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1 EXECUTIVE SUMMARY 

In accordance with the OMP EIS Terms of Reference, MRM’s approach to the assessment of the Project’s potential 
environmental impacts has focussed on the identification, analysis and mitigation of Project risks through a whole-of-project 
risk assessment.  This has been an ongoing and iterative process, and has comprised multiple inputs and outputs, as 
summarised in Figure 1 below. 

The purpose of this Environmental Risk Assessment Report is to document the results of the Risk Review Workshop 4, a 
three-day facilitated workshop conducted by the EIS Project team from 12-14 December 2016. The team was tasked with: 

 Reviewing the results of the first three Risk Review Workshops, including the draft Project Risk register; 
 Incorporating any additional information including findings from relevant EIS impact assessment technical studies 

and other relevant third party risk assessments completed on the Project; 
 Removing potential duplicate issues where hazards and controls were identified to be similar, or not materially 

different; and 

 Consolidating all separate findings into the final Project Risk Register. 

McArthur River Mining has been active on the site since 1995 when an underground operation was commenced.  Operations 
moved to open cut after a period of time- as this allowed for greater utilisation of the resource and a longer period of 
economic benefit to the mine owners and local communities.  A Phase 3 project approval was granted in 2013 and saw an 
increase in production and operating size.   

The project currently being considered is an adjunct to the approved Phase 3 works and includes: 

 Enhanced encapsulation and stability works for the intended Overburden Emplacement Facilities (OEF) (most 
notably the North OEF / NOEF- which is increased in height to reduce the footprint); 

 Consolidation of the Tailings Storage Facility (TSF) into a smaller number of cells during its operating life and then 
conducting a retreatment campaign at the end of mine life to relocate all the tailings into the base of the (by then) 
completed open cut; 

 Relocation of smaller OEF’s into the base of the open cut at the completion of open cut mining; 

 Implementing an active management phase for the mine post operation that will complete active water / 
rehabilitation management activities, and; 

 Establishing a long term “flow through” arrangement for the McArthur river over the open cut final void (dependent 
on achieved water quality) and transfer of the lease ownership to an appropriate pastoral organisation. 

The Risk Assessment team highlighted: 

 Impacts related to potential contamination of surface waters- which could cause ongoing harm to impacted flora 
and fauna (if surface waters exceeded safe levels of these contaminants leaving the site); 

 Open cut final void contaminant levels exceeding design levels- leading to a failure of the planned “flow through” 
status for the site (with ongoing environmental threat levels and requirements for longer term site water 
management); 

 NOEF performance impaired- and similarly leading to an inability to establish the “flow through” site due to not 
achieving design performance (quality and quantity of sediment and other contaminants); 

 Losing cultural values or not achieving an acceptable landform from a cultural heritage perspective; 

 Impacts on nearby locations and broader communities arising from the final site status; 

 Ground water impacts from the site- from the NOEF and open cut final landforms; 

 Public health impacts from release of dust or fume (sourced from either OEFs or the TSF), and; 

 Potential impacts on individual members of endangered species (aquatic fauna) from the open cut final void in the 
longer term. 

Control strategies were devised for the identified issues and whilst it was noted that some of these had not been executed 
previously on the site, there was a generally high level of confidence that site threats could be adequately managed during 
operational and closure phases on the site. 

At the completion of the team session there was consensus that the project could proceed at a tolerable level of risk 
provided ongoing validation of modelling results and refinement of controls was implemented. 
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Figure 1: Project Risk Analysis Overview 
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2 DEFINITIONS 

The following table provides guidance on terms used throughout this report. 

Term Meaning 

ABCC Acid Buffering Characteristic Curve. The ABCC is determined by slowly acidifying a 
sample with dilute acid to around pH 3 over a 16 to 24-hour period. It typically only 
accounts for more readily-available carbonates such as calcite and dolomite. When 
present in sufficient quantity, these minerals will typically buffer a waste rock at near-
neutral pH, which is essential for maintaining low metal solubilities. 

AC Acid consuming 
Acid-Base Accounting 
(ABA) 

The balance between the acid-production and acid-consumption properties of a mine- 
waste material. Minerals in waste material (mostly sulphides and pyrite) react with 
water and oxygen to produce sulphuric acid. ABA consists of measuring the acid 
generating and acid neutralising potentials of a rock sample. 

AEP Annual Exceedance Probability. The probability (or likelihood) that a given total rainfall 
accumulated over a given duration will be exceeded in any one year rainfall event 

Alluvial Of or pertaining to alluvium; sand, silt, clay, gravel, or other matter deposited by 
flowing water, as in a riverbed, floodplain, delta, or alluvial fan. Alluvium is generally 
considered a young deposit in terms of geologic time. 

AMD Acid Mine Drainage. Also, called acid rock water or acid rock drainage, refers to the 
outflow of acidic water from (usually) abandoned metal mines or coal mines. Acid mine 
drainage occurs naturally within most environments as part of the rock weathering 
process. However, this is exacerbated by large-scale earth disturbances characteristic 
of mining and other large construction activities, usually within rocks containing an 
abundance of sulphide minerals. 

ANC Acid neutralising capacity 
ANCOLD Guidelines Australian National Committee on Large Dams Guidelines. 
Angle of Repose The maximum angle that a soil, sediment or other loose material can be placed or 

accumulate and be stable. The angle of repose varies for different types of materials 
and different moisture conditions 

Aquifer A geological formation bearing groundwater that is permeable (unconfined) or 
impermeable (confined) to the transmission of groundwater 

Aquifer (confined)  An aquifer that is bounded above and below by impermeable rock or sediment layers. 
There may or may not be enough pressure in the aquifer to make it an "artesian 
aquifer". 

ARD Acid Rock Drainage.  Also, called acid rock water or acid rock drainage, refers to the 
outflow of acidic water from (usually) abandoned metal mines or coal mines. Acid mine 
drainage occurs naturally within most environments as part of the rock weathering 
process. However, this is exacerbated by large-scale earth disturbances characteristic 
of mining and other large construction activities, usually within rocks containing an 
abundance of sulphide minerals. 

BoM Bureau of Meteorology 
Capping material  Clay or something similar which is put on the waste rock dump to reduce infiltration of 

water and air from reaching the contaminated rock. 
CCL Compacted Clay Layer- an engineered barrier layer with low water and air permeability 

constructed by appropriate moisture conditioning and compaction of clayey materials. 
EIA Environmental Impact Assessment 
EIS Environmental Impact Statement 
Embankment  A ridge constructed of earth, fill, rocks or gravel and used most commonly to retain 

water. The length of an embankment exceeds both its width and its height. 
EMP  Environmental Management Plan  
EMS  Environmental Management System. 
Endemic  Native to or confined to a certain region. 
Ephemeral Watercourse flows that are short-lived, often reliant upon direct precipitation input. 
Flood An overflow of water onto lands that are normally above local water levels. Can be 

caused by stream discharge exceeding the capacity of the stream channel, storm winds 
and reduced pressure drawing water from a lake or ocean onto the coastline, dam 
failure, lake level increase, local drainage problems or other reasons. 
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Term Meaning 
Fluvial Of or pertaining to rivers, including the processes by which rivers and streams, and the 

deposits and landforms created by them, arise. 
FoS Factor-of-Safety 
FMEA Failure Modes and Effects Analysis 
GDE Groundwater dependent ecosystem.  
Geochemistry  The science which uses the tools and principles of chemistry to explain the 

mechanisms behind major geological systems 
HAZOP ≡ Modified 
HAZOP 

Hazard and Operability Study- a process where a diagram or aerial photograph is 
“broken down” into logical nodes and appropriate keyword terms are applied at each 
node as stimuli to draw out potential issues from the gathered team members.  
Modified HAZOPs use different prompt terms to the Chemical industry standard of 
Pressure (High/Low), Temperature (High / Low), etc. 

Hydraulic conductivity Symbolically represented as K, is a property of vascular plants, soil or rock that 
describes the ease with which water can move through pore spaces or fractures. It 
depends on the intrinsic permeability of the material and on the degree of saturation. 
Saturated hydraulic conductivity, Ksat, describes water movement through saturated 
media 

Impermeable Layer  A layer of rock, sediment or soil that does not allow water to pass through. 
Interburden Non-ore bearing material interspersed within layers of ore 
JSA Job Safety Analysis 
KNAG Kinetic Net Acid Generation 
KPIs key performance indicators 
LOM Life of mine 
Macroinvertebrate An invertebrate large enough to be seen without magnification 
McArthur River Mine  The existing operation 
McArthur River Mine 
Overburden 
Management Project 

Proposed Project: encompasses all project aspects that vary from the Phase 3 approval  

MPA  Maximum potential acidity 
MPC  Maximum permitted concentration 
MRM McArthur River Mining 
MS-NAF (HC) Metalliferous Saline High Capacity Non-Acid Forming. Material considered at low risk 

of generating Acid Mine Drainage but higher risk of generating Neutral Mine Drainage 
and Saline Drainage.  Generally characterised by a high acid consumption capacity.  

MS-NAF(LC) Metalliferous Saline Low Capacity Non-Acid Forming. Material considered at low risk of 
generating Acid Mine Drainage but higher risk of generating Neutral Mine Drainage 
and Saline Drainage. While non‐acid forming, this material is likely to provide limited to 
no additional acid consumption capacity. 

NAF Non-acid forming. A sample of waste rock is usually defined as Non-Acid Forming when 
it has a negative Net Acid Producing Potential and the Net Acid Generation pH ≥ 4.5. 
Material classified as Non-Acid Forming is considered unlikely to be a source of acidic 
drainage. Where there is significant total Sulphur (>1%), more detailed investigation 
may be required to confirm that the Acid Neutralising Capacity measured is available at 
the same rates as acid production through sulphide oxidation. 

NAG Net acid generation. The Net Acid Generation value measures the acidity after 
oxidation and is expressed as kilograms of sulphuric acid per tonne of rock. 

NAPP  Net acid producing potential. NAPP indicates if a material has potential to generate 
ARD. It represents the balance between the capacity of a sample to generate acid 
(TAPP) and its capacity to neutralise acid (ANC). The NAPP is also expressed in units of 
kg H2SO4 per tonne ore and is calculated as follows: NAPP = TAPP- ANC 

NOEF North Overburden Emplacement Facility  
OMP Abbreviation- Overburden Management Project- the subject of this Environmental 

Impact Assessment / Statement and Application 
OCV Abbreviation- Open Cut Void- the alternatively named pit- created through the 

removal of overburden and ore at McArthur River Mine. 
PAF  Potentially acid forming 
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Term Meaning 
PAF (HC) High Capacity Potentially Acid Forming. Material considered at higher risk of 

generating Acid Mine Drainage, and is likely to have a significant capacity to do so 
PAF (R) Reactive Potentially Acid Forming. Material considered at higher risk of generating Acid 

Mine Drainage, and has the highest capacity to do so. 
Paleochannel Older river courses which were buried due to sedimentation 
Permeability A measure of how well a material can transmit water. Materials such as gravel, that 

transmit water quickly, have high values of permeability. Permeability is primarily 
determined by the size of the pore spaces and their degree of interconnection. 

pH A measure of acidity (<7) or alkalinity (>7) of a (water) sample. A relative measure of 
the acidity or alkalinity of a water based upon a logarithmic scale that ranges between 
0 and 14 with 7 being neutral. Values of pH below 7 indicate acid solutions and values 
of pH above 7 indicate basic solutions. 

Pit dewatering  The act of removing surface water or groundwater that has entered the open cut 
workings. 

