7.2 7.2 0.00 0% - 20%Anonymous EB1822545-006

ED007: Exchangeable Magnesium ---- 0.1 meq/100g 5.2 5.2 0.00 0% - 20%

ED007: Exchangeable Potassium ---- 0.1 meq/100g 0.4 0.4 0.00 No Limit

ED007: Exchangeable Sodium ---- 0.1 meq/100g <0.1 <0.1 0.00 No Limit

ED007: Exchangeable Calcium ---- 0.1 meq/100g 18.0 18.6 3.05 0% - 20%REAF-004-025 EB1819502-003

ED007: Exchangeable Magnesium ---- 0.1 meq/100g 6.4 6.5 2.59 0% - 20%

ED007: Exchangeable Potassium ---- 0.1 meq/100g 0.3 0.3 0.00 No Limit

ED007: Exchangeable Sodium ---- 0.1 meq/100g 0.1 0.1 0.00 No Limit

ED007: Exchangeable Cations  (QC Lot: 1947774)

ED007: Exchangeable Calcium ---- 0.1 meq/100g 1.5 1.5 0.00 0% - 50%Anonymous EB1822545-012

ED007: Exchangeable Magnesium ---- 0.1 meq/100g 0.6 0.6 0.00 No Limit
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Sub-Matrix: SOIL Laboratory Duplicate (DUP) Report

Original Result RPD (%)Laboratory sample ID Client sample ID Method: Compound CAS Number LOR Unit Duplicate Result Recovery Limits (%)

ED007: Exchangeable Cations  (QC Lot: 1947774)  - continued

ED007: Exchangeable Potassium ---- 0.1 meq/100g 0.2 0.2 0.00 No LimitAnonymous EB1822545-012

ED007: Exchangeable Sodium ---- 0.1 meq/100g <0.1 <0.1 0.00 No Limit

ED007: Exchangeable Calcium ---- 0.1 meq/100g 10.7 10.9 2.38 0% - 20%REAF-001-A EB1819502-001

ED007: Exchangeable Magnesium ---- 0.1 meq/100g 3.8 3.9 0.00 0% - 20%

ED007: Exchangeable Potassium ---- 0.1 meq/100g 0.3 0.3 0.00 No Limit

ED007: Exchangeable Sodium ---- 0.1 meq/100g 0.1 0.1 0.00 No Limit

ED040T : Total Sulfate by ICPAES  (QC Lot: 1899613)

ED040T: Sulfate as SO4 2- 14808-79-8 100 mg/kg 360 350 0.00 No LimitREAF-004-050 EB1819502-004

ED040T: Sulfate as SO4 2- 14808-79-8 100 mg/kg 240 240 0.00 No LimitREA-014-300 EB1819502-053

ED042T: Total Sulfur by LECO  (QC Lot: 1905034)

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % <0.01 <0.01 0.00 No LimitREAF-001-A EB1819502-001

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % 0.02 0.02 0.00 No LimitSP1-001-002 (?) EB1819502-010

ED042T: Total Sulfur by LECO  (QC Lot: 1905037)

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % 0.22 0.22 0.00 0% - 20%REA-004-100 EB1819502-029

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % 0.11 0.11 0.00 0% - 50%REA-007-200 EB1819502-038

ED042T: Total Sulfur by LECO  (QC Lot: 1905040)

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % 0.18 0.18 0.00 0% - 50%REA-012-050 EB1819502-049

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % 0.10 0.11 0.00 0% - 50%STOCKPILE-002 EB1819502-058

EP003: Total Organic Carbon (TOC) in Soil  (QC Lot: 1905033)

EP003: Total Organic Carbon ---- 0.02 % 0.50 0.46 9.09 0% - 20%REAF-001-A EB1819502-001

EP003: Total Organic Carbon ---- 0.02 % 1.12 1.19 6.27 0% - 20%SP1-001-002 (?) EB1819502-010

EP003: Total Organic Carbon (TOC) in Soil  (QC Lot: 1905036)

EP003: Total Organic Carbon ---- 0.02 % 17.6 18.1 2.65 0% - 20%REA-004-100 EB1819502-029

EP003: Total Organic Carbon ---- 0.02 % 18.6 21.0 12.6 0% - 20%REA-007-200 EB1819502-038

EP003: Total Organic Carbon (TOC) in Soil  (QC Lot: 1905039)

EP003: Total Organic Carbon ---- 0.02 % 21.2 20.8 1.74 0% - 20%REA-012-050 EB1819502-049

EP003: Total Organic Carbon ---- 0.02 % 19.2 19.4 0.982 0% - 20%STOCKPILE-002 EB1819502-058

EP003TC: Total Carbon (TC) in Soil  (QC Lot: 1905032)

EP003TC: Total Carbon TC 0.02 % 0.66 0.66 0.00 0% - 20%REAF-001-A EB1819502-001

EP003TC: Total Carbon TC 0.02 % 1.84 1.86 0.946 0% - 20%SP1-001-002 (?) EB1819502-010

EP003TC: Total Carbon (TC) in Soil  (QC Lot: 1905035)

EP003TC: Total Carbon TC 0.02 % 43.4 43.5 0.248 0% - 20%REA-004-100 EB1819502-029

EP003TC: Total Carbon TC 0.02 % 24.0 24.2 0.712 0% - 20%REA-007-200 EB1819502-038

EP003TC: Total Carbon (TC) in Soil  (QC Lot: 1905038)

EP003TC: Total Carbon TC 0.02 % 38.6 38.3 0.799 0% - 20%REA-012-050 EB1819502-049

EP003TC: Total Carbon TC 0.02 % 22.9 23.0 0.449 0% - 20%STOCKPILE-002 EB1819502-058
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Method Blank (MB) and Laboratory Control Spike (LCS) Report

The quality control term Method / Laboratory Blank refers to an analyte free matrix to which all reagents are added in the same volumes or proportions as used in standard sample preparation. The purpose of this QC 

parameter is to monitor potential laboratory contamination. The quality control term Laboratory Control Spike (LCS) refers to a certified reference material, or a known interference free matrix spiked with target 

analytes. The purpose of this QC parameter is to monitor method precision and accuracy independent of sample matrix. Dynamic Recovery Limits are based on statistical evaluation of processed LCS.

Sub-Matrix: SOIL Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EA002: pH 1:5 (Soils)  (QCLot: 1899618)

EA002: pH Value ---- ---- pH Unit ---- 1014 pH Unit 10298

---- 99.67 pH Unit 10298

EA002: pH 1:5 (Soils)  (QCLot: 1899620)

EA002: pH Value ---- ---- pH Unit ---- 1014 pH Unit 10298

---- 99.67 pH Unit 10298

EA002: pH 1:5 (Soils)  (QCLot: 1899624)

EA002: pH Value ---- ---- pH Unit ---- 1004 pH Unit 10298

---- 1007 pH Unit 10298

EA002: pH 1:5 (Soils)  (QCLot: 1943179)

EA002: pH Value ---- ---- pH Unit ---- 1014 pH Unit 10298

---- 1007 pH Unit 10298

EA010: Conductivity (1:5)  (QCLot: 1899619)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm <1 99.81412 µS/cm 10397

EA010: Conductivity (1:5)  (QCLot: 1899621)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm <1 99.11412 µS/cm 10397

EA010: Conductivity (1:5)  (QCLot: 1899625)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm <1 98.71412 µS/cm 10397

EA010: Conductivity (1:5)  (QCLot: 1943178)

EA010: Electrical Conductivity @ 25°C ---- 1 µS/cm <1 1001412 µS/cm 10397

EA011: Net Acid Generation  (QCLot: 1901569)

EA011: NAG (pH 7.0) ---- ---- kg H2SO4/t ---- 99.822.5 kg H2SO4/t 13070

EA011: Net Acid Generation  (QCLot: 1904491)

EA011: NAG (pH 7.0) ---- ---- kg H2SO4/t ---- 93.222.5 kg H2SO4/t 13070

EA011: Net Acid Generation  (QCLot: 1904493)

EA011: NAG (pH 7.0) ---- ---- kg H2SO4/t ---- 99.322.5 kg H2SO4/t 13070

EA011: Net Acid Generation  (QCLot: 1904495)

EA011: NAG (pH 7.0) ---- ---- kg H2SO4/t ---- 97.622.5 kg H2SO4/t 13070

EA011E-A: pH OX  (QCLot: 1901571)

EA011E: pH (OX) ---- ---- pH Unit ---- 81.42.58 pH Unit 13070

EA011E: pH -2  (ext) ---- ---- pH Unit ---- 95.62.51 pH Unit 13070

EA011E-B: Dissolved Major Anions  (QCLot: 1901571)

EA011E: Sulfur as S 63705-05-5 ---- mg/L ---- 10050.9 mg/L 13070

EA011E: Chloride 16887-00-6 ---- mg/L ---- 1061.2 mg/L 13070
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Sub-Matrix: SOIL Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

EA011E-C: Dissolved Major Cations  (QCLot: 1901571)

EA011E: Calcium 7440-70-2 ---- mg/L ---- 1010.44 mg/L 13070

EA011E: Magnesium 7439-95-4 ---- mg/L ---- 1010.16 mg/L 13070

EA011E: Sodium 7440-23-5 ---- mg/L ---- 1031.71 mg/L 13070

EA011E: Potassium 7440-09-7 ---- mg/L ---- 86.80.38 mg/L 13070

EA011E-D: Calculated Components  (QCLot: 1901571)

EA011E: Calculated Acid Component ---- ---- kg H2SO4/t ---- 10015.6 kg H2SO4/t 13070

EA011E: Calculated Neutralisng Component ---- ---- kg H2SO4/t ---- 95.20.44 kg H2SO4/t 13070

EA011E: Calculated NAG Acidity ---- ---- kg H2SO4/t ---- 10015.2 kg H2SO4/t 13070

EA013: Acid Neutralising Capacity  (QCLot: 1901570)

EA013: ANC as H2SO4 ---- ---- kg H2SO4 equiv./t ---- 10449 kg H2SO4 equiv./t 12082

EA013: Acid Neutralising Capacity  (QCLot: 1904492)

EA013: ANC as H2SO4 ---- ---- kg H2SO4 equiv./t ---- 11049 kg H2SO4 equiv./t 12082

EA013: Acid Neutralising Capacity  (QCLot: 1904494)

EA013: ANC as H2SO4 ---- ---- kg H2SO4 equiv./t ---- 10396.2 kg H2SO4 equiv./t 12082

EA013: Acid Neutralising Capacity  (QCLot: 1904496)

EA013: ANC as H2SO4 ---- ---- kg H2SO4 equiv./t ---- 84.69.9 kg H2SO4 equiv./t 12082

ED005: Exchange Acidity  (QCLot: 1947775)

ED005: Exchange Acidity ---- 0.1 meq/100g <1.6 -------- --------

ED005: Exchangeable Aluminium ---- 0.1 meq/100g <1.6 -------- --------

ED006: Exchangeable Cations on Alkaline Soils  (QCLot: 1947805)

ED006: Exchangeable Calcium ---- 0.2 meq/100g <0.2 1135.4 meq/100g 13070

ED006: Exchangeable Magnesium ---- 0.2 meq/100g <0.2 96.84.84 meq/100g 13070

ED006: Exchangeable Potassium ---- 0.2 meq/100g <0.2 1112.73 meq/100g 13070

ED006: Exchangeable Sodium ---- 0.2 meq/100g <0.2 1252.68 meq/100g 13070

ED006: Cation Exchange Capacity ---- 0.2 meq/100g <0.2 11015.6 meq/100g 13070

ED007: Exchangeable Cations  (QCLot: 1947762)

ED007: Exchangeable Calcium ---- 0.1 meq/100g <0.1 1023.54 meq/100g 11379

ED007: Exchangeable Magnesium ---- 0.1 meq/100g <0.1 98.51.15 meq/100g 11585

ED007: Exchangeable Potassium ---- 0.1 meq/100g <0.1 1130.635 meq/100g 12270

ED007: Exchangeable Sodium ---- 0.1 meq/100g <0.1 1020.382 meq/100g 11276

ED007: Cation Exchange Capacity ---- 0.1 meq/100g <0.1 1025.707 meq/100g 11282

ED007: Exchangeable Cations  (QCLot: 1947774)

ED007: Exchangeable Calcium ---- 0.1 meq/100g <0.1 97.03.54 meq/100g 11379

ED007: Exchangeable Magnesium ---- 0.1 meq/100g <0.1 95.61.15 meq/100g 11585

ED007: Exchangeable Potassium ---- 0.1 meq/100g <0.1 1000.635 meq/100g 12270

ED007: Exchangeable Sodium ---- 0.1 meq/100g <0.1 83.40.382 meq/100g 11276

ED007: Cation Exchange Capacity ---- 0.1 meq/100g <0.1 96.25.707 meq/100g 11282
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Sub-Matrix: SOIL Method Blank (MB) 

Report

Laboratory Control Spike (LCS) Report

Spike Spike Recovery (%) Recovery Limits (%)

Result Concentration HighLowLCSMethod: Compound CAS Number LOR Unit

ED040T : Total Sulfate by ICPAES  (QCLot: 1899613)

ED040T: Sulfate as SO4 2- 14808-79-8 100 mg/kg <100 1024800 mg/kg 12179

ED042T: Total Sulfur by LECO  (QCLot: 1905034)

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % <0.01 1100.51 % 13070

ED042T: Total Sulfur by LECO  (QCLot: 1905037)

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % <0.01 1120.51 % 13070

ED042T: Total Sulfur by LECO  (QCLot: 1905040)

ED042T: Sulfur - Total as S (LECO) ---- 0.01 % <0.01 1060.51 % 13070

EP003: Total Organic Carbon (TOC) in Soil  (QCLot: 1905033)

EP003: Total Organic Carbon ---- 0.02 % <0.02 98.91.94 % 13070

EP003: Total Organic Carbon (TOC) in Soil  (QCLot: 1905036)

EP003: Total Organic Carbon ---- 0.02 % <0.02 99.717.61 % 13070

EP003: Total Organic Carbon (TOC) in Soil  (QCLot: 1905039)

EP003: Total Organic Carbon ---- 0.02 % <0.02 100.017.61 % 13070

EP003TC: Total Carbon (TC) in Soil  (QCLot: 1905032)

EP003TC: Total Carbon TC 0.02 % <0.02 98.61.94 % 13070

EP003TC: Total Carbon (TC) in Soil  (QCLot: 1905035)

EP003TC: Total Carbon TC 0.02 % <0.02 94.917.61 % 13070

EP003TC: Total Carbon (TC) in Soil  (QCLot: 1905038)

EP003TC: Total Carbon TC 0.02 % <0.02 94.817.61 % 13070

Matrix Spike (MS) Report
The quality control term Matrix Spike (MS) refers to an intralaboratory split sample spiked with a representative set of target analytes. The purpose of this QC parameter is to monitor potential matrix effects on 

analyte recoveries. Static Recovery Limits as per laboratory Data Quality Objectives (DQOs). Ideal recovery ranges stated may be waived in the event of sample matrix interference.

l No Matrix Spike (MS) or Matrix Spike Duplicate (MSD) Results are required to be reported.
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1 GENERAL PROVISIONS 

1.1 Definition 

The scope of works addressed by this Specification relates to the construction/placement of 
the final capping layer on Cell 1 of the Rejects Emplacement Area (REA) at the Narrabri Mine. 
The works comprise construction of a surface capping layer over the reject material contained 
within the REA.   
 
The purpose of this Specification is to describe the scope of construction works and to outline 
the standard of construction to be achieved. The purpose of final capping works is follows: 
 

• Remediating the site after closure in support of landform rehabilitation and acceptable 
end use; 

• Stabilising the landform surface to reduce the potential for erosion; 

• Providing a growing medium for vegetation; 

• Minimising long-term infiltration of moisture into the REA; and, 

• Enabling effective and controlled drainage of surface water. 
 
The scope of construction works to achieve this purpose, will include, but not necessarily 
limited to the following: 
 

• Preparation of the rejects surface; 

• Sourcing (from stockpile) and placement of capping material, including quality control 
measures; 

• Vegetation of the capping layer material. 
 
For the purpose of this Specification, the following definitions will be referred to: 

Table 1 
Construction Roles and Responsiblities 

Role Designation Responsibilities 

Principal Narrabri Coal Operations 
Pty Ltd (NCOPL) 

Overall responsibility for and owner of the 
project. 