Proponent McArthur River Mining Pty Ltd 
SW Surface water  
SW11 Surface Water site 11: The primary compliance point for McArthur River Mine. 
Tailings Fine wastes from the processing operation. The solid residual material after the 

processing of ore. 
TDS Total dissolved solids. 
TO Traditional Owner. 
Topography The land forms or surface configuration of a region. 
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3 INTRODUCTION 

3.1 Objectives and Deliverables 

The primary objectives of this risk assessment were to: 

 Use the risk assessment to identify items to be addressed in the Environmental Impact Statement (and 
related controls / plans); 

 Involve a cross section of MRM, subject matter experts, decision makers and key stakeholders in the issue 
(hazard) identification process; 

 Prioritise identified issues; 

 Confirm the intended control strategies meet the requirements for practicable and effective achievement of 
tolerable levels of risk; 

 Identify recommended actions for follow up; and 

 Document the process and the results. 

3.2 Client 

The client for the risk assessment is the MRM Overburden Project Manager. 

3.3 Scope 

On the 12th to 14th December 2016, a team consisting of MRM operational, technical and environmental staff and 
specialist consultants participated in a facilitated risk assessment workshop on the intended MRM Overburden 
Management Project. The scope of the workshop included:  

 Reviewing the results of the first three Risk Review Workshops, including the draft Project Risk register; 

 Incorporating any additional information including findings from relevant EIS impact assessment technical 
studies and other relevant third party risk assessments completed on the site; 

 Where third party risk assessments identified additional hazards, aligning the risk scoring of these hazards 
with Glencore’s corporate risk framework; 

 Removing potential duplicate issues where hazards and controls were identified to be similar, or not 
materially different; and 

 Consolidating all separate findings into the final Project Risk Register. 

 

The risk assessment workshop included: 

 Establishing the context including review of supporting information and objectives; 

 Identifying risks by applying the risk management techniques, of: 

 Brain writing (see 6.2  on page 13); 

 Review of earlier studies, and; 

 Modified HAZOP (see 6.3  on page 14); 

 Analysis (prioritisation) of identified risks and nomination of key potential issues; and  

 Ranking of the risks, including consideration of mitigation measures. 

3.4 External Facilitation 

The team sessions were facilitated by Dr Peter Standish of Operational Risk Mentoring- a company specialising in risk 
assessment and risk management processes. 
 

3.5 The Team 

The team met on the 12th, 13th and 14th of December 2016 at Glencore’s Queen St Brisbane offices.  A team-based 
approach was utilised in order to incorporate an appropriate mix of skills and experience to identify the potential loss 
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scenarios/issues relating to the project elements covered in the intended EIS. Details of the team members and their 

relevant qualifications and experience are shown in Table 1. 

Table 1: Team Members 

Name Role Qualifications and Experience 

Peter Standish OpRM, Principal Consultant, 
Facilitator 

Over 35 years’ industrial experience, PhD, B Eng 
(Mine), certificates of competency; Mine 
Manager, involved in over 15 Environmental Risk 
Assessments. 

Elise Anderson EA CEO Zinc 9 years’ industrial experience and administration 
for 20 years. 

Gary Taylor MRM Project Manager 
(Overburden Mgt Project) 

20 years mining experience and formal 
qualifications in Environmental Science and 
Safety 

Ryan Pascoe Environment, Safety and People 
Manager- MRM 

17 years industrial and government experience 
and formal qualifications BEnv Sc, B International 
Studies, Grad Dip Ed, Grad Dip OHS, Masters in 
Environmental Planning. 

Dave Moss MET Serve, General Manager, 
MRM EIS Coordination Project 
Manager 

15 years’ experience in Impact Assessment, all 
mining. Formal qualification in Environmental 
Management and Sustainable Development.  B. 
Env. Man (Sust Dev)(Hon). 

Jim Barker MET Serve, Principal Consultant, 
Environment 

Over 20 years’ industrial experience.  Formal 
qualifications including BSc (Env Mgt) and 
Associate Diploma in Applied Science (Resource 
Mgt). 

Pyramo 
Marianelli 

MRM EIS Team: Geochemist Over 10 years’ experience, PhD, B Sc(Hon) 

Jamie Hacker MRM EIS Team: Mining 
Engineer 

Over 20 years’ experience, B Eng (Mining) 

Scott Rathbone Senior Hydro geologist, MRM 
EIS Team 

Over 20 years’ water management in mining 
experience.  B Sc. with Masters in Hydrogeology. 

Stan Blanks Geotechnical Engineer, MRM 
EIS Team 

Over 20 years’ experience in geomechanics and 
hydro geology.  B Sc. (Geomechanics and 
Geology), Masters in Environmental Geochem (in 
process). 

Atul Jamwal Project Controls, MRM EIS Team 15 years’ experience in projects.  B Eng (Civil), 
MBA (in progress) 

Drew Herbert MRM EIS Team: Mining 
Engineer 

Over 20 years’ experience, B Eng (Mining) Hons 

Steve Rooney MRM Mining Manager Over 15 years’ experience (5-year mine manager).  
B Eng (Mine), Quarry Mgrs. Certificate WA. 

Jon Nortier MRM Mining Superintendent Over 10 years’ experience (5-year mine manager).  
B Eng (Mine), Quarry Mgrs. Certificate WA. 

Karen 
Heazlewood 

MRM Civil Engineer Mining industry for 6 years and B Eng (Civil) 

John Andreatidis MRM Process and Port Manager 30 years’ industrial experience (base metals).  B 
Eng (Met), MSc. 

The team members also shared their “goals” at the start of the session- which were reviewed towards the end of the 
process to confirm that all key points had been covered.  Some ongoing work was identified as being required- but the 
consensus was that the processes applied had been rigorous and should meet the intent of practicably delivering an 
environmentally sound landform at the MRM site.  
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4 ESTABLISH THE CONTEXT 

4.1 Project Context 

McArthur River Mining has been operating in the Northern Territory since 1995, when an initial underground mining 
operation commenced.  This underground operation continued until 2006.  Open cut operations commenced in 2005 
with a test open cut developed.  This open cut was subsequently extended in 2006 when underground mining ceased. 

More information on the mine and its operation can be found on the company’s website: 
http://www.mcarthurrivermine.com.au/.  

4.2 Risk Management and Organisational Context 

McArthur River Mining is committed to achieving a compliant mining operation at a tolerable level of risk.  To this end 
all activities are carefully considered during the design phase to identify potential risks and related controls.  This 
carries over into execution phases with the goal of achieving sustainable development in all their activities.  Figure 2 
below shows the location of the operational areas on the site.  These areas are where the proposed activities through 
operations and closure would occur including: ongoing mining; overburden placement, in-pit overburden dumping; 
reprocessing of tailings; rehandling of overburden and tailings into the open cut; rehabilitation, and; an Adaptive 
Management phase until finally establishing a “flow through” water management system through the water filled 
mine pit lake (after confirming that acceptable levels of contaminants will be present in any downstream locations). 

Figure 2: McArthur River Mining General Arrangement of OMP and Site Features 
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4.3 Key Assumptions 

The identification of key assumptions is a critical part of the risk assessment process- forming the basis for many 
engineering/project decisions. It is important that these assumptions are validated and reviewed as part of the risk 
management process. Key assumptions applied during the risk assessment process were: 

 The modelling results available at the time of the team session represented an acceptable basis upon which to 
form opinions on the credibility of various site conditions arising from the project, both for the short and long 
term. 

5 METHOD (KEY STEPS) 

The key steps in the risk assessment process were: 

1. Desktop review of earlier Risk Assessment studies and available technical reports on the Project by the 
facilitator prior to the team session; 

2. Development of a scope- aligned with the EIS Terms of Reference; 
3. Facilitation of a team-based analysis to evaluate and treat risks, comprising: 

a. an open discussion with the team on “what do we want to achieve” in relation to the analysis; 
b. presentation by MetServe on the Project and related environmental impacts identified in earlier studies; 
c. brainstorming (writing) to capture general issues; 

d. review of earlier risk assessment studies / generated issues (which also filtered the brain writing issues 
prepared by the team); 

e. modified HAZOP: Reviewing an aerial photo view of the mine and surrounds to identify potential surface 
features which could contribute to/be affected by the Project; 

f. cross mapping to the applicable EIS Terms of Reference requirements to confirm that no relevant issues 
had been missed; 

g. prioritisation of items to identify more significant issues for closer consideration; 

h. risk ranking of the outcomes shown in Table 6 later in this document; 
i. identification of existing and planned additional controls to mitigate risk levels to a tolerable state; and 
j. generation of follow up items for consideration by the client (for items that were identified as out of scope 

or which required further engineering / study before any decision could be made on them); 

4. Complete draft report to AS/NZS ISO 31000: 2009 standard for review by personnel; and 
5. Finalise the report and issue as a controlled copy for ongoing use. 

 

6 IDENTIFYING HAZARDS AND ISSUES 

6.1 Background Analysis of Documents 

The various documents and information provided in the Phase 3 Environmental Impact Statement were reviewed to 
determine the nature of specific threats and controls identified for the operation. 

Earlier risk assessment studies were consolidated to provide a set of issues that were uniquely referenced (by OpRM) 
to allow the interested reader to map back from this summary study to the detailed source study which identified the 
particular issue.  The points raised are given in Table 8 later in this report. 

6.2 Brain Writing 

Brain writing is a technique based on the work of de Bono (who built on the work of Alex Faickney Osborne) and is 
intended to promote creative thought amongst a group of people. As applied by Operational Risk Mentoring, the 
process involves: 

1. Quiet reflection- where individuals write their thoughts on the subject onto paper or card(s); 
2. Group discussion- with each person in the team taking a turn to read out one of their issues- and then 

refinement of each issue based on input from other team members who had similar items on their list; and 
3. Key word association (where relevant) to identify additional Issues for the register based on connection with 

the subject.  
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6.3 Modified HAZOP 

An aerial photograph of the mine was used to identify potential environmental impacts- with key word prompts 
connected with the various aspects of potential harm. The output from this process was added to the over-arching risk 
register from the team session (shown in Table 6 below).  

6.4 Terms of Reference Cross Map 

The main guidance information considered was comprised of the following items: 

 Chapter 4 of the EIS Terms of Reference material (from Pages 5 to 16) and covering: 
o Required Risk Assessment approach; 
o Key risks to consider; 
o Water; 
o Biodiversity; 
o Rehabilitation and Mine Closure; 
o Human Health and Safety; 
o Socio-economic impacts, and; 
o Other Risks. 

This document provided a range of points which were considered by the team and either confirmed as having been 
addressed or used to generate additional issues (hazards or controls) for consideration. 

 

7 ANALYSE RISK 

Analysis of identified issues requires the stakeholders to determine the risk that the identified threat poses to the 
organisation or the importance of the potential control. 

Risk analysis involves determining the consequences or impact of a potential event occurring in combination with the 
likelihood of that event occurring. The result is a “level of risk” defined by the following. 

Level of Risk = Consequence x Likelihood 

There is an inherent risk (i.e. before any controls are implemented) and a residual risk (i.e. after controls are 
implemented).  The elements of risk level determination are as follows: 

1. Consider the causal pathway- the balance between the intensity and frequency of the cause(s) and the 
preventative controls in place to prevent them from becoming incidents; 

2. Identify existing mitigating control strategies and tactics that act to reduce or limit negative outcomes from 
an incident; 

3. Determine the consequences of the outcome reached by the causal pathway- with a negative impact or an 
opportunity. Where appropriate, the causal pathway considered should identify the dimension upon which is 
impacted (e.g. outcome is related to harming people, natural environment, property, process continuity, 
etc.); 

4. Determine the likelihood of the outcome being reached- giving balance to the cause, preventative and 
mitigating controls for a negative consequence or positive opportunity occurring. Likelihood is defined as the 
product of the probability of the event occurring and the overall exposure to the event; 

5. Estimate the level of risk of an outcome by combining the consequence and likelihood rankings using the risk 
matrix; and 

6. Identify and consider any uncertainties in the estimates, validate these where appropriate. 

This technique was applied to reach the risk scores shown in Table 6. Note that in some instances the risk levels were 
not scored- which flows from guidance including: 

 Uncertainty- if the causal pathway cannot be clearly described- any estimation of risk levels would be 
misleading, and the matter should be referred as an action to the Client to more clearly determine the level 
of risk; 

 Being Control Related- where an issue such as failing to follow a procedure or a detection system not 
functioning are identified. In this case, it is impossible to generate a meaningful risk score, as it requires the 
combination of the probability of the control failing AND the causal pathway being “traversed” at the same 
instant in time- which is rarely assessable in a team environment; and 

 Being Undefined- where a causal pathway has no clear outcome and so no meaningful risk score can be 
assigned. 
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7.1 Prioritisation 

The key potential hazards/issues were identified through a “voting” system whereby team members were assigned a 
number of “votes” to allocate to what they considered to be the key hazards/issues. 