Superintendent Technical Officer / 
Construction 
Superintendent, NCOPL 

• Provide field supervision on a daily basis on 
behalf of the Principal; 

• Overseer of construction practices and 
standards, quality control testing and general 
construction quality assurance;   

• Facilitate communication between the Principal 
and Designer’s Representative, as required. 

Constructor TBA Completion of works in accordance with 
Construction Technical Specification 
requirements. 

Designer’s 
Representative 

ATC Williams Pty Ltd • Provide technical advice to the Superintendent; 

• Undertake inspections of critical activities and 
general observations to assess Constructor’s 
compliance with the Construction Technical 
Specification.  
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1.2 Location and Extent of Works 

The works will be carried out within the Narrabri Mine, located some 20km to the south-east 
of Narrabri in Central New South Wales. The REA is located to the west of the Coal Handling 
and Preparation Plant (CHPP).  
 
The construction works include, but shall not be limited to (in order of construction sequence):  
 

• Grading of the exposed rejects surface within Cell 1. 

• Proof rolling the reprofiled rejects surface. 

• Placement, installation and compaction of a layer of CLAY soil across the top of the 
surface of the REA. This layer shall comprise of material stripped from the natural soil 
horizons and stockpiled on site. This layer is herein referred to as the “Capping Soil 
Layer”. 

• Application of surface stabiliser to the Capping Soil Layer. 

• Application of a cover layer of hydromulch. 
 
Additional works will include: 
 

• Construction of surface water drains and swales over the plateau area, batters and 
perimeter of Cell 1 of the REA.  

 
The Constructor shall supply all labour, plant, materials (other than those earthworks materials 
made available within the property) and incidentals required to carry out and complete the 
works associated with construction works, as shown on the Drawings and outlined in this 
Specification. 

1.3 Construction Management and Progress 

The Constructor shall maintain an experienced management, supervisory safety and quality 
control team that is committed to achieving and maintaining the standards specified for the 
works. 
 
Scheduled meetings shall be held throughout the construction works, during which construction 
and/or progress will be discussed, with respect to the program or productivity requirements. 
At these meetings, the Constructor shall submit revised/updated versions of the program to 
reflect works completed to date, highlighting adjusted milestones and variations in 
construction sequencing. Also, to be submitted during these meetings will be completed ITP’s 
for works completed to date and other documentation relevant to review of project status. 

1.4 Authorities 

All work shall be carried out in accordance with the requirements of all authorities having 
jurisdiction over the works. 

1.5 Standards 

Plant, materials and workmanship shall comply with the requirements of current standards and 
Codes of Practice of the Standards Association of Australia (Standards Australia) as appropriate.  
All materials and workmanship not covered by a Standards Australia standard shall be of such 
kind as is used in first class work, suitable for the environment and conditions under which the 
works are to be constructed. 
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1.6 Setting Out and Survey 

Available survey base lines and reference benchmarks, which are relevant to the setting out of 
the existing REA development, are to be used by the Constructor to establish the setting out of 
the closure capping works.  The Constructor shall also locate, as required, any additional 
reference bench marks at the site to assist with setting out of the works and shall ensure that 
these marks are suitably protected at all times. 

1.7 Site Access and Maintenance 

Access for all vehicles and plant into the site area shall be via the rejects haul road.  

1.8 Construction Water 

Construction water for moisture conditioning, dust suppression and vegetation irrigation will 
be made available from locations within the Narrabri Mine site as nominated by the 
Superintendent.  The Constructor shall make a water cart available at all times during the 
works, to ensure that moisture conditioning and dust suppression is effectively maintained. 

1.9 As-Constructed Information 

On completion of the works, the Constructor shall survey and plot accurately all work carried 
out, and all services actually installed. This information shall be prepared in properly drafted, 
scaled and detailed form to enable preparation of “as-constructed” drawings for the works. 
The Constructor shall prepare this information in the following forms: 
 

• One set of A3 sized printed plans; and, 

• Digitally supplied data in DWG format. 

1.10 Control of Airborne Emissions 

The Constructor shall comply with Statutory Regulations of governmental bodies having 
jurisdiction over the site, in respect to the discharge into the atmosphere of smoke, dust or 
other contaminants. 

1.11 Erosion & Sediment Control 

The Constructor shall implement or install appropriate works or provisions as required to 
minimise the offsite release of sediment within surface water runoff.  Particular attention shall 
be paid to surface runoff from areas of construction/filling.  A site-specific Erosion and 
Sediment Control (ESC) Plan has been be prepared for the construction works which shall be 
implemented as a minimum standard of works to be installed or implemented to control erosion 
and migration of sediment during the course of the construction works.   
 
Criteria related to release water quality criteria from the construction site shall be consistent 
with the conditions of the environmental approvals for the Narrabri Mine.  These criteria shall 
be applied by Narrabri Mine to assess the effectiveness of the ESC works.  Where required, as 
deemed necessary by the Superintendent that adjustment or addition of ESC measures is 
required, such shall be agreed between the Superintendent and Constructor. 
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2 DESIGN DRAWINGS 

The following Drawings are included in and form part of the Construction Specification. 
 

• 116100-003-001 Site Locality & Drawing List 

• 116100-003-002 Existing REA Conditions 

• 116100-003-003 Closure Design Layout Plan 

• 116100-003-004 Section & Typical Details 

• 116100-003-005 Cell 1 Capping Design Layout 

• 116100-003-006 Cell 1 Typical Details 

• 116100-003-007 Cell 1 Capping Erosion & Sediment Control Plan 
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3 DEFINITIONS 

 

• Capping Construction : REA capping construction works for closure of Cell 
1. 

• Clay Fill : shall mean the capping construction materials 
sourced from the REA footprint area and stockpiled 
onsite or as otherwise directed by the 
Superintendent and subject to the requirements of 
this specification. The material shall be used to 
construct the capping layer. 

• General Fill : shall mean the construction materials sourced from 
onsite borrow areas, subject to the specific 
applications as stated in the Specification, and 
shall be used to construct the contour drain and 
swale drain bunds.  

• Rock Armouring : shall mean the construction material sourced from 
a suitable borrow area, subject to the requirements 
of this specification, and which shall be used to line 
the contour drains.  

• Gravel Sheeting : shall mean the construction material sourced from 
a suitable borrow area, subject to the requirements 
of this specification, which shall be used to provide 
cover for the perimeter access road.  

• Geotextile : Geotextile shall be used as delineated on the 
Drawings or as otherwise directed by the 
Superintendent and subject to the specific 
applications as stated in the Specification. 
Geotextile shall comprise a proprietary non-woven 
product manufactured from polyamide, 
polyolefines, polyester or polyvinyl material, either 
singularly or in combination.   
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4 CONSTRUCTION WORKS 

4.1 Surface Preparations 

All surfaces prepared for earthworks purposes shall be free of local soft spots or loose materials.  
The rejects surface shall be graded, removing severe undulations and low spots, removing large 
rocks and infilling with other suitable coarse reject material.  Prior to the placement of the 
Capping Soil Layer, the rejects surface shall be proof rolled, ensuring not to breakdown reject 
material to an extent that fines are generated that would infill the rejects matrix within the 
upper layer.  Any areas subject to significant deflection as identified by proof rolling shall be 
filled to provide a competent surface for the purpose of capping construction.  Proof rolling 
comprising four (4) passes of a D7 dozer (or equivalent) shall be used initially, with 
modifications to this approach to be defined by the Superintendent, subject to the results 
achieved.  
 
Contour drain channels shall be located generally as indicated on the Drawings and as accepted 
by the Superintendent.  Preparation for channel construction shall comprise sub-excavation 
into the reject surface to dimensions of 1.0m wide x 0.2m deep to accommodate placement of 
Rock Armouring and Clay Fill to form the drain. 
 
Surface preparation shall also include the removal or exclusion of water, with the use of 
temporary drains, pumps, or other means, as required. Surface water from the surrounding 
areas shall be prevented from entering the areas of proposed earthworks, to the greatest extent 
possible.  

4.2 Materials 

4.2.1 Clay Fill 

The Capping Soil Layer shall be formed using Clay Fill sourced from stockpiles located within or 
adjacent to the area of works (but not greater than 500m from the point of placement).  For 
the information of the Constructor, Clay Fill will generally conform to the following soil 
classifications in accordance with the Unified Soil Classification System and AS 1726-2017 
Geotechnical Site Investigations, and associated soil properties: 
 

• SILTY CLAY soils with at least 30% fines with Unified Soil Classification Symbol of MH or 
CH.  

 

• Percentage passing 75µm size    greater than 70% 
 

• Percentage greater than 25mm size 
(particles that do not break down under 
the specification compaction effort)    less than 10% 

 

• Maximum particle size     50mm 
 
Material from stockpiles that are suitable for use as Clay Fill shall be delineated by the 
Superintendent.  Where a deficit in Clay Fill exists, suitable alternative material shall be 
imported and made available by the Supereintendent. 
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4.2.2 General Fill 

General Fill shall be used to construct the bunds forming the batter contour drains and plateau 
swale drains. 
 
General Fill shall comprise fine grained, cohesive materials, which produce a competent fill 
with minimal air voids and of low permeability when compacted to Specification requirements.  
General Fill shall also be free of significant organic material.   
 
General Fill will generally be sourced from the soil stockpiles maintained within the REA 
footprint as identified on site by the Superintendent or as otherwise directed by the 
Superintendent, and located within a distance of 500m from the point of placement. 

4.2.3 Rock Armouring 

Rock Armouring shall be used to line contour drains and form the outlet of the swale drains 
over the plateau edges, as indicated on the Drawings. 
 
The required properties for Rock Armouring shall be as follows: 
 

• Sound, hard and durable angular stones of rock generally free of cracks, seams and other 
defects that would accelerate their destruction by water action.  The material must not 
contain any of the following: 
 Peat, vegetation, timber, organic, soluble or perishable material; 
 Dangerous or toxic material or material susceptible to combustion; 
 Metal, rubber, plastic or synthetic material; and, 
 Construction debris. 

• Well graded with a D50 of 100mm, maximum particle size of 150mm and maximum 
fines (less than 0.075mm) size of 5%. 

 
Rock material shall be supplied by the Constructor from a Superintendent approved external 
source.  Details of this material source, appropriate testwork certificates demonstrating he 
suitability of the material, and a minimum 40kg size representative sample of the material shall 
be provided by the Constructor to the Superintendent at least 30 days prior to supply and 
placement. 

4.2.4 Geotextile 

Geofabric (BIDIM A34) or other geotextile approved by Superintendent prior to delivery to site 
shall be installed below the rock armouring. Geofabric should be laid according to manufacturer 
specification. 

4.2.5 Gravel Sheeting 

Gravel sheeting will form the access road cover suitable for vehicle traffic.   
 
For the information of the Constructor, Gravel Sheeting shall comprise a well graded-material 
possessing a maximum particle size of 50mm to 100mm (and less than 5% fines) which produces 
a competent fill when compacted to specification requirements. The particles are to be angular 
or sub-angular in shape.  Also, the parent material forming the Gravel Sheeting shall be as 
follows: 
 

• high compacted strength; 
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• sound, hard and durable rock, limestone or other rock, 

• stable with respect to vertical settlement and volume instability. 
 
 
Gravel Sheeting shall be sourced from stockpiles located within or adjacent to the area of works 
(but not greater than 500m from the point of placement), as delineated by the Superintendent.   

4.3 Capping Soil Layer Construction 

4.3.1 General 

The Constructor shall direct operations to avoid wastage of materials which would be suitable 
for use as fill if excavations, stockpiles and borrow areas were drained effectively and if 
materials were selectively used (within the bounds of this Specification). 
 
The Capping Soil Layer configuration to be adopted in construction is provided in Table 1. Clay 
Fill placement shall be undertaken in accordance with the relevant clauses of this Specification. 
 

Table 1 
Final Capping Profile 

Material Minimum Thickness (mm)* 

Surface Selected Grasses 

Clay Fill 400 

   * Placed and measured perpendicular to batter slopes 

4.3.2 Placement, Conditioning and Compaction of Clay Fill  

Clay Fill shall extend over the entire extent of the final capping profile, as delineated in the 
Drawings, being placed parallel to the underlying landform profile (comprising rejects).  
 
Clay Fill Layer shall be placed in two equal thickness lifts, spread to the required thickness by 
appropriate plant.  These layers shall be placed consecutively, and the upper layer shall not be 
placed until the lower layer is placed and certified. 
 
Clay Fill shall be constructed at appropriate moisture content and shall be compacted using 
specialised compaction equipment.  The compaction of this fill shall be by sheepsfoot or similar 
protruding foot type compactor.  

4.3.3 Compaction Standards and Control Testing 

Clay Fill Layer shall be compacted to the following compaction standard: 

- Dry density of not less than 98% of standard maximum dry density (AS 1289.5.1.1).  
Measured moisture contents of samples taken from compacted Capping Soil Layer shall fall 
within the range of –2% to +4% of optimum moisture content (AS 1289.5.1.1). 

 
The Superintendent will arrange for control tests to be carried out on Clay Fill as is considered 
necessary to satisfy himself that the Constructor is using the appropriate material for the 
purpose of the works and is working in accordance with the Specification.  The Constructor 
shall interrupt his fill operations, as necessary, to permit control testing to be carried out. 
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For the information of the Constructor, the following tests will be carried out.  Tests shall be 
conducted generally in accordance with the standards referenced, or otherwise as determined 
to be appropriate.  The above notwithstanding, the results of the tests shall be the sole means 
of confirming the suitability of material designated for use as Clay Fill. 
 

Test Frequency* Standard 

CLASSIFICATION 

Atterberg Limits 

 

1 per 250m3  

 

AS 1289:3.1.1, 3.2.1, 3.3.1 and 3.4.1 

Particle Size Distribution 1 per 250m3  AS 1289:6.1.1 

COMPACTION 

In situ Density 

 

1 per 100m3 

 

AS 1289:5.8.1 (Nuclear Surface 
Moisture – Density Gauge) or 
AS 1289:5.3.1 (Sand Replacement 
Method) 

Moisture Content 1 per 100m3 
AS1289:2.1.1 

Laboratory Dry Density – Moisture 
Content Relationship 

1 per 250m3 
AS1289:5.1.1 (Standard Contraction 
Method) 

* Compacted in place 

 
As soon as the Superintendent is satisfied that materials are consistent and work is being carried 
out in a systematic and consistent manner, he may reduce the frequency of compaction testing 
as he judges to be appropriate. 

4.4 Revegetation 

4.4.1 General 

Revegetation shall be undertaken across the completed Clay Fill surface and within the extents 
as defined on the Drawings. Revegetation works shall comprise hydromulch placement as 
described by relevant sections of this Specification. Hydromulching shall be undertaken by using 
purpose-built equipment capable of: 
 

a) Producing a homogeneous slurry; and, 
b) Uniformly applying the slurry over the area to be treated. 

 
Application of the hydromulching slurry shall be undertaken from at least two directions to 
prevent a shadowing effect resulting in an uneven coverage of slurry. An indirect, dispersed 
spray pattern shall be used to achieve a uniform cover. 
 
The mix and application rates of seed and fertiliser shall be as directed by the Superintendent.  
Defined species and application rates to be confirmed prior to commencement of revegetation 
works, and to be site- and season-specific.  
 
Hydromulching shall be applied at the Superintendent’s direction. The equipment, application 
procedure and materials used must be approved prior to commencing with hydromulching, and 
shall generally comprise:  
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a) Ensure the soil surface is roughened/scarified by rolling with a crimping or punching 
type roller, or track walking; 

b) Ensure the soil is wet before hydro seeding to increase penetration of the adhesive 
and fertiliser additives; 

c) Add straw, wood or paper cellulose fibre mulch to the slurry at the specified rate, 
otherwise at a rate of 2 to 3 tonnes per hectare; and 

d) Machine applications shall comprise a minimum two passes in the opposite direction 
unless otherwise specified 

e) Spraying of a slurry mix consisting of seed, fertiliser, paper pulp (1.5 to 2t/ha) or wood 
pulp (not less than 2.5t/ha) and acrylic polymer or other tackifier (5 to 10% weight). 
Typical tackifers include: acrylic copolymer, psyllium; 

f) Can be sprayed directly from a truck up to 30 meters or via hoe extensions up to 100 
meters; 

g) Rate of application should be between 30,000 and 40,000 L/ha or 2.2 to 3.4t/ha with 
a desirable minimum 80 to 100% cover; 

h) Sugarcane mulches are typically applied at rates of 2 to 3t/ha of organic mulch with 
40 to 60 kg/ha of a tackifier mix on slopes up to 3:1 (H:V). Drying time is around 3 to 
5 days, after which twice daily watering commences as required; 

i) Mulch should be dry when applied, weed free with a low leaf content and have a 
minimum strand length of 100mm; 

j) Straw mulch tackifiers typically usually consists of 1000 to 2000L/ha of 50:50 anionic 
bitumen emulsion, or 2L/ha polymer binder. 

k) Hydromulching shall be undertaken using a multiple pass process. The first pass shall 
consist of a slurry of water, fibre (approximately 25% of the total specified amount of 
fibre), seed, fertiliser and other soil amelioration agents (as required) to the prepared 
surface. The second and subsequent passes shall consist of a slurry of water, fibre and 
binder only.  

l) Subsequent passes shall be repeated until the area is adequately covered to support 
growth, allowing sufficient time between subsequent passes such that slumping of the 
hydromulch treatment does not occur. 

m) Regular inspection and repair of erosion areas until vegetation is established.  