Based on Operational Risk Mentoring’s review of fatality and incident data, comparing the number of root causes 
implicated in losses against the number identified in predictive analyses, a division of 90:10 is indicated. That is 90% of 
the losses arise as a result of 10% of the issues (root causes etc.)1. 

Some 10% of the total number of points raised were then issued to the team members as “votes” which they could 
allocate against the various individual points. 

The results of this output are shown in Table 2, ordered by descending vote frequency with the nominated aspect 

area included. This provided a method for the team to identify and sort initial concerns at an early stage. The resulting 
level of risk is summarised in the Risk Treatment Plan in the Appendices.  The team also allocated also identified items 
which have been referred to the client to address outside this study- as they dealt dominantly with business or 
political issues- points outside the scope of this study. 

 

Table 2: Priority Issues 

Ref Hazard Impact Priority 

BB02 
Major changes in design of NOEF and other 
final landform features 

Benefits to the community may be less than 
previously expected as a result of the increases in 
costs to the Proponent associated with changes to 
management requirements of the problematic 
material; (Community) 

8 

BB75 
Future requirement to meet more stringent 
water discharge license conditions than 
current 

Leading to inability to relinquish site   8 

BB04 
Failure to meet stakeholder expectations in 
regards to management of cultural heritage 
site MRM4 

Loss of or impact to cultural heritage site 
(particularly MRM 4). 

6 

BB05 
Failure to meet stakeholder expectations 
for landform (cultural significance) in 
regards to the height of the NOEF.   

Unacceptable change in the landform from a 
cultural perspective. 

6 

BB27 

Due to deeper geotechnical failure and 
exposure of reactive material under the 
cover system and generating a higher than 
acceptable geochemical loading from 
facility 

Poor quality discharge from the NOEF leading to 
failing water quality commitments at SW11. 

6 

BB28 

Deeper geotechnical failure and exposure 
of reactive material under the cover system 
of the NOEF which generates a higher than 
acceptable geochemical loading from 
facility. 

Poor quality discharge from the NOEF leading to 
failing water quality commitments at SW11. 

6 

BB29 

Deterioration in mine site seepage and/or 
runoff water quality beyond current 
estimates.    
Cause is changes in the AMD from the 
NOEF. This may be due to:  changes in the 
PAF/NAF ratio; and/or changes in the 
chemical reactions occurring 

Uncontrolled releases of contaminated water from 
mine site to McArthur River and/or controlled 
releases that do not comply with the water quality 
criteria of the discharge license 

6 

BB46 
Water treatment plant’s inability to treat 
seepage waters during operations. 

Leading to change in chemistry within open cut 
lake (post operations) and changes in the U/G 
reservoir (all phases) and inability to meet water 
quality criteria. 

6 

 
1  This division is more pronounced than that determined by Vilfredo Pareto in 1906 – and the taxonomy of this difference 
has not been researched at this stage. The team generally acknowledged that the items given priority in the process plausibly 
represented the vast majority of the potential risk/reward in the subject area. 
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Ref Hazard Impact Priority 

BB48 
Spontaneous combustion of overburden 
within the NOEF 

Release of SO2 and other products of combustion 
from the dump and affecting nearby receptors. 

6 

BB06 
Inadequate characterisation and prediction 
of Tailings properties, groundwater inflow, 
and / or water quality (long term)  

Leading to incorrect open cut lake water quality 
predictions, unknown fate of contaminants of 
concern (COC's).  Mechanisms for ground water 
flow rates / directions. Surface and Ground water 
interaction. 

4 

BB30 

Higher than acceptable geochemical 
loading from facility due to inadequate 
construction QA/QC for EXISTING NOEF 
foundation 

Failing to meet water quality requirements. 4 

BB01 

North Overburden Emplacement Facility 
and Tailings Storage Facility releasing 
contaminated waters above acceptable 
levels 

Potential negative social and economic impacts to 
the Roper-Gulf region and the Northern Territory 
associated with environmental degradation. 

3 

BB07 

Tailings leachate from Cell 2, with tailings 
leachate reporting to groundwater during 
operations and ultimately to surface 
drainage down-gradient, or an uncontrolled 
release occurs due to high flow event 

Water quality impacts on impacts on groundwater 
and surface drainage down-Gradient.  Mainly 
elevated SO4, salts and electrical conductivity, and 
possibly Zn and Mn. Could include acid and 
elevated metals if tailings acidify 

3 

BB69 
Failure to achieve groundwater quality 
requirements 

Leading to inability to relinquish site 3 

BB79 

Due to closure cover system not meeting 
water transport requirements and further 
oxidation products being developed within 
the NOEF 

Higher than acceptable geochemical loading from 
facility  

3 

BB81 
North Overburden Emplacement Facility: 
General operations, failure of dust 
suppression, and air quality 

Potential nuisance and human health issues 
associated with air quality, including dust and air 
pollutants such as sulphur dioxide, 

3 

BB85 Higher than acceptable batter erosion rates 
Leading to lower degree of saturation in CCL than 
design specifications, and leading to higher O2 
ingress 

3 

BB86 
Higher than acceptable sediment loading 
from facility 

Due to erosion of closure cover system on West 
and South sides, leading to failing water quality 
commitments 

3 

BB31 
Interaction between new and existing 
elements of the NOEF; e.g. hot spots and 
propagating issues. 

Propagation of spontaneous combustion to new 
dump and desiccation of barrier layers leading to 
cracking, ingress of water and high oxidation rates, 
then to increased release of contaminants resulting 
in failure to meet water quality requirements at 
SW11 

2 

BB32 

Failure of WOEF cover through: 
- erosion 
- slumping,  
- differential movement, and/or  
- undermining of WOEF due to extreme 
flooding event, leading to exposure of MS-
NAF and PAF materials 

Acid, saline and metalliferous drainage from 
unexpected part of the WOEF and consequent 
impacts related to contamination of waters 
(ultimately with environmental impacts related to 
groundwater; terrestrial and aquatic ecosystems; 
rehabilitation success). 

2 

BB41 
Pit Lake water quality impedes ability to 
achieve acceptable downstream water 
quality 

Leading to inability to relinquish site. 2 

BB73 
Higher than acceptable geochemical 
loading from facility 

Due to failure of surface water management 
system within/around the NOEF, leading to failing 
water quality commitments. 

2 

BB08 
Ingress of Fresh Water Saw Fish to the Pit 
Lake. 

Fish kills including Fresh Water Saw Fish due to 
their entry to poor quality water in the Pit Lake. 

1 
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Ref Hazard Impact Priority 

BB33 
Geotechnical failure of the open cut wall 
with the final void water storage partially 
filled (short term 0-30 years)  

Leading to loss of functionality of levee on west 
side and failure to meet downstream water quality 
objectives, resulting in water inflows during flood 
and release after flood. 

1 

BB55 
Failure to protect Indigenous cultural 
heritage places/features  

Leading to failure to meet closure objectives 1 

BB60 

Lack of understanding of the fate of ground 
water contaminants, particularly around 
the mine void and locations around the 
site. 

Uncertainty in water quality and discharge; 
inability to manage the water flows / dewatering 
requirements. 

1 

BB80 
Long term post closure monitoring and 
maintenance costs 

Current closure costs allow for period of 25 years’ 
post closure water monitoring with limited costs 
associated with management and maintenance of 
the site. Costs insufficient to manage and maintain 
the site post closure.   
Management of the site declines and failure to 
undertake regular maintenance results in failure of 
cover system and/or structures resulting in impacts 
to terrestrial and aquatic environments. 

1 

7.2 Referred Issues 

Issues raised during the risk assessment workshop brainstorming that were outside the scope of the risk assessment 
are considered to be ‘referred issues’ and have been forwarded to the client for consideration in different site 
processes. 
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8 ASSESS RISK 

8.1 Risk Acceptability and Risk Criteria 

The ‘tolerability’ of a risk is the willingness to live with a risk to secure benefits, on the understanding that the risk is 
being properly controlled (HB 203:2006- Environmental Risk Management- Principles and Process). Legislation and 
good practice is targeted to reduce risk to “As Low as Reasonably Practicable” (ALARP). ALARP is often interchanged 
with “As Low as Reasonably Achievable” (ALARA). 

The purpose of risk criteria is to allow the organisation to clearly define unacceptable levels of risk, or conversely the 
level of risk which is acceptable or tolerable. The risk criterion enables the organisation to prioritise actions proposed 
to control the risk during the risk assessment- leading to the development of the Risk Treatment Plan (Appendices).  

The ALARP principle, as represented in the diagram below, was developed to assist in the definition of the 
acceptability of risk and to demonstrate that an organisation has done all that is practicable in reducing the level of 
exposure to a risk. More often this is done qualitatively rather than as a quantitative probability as shown on the right-
hand side of the diagram presented in Figure 3. A risk may be tolerable in the ALARP zone if the cost of reducing or 
removing the risk is disproportionate to the benefits gained. 

 

Figure 3: Risk Criteria “ALARP” 

 

 

Note- the numbers shown in this figure are expected probability of a fatality per year. 

 

8.2 Risk Ranking 

The risk ranking likelihood, consequences and risk matrix considered by the team during the ranking process used a 
process of selecting Ordinal values for Consequence (refer to Table 3) and Likelihood (Probability see Table 4) and 
then combining these into a heat map type of matrix which gives a qualitative level of risk based on these inputs as 
shown in Table 5. 

 

A level of risk that cannot be justified on any 
grounds. 

Tolerable only if risk reduction is impracticable or if its 
cost is grossly disproportionate to the improvement 

gained. 
 

Tolerable if cost of risk reduction would  
exceed the improvement gained. 