4.4.2 Timing 

Hydromulching shall be carried out within seven (7) days of the completion of the Clay Fill 
Layer. Notwithstanding the above requirements, hydromulch shall not be applied:  

• when wind speed exceeds 15 km/hr;  

• where the surface is too wet or;  

• during rain periods or when rain appears imminent. 

4.4.3 Watering and Maintenance 

Watering of seeded areas shall be carried out to maintain soil moisture content to no less than 
shown below during the establishment period, with a minimum 12-week watering period to be 
implemented immediately following revegetation works to ensure successful establishment 

• Weeks 1 & 2    - Once every day 

• Week 2, 3 & 4   - Once every second day 
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• Week 4, 5, 6, 7 and 8  - Twice every week 

• Week 9,10,11 and 12   - Once a week 
 
Watering shall to be such an extent as to maintain a suitable soil moisture content to encourage 
grass growth.  The rate of watering shall depend on seasonal conditions. 

4.5 Stormwater Management Infrastructure 

4.5.1 Construction 

Drainage bunds and swales shall be constructed to the details, alignments and grades shown on 
the Drawings, with reference to the relevant clauses of this Specification related to General 
Fill, Rock Armouring, Geotextile and Gravel Sheeting supply and placement.  These works shall 
be supplemented as follows, where Rock Armouring is required: 

• Place Geotextile and Rock Armouring as soon as the General Fill is prepared. in one 
operation; 

• Rock Armouring to be placed in a single continuous layer, and tamped down with 
excavator bucket (or similar) to ensure interlocking with adjacent boulders; 

• Do not place Rock Armouring by dumping or other methods that cause segregation of 
rock sizes; and, 

• Take care not to dislodge the underlying Geotextile when placing the rock. 
 
No quantifiable compaction standards, other than those implied in the Specification and the 
Drawings, shall apply for Rock Armouring materials. 
 
No control testing shall be carried out on Rock Armour materials.  
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5 QUALITY ASSURANCE  

A QA program shall be implemented by the Superintendent to provide validation that 
Specification requirements and standards are being achieved in the construction works. 
 
As part of the QA program, inspection and test plans shall be developed to meet the following 
general requirements: 

• The Constructor or approved delegate to notify the imminent commencement of 
construction of each element of the works on a weekly basis. 

• The Constructor or approved delegate to complete required documentation on readiness 
of any work area for inspection/testing. 

• The Superintendent to select particular materials and locations to be inspected/tested. 
 
The Superintendent shall assess the outcome of tests and inspections and any remedial works 
necessary as a result of these outcomes, with the Constructor to facilitate these remedial works 
accordingly.   
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Appendix D: Risks To Rehabilitation Broad Brush Risk Assessment 

 



Risk Assessment Date(s): to

Type of Risk Assessment:

Risk Assessment Subject Matter:

Background:

Objective:

Scope:

Procedure/Method:

Assumptions:

RISK ASSESSMENT DETAILS

Broad Brush

Narrabri Mine MOP Rehabilitation Risk Assessment

5-08-2020 5-08-2020

In September 2015, SLR Consulting Australia (SLR) was engaged by Whitehaven Coal to facilitate a Rehabilitation Risk Assessment workshop for 
Narrabri Mine.

In accordance with the NSW Department of Trade and Investment, Regional Infrastructure and Services (NSW Trade & Investment) ESG3: Mining 
Operations Plan (MOP) Guidelines (2013) SLR understands that as part of this new  MOP, Whitehaven are required to undertake arisk 
assessment to identify specific environmental issues associated with activities conducted under relevant mining leases as well as specific 
measures to be implemented to mitigate those risks. It is understood that it will have a key focus on mine closure and rehabilitation based issues, 
but will also meet the general requirements of the MOP Guidelines.

The Rehabilitation Risk Assessment has been reviewed and updated during the preparation of the 2020 Narrabri MOP.  It has reasses sed the 
existing and proposed controls and risk rankings.

The review has considered the suggested risks in the DRAFT Guideline 1 - Rehabilitation Risk Assessment (DPIE-RR 2018).

Facilitation of a one day environmental risk assessment workshop that identifies environmental risks and issues associated with the rehabilitation 
and closure of the mine. The issues identified in the risk assessment will then be covered in the MOP along with information of how those issues 
will be managed

SLR applied the following steps during the Risk Assessment process including: 

• Identification of risks, including what could happen, when and where;
• Analysis of the risks using a qualitative risk approach (i.e. identifying existing controls, determining specific consequences/likelihoods and then 
determining the level of risk);
• Evaluation of the risks to determine the significant issues. The purpose of risk evaluation is to make decisions based on the outcomes of the risk 
assessment about which risks need control or a mitigation strategy and to assign priorities; and
• Establishment of controls to mitigate/treat the risks identified as part of the process.

The purpose of the Risk Assessment is:

• To identify risks to the continued operation of the mine through the facilitation of a Risk Assessment;
• To identify risks for all work areas;
• Identification of risks for all work areas on other tenements and landholdings;
• Identify the specific nature of the risk/hazard; 
• Identify the existing controls that are in place to manage the risk/hazard;
• Evaluate the consequence and likelihood of the risk/hazard; 
• Develop a series of controls/actions to reduce all risk/hazard to an acceptable level

• Standards Australia, September 2009, AS/NZS 31000:2009 Risk Management- Principles and Guidelines.
• Risk Management Handbook for the Mining Industry (MDG1010).

- Workshop is based on the current LOM as of August 2020.
- Workshop based on reports available as of August 2020
- Assumes Life of Mine to 2031.
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Workshop Purpose: Risk assessment workshop - 2015 Date 10-Aug-15

Name Position Company/Site
 Years in 

Industry 
Related Qualifications Related Experience

Andrew Hutton (Facilitator) SLR

Jessica Coffey Senior Environmental Scientist (Scribe) SLR

Steve Farrar Environmental Superintendent Narrabri Mine

Owen Salisbury Technical Services Manager Narrabri Mine

Chris Bedggood Engineering Manager Narrabri Mine

Tony Dwyer Environmental Superintendent Whitehaven Coal

Risk assessment update 2020 Date 05-Aug-20

Name Position Company/Site
 Years in 

Industry 
Related Qualifications Related Experience

Nathan Archer Assocaite consultant SLR

Brent Baker Environmental Superintendent Whitehaven Coal
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RISK ID
KEY 

ELEMENT
RISK/OPPORTUNITY EVENT LIKELY CAUSE POTENTIAL CONSEQUENCE/IMPACT

EXISTING PREVENTATIVE AND/OR 

MITIGATIVE CONTROLS

ADEQUACY OF 

EXISTING 

CONTROLS R
IS

K
 O

R
 

O
P

P
O

R
T

U
N

IT
Y

(R
IS

K
 O

R
 O

P
P

)

C
O

N
S

E
Q

U
E

N
C

E
 

C
A

T
E

G
O

R
Y

C
O

N
S

E
Q

U
E

N
C

E
 L

E
V

E
L

(1
 T

O
 5

) 

C
O

N
S

ID
E

R
IN

G
 

P
O

T
E

N
T

IA
L

 

M
A

X
IM

U
M

 

C
O

N
S

E
Q

U
E

N
C

E
 (

P
M

C
) 

- 

W
O

R
S

T
 C

A
S

E
, 

E
X

IS
T

IN
G

 

C
O

N
T

R
O

L
S

 

IN
E

F
F

E
C

T
IV

E

L
IK

E
L

IH
O

O
D

 

L
E

V
E

L

(A
 T

O
 E

) 

C
O

N
S

ID
E

R
IN

G
 

E
X

IS
T

IN
G

 

R
IS

K
 R

A
N

K
 (

1
 

T
O

 2
5

)

C
U

R
R

E
N

T
 R

IS
K

 

R
A

T
IN

G
 (

L
O

W
, 

M
E

D
IU

M
 O

R
 

H
IG

H
)

ADDITIONAL CONTROLS
RISK OWNER/ RESPONSIBLE 

MANAGER
DUE DATE

1 Erosion and 

Sediment 

Control

Erosion and sediment on disturbed 

areas.