Negligible Risk 

Intolerable 
Region 

The ALARP 
Region 

Broadly Acceptable Region 
(No need for detailed  
working to demonstrate 
ALARP) 

1 x 10-3 

1 x 10-5 
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Table 3: Consequence Ratings 

 Health & Safety Environment Community Legal 

5 Catastrophic 
Multiple cases of 
permanent total disability 
/ health effects 

Environmental 
damage or effect 
(permanent; >10 
years) 
Requires major 
remediation 

· Negative media 
coverage at 
international level 
· Loss of multiple 
major customers or 
large proportion of 
sales contracts 
· Loss of community 
support 
· Significant negative 
impact on the share 
price 

Major litigation / 
prosecution at 
Glencore corporate 
level 
Nationalisation / loss 
of licence to operate 

4 Major 
· Fatality or permanent 
incapacity / health effects 

· Long-term (2 to 10 
years) impact 
· Requires 
significant 
remediation 

· Negative media 
coverage at national 
level 
· Scrutiny from 
government and 
NGOs 
· Complaints from 
multiple “final” 
customers 
· Loss of major 
customer 
· Loss of community 
support 
· Negative impact on 
share price 

· Major litigation / 
prosecution at 
Division level 

3 Moderate 

· Lost time / disabling 
injury / occupational 
health effects / multiple 
medical treatments 

· Medium-term (<2 
years) impact 
· Requires moderate 
remediation 

· Negative media 
coverage at local / 
regional level over 
more than one day 
· Complaint from a 
“final” customer 
· Off-spec product 
· Community 
complaint resulting 
in social issue 

· Major litigation / 
prosecution at 
Operation level 

2 Minor 

· Medical Treatment 
Injury (MTI) / 
occupational health 
effects 
· Restricted Work Injury 
(RWI) 

· Short-term impact 
· Requires minor 
remediation 

· Complaint received 
from stakeholder or 
community 
· Negative local 
media coverage 

· Regulation 
breaches resulting in 
fine or litigation 

1 Negligible 
· First Aid Injury (FAI) / 
illness 

· No lasting 
environmental 
damage or effect 
· Requires minor or 
no remediation 

· Negligible media 
coverage 

· Regulation 
breaches without 
fine or litigation 
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Table 4: Likelihood Rankings 

 Likelihood 

 E- Rare D- Unlikely C- Possible B- Likely A- Almost Certain 

Life Time 
Unlikely to occur 
during a lifetime 

Could occur 
about once 
during a lifetime 

Could occur 
more than once 
during a lifetime 

May occur about 
once per year 

May occur several 
times per year 

Project 
or trial 

Very unlikely to 
occur 

More likely NOT 
to occur than to 
occur 

As likely to occur 
as not to occur 

More likely to 
occur than not 
occur 

Expected to occur 

New 
Process 

No known 
occurrences in 
broader 
worldwide 
industry 

Has occurred at 
least once in 
broader 
worldwide 
industry 

Has occurred at 
least once in the 
mining / 
commodities 
trading industries 

Has occurred at 
least once within 
Glencore 

Has occurred 
several times 
within Glencore 

 

Table 5: Risk Ranking Matrix 

 E D C B A 

5 15 (M) 19 (H) 22 (H) 24 (H) 25 (H) 

4 10 (M) 14 (M) 18 (H) 21 (H) 23 (H) 

3 6 (L) 9 (M) 13 (M) 17 (H) 20 (H) 

2 3 (L) 5 (L) 8 (M) 12 (M) 16 (M) 

1 1 (L) 2 (L) 4 (L) 7 (M) 11 (M) 

 

As part of assigning a ranking for each identified issue a brief Ranking Basis entry is included.  This is intended to 
improve the understandability and repeatability of ranking by subsequent readers / reviewers of the assessment. 

 

Also, included in the register- presented in the Appendices at Table 6 on page 25 is information on the team’s 
perceived confidence in their ranking score.  Values from L = Low, M = Medium, and H = High are presented- together 
with some brief guidance on the basis upon which the confidence level was determined. 

 

9 TREAT RISKS 

A systems approach to the treatment of risks involves consideration of three aspects: 

1. Areas of Intervention (Prevention, Monitoring, Mitigation, Response/Recovery); 
2. Wheel of Safe Production (Nertney Wheel); and 
3. Sequence of Barriers (Hierarchy of Controls). 

Detail of the output of these considerations is given in Table 6 later in this report.  A selection of controls to reduce 
the likelihood of the hazard occurring were made with due regard to their prospective reliability. That is, installing 
engineering modifications is a superior control to relying on operator training efforts. As part of the process, existing 
controls are assessed and recommendations for amendments or additions made where these existing controls are 
deemed unacceptable or inadequate.  

Further, the prospective reliability of the controls identified as issues were also reviewed. These controls were 
qualitatively reviewed by considering their position on the hierarchy of controls, the ability to detect any deterioration 
in the control and the ability to mitigate this deterioration.  

The quality of risk treatment was also included in ranking considerations (and stated so when relevant). 
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9.1 Risk Treatment Plan 

The Risk Treatment Plan given in the Appendices at Table 6 on page 25 shows the risk evaluation results, identified 
controls and related confidence levels.   A summary of the scores developed by the team is presented in Figure 4.  This 
Figure highlights that based on the team’s risk scoring there is a reduction of risk scores from some which were high, 
the majority which were medium and a few which were low to Post EIS approval and implementation of practicable 
controls the spread of risk scores is primarily Low with some Medium and no High values. 

Figure 4: Comparative Count of Risk Scores- Inherent R(I) and Residual R(R) 

 

 

10 MONITOR AND REVIEW 

10.1 Nominated Coordinator 

The nominated coordinator is the MRM Environmental Project Manager. The coordinator should encourage all parties 
who attended the risk assessment team session to review this report and the identified hazards / issues and proposed 
mitigation measures- commenting as needed. 

The nominated coordinator should also: 

1. Review the report to confirm the accuracy of the material recorded from the team session; 
2. Provide feedback to the parties who attended the risk assessment on any decisions which may be different 

from team expectations/recommendations raised on the day; and 
3. Monitor the completion of the additional actions to confirm there is close out of each action.  

10.2 Implementation Review Plan 

It is important to confirm the controls and actions identified are appropriately managed. The expectation of the team 
was that: 

1. Appropriate personnel would be allocated for implementation of recommended actions in a timely manner for 
completion; 

2. Any assumptions are validated by the client or other MRM decision makers; and  

3. Action items would be appropriately resourced and implemented. 

MRM can make modifications to the recommended actions, but these should be done considering the risk 
management framework. Where a change is required, the basis for the change and a desktop review to assess if the 
risk of the underlying hazard remains tolerable is required. 
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10.3 Communication and Consultation 

Communication and consultation form an integral part of the risk management process. It is the Client’s responsibility 
to confirm that this report is shared with all participants involved in the process and other stakeholders as appropriate 
throughout the life cycle of the study subject area. 

10.4 Concluding Remarks 

A significant goal of the risk assessment process was to identify and analyse the environmental hazards with rigour. 
The desired outcome was to identify risks and their controls to allow for site operations to occur whilst meeting 
operational and closure objectives.  

This outcome was achieved by following the risk assessment process described within this document. 

Ongoing review will be needed to manage the referred items identified, and to confirm that subsequent risk 
management activities are conducted as required.
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12 APPENDICES  

The following sub sections present the detailed information generated by the process.
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12.1 Risk Register 

The following Risk Register was developed by the team during the session on the 12th to 14th of December 2016.  The intent of the tables presented below are: Table 6 gives the consolidated output from the Team session of 12-14 December 2016; Table 7 gives a 
cross map between earlier study items considered by the team and the items in Table 6, and; Table 8 gives a listing of all the items identified in earlier studies. 

Table 6 contains the assessment by the team that met 12-14 December.  The headings in this table have been shortened to improve formatting, and some abbreviations have been applied.  P, C, and R stand for Probability (or Likelihood), Consequence, and Risk 
score respectively.  The bracketed (I) indicates Inherent values and bracketed (R) indicates Residual values.  Conf in the headings is a shortening of Confidence.  In the table: H&S = Health and Safety; Comm = Community; Env = Environment(al), and; Reg = 
Regulatory.  Cost is synonymous with Financial throughout.  The table row order is based on the Inherent Risk score- with High (Red) rows appearing before Medium (Yellow) and Not Ranked scores, with Low (Green) rows at the bottom of the table. 

Table 7 contains a cross map between Table 6 and the earlier studies conducted, and Table 8 contains a paraphrased listing of all the issues identified in the earlier studies. 

 

Table 6: Risk Ranking and Treatment Table 

Ref Hazard Impact Existing (Pre-OMP EIS) Controls Risk Type P(I) C(I) R(I) Conf(I) Additional (Post OMP EIS) Controls P(R) C(R) R(R) Conf(R) Ranking Basis 

BB95 
Mining below 
groundwater 
level. 

Leads to drawdown 
in adjacent McArthur 
River and creeks, 
with reduction in 
habitat availability 

Monitoring of groundwater levels. 
Groundwater drawdown modelling. 

Env A 3 H-20 

M - 
conceptual 
design not 

yet 
implemented. 

Assessment of drawdown effects during 
mining phase including change in river 
height and fauna response. This should 
include a comparison to historical dry 
season water heights at permanent 
waterholes (e.g. Djirrinmini Waterhole). 
Supplementary flow provided to 
permanent refuge pools (e.g. Djirrinmini 
Waterhole) should drying of river 
channel adjacent the pit be seen to be 
atypical of seasonal variation. 

C 3 M-13 

M- modelling 
conducted with 
a large range of 

inputs and 
some 

uncertainty 

Inherent basis- 
Drawdown predicted to 
occur during mining and 
open cut filling phases 
(up to 2047).  
Modelling predicts 
groundwater drawdown 
at Djirrinmini to be a 
maximum of 0.7 m and 
that recovery will occur 
within ten years after 
termination of mining 
(KCB 2016a). As a 
majority of Djirrinmini 
has less than two metres 
water depth in the late 
dry season, a decrease 
of 0.7 m will reduce 
available habitat. 
Slow filling of open cut 

 
Residual basis- As per 
inherent but have rapid 
filling. 
Open cut drawdown 
decreases rapidly once 
filling has commenced 
(KCB 2016b). 

BB41 
Poor mine pit 
lake water 
chemistry 

Leading to inability to 
relinquish site 

Phase 3 approval - an isolated void 
Env and 

Cost 
C 

Env 5 
 

Cost 1 

H-22 
 

L- 4 

H- based on 
slow fill of 

OCV and long 
term 

certainty of 
over topping 

the levee 

Option to maintain or revert back to 
open cut closure Alternative 6 (isolated 
void)- water level management and / or 
ongoing treatment. 

D 
Env 3 
Cost 4 

Comm 3 

M-9 
M-14 
M-9 

M- modelling 
conducted with 
a large range of 

inputs and 
some 

uncertainty 

Inherent basis   high 
probability of low quality 
open cut lake water with 
a slow fill. 
Residual basis- ongoing 
water management 
being able to restrain 
the environmental 
impact, but elevated 
media attention (and 
subsequently costs) with 
inability to meet 
commitment. 
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Ref Hazard Impact Existing (Pre-OMP EIS) Controls Risk Type P(I) C(I) R(I) Conf(I) Additional (Post OMP EIS) Controls P(R) C(R) R(R) Conf(R) Ranking Basis 

BB96 

Inappropriate 
storage and 
disposal of 
waste rock leads 
to 
contamination 
of surface water 
and 
groundwater 
systems 

Contamination of 
surface water and 
groundwater systems 
through exposure to 
metalliferous or high 
acidity contaminants 
or outflow of 
contaminated waters 
Extensive and long-
term effects on 
downstream water 
quality (adjacent 
Creeks and McArthur 
River) and 
exceedance of SSTV’s 
Influence on water 
pH and thus metal 
bioavailability and 
toxicity 
Extensive adverse 
lethal and sub-lethal 
effects on aquatic 
fauna including listed 
threatened species;  
Extensive adverse 
effects on aquatic 
habitat quality’. 

NOEF design includes encapsulation of 
high risk materials to limit oxidation and 
seepage of oxidation products into 
groundwater and surface water systems. 
NOEF performance objectives include 
physical stability of structure. 

Env C 4 H – 18  

NOEF performance objectives include 
chemical stability through material 
placement and compaction techniques, 
cover system designs, seepage 
collection and treatment structures. 
In-pit grade control of all overburden at 
the blast block level is undertaken to 
validate classification prior to load and 
haul operations. 
The geochemistry of benign rock used as 
covers on OEFs is monitored monthly to 
ensure correct waste placement. 
Ongoing periodic monitoring of NOEF 
stability and maintenance.  
Ongoing frequent monitoring of 
groundwater and surface water in 
proximity to the NOEF and downstream. 
This should include fate and transport 
studies to determine pathways and 
rates of transport of contaminants of 
concern. 
Adaptive management allows for 
contingency planning and remediation if 
unacceptable impacts on the receiving 
environment are predicted or measured 

D 4 M-14  

The internal architecture 
of the NOEF places 
highest risk materials 
furthest away from the 
receiving environment, 
with progressively lower 
risk materials placed 
toward the final outer 
surface. 
Despite the proposed 
encapsulation some 
interaction of non-
benign material and 
groundwater may still 
occur.  
MRM waste 
classification system 
sees various 
classifications of waste 
handled and stored 
under conditions specific 
to the classification.  
Seepage collection and 
treatment structures aim 
to reduce volumes of 
water entering 
groundwater or surface 
water systems. 
Design will limit the 
seepage of water 
through NOEF to reduce 
destabilising effects and 
cartage of contaminants 

BB50 Site wide flood 
Overload of adaptive 
management 
controls (Long Term). 