Uncontrolled discharge offsite of 

sediment laden water. 

Failure to undertake progressive rehab 

during operations.

Failure of areas already rehabilitated.

Less than adequate (LTA) water 

management system and/or design.

LTA caveats on land management 

requirements post closure (REA).

Impact on rehabilitation.

Pollution event offsite.

Decrease in water quality.

1. Water Management Plan (inc 

ESCP)

2. Visual observations.

3. Water quality monitoring 

4. LDP monitoring.

5. Permit to work and clearing protocol 

- ESCP plan prepared to link

Satisfactory Risk Environment 2 2 D 5 Low

2 Spontaneous 

Combustion

Spon-com in reject emplacement 

area impedes rehabilitation 

Poor management of materials with 

propensity for spon-com. 

LTA caveats on land management 

requirements post closure (REA)

Inability to complete rehab.

Impact on established rehab.

Cost of managing spon-com outbreak.

Potential risk of bushfire.

Air quality/odour impacts and inability to 

relinquish lease.

1. Spon Com TARP

2. Stockpile Management Plan.

3. REA design specs (REA Capping & 

Closure Design (ATCW, 2019).

4. REA Capping & Closure Design 

(ATCW, 2019) has sampled and 

assessed spon com.  Low propensity

Satisfactory Risk Environment 3 3 E 6 Moderate

3 Geology and 

Geochemistry

Failure to achieve the 

rehabilitation outcome prescribed 

in the MOP

LTA knowledge of material and its 

geochemistry

Inappropriate placement of materials

Inability to reach closure and 

relinquishment of the lease.

1. Geochem testing in REA Capping & 

Closure Design (ATCW, 2019)
Satisfactory Risk Environment 2 2 D 5 Low

4 Geotechnical Geotechnical stability of final 

landform LTA 

LTA rehabilitation and/or design Inability to reach closure and 

relinquishment of the lease.

Additional costs for rework.

Safety concerns.

1. Slope Stability Management Plan.

2. REA Capping & Closure Design 

(ATCW, 2019)
Satisfactory Risk Environment 2 2 D 5 Low

5 Soil Type(s) 

and Suitability

Poor topsoil quality Time required to stockpile soil, weed infested 

topsoil, poor management, site conditions 

Inability to reach closure and 

relinquishment of the lease. 

Cost of sourcing ameliorants and 

alternates

1. Rehab Management plan.

2. Weed management activities.
Satisfactory Risk Financial Impact 3 3 E 6 Moderate Topsoil stockpile balance report Brent Baker End 2021

6 Soil Type(s) 

and Suitability

Inadequate volume of topsoil to 

achieve the rehabilitation outcome 

prescribed in the MOP

Limited additional stripping opportunities due 

to full disturbance footprint.

Poor recovery of topsoil in dehab areas 

(visual bund)

Inability to reach closure and 

relinquishment of the lease. 

Cost of sourcing ameliorants and 

alternates.

1. Topsoil stockpiles surveyed and 

shown on MOP Plans.

2. Topsoil management for clearance 

above LWs covered by PTW.

3.  Cleared topsoil directly respread 

and used in rehab

Satisfactory Risk Financial Impact 3 3 E 6 Moderate Topsoil stockpile balance report Brent Baker End 2021

7 Soil Type(s) 

and Suitability

Dispersive soils/ topsoil material Unsuitable soil characteristics (grading, 

sodicity, ESP etc) for cover construction 

and/or pasture land development.

Erosion of soil/topsoil placed as cover, 

with potential for exposure of coarse 

reject

1. Selective sourcing of suitable 

materials, or application of appropriate 

soil ameliorative techniques (e.g. use 

of lime, gypsum, etc).

2. REA Capping & Closure Design 

(ATCW, 2019)

3.  Capping design considers this.

4.  Soil assessments being undertaken 

as part of rehab monitorng

Satisfactory Risk Financial Impact 3 3 E 6 Moderate

8 Erosional 

Stability of 

Final Capping 

Layer

Available soils erosionally unstable 

on final landform.

Soil characteristics regardless of direct 

amelioration techniques.

Erosion of capping layer with potential 

exposure of coarse reject.

1. REA Capping & Closure Design 

(ATCW, 2019).  400mm layer 

proposed.

2.  Siberia modelling done in REA 

Capping & Closure Design (ATCW, 

2019)

Satisfactory Risk Financial Impact 3 3 E 6 Moderate

9 Seepage from 

REA Landform
Saturation around landform toe. Infiltration of stormwater through capping 

layer formed across landform.

Saline or metalliferous drainage potential 

from coarse reject through contact with 

stormwater infiltrating through capping 

surface.

Local instability of capping layer around 

toe.

Impact on receiving environment through 

impacted seepage water quality

1. Landform design detailed in REA 

Capping & Closure Design (ATCW, 

2019).

2. ATCW 2019 has assessed 

seepage, water quality and design for 

stability

Satisfactory Risk Financial Impact 3 3 E 6 Moderate

10 Flora and 

Fauna

Loss of, or alteration to existing 

habitats

Subsidence, erosion, weed and pests Inability to reach closure and relinquish 

lease. Impacts to habitat.

1. Permit to Work

2. Land management plan (extraction 

plan)

3. Biodiversity management Plan 

4.  MOP/LMP

Satisfactory Risk Financial Impact 3 3 D 9 Moderate

11 Flora and 

Fauna

Adverse impact on threatened 

species

Failure to manage pests, subsidence Inability to reach closure and relinquish 

lease. Impacts to local populations

1. Permit to Work

2. Land management plan (extraction 

plan)

3. Biodiversity management Plan 

4.  MOP/LMP

Satisfactory Risk Environment 3 3 E 6 Moderate

12 Bushfire Damage to rehab Bushfire from external (not owned by WHM) 

Bushfire from spon com/land owned by 

WHM, LTA fuel management, fire caused by 

site activities/equipment failure

Loss of established rehabilitation

Additional costs for rework of rehab

Exposed areas (erosion, sediment, dust)

Damage to offset areas.

1. MOP / Landscape management 

plan

2. Bushfire prevention standard

3. Bushfire emergency response 

procedure

4. Consultation with RFS

5. Fire fighting procedures

6. Hot work permit process

7.  WHC engaged Fire consultants to 

manage offsets, on standby and 

manage fuel loads

Satisfactory Risk Financial Impact 2 2 D 5 Low

13 Mine 

Subsidence

Failure to achieve the 

rehabilitation outcome prescribed 

in the MOP

Mine subsidence Damage to structures and/or 

infrastructure following mining (roads, 

fencing, power lines). Additional costs.

1. Extraction plan

2. Rehab plan / MOP

3. Built Features Management Plan

Satisfactory Risk Financial Impact 3 3 D 9 Moderate

NARRABRI RISKS TO REHAB - MOP

File: 630.12951_Narrabri 2020 MOP Risk Assessment v1.1 20200810.xlsx

Tab:  Risk To rehab Register
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ADDITIONAL CONTROLS
RISK OWNER/ RESPONSIBLE 

MANAGER
DUE DATE

14 Mine 

Subsidence

Alteration of local drainage Mine subsidence Ponding, cracking, altered hydrological 

flows, altered drainage, erosion, changes 

to vegetation, impacts to arch sites, 

changes to creek bed profile. 

1. Extraction plan

2. Ripping, ploughing and seeding

3. Earthworks

4. Pumping and dewatering (during 

operations)

5. Subsidence Pond Management 

Plan for specific areas

Satisfactory Risk Environment 3 3 D 9 Moderate

15 Contaminated 

Land

Contaminated land occurring on 

the site at closure

Fuel use at the site

Spills, leaks etc.

Impact on environment

Constraint for future land use

1. Above ground storage

2. Incident reporting system

3. Bioremediation area

4. Spill kits

5. PIRMP

6. Waste Management Plan 

Requires 

Improvement
Risk Environment 3 3 E 6 Moderate Phase 1 and 2 studies at mine closure Brent Baker Dec-2026

16 Air Quality Increased air borne dust resulting 

in non- compliance with consents

Dust created from earthworks during 

rehabilitation 

Complaints

Prosecution and fines, health impacts

1. Air quality management 

plan/monitoring program

2. Surface transport management 

plan.

3. Dust TARPs

Satisfactory Risk
Legal and 

Compliance
2 2 E 3 Low

17 Greenhouse 

Gas

Ongoing greenhouse gas 

emissions post-closure

LTA sealing of bores/mine entries/ventilation 

system.

Failure of seals

Greenhouse gas emissions. Community 

complaints. 

1. Borehole sealing procedure

2. Survey records

3. DRE guidelines

4.  Green house gas managemetn 

plan

5. Energy Savings Action Plan 

Satisfactory Risk Financial Impact 3 3 E 6 Moderate

18 Noise Increased noise resulting in non-

compliance with consents

Earthworks during rehabilitation Complaints

Prosecution and fines

1. Noise Management Plan

2. Noise Monitoring

3. SPL for new and introduced 

equipment

4. Rehab works planned for daytime 

only

Satisfactory Risk
Legal and 

Compliance
2 2 E 3 Low

19 Visual Amenity Impacts on the effectiveness of the 

Siding Springs Observatory

Lighting plant visible during bulk earthworks. 

Exposed areas visible and identifiable 

change to the landscape

Complaints 1. Aust std for lighting

2. Lighting impacts reduced during 

closure

Satisfactory Risk
Legal and 

Compliance
2 2 D 5 Low

20 Aboriginal 

Cultural 

Heritage

Disturbance of known/unknown 

Aboriginal sites

Unintended interaction with Aboriginal site 

due to lack of awareness

Prosecution

Loss of culturally significant site

Loss of reputation with stakeholders

1. ACHMP

2. Premit to work

3. Training/awareness (TBT)

Satisfactory Risk
Legal and 

Compliance
2 2 D 5 Low

21 European 

Heritage

No registered European heritage 

sites 

Nil - -
Risk Environment 1 1 E 1 Low

22 Agricultural 

Resources

Loss of agricultural resources 

(Class 3 land)

Mining disturbance

Possible soil contamination

Erosion and sedimentation

LTA rehab

Reduced amount of land available 

suitable for agricultural production 

Inability to relinquish lease.

1. MOP/LMP

Satisfactory Risk Financial Impact 3 3 D 9 Moderate

23 Groundwater Groundwater pollution Leaking/split hydrocarbon

Contamination during operations

Stored mine water on site/brine pumped back 

into old workings.

Saline leaching from REA

Deterioration of groundwater quality. 1. Modelling of groundwater

2. Groundwater impact assessment

3. Product selection considers 

environment as far as practical (LW 

hydraulic fluid)

4. Water Management Plan

5. Groundwater monitoring program

6. REA Capping & Closure Design 

(ATCW, 2019).

Satisfactory Risk Environment 2 2 D 5 Low

24 Groundwater Drawdown of groundwater Dewatering Reduced water levels within aquifers. 1. Modelling of groundwater

2. Groundwater impact assessment

3. Land ownership

4. Groundwater monitoring (SWL & 

quality)

5. Water Managemetn Plan

Satisfactory Risk Environment 2 2 D 5 Low

25 Drought Failure to establish rehab at 

closure

Drought conditions when completing final 

rehab

Delay rehab

Increased cost for rework

1. Rehabilitation planning. 

2. Consideration of timing of seeding

3. Endemic species seed mix
Satisfactory Risk Financial Impact 2 2 D 5 Low

26 Surface Water Reduction in surface water flows 

due to ponding on mine 

subsidence areas

Ponding as a result of subsidence Erosion resulting in increases suspended 

solids

Community complaints by users 

dependent on surface water flows

1. Extraction plan

2. Ripping, ploughing and seeding

3. Earthworks

4. Pumping and dewatering (during 

operations)

5. Subsidence Pond Management 

Plan for specific areas

Satisfactory Risk Environment 2 2 D 5 Low

27 Surface Water Discharge of saline or 

contaminated water

Leaking/split hydrocarbon

Leachate from REA

Deterioration of water quality 

Non- compliance with consents

Impacts to areas downstream

1. Oil-water separator

2. Engineering design dams

3. Contact and clean water diversions

4. Sediment dams and lined brine 

ponds

5. Proposed to pump brine back 

underground at closure.

6. Water management plan

Satisfactory Risk Environment 3 3 D 9 Moderate

28 Public safety Public access to the site prior to 

final closure

LTA fencing/gates

Deliberate entry to property

Personal injury 1. Controlled access

2. Signs

3. No voids or major excavations that 

are unmanaged

4. Ongoing subsidence rehabilitation 
Satisfactory Risk Health and Safety 1 1 E 1 Low
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29 Hazardous 

Materials and 

Dangerous 

Goods

Hazardous materials and 

dangerous goods remaining on the 

site at closure.

Failure to identify HAZMAT at closure

Requirement to demolish farmhouses

Breech of licence

Health and safety hazard

Financial cost to remedy

1. Radiation management plan 

2. Chemalert system

3. Procurement/stock management

4. Explosive management plan

5. Emergency services manifest

6. Demolition of abandoned houese on 

ML during operations

Satisfactory Risk
Legal and 

Compliance
2 2 D 5 Low

HAZMAT to be assessed as part of closure and 

demolition requirements during detailed closure 

planning

Brent Baker End 2026

30 Acid Mine 

Drainage

Failure to achieve the 

rehabilitation outcome prescribed 

in the MOP

LTA knowledge of material that may result in 

AMD.

Inability to reach closure and 

relinquishment of the lease. 

Requirement to treat water long term.

Impact on environment. 

1. Testing of material in REA

2. REA Capping & Closure Design 

(ATCW, 2019). has identified material 

as NAF

Satisfactory Risk Environment 1 1 E 1 Low

31 Final Land 

Use

Landform profile is excessive Landform batter slopes are too steep for 

livestock access

Landform becomes unavailable for 

livestock access

Not meeting post mining land use 

requirements

Failure to relinquish

Cost to rework

1. Land form design limited slope 

majority 1:5 with maximum 1:4

2. REA Capping & Closure Design 

(ATCW, 2019).

3. Exclusion of livestock until assessed 

stable

Satisfactory Risk Financial Impact 3 3 E 6 Moderate

32 Closure 

Performance

Closure performance monitoring 

indicate suboptimal results

Poor design, poor material selection and 

treatment and/or poor construction and 

vegetation

Erosional instability of capping layer with 

potential exposure of coarse reject

Cost to rework

1. REA Capping & Closure Design 

(ATCW, 2019).

2. Rehabilitation monitoring program

Satisfactory Risk Financial Impact 3 3 E 6 Moderate

33 Closure Costs Additional cover materials are 

needed increasing closure costs

Available cover materials are not adequate to 

cover the final landform

Closure provisions are not adequate

Additional cover/capping materials for 

REA are not available on-site requiring 

longer haul distances

1. Annual updates to closure costs.

2. REA Capping & Closure Design 

(ATCW, 2019) assessed shortfall.

3. Additional assessment has 

increased stripping depth to address 

shortfall

4. RCE

Satisfactory Risk Financial Impact 3 3 E 6 Moderate Topsoil stockpile balance report Brent Baker End 2021

General Insufficient skills and experience of 

rehabilitation personnel

Inadequate planning for rehabilitation Poor quality rehabilitation

Not meeting rehabilitation requirements

1.Whitehaven employs dedicated 

rehab manager.