Phase 3 - an isolated void with passive 
filling 

Com & Reg B Env  4 H-21 

H- existing 
systems in 
place and 
working. 

Site closure strategy. Adoption of 
adaptive management and reactive 
management principles. 

A 

Env 1 
 

Reg  2 
 

Comm 2 

M- 11 
M- 16 
M- 16 

M- assumes 
lake is flow-

through quality 

Inherent basis- high 
probability of low quality 
mine pit lake water with 
a slow fill. Assumes no 
>500 year flood to rapid 
fill with fresh water until 
lake is already full of 
poor quality water. 
Residual basis- long-term 
site plan is for flow-
through mine pit lake so 
levee overtopping is not 
relevant apart from 
power station damage. 
Assumes successful 
transition from Option 6 
(closed lake) to flow 
through variants. 
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Ref Hazard Impact Existing (Pre-OMP EIS) Controls Risk Type P(I) C(I) R(I) Conf(I) Additional (Post OMP EIS) Controls P(R) C(R) R(R) Conf(R) Ranking Basis 

BB97 

Seepage from 
NOEF including 
PAF material 
giving rise to 
acidic seepage 

Creation of 
groundwater mound 
affecting flow regime 
in adjacent creeks; 

Seepage results in 
contaminant transfer 
in groundwater with 
adverse effects on 
groundwater and 
surface water 
quality;  

Acid seepage results 
in direct toxicity to 
aquatic fauna 
including listed 
threatened species;  

Acid seepage results 
in pH decreases 
which increases 
bioavailability and 
toxicity of metals to 
aquatic fauna;  

Adverse impacts on 
aquatic habitat in 
adjacent Creeks and 
downstream 
including the 
McArthur River;  

Loss of Barney Creek 
and McArthur River 
habitat; Non-
compliance with 
SW11 SSTV’s. 

NOEF design includes encapsulation of 
high risk materials to limit oxidation and 
seepage of oxidation products into 
groundwater and surface water systems. 

NOEF design aims to manage key risks 
including generation of acid by 
encapsulating high risk materials and 
reducing exposure to oxygen.  

Env C 4 H-18  

The NOEF is designed to limit seepage 
through basal foundation preparation, 
construction methodologies (including 
alluvial barriers) and the final cover 
system (see O’Kane 2016b). 

Seepage mitigation systems as required 
to meet MRM’s objective. These may 
include interceptor drains and recovery 
bores. 

Ongoing monitoring of groundwater 
bores surrounding the NOEF. 

Ongoing monitoring of surface water in 
Barney Creek and downstream. 

Installation of sumps in Barney Creek 
(mainly BCS2) will ultimately capture 
seepage which had entered Barney 
Creek. 

D 3 M-9  

Significant waste rock 
buffering capacity, 
therefore not 
anticipated to produce 
large amounts of AMD. 
Post closure, NOEF cover 
system design based on 
a moisture store-and-
release’ and ‘barrier’ 
concept. A dense low 
permeability clay layer 
will reduce percolation 
through the NOEF. 
Seepage results in high 
sulphate (and zinc) 
concentrations in Barney 
Creek. Barney Creek 
sumps will effectively 
capture runoff during 
low flow periods and 
prevent its entry into the 
McArthur River. 
Modelling predicts that 
post closure (and after 
TSF rehabilitation) 
monthly median 
sulphate concentrations 
will exceed the SW11 
SSTV’s between January 
and August 2101-2500 
(WRM unpublished). 
Maximum 
concentrations are 
recorded when river 
discharge is at its lowest.  
Modelling predicts 
sulphate concentrations 
will only exceed the 
SSTV’s in months of 
lowest discharge. 
Pristis pristis has not 
been captured in Barney 
Creek during targeted 
surveying conduced 
since 2006, and Barney 
Creek does not 
represent favourable 
habitat for the species. 
As such the likelihood of 
occurrence is considered 
to be very low. 
Barney Creek is 
ephemeral and is not 
considered critical 
habitat for any species in 
the McArthur River 
catchment. In the event 
Barney Creek habitat 
become unsuitable for 
sustaining aquatic fauna 
this is unlikely to have a 
population level effect 
on any species. 
Capture of seepage in 
the Barney Creek will 
prevent waters entering 
the main channel 
McArthur River. During 
peak flows water 
entering the McArthur 
River from Barney Creek 
will be highly diluted. 
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BB98 

Increased 
holding capacity 
creates 
groundwater 
mound 

Increased mass of 
tailings raises 
groundwater 
level/expression 
leading to altered 
flow regime of 
adjacent ephemeral 
creeks;  

Increased release of 
earth laden and mine 
derived sulphates 
leading to increase in 
EC in adjacent 
ephemeral creeks;  

Adverse effect on 
Surprise Creek 
aquatic habitat 
quality through 
increase in EC;  

Alteration of natural 
flow and drying 
regimes via 
alteration of 
groundwater level;  

Adverse effect on 
fauna distribution 
and dispersal 
through exceedance 
of fauna tolerance. 

- Tailings management includes limiting 
ponding of water on the TSF, improving 
barrier systems to seepage and 
groundwater recovery. 

Env A 2 M-16  

Ongoing groundwater and surface water 
monitoring over operational phases 
which is continued well after 
rehabilitation of TSF. 

End of mine reprocessing of tailings will 
see complete removal of tailings 
reducing long term impact and limit risk 
period. 

Rehabilitation and decommissioning of 
the TSF will see mining landscape left 
safe and secure for humans and animals 
in long term (i.e. 100-1000 years) 

Extensive closure objectives are outlined 
in Section 2.4 of GHD (2016) with 
environmental values and ecosystems 
maintained. 

Post-closure monitoring undertaken in 
accordance with GHD (2016). 

B 2 M-12  

Groundwater monitoring 
has indicated that 
ponding of water on TSF 
has resulted in a water 
table mound which has 
interrupted natural 
groundwater flow and 
caused prolonged 
discharge in Surprise 
Creek. Recent (2015) 
improvements in TSF 
surface water 
management including 
removal of large water 
volumes has led to 
improvements. Sections 
of Surprise Creek which 
atypically held water in 
the late dry season were 
observed to have dried 
by October 2016 which 
was historically the case. 
Despite improved 
management of the TSF 
to reduce mass, the 
expansion will lead to 
significantly larger 
volumes being stored. As 
such mounding is still 
likely to occur. 

BB57 

Poor water 
quality in mine 
pit lake due to 
slow filling. 

Leading to a change 
in water chemistry 
and inability to meet 
water quality criteria. 

Phase 3 - an isolated void with passive 
filling 

Env B Env 4 H- 21 

H- based on 
slow fill of 

OCV and long 
term 

certainty of 
over topping 

the levee 

Option to maintain or revert back to 
open cut closure Alternative 6 (isolated 
void)- water level management and / or 
ongoing treatment. 

C 
Env 2 

Comm 1 
M- 8 
L- 4 

M- modelling 
conducted- 
with a large 

range of inputs 
and some 

uncertainty 

Inherent basis- high 
probability of low quality 
water with a slow fill. 
Assumes no >500 year 
flood to rapid fill with 
fresh water.  
Residual basis- Rapid 
filling of pit results in 
better quality lake 
water. Also, ongoing 
water management 
being able to restrain 
the environmental 
impact- but some media 
attention with any 
inability to meet 
commitment. 

BB80 

Long term post 
closure 
monitoring 
cannot be 
achieved. 

Management of the 
site declines and 
failure to undertake 
regular maintenance 
results in failure of 
cover system and/or 
structures resulting 
in impacts to 
terrestrial and 
aquatic 
environments. 

Current closure costs allow for period of 
25 years post closure water monitoring 
with limited costs associated with 
management and maintenance of the 
site. 

Env & Reg 
& Comm 

B 
Env 4 
Reg 4 

Comm 4 

H- 21 
H- 21 
H- 21 

H – based on 
known 

conditions. 

Revised mine closure plan including cost 
estimates.  
Long-term adaptive management (AM) 
and reactive management (RM) phases 
included. The new post closure 
monitoring timeframe is vastly different. 

C 
Env 3 
Reg 3 

Comm 3 

M-13 
M-13 
M-13 

L- outside 
ability for MRM 

to control. 

Inherent basis- funding 
only for 25 years. Long-
term overtopping and 
failure of levee is a 
certainty so mine pit lake 
will mix with receiving 
environment eventually. 
Residual basis- early 
monitoring and feedback 
to estimates continually 
update closure costs and 
reduce the risk of 
unforeseen major costs.  
Funding mechanisms 
agreed with regulators 
to provide for AM and 
RM phases. 
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BB58 

Spontaneous 
combustion in 
walls of open 
cut. 

Increased 
geochemical loading 
on waters in the 
open cut, leading to 
deterioration of 
water quality. 

Phase 3 has isolated void with slow filling, 
so long wall exposure times. 

Env and 
Cost 

C 
Env 4 
Cost 1 

H- 18 
L- 4 

H- based on 
slow fill of 

OCV and long 
term 

certainty of 
over topping 

the levee 

Rapid filling, isolated void with water 
treatment until quality is suitable for 
flow-through options. Maintenance of 
levee as required by adaptive and 
reactive management.  

D 
Env 1 
Cost 4 

Comm 3 

L-2 
M-14 
M-9 

M- modelling 
conducted- 
with a large 

range of inputs 
and some 

uncertainty 

Inherent basis- high 
probability of low-quality 
open cut lake water with 
a slow fill. Mine levee 
wall will fail as it is not 
maintained. 
Residual basis- ongoing 
water management 
being able to limit the 
environmental impact- 
but elevated media 
attention (and 
subsequently costs) with 
inability to meet 
commitment. 

BB91 
TSF high rate of 
rise 

Leads to a release of 
contaminants. 

Design stipulates minimum beach 
length/freeboard and improved beach 
and water management (operating 
controls on water level) to help mitigate 
piping risk. 

Monitoring of decant pond level 

Piezometers 

OMS with training, audits, inspections, 
critical operating parameters of water 
height (and proximity of water to 
embankment- monitored via an online 
system with alarm set points) 

New spillway proposed to decrease risk 
associated with high pond level during 
spill event. 

Dam spillway for removing excess water 
in the wet season 

Env, Reg, 
Com & 

H&S 
C 

Env 4 
Reg 4 
Com 4 
H&S 4 

H- 18 
H- 18 
H- 18 
H- 18 

H- given 
current 

operating 
knowledge. 

Transition to combined Cell 1/Cell 2 
storage will ultimately reduce risk of 
high pond level (greater surface water 
storage capacity)  
Freeboard between decant pond and 
minimum beach level at perimeter 
embankment identified as a Critical 
Operating Parameter with Trigger Action 
Response Plan to be documented in TSF 
OMS manual. 
Improved tailings management 
practices. 
Undertake regular routine and 
intermediate surveillance inspections 
during operation. 

D 

Env 4 
Reg 4 
Com 4 
H&S 4 

M-14 
M-14 
M-14 
M-14 

H- given current 
operating 

knowledge. 

Inherent basis- separate 
cells with smaller area 
requires a higher rate of 
rise. 
MRM continue at 
maximum rate of 
production leading to 
high RoR, settlement 
and failure of 
embankment.  
 
Residual basis- Merged 
cells have larger area 
and lower RoR for same 
production rate. 
Consider same 
settlement and failure of 
embankment. 

BB15 

Water 
treatment 
plant’s inability 
to treat seepage 
waters (post 
closure) 

Leading to change in 
chemistry within the 
ground waters and 
inability to meet 
water quality criteria. 

Water treatment plant - capable of 
producing discharge at acceptable levels 
of contaminant, coupled with the broader 
water management system. 

Env B 3 H- 17 

H- existing 
long term 

strategy is no 
longer 

acceptable 

Encapsulation of sources of 
contamination and water filling of void 
to manage contaminants and allow 
achieving water quality criteria- and 
establishment of a flow through 
topography to the McArthur River. 