2. Suitably qualified persons prepared 

management plans

Satisfactory Risk Environment 1 1 E 1 Low

General Lack of defined responsibilities Inadequate planning for rehabilitation Poor quality rehabilitation

Not meeting rehabilitation requirements

1. Responsibilities defined in 

MOP/Rehab Plan
Satisfactory Risk Environment 1 1 E 1 Low

General Insufficient funding for or 

prioritisation of rehabilitation 

activities

Inadequate planning for rehabilitation Poor quality rehabilitation

Not meeting rehabilitation requirements

1. RCE and internal budgetting 

processes/plans. Satisfactory Risk
Legal and 

Compliance
2 2 E 3 Low

Landform 

Establishment

Growth 

Medium 

Development

Use of inappropriate machinery in 

rehabilitation.

LTA planning and rehabilitatdion 

mangagement

Poor quality rehabilitation. 1. Rehab manager

2. MOP/Rehab Plan

3. Engage compentent personnel / 

contractors for rehab

Satisfactory Risk Environment 2 2 E 3 Low

Ecosystem 

Establishment

Lack of rehabilitation maintenance. LTA planning and rehabilitation 

mangagement

Poor quality rehabilitation.

Rehabilitation bond is not returned. 

Requirement to rework rehabilitation

1. MOP/LMP

2. Rehabilitation monitoring and 

adaptive management

3. TARP

4. Weed and pest management
Satisfactory Risk Environment 2 2 E 3 Low

Ecosystem 

Establishment

Weed infestations. LTA topsoil management,

LTA weed management

Poor quality rehabilitation.

Rehabilitation bond is not returned. 

1. Weed management and monitoring

2. Infestations identified and subject to 

weed control program

3. MOP/LMP Satisfactory Risk Environment 2 2 D 5 Low

Ecosystem 

Establishment

Damage from fauna (e.g. 

kangaroos, feral goats, etc.) and 

livestock.

LTA feral management

LTA land management

Poor quality rehabilitation.

Rehabilitation bond is not returned. 

Damage to established rehabilitation

Requirement to rework rehabilitation

1. Feral animal management 

2. Annual control program - trapping 

and baiting 
Satisfactory Risk Environment 2 2 D 5 Low

Ecosystem 

Establishment

Insufficient establishment of target 

species and limited species 

diversity.

LTA seed mix

Weed infestations and competition

Drought and adverse climate conditions

Completion criteria not met. 

Requirement for reseeding/rewowrk

Rehabilitation bond is not returned. 

1. Appropriate endemic seed mix 

identified

2. MOP / Rehab Plan 

3. Rehab Monitoring / TARP

4. Weed and Pest Management

5. Rehab planning for timing

Satisfactory Risk Financial Impact 2 2 E 3 Low

Ecosystem 

Establishment

Limited vegetation structural 

development.

LTA seed mix

Weed infestations and competition

Drought and adverse climate conditions

Completion criteria not met. 

Requirement for reseeding/rewowrk

Rehabilitation bond is not returned. 

1. Appropriate endemic seed mix 

identified

2. MOP / Rehab Plan 

3. Rehab Monitoring / TARP

4. Weed and Pest Management

5. Rehab planning for timing

Satisfactory Risk Financial Impact 2 2 E 3 Low

Ecosystem 

Establishment

Overgrazing of pasture 

rehabilitation areas

Poor land management practices. Poor quality rehabilitation

Requirement for rework

Rehabilitation bond is not returned. 

1. Fencing of rehab areas

2. Exclusion of livestock until 

stable/established.

Satisfactory Risk Financial Impact 2 2 D 5 Low
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MINE CLOSURE RISK MATRIX

Consequence 

Level Descriptor Safety Health Environment Reputation Community Compliance Economic Insignificant Minor Medium Major Catastrophic

5

Catastrophic Single or multiple fatalities Exposure to health hazards 

(significantly exceeding the OEL) 

resulting in single or multiple fatalities

Unconfined 

detrimental impact 

requiring long term 

recovery leaving major 

residual damage 

On-going severe 

impact on WHC 

reputation

On-going public 

exposure in 

Widespread mistrust / opposition 

among stakeholders setting the 

agenda for key decision makers

Cancellation of approval to operate 

imposed by regulators

Prosecutions with custodial 

sentencing

>$50M

1 2 3 4 5

4

Major Severe impairment or irreversible damage to 

one or more persons (typically a permanent 

disability injury)

Exposure to health hazards 

(significantly exceeding the OEL) 

resulting in irreversible impact on 

health with loss of quality of life 

(typically a permanent disability illness)

Unconfined 

detrimental impact 

requiring medium term 

recovery leaving 

residual damage 

(typically months)

Severe impact on 

WHC reputation

Major public 

exposure in national 

media

Significant public 

outrage

Tangible mistrust / opposition 

among stakeholders with significant 

influence on key decision makers

Irreparable damage to site or item of 

high cultural significance

Suspended or severely reduced 

operations imposed by regulators

Breach of legislation, regulation or 

approval, or repeated non- 

compliance, with high potential for 

prosecution

Systemic non- conformance with 

WHC standards with high impact

$10M -

$50M

Almost Certain A

Moderate High High Critical Critical

3

Medium Reversible injury or moderate irreversible 

damage or impairment to one or more persons 

(typically a restricted work day or lost time 

injury)

Exposure to health hazards (exceeding 

the OEL) resulting in reversible impact 

on health, or permanent change with 

no disability or loss of quality of life 

(typically a restricted work day or lost 

time illness)

Near source confined 

detrimental impact 

requiring medium term 

recovery (typically 

months)

Unconfined 

detrimental impact 

requiring short term 

recovery (typically 

weeks)

Adverse impact on 

operation’s 

reputation

Significant public 

exposure in regional 

media

Mistrust / opposition among some 

stakeholders with moderate 

influence on public opinion and 

decision makers

Reparable damage to site or item of 

high cultural significance

Non-compliance with external, or 

non conformance with internal, 

requirement with moderate impact 

and / or issue of a financial penalty

$2M -

$10M

Likely B

Moderate Moderate High High Critical

2

Minor Reversible injury requiring treatment but does 

not restrict duties (typically a medical treatment 

injury)

Exposure to health hazard resulting in 

symptoms requiring medical 

intervention and full recovery with no 

restrictions or lost time (typically a 

medical treatment illness)

Near source confined 

reversible impact 

requiring short term 

recovery (typically 

weeks)

Operation’s 

reputation is 

adversely affected 

with a small number 

of stakeholders

Local public or media 

attention and 

Tangible mistrust / opposition 

among a few stakeholders with 

some influence on public opinion 

and decision makers

Irreparable damage to site or item of 

low cultural significance

Non-compliance with external, or 

non conformance with internal, 

requirement with low impact and / or 

issue of a regulatory notice without 

financial penalty

$100K -

$2M

Occasional C

Low Moderate High High High

1

Insignificant Low level short term inconvenience or 

symptoms (typically a first aid or no treatment 

injury)

Exposure to health hazard resulting in 

temporary and reversible discomfort 

(typically a first aid or no treatment 

illness)

Near source confined 

negligible or 

temporary impact 

(typically a shift)

Low level interest 

from local media

Complaints able to 

be resolved following 

existing procedures

Tangible mistrust / opposition 

among individual stakeholders with 

minimal influence on public opinion 

and decision makers

Reparable damage to site or item of 

low cultural significance

Non-conformance with internal 

requirement with very low potential 

for impact

<$100K

Unlikely D

Low Low Moderate Moderate High

Rare E

Low Low Moderate Moderate High

Level Descriptor Description Quantification

A

Almost Certain
The event is expected to occur in most 

circumstances

Typically occurs once per day to one 

week

B

Likely
The event will probably occur in most 

circumstances

Typically occurs once per week to one 

month
Basis of Rating

C

Occasional The event should occur at some time
Typically occurs once per month to 

one year

Critical

D

Unlikely The event could occur at some time
Typically occurs once in one to five 

years

High

E

Rare
The event may only occur in exceptional 

circumstances

Typically occurs once in five to ten 

years

Moderate

Low Risks  that are below the risk acceptance threshold. No additional control measures  required. Monitoring of risks  

may be needed.

Risks  that exceed the risk acceptance threshold. Additional risk control measures  required. If further 

risk control measures  are not practicable the responsible Manager must sign off.

Risk acceptance threshold. Additional control measures  could be implemented to control risks  further. 

Active

monitoring of risk control measures  required.

Likelihood (of that event occurring with that consequence)

Risks that significantly exceed the risk acceptance threshold. Immediate attention needed, stop the job.
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