A 1 M- 11 

M- modelling 
conducted- 
with a large 

range of inputs 
and some 

uncertainty 

Inherent basis- inability 
to meet surface water 
release requirements- 
and downstream 
contamination arises. 
Residual basis- releasing 
acceptable water quality 
into downstream waters 
with the intended 
improvements in the 
site's water 
management system 
and reduced release of 
contaminants from built 
features on the site. 
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BB48 
Spontaneous 
combustion of 
overburden 

Release of SO2 and 
other products of 
combustion and 
affecting nearby 
receptors. 

Changing geometry of batters- using 
existing fleet to remediate hot 
spots. Covering of OEFs with Alluvials and 
clay. Compacted batters and alluvial 
blanket (in process December 2016). 
Monitoring and communication strategy. 
Mine Management Plan (MMP) that 
describes operational controls for 
creating OEFs 
Dust management plan (addresses any 
fugitive dust/ash emissions) that requires 
dust suppression activities on site. 

H&S 
Comm 

B 
Comm 3 

H&S 1 
H- 17 
M- 7 

H - known 
and 

monitored 
conditions 

on-site 

Updated OHS protocols and Site Air 
Quality Management Plan, including: 
- Source Controls: Geochemical 
classification of materials and correct 
placement of materials in the OEFs so 
that non-benign rock is isolated from 
oxygen by a compacted clay layer and 
protective cover material. The NOEF is 
designed with consideration for water 
migration. Waste is segregated using 
purposely designed PAF cells, so that 
most-reactive material has least contact 
with oxygen and water. 
- Transport Controls: MRM’s Water 
Management System retains 
contaminated waters and achieves 
compliant release. 

D 
Comm 3 

H&S 1 
M- 9 
L- 2 

M- based on 
modelling only 
(industry best 
practice)- and 

reliant on 
construction 
methodology 

meeting 
designs. 

Inherent basis-  existing 
controls and potential 
exposure of site 
personnel (wearing 
appropriate PPE) to 
elevated levels of 
sulphur dioxide during 
their tasks and by 
members of the public 
using the highway for 
short 
durations (addressed by 
PPE and health systems 
on-site) and 
unfavourable perception 
of NOEF management by 
community and media. 
Residual basis- the 
sources of spontaneous 
combustion are well 
constrained and 
low emissions of sulphur 
dioxide are expected. 

BB61 

A change in the 
block model 
resulting in a 
change to the 
NAF/PAF ratio 
during 
construction 
(e.g. insufficient 
clean layers 
available), 
triggering the 
need for a 
further EIS 

Resulting in cessation 
of operations and 
subsequent loss of 
jobs and community 
investment 

Source Controls- Waste grade control plus 
long-term waste characterisation 
sampling. 
Community consultation. 

Env 
Comm 

E 
Env 2 

Comm 4 
L- 3 

M- 10 
H- EIS studies 

informed 

Source Controls: Waste grade control 
plus long-term waste characterisation 
sampling. 
Community consultation. 

E 
Env 2 

Comm 4 
L- 3 

M- 10 
H- EIS studies 

informed 

Inherent and Residual 
bases - The key risk that 
has driven the need for 
this EIS  
Have conducted static & 
dynamic geochemistry 
testing, extensive 
sampling, and developed 
a revised block model. 
Conducted extensive 
consultation with 
technical specialists, 
regulators and the 
community. 

BB33 

Geotechnical 
failure of the 
open cut wall 
with the mine 
pit lake partially 
filled, leading to 
loss of western 
levee 
functionality 

Resultant water 
inflows in flood and 
releases after flood 
event and failure to 
meet downstream 
water quality 
objectives. 

Phase 3 EIS presented knowledge on 
open cut wall design and stability 
engineering requirements- existing 
geotechnical monitoring and installation 
of shear pins- leading to a long term 
stable slope. 

Env & 
Regulatory 

D 
Env 3 
Reg 4 

M- 9 
M- 14 

H- very 
unlikely to 
have gross 

failure of the 
Western wall. 

Geotechnical modelling- and response 
to refined analysis and if required 
buttressing of wall to reduce likelihood 
of wall failure. 

E 
Env 1 
Reg 4 

L- 1 
M- 10 

H- based on the 
duration of 

stability of the 
area in question 

at the time of 
closure / filling. 

Inherent basis- poor 
water quality in the final 
void prior to filling and 
an inflow from the 
McArthur River, leading 
to a diluted (but still 
poor quality) water flow 
from the final void to the 
River when the water 
recedes. 
Residual basis- rapidly 
filled mine pit lake with 
reduced contaminants. 

BB35 

Water erosion 
or scouring of 
TSF 
embankment 
toe 

Leading to 
embankment failure 
and tailings release. 

MRM Operational Management System 
that includes: 

 Regular inspections of the TSF 
and surrounds; and 

 Construction standards of TSF 
walls and foundations. 

Env, Reg & 
H&S 

D 
Env 4 
Reg 4 
H&S 4 

M- 14 
M- 14 
M- 14 

H- known 
conditions 

Flood studies of Surprise Creek and 
Little Barney Creek undertaken to assess 
flood levels and flow velocities. 
Design allows for rock armouring of toe 
of embankment adjacent to waterway 
(i.e. Surprise Creek) 
Monitoring of toe of TSF during / 
following extreme flood events 
Relocation of tailings to the final void as 
part of tailings reprocessing and 
rehandling 

E 
Env 4 
Reg 4 
H&S 4 

M- 10 
M- 10 
M- 10 

H- Known 
behaviour of 
similar TSF's 

and flood 
modelling 
velocities. 

Inherent basis-lateral 
movement of Surprise 
Creek undercuts the 
dam wall leading to a 
significant release- with 
exceedances at SW11 
and potential impact on 
Flora and Fauna. 
Residual basis- release of 
tailings prior to 
completion of reclaim 
operations and site 
rehabilitation.  
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BB38 
Accumulation of 
surface waters 
on the TSF 

Leads to piping 
through wall and 
subsequent 
contaminant release 

Design stipulates minimum beach 
length/freeboard and improved beach 
and water management (operating 
controls on water level) to help mitigate 
piping risk. 

Monitoring of decant pond level 

Piezometers 

OMS with training, audits, inspections, 
critical operating parameters of water 
height (and proximity of water to 
embankment- monitored via an online 
system with alarm set points) 

New spillway proposed to decrease risk 
associated with high pond level during 
spill event. 

Dam spillway for removing excess water 
in the wet season 

Env, Reg, 
Comm & 

H&S 
D 

Env 4 
Reg 4 

Comm 4 
H&S 4 

M- 14 
M- 14 
M- 14 
M- 14 

H- given 
current 

operating 
knowledge. 

Transition to combined Cell 1/Cell 2 
storage will ultimately reduce risk of 
high pond level (greater surface water 
storage capacity)  

Freeboard between decant pond and 
minimum beach level at perimeter 
embankment identified as a Critical 
Operating Parameter with Trigger Action 
Response Plan to be documented in TSF 
OMS manual. 

Improved tailings management 
practices. 

Undertake regular routine and 
intermediate surveillance inspections 
during operation. 

D 

Env 4 
Reg 4 

Comm 4 
H&S 4 

M- 14 
M- 14 
M- 14 
M- 14 

H- given current 
operating 

knowledge. 

Inherent basis- potential 
for a significant tailings 
release, harm to 
personnel proximate to 
the dam, significant 
community discontent - 
mitigated by multiple 
levels of water control at 
the TSF. 
Residual basis- similar to 
pre-EIS measures- with 
improved engineering 
controls. 

BB63 

Storage of 
tailings and 
process water 
creates 
excessive 
settlement of 
the 
embankments 
and/or 
overtopping 

Resultant in release 
of tailings to the 
environment 

MRM Operational Management System 
that includes: 

 Regular inspections of the TSF and 
surrounds 

 Construction standards of TSF walls and 
foundations 

 Trigger Action Response Plans for high 
rainfall events- with ability to initiate 
pumping from the TSF if required. 

Env, Reg, 
Comm & 

H&S 
D 

Env 4 
Reg 4 

Comm 4 
H&S 4 

M-14 
M-14 
M-14 
M-14 

H- known 
conditions 

Operational management plan covers 
placement, monitoring and control of 
tailings pipelines and embankment 
conditions. 

Design allows for rock armouring of toe 
of embankment adjacent to waterway 
and spillways 

Monitoring of toe of TSF 
during/following extreme flood events 

Relocation of tailings to the final void as 
part of tailings reprocessing and 
rehandling 

D 

Env 4 
Reg 4 

Comm 4 
H&S 4 

M-14 
M-14 
M-14 
M-14 

H- Known 
behaviour of 
similar TSF's 

and flood 
modelling 
velocities. 

Inherent basis- 
overtopping or other 
event undercuts the dam 
wall leading to a 
significant release- with 
exceedances at SW11 
and potential impact on 
Flora and Fauna. 
Residual basis- release of 
tailings prior to 
completion of reclaim 
operations and site 
rehabilitation. 

BB84 
EIS rejected by 
regulator 

Resulting in inability 
to continue mining 
for ore beyond 
current approval 
period, and ultimate 
closure of the mine 
with resultant loss of 
jobs and investment 
in the community 

Development and roll-out of effective and 
timely consultation process with 
regulatory agencies (incl. DME and EPA).  
To cover such issues as:  Closure planning 
and objectives; key technical aspects of 
the Project; EIS schedule. 

Env 
Reg 

Comm 
D 

Env- 1 
Reg- 4 
Comm- 

4 

L- 2 
M- 14 
M- 14 

L- outside 
MRM control 

EIS mitigation measures are directed 
towards meeting currently known 
criteria. 

D 
Env- 1 
Reg- 4 

Comm-4 

L- 2 
M- 14 
M- 14 

L- outside MRM 
control 

Inherent basis- EIS 
process has considered 
stakeholder inputs and 
covered flagged issues 
adequately. 
Residual basis- inability 
to meet changed/ 
unknown regulatory 
requirements due to 
design and planning 
towards earlier target 
values. 

BB92 

TSF 
embankment 
failure with 
subsequent 
release of 
tailings and 
sediment 

causing 
environmental 
damage, cost from 
lost production, 
clean-up and 
reconstruction costs, 
regulatory 
restrictions, 
community 
discontent, and a 
potential fatality or 
permanent 
incapacity 

MRM Operational Management System 
that includes: 

 Regular inspections of the TSF and 
surrounds 

 Construction standards of TSF walls and 
foundations 

 Trigger Action Response Plans for high 
rainfall events- with ability to initiate 
pumping from the TSF if required. 

Env & Reg D 
Env 4 
Reg 4 

M-14 
M- 14 

M- multiple 
possible 
causes 

Construction QA/QC,  
EIS flood studies, 
Restrict pump out rates,  
Combine cell 1 & 2 to lower rate of rise. 

E 
Env 4 
Reg 4 

M- 10 
M- 10 

H- Known 
behaviour of 
similar TSF's 

and flood 
modelling 
velocities. 

Overtopping or other 
event undercuts the dam 
wall leading to a 
significant release- with 
exceedances at SW11 
and potential impact on 
Flora and Fauna 
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BB93 
Earthquake / 
seismic activity 

Leads to TSF 
embankment failure 
and release of 
tailings / 
contaminants. 

MRM Operational Management System 
that includes: 

 Regular inspections of the TSF 
and surrounds 

 Construction standards of TSF 
walls and foundations 

 TSF design considerations 
including Dam Safety (seismicity) 
allowances. 

Env, Reg, 
Comm and 

H&S 
D 

Env 4 
Reg 4 

Comm 4 
H&S 4 

M-14 
M- 14 
M- 14 
M- 14 

H- known 
conditions 

As per pre-EIS plus Observational 
method 

D 

Env 4 
Reg 4 

Comm 4 
H&S 4 

M-14 
M- 14 
M- 14 
M- 14 

H- Known 
behaviour of 
similar TSF's 

and flood 
modelling 
velocities. 

Inherent and Residual 
bases - Earthquake 
damages the dam wall 
leading to a significant 
release- with 
exceedances at SW11 
and potential impact on 
Flora and Fauna. 

BB94 

Differential 
settlement of 
tailings which 
creates cracking 
a reduction in 
shear resistance, 
increase in 
potential for 
water 
infiltration 
and/or 
embankment 
piping failure 

Leading to 
unplanned releases 

MRM Operational Management System 
that includes: 

 Regular inspections of the TSF and 
surrounds 

 Construction standards of TSF walls and 
foundations 

 Trigger Action Response Plans for high 
rainfall events- with ability to initiate 
pumping from the TSF if required. 

Env & 
Regulatory 

D 
Env 4 
Reg 4 

M-14 
M- 14 

H- known 
conditions 

Operational management plan covers 
placement, monitoring and control of 
tailings pipelines and embankment 
conditions. 
Design allows for rock armouring of toe 
of embankment adjacent to waterway 
and spillways 
Monitoring of toe of TSF during / 
following extreme flood events 
Relocation of tailings to the void as part 
of tailings reprocessing and rehandling. 

E 
Env 4 
Reg 4 

M- 10 
M- 10 

H- Known 
behaviour of 
similar TSF's 

and flood 
modelling 
velocities. 

Inherent basis- 
overtopping or other 
events undercut the dam 
wall leading to a 
significant release- with 
exceedances at SW11 
and potential impact on 
flora and fauna. 
Residual basis- release of 
tailings prior to 
completion of reclaim 
operations and site 
rehabilitation. 

BB02 

Major changes 
in design of the 
NOEF and other 
final landform 
features  

Benefits to the 
community may be 
less than previously 
expected as a result 
of the increased 
costs to the 
Proponent 
associated with 
changes to 
management 
requirements of the 
problematic material. 

Whilst a social and economic assessment 
will be carried out which will address 
employment, housing etc., this particular 
point will be addressed by clarifying that 
the commitments made to the 
community through MRM Community 
Benefits Trust will not change from the 
funding and review schedule originally 
committed to. 

Comm C 3 M- 13 
M- not under 
MRM control 

Whilst a social and economic 
assessment will be carried out which will 
address employment, housing etc., this 
particular point will be addressed by 
clarifying that the commitments made 
to the community through MRM 
Community Benefits Trust will not 
change from the funding and review 
schedule originally committed to. 

D 3 M- 9 

M- issues 
related to 

constraints not 
under MRM 

control 

Inherent and Residual 
bases - Current 
commitment to provide 
benefits to the local 
communities will not 
change- but there will be 
less available in terms of 
royalties and benefits to 
other stakeholders. 

BB21 

Insufficient 
availability of 
suitable 
construction 
materials. 

Requirement to 
expand borrow 
materials sources 

The MRM Operational Management 
System includes developing conceptual 
designs of the TSF with no borrow 
sources or required volumes identified 
and execution of same. 

Env C 3 M- 13 

M- no clear 
identified 
items- so 

could be less 
extensive. 

Design and material specification has 
been developed to enable use of as 
wide a range of material as possible.  
LOM borrow plan has been developed 
for LOM material requirements based 
on geotechnical investigations. 
Construction using tailings so less 
material is required, with long-term 
requirement to remove the tailings dam. 
Geochemical characterisation before 
extraction 

C 2 M- 8 
M- based on 

modelling 
criteria. 

Inherent basis- Phase 3 
had a range of additional 
materials required for 
drainage lines (and 
liners) and would have 
required more clay 
and competent rock to 
achieve design. Demand 
for clay and other 
material is based on the 
extent of time required 
for revegetation. 
Residual basis- reduced 
footprint of required 
disturbance / 
revegetation 
requirements. 

BB42 

Construction 
activities (e.g. 
tailings delivery 
pipeline 
movement on 
crest of 
embankment) 

Injury 

OMS for tailings deposition- that covers 
procedures and monitoring. 
Work Method Statements in place for any 
construction works (e.g. - Spigots to be 
operational from safe side of pipe; - Pipe 
restraints included). 
OMS with inclusion of required controls 
for operating vehicles, conducting 
complex tasks- favouring engineering / 
isolation type controls. 

H&S C 3 M- 13 

H- operating 
knowledge / 

history 
conducting 

similar tasks. 

As for pre-EIS OMS for tailings 
deposition- that covers procedures and 
monitoring. 
 
Work Method Statements in place for 
any construction works (e.g. Spigots to 
be operational from safe side of pipe; - 
Pipe restraints included). 

C 3 M- 13 

H- operating 
knowledge / 

history 
conducting 

similar tasks. 

Inherent and Residual 
Bases - Credible lost time 
injury- with remote 
possibility of a fatality 
(would require multiple 
coincidental events). 
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BB49 

Site-wide flood 
as a result of 
McArthur River 
overtopping the 
levee (short 
term; 30-100yr).  

Leading to 
widespread erosion, 
overwhelming of 
water treatment 
facilities, disruption 
of operations, and 
lack of access. 

Site controls that limit releases of 
unacceptable levels of contaminant 
beyond SW11 trigger levels. 

Env, Reg & 
Comm 

C 
Env  2 
Reg  3 

Comm  2 

M- 8 
M- 13 
M- 8 

H- existing 
systems in 
place and 
working. 

Social Involvement / Community 
Engagement Plan- that provides 
information on the status and avenues 
of communication to confirm that 
benefits of and objections to the mine 
are achieved. 
Site controls that limit releases of 
unacceptable levels of contaminant 
beyond SW11 trigger levels. 

C 

Env  2 
Reg 2 
Comm  

2 

M- 8 
M- 8 
M- 8 

M- impacts 
depend on 

when it 
occurred 

Inherent and Residual 
bases - Well controlled 
surface waters- 
releasing within 
acceptable levels and 
ongoing liaison during 
operations / active 
management on the 
status of controls and 
early warnings of any 
problems that may arise. 

BB72 

Failure of 
surface water 
management 
system 
within/around 
the NOEF 

Impeding ability to 
achieve acceptable 
downstream water 
quality 

The MRM Water Management Plan has 
the capacity to collect and redirect 
contaminated waters. Piezometers and 
other devices will be in place to monitor 
and track groundwater composition and 
movements. 

Env, Reg & 
Comm 

C 

Env- 2 
Reg- 3 
Comm- 

3 

M- 8 
M- 13 
M- 13 

M- some 
uncertainty 

around 
seepage vs 

runoff 
amounts and 
split between 
toe and base 

flows. 

Additional water management capacity 
and infrastructure. QA/QC for cover and 
drain construction. Maintenance 
program. Regulator and community 
relationships and transparency. 

C 
Env- 1 
Reg- 2 

Comm-2 

L- 4 
M- 8 
M- 8 

M- some 
uncertainty 

around seepage 
vs runoff 

amounts and 
split between 
toe and base 

flows. 

Inherent and Residual 
bases - Event is 
described as resulting 
from a shorter period at 
high flow, in 
combination with a high 
load that results in a spill 
of contaminated water. 

For example, to reach 
200-250t/day sulphate, 
sulphate concentrations 
would need to increase 
to 100mg/L for a short 
period. During high 
flows, there is a 
potential for mixture 
with high sediment load 
from event, requiring 
minor repairs to surface 
water management 
system. 

BB75 

Establishment of 
more stringent 
water discharge 
requirements in 
the short term 

Leading to inability to 
comply and inability 
to relinquish site 

The MRM Water Management Plan has 
the capacity to collect and redirect 
contaminated waters. Release only occurs 
with water that meets discharge 
requirements. 

Env, Reg & 
Comm 

C 
Env 1 
Reg 3 

Comm  3 

L- 4 
M- 13 
M- 13 

M- not in 
MRM direct 
control, but 
can present 
justification 
for EIS basis 

EIS mitigation measures are directed 
towards meeting currently known 
criteria & presenting case for current 
conditions. 

C 

Env 1 
Reg  3 
Comm  

3 

L- 4 
M- 13 
M- 13 

M- not in MRM 
direct control, 

but can present 
justification for 

EIS basis 

Inherent basis - 
Contaminated water is 
retained on site and only 
released when treated 
or when discharge 
requirements are met. 
Residual basis - Inability 
to meet changed 
regulatory requirements 
due to design and 
planning towards earlier 
target values. 

BB08 

Ingress of 
Largetooth 
Sawfish to the 
open cut lake. 

Fish kills including 
Largetooth Sawfish, 
due (i) to their entry 
to the open cut lake; 
and (ii)unsuitable 
habitat (water 
quality, physical 
features of the lake’s 
edges, amount of 
available food) 
present. 

The open cut lake was to remain isolated 
from the McArthur River via intact levees. 

Env B 2 M- 12 

H- existing 
monitoring 

and 
knowledge of 
the systems 

Flow-through system maintains benign 
water quality within the open cut lake 
with respect to sawfish. Barrages at 
entries to the open cut lake will deter 
sawfish entry. Shallow benches will be 
built along the edge of the open cut lake 
to provide suitable feeding habitat for 
sawfish. 
If any harm arose it would be unlikely to 
harm a large percentage of the sawfish 
population. 

C 2 M-8 

M-modelling 
conducted with 
a large range of 

inputs and 
some 

uncertainty  

Inherent basis- long-
term stability of the 
levee is not guaranteed 
in Phase 3, so it will fail 
with possibly poorer 
water quality for a short 
period. However, 
relatively low 
populations of the 
endangered fish were 
likely to be exposed. 
Residual basis- flows 
through the mine pit 
lake, without imposing 
any risk to aquatic life 
(Largetooth Sawfish and 
other species). 
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BB43 

Spontaneous 
combustion 
during in-pit 
dumping 
rehabilitation 
works 

Leading to SO2 
exposure to site 
personnel. 

The MRM Safety Management System 
has requirements for analysis of risks of 
conducting activities and generation of 
appropriate engineering and procedural 
controls.  For sulphur dioxide exposure, 
they would include ventilation; trigger 
points for withdrawal and worst-case use 
of appropriate PPE. 

H&S B 2 M- 12 

H- based on 
historic 

experience at 
MRM 

The MRM Safety Management System 
has been updated to incorporate a 
combination of engineering and 
administrative controls, with 
requirements for analysis of risks of 
conducting activities and generation of 
appropriate engineering and procedural 
controls.  For sulphur dioxide exposure, 
they would include ventilation; trigger 
points for withdrawal and worst-case 
use of appropriate PPE. 
Highly reactive material will be stored in 
the EOEF until cessation of operations. 
Rapid flooding of the open cut final void 
to inundate reactive materials. 

C 2 M-8 

H- based on 
historic 

experience at 
MRM 

Inherent and Residual 
bases - Requirement for 
medical treatment of a 
worker overcome by 
noxious gases. 

BB34 

Open cut wall 
failure 
compromises 
long term mine 
pit lake water 
quality 

Leading to loss of 
functionality of 
western levee, 
incorrect location of 
McArthur River 
inflow, levee failure 
and failure to meet 
downstream water 
quality objectives 

The Phase 3 EIS presented knowledge on 
the open cut wall design and stability 
engineering requirements. Existing 
geotechnical monitoring and installation 
of shear pins leads to a long-term stable 
slope. 

Env & Reg E 
Env 2 
Reg 4 

L- 3 
M- 10 

H- low 
likelihood of 

contaminated 
water 

concurrent 
with levee 
breach (i.e. 

early life 
failure) 

Team discussion highlighted the 
similarities with the pre-EIS state- and 
the high likelihood of early detection 
and subsequent managing using 
buttresses etc. 

E 
Env 2 
Reg 4 

L- 3 
M- 10 

M- based on 
modelling 

Inherent and Residual 
bases - Poor water 
quality in the mine pit 
lake after long-term 
inflows from the 
McArthur river, leading 
to a diluted (slightly 
poorer quality) water 
flow from the mine pit 
lake to the river when 
the water recedes. 

BB01 

Release of 
contaminated 
waters above 
acceptable 
levels 

Potential negative 
social and economic 
impacts to the 
Roper-Gulf region 
and the Northern 
Territory associated 
with environmental 
degradation. 

Social involvement, through a Community 
Engagement Plan, provides information 
on the status of the mine, and avenues of 
communication to confirm that benefits 
of and objections to the mine are 
achieved. 
Short term, acute rehabilitation capacity 
during active rehabilitation phase. 
Site controls that limit releases of 
unacceptable levels of contaminant 
beyond trigger levels at SW11. 

Comm D 3 M- 9 

H- existing 
systems in 
place and 
working. 

Social involvement, through a 
Community Engagement Plan, provides 
information on the status of the mine, 
and avenues of communication to 
confirm that benefits of and objections 
to the mine are achieved. 
Site controls limit releases of 
unacceptable levels of contaminant 
beyond trigger levels at SW11. 

D 3 M- 9 

H- existing 
systems in 
place and 
working. 

Inherent and Residual 
bases - Well controlled 
surface waters, releasing 
within acceptable levels, 
and ongoing liaison 
during operations / 
active management on 
the status of controls 
and early warnings of 
any problems that may 
arise. 

BB25 
Generation of 
acid mine 
drainage 

Potential impacts on 
wildlife through 
exposure to (and 
accumulation of) 
metals and other 
toxicants, and 
resultant potential 
impact on public 
health (e.g. through 
consumption of 
contaminated 
aquatic fauna). 

Toe seepage collection system. Water 
collection from Barney Creek.  
Existing knowledge (including from Phase 
3 EIS) gained of material geotechnical 
properties, engineering standards and 
design requirements.  This has been used 
in the construction of the existing NOEF 

Env & 
Regulatory 

E 
Env- 2 
Reg- 3 

L- 3 
L- 6 

H- known 
performance 

of NOEF 

Additional geotechnical test work and 
stability modelling completed. Revised 
slope angles, placement methodology 
and monitoring. Adaptive management 
of landform. 

D 
Env- 2 
Reg- 3 

M-14 
M- 9 

M- based on 
modelling only 
(industry best 
practice)- and 

reliant on 
construction 
methodology 

meeting 
designs. 

Inherent basis- Pre-OMP 
EIS NOEF has 1:4 batters 
and intercepting 
discharge. 
Residual basis- Steeper 
slopes on upper batters. 
Monitoring would limit 
the scale of the problem. 
Repaired NOEF would 
have negligible releases 
of contaminated water 
(with reliable monitoring 
and repair capacity) - 
reducing potential for 
non-conformances at 
SW11 
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BB31 

NOEF 
construction 
around existing 
NOEF 

Leads to potential 
spontaneous 
combustion in new 
NOEF and 
desiccation of barrier 
layers, leading to 
cracking, ingress of 
water and high 
oxidation rates, with 
release of 
contaminants. 

Reshaping of the NOEF, leading to flatter 
batters. 
Advection barrier. 
Ongoing monitoring and remediation 
capability for identified hot spots. 
Site Water Management System, with 
ability to capture and prevent releases of 
highly contaminated waters. 

Environ 
Regul 

D 
Env 2 
Reg 3 

L- 5 
M- 9 

H- proven 
operation of 

existing 
technology 

on site 

Construction of advective barriers to 
isolate the old OEF, and construction 
will go over existing advective barriers 
(further restricting oxygen through 
burial). 
Upgrade of water management system. 
Implementation of further seepage 
collection measures as required. 
Reactive management phase during 
closure. 

D 
Env 2 
Reg 3 

L- 5 
M- 9 

M- modelling 
conducted- 
with a large 

range of inputs 
and some 

uncertainty 

Inherent and Residual 
ranking - Likelihood 
supported by observed 
behaviour of existing 
NOEF when 
encapsulated by clay, 
and ability to largely 
contain and manage 
contaminated waters 
with the site Water 
Management System. 

BB39 

Placement of 
non-benign 
overburden 
material in the 
growth medium 

Leading to 
revegetation failure. 

Existing material classification and 
selective handling management and 
monitoring procedures. 
Dispatch and GPS tracking of truck 
movements that optimises placement of 
materials. 

Env & 
Regulatory 

D 
Env 1 
Reg  3 

L- 2 
M- 9 

H- existing 
system well 

known 

Existing material classification and 
selective handling management and 
monitoring procedures. 
Dispatch and GPS tracking of truck 
movements that optimises placement of 
materials. 
 

D 
Env  1 
Reg 3 

L- 2 
M- 9 

H- existing 
system well 

known 

Inherent and Residual 
bases - Quality 
assurance and control 
processes and GPS-
tracking with geo-
fencing are in place to 
monitor and correct 
errors made by 
geological surveys or by 
truck drivers. Incorrect 
material being placed 
may result in localised 
impacts of poor 
construction of the 
NOEF. Incorrect 
placement is likely to be 
detected by the visible 
difference in material for 
placement.  Impact on 
the environment is 
unlikely, although 
perception of the MRM 
may attract regulator 
criticism/ legal action. 

BB88 

Lack of 
appropriate 
fluvial sediment 
management 

Leading to impacts 
on aquatic 
environments and 
ecology, and 
potentially health of 
people consuming 
fish. 

A Dust Management Plan prescribes use 
of water carts and fixed sprays to 
suppress dust, which is applied during 
construction of the NOEF and other 
structures. 
MRM maintains a dust monitoring 
program.  
MRM maintains an environmental 
management system, which includes 
sediment monitoring and capacity to 
react to identified issues. 

Env 
Reg 

Comm 
H&S 

B 

Env 2 
Reg 1 

Comm 2 
H&S 1 

M- 12 
M-7 

M-12 
M-7 

H- operating 
experience 
over full life 
of mine and 

observed 
success of 

capping etc. 

Construct sump in the mine 
infrastructure area and re-re-grade 
catchments.  
Barney Creek sumps and pumping will 
be upgraded.  
The cleaning regime will be upgraded.  
Continued education of public about 
real hazards and human health risks.  

B 

Env 2 
Reg 1 

Comm 1 
H&S 1 

M-12 
M-7 
M-7 
M-7 

H- operating 
experience over 
full life of mine 
and observed 

success of 
similar controls 

elsewhere. 

Inherent and Residual 
Bases - Dust and 
sediment washed from 
around Barney Creek 
bridge into Barney 
Creek, where it is taken 
up by fauna and enters 
the food chain. Human 
consumption of fish can 
occur when fish migrate 
downstream and are 
caught. 

BB45 

Spontaneous 
combustion of 
tailings due to 
improper 
handling during 
dam 
construction. 

Leading to potential 
health impacts. 

Dust Management Plan- use of water 
carts and fixed sprays to suppress dust- 
applied during construction of NOEF and 
other dumps and as required elsewhere. 

Work method statement for conduct of 
tailings construction activities (e.g. 
avoiding loose tailings being left in 
stockpiles). 

Tailings being re-handled are track rolled 
(as per Operation, Maintenance and 
Surveillance Manual for the TSF). 

Safety Management System- 
identification of hazards and application 
of work methods to avoid exposure or to 
be protected whilst working in proximity 
to hazards (cabins, PPE, etc.). 

H&S and 
Community 

B 
Comm 1 

H&S 1 
M- 7 
M- 7 

H- known 
activity and 
occurrences 

represent 
maximum 
reasonable 
outcomes 

As for current operations. B 
Comm 1 

H&S 1 
M- 7 
M- 7 

H- known 
activity and 
occurrences 

represent 
maximum 
reasonable 
outcomes 

Inherent and Residual 
bases - Exposure of 
personnel to 
spontaneous 
combustion fumes and 
potential for exposure of 
members of the public 
on the highway- small, 
isolated heating which 
typically occurs is 
considered. 
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BB82 

Fugitive dust 
emissions and 
metals 
introduced into 
food chain as a 
result of 
operations. 

Dust emissions from 
the TSF, haul roads, 
run-of-mine pad, 
concentrate stores 
and other aspects of 
operations, and 
seepage from the 
TSF, SPROD, run-of-
mine sump and NOEF 
affects water and 
fluvial sediment 
quality in McArthur 
River and Barney, 
Little Barney and 
Surprise Creeks. 
Reduction in water 
quality reduces 
diversity and 
abundance of aquatic 
fauna. Metals bio-
accumulate in 
aquatic fauna, which 
are then consumed 
by people, causing 
unknown morbidity 
and/or health 
effects. 
Contaminants 
migrate downstream 
from MRM 
operations. 
Contaminated biota 
move from exposed 
sites around 
McArthur River Mine 
to regional reference 
sites. 

A Dust Management Plan prescribes the 
use of water carts and fixed sprays to 
suppress dust, which is applied during 
construction of NOEF and other 
structures. 
A Safety Management System is 
employed, which identifies hazards and 
work methods to avoid exposure or to be 
protected whilst working in proximity to 
hazards (cabins, PPE, etc.). 

H&S and 
Comm 

B 
Comm 1 

H&S 1 
M- 7 
M- 7 

H- known 
activity and 
occurrences 

represent 
maximum 
reasonable 
outcomes 

As for current operations. B 
Comm 1 

H&S 1 
M- 7 
M- 7 

H- known 
activity and 
occurrences 

represent 
maximum 
reasonable 
outcomes 

Inherent and Residual 
bases - Exposure of 
personnel to 
spontaneous 
combustion fumes and 
potential for exposure of 
members of the public 
on the highway. Small, 
isolated heating that 
typically occurs is 
considered. 

BB53 

Geotechnical 
failure of 
existing 
landform 

Leading to loss of 
cover system 
functionality and 
resulting in 
sedimentation and 
loss of gas and water 
management 
functions 

Toe seepage collection system.  
Water collection from Barney Creek.  
Existing knowledge (including from Phase 
3 EIS) gained of material geotechnical 
properties, engineering standards and 
design requirements.  This has been used 
in the construction of the existing NOEF 

Env & 
Regulatory 

E 
Env- 2 
Reg- 3 

L- 3 
L- 6 

H- known 
performance 

of NOEF 

Additional geotechnical test work and 
stability modelling completed.  
Revised slope angles, placement 
methodology and monitoring.  
Adaptive management of landform. 

D 
Env- 2 
Reg- 3 

M- 14 
M - 9 

M- based on 
modelling only 
(industry best 
practice)- and 

reliant on 
construction 
methodology 

meeting 
designs. 

Inherent basis- Pre-OMP 
EIS NOEF has 1:4 batters 
and intercepting 
discharge. 
Residual basis- Steeper 
slopes on upper batters. 
Monitoring would limit 
the scale of the problem. 
Repaired NOEF would 
have negligible releases 
of contaminated water 
(with reliable monitoring 
and repair capacity) - 
reducing potential for 
non-conformance at 
SW11 
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BB47 

Changed 
vegetation due 
to operations 
and 
rehabilitation, 
including spread 
of invasive/feral 
species. 

Significant 
species/habitat 
negatively impacted 
by MRM landform 
state. 

The MRM Environmental Management 
System includes compliance with valid 
and current permits and rigorous, formal 
site-clearing processes. 

Regul 
Environ 

B 
Reg 1 
Env 2 

M-7 
M-12 

H- well 
understood 
mechanisms 

for 
revegetation 

The MRM Environmental Management 
System includes compliance with valid 
and current permits and rigorous, 
formal site-clearing processes. 

C 
Reg 1 
Env 2 

L- 4 
M- 8 

M- not under 
MRM control 

Inherent and Residual 
bases - Net loss of 
suitable habitat. The 
final goal for the MRM 
site is for low-intensity 
pastoral/grazing 
(woodland and pasture 
grasses) and ability for 
indigenous land use. 
There is a potential for 
offsets to be provided 
for values that cannot be 
maintained on the MRM 
site.  Loss is defined as 
final landforms that do 
not meet regulatory 
expectations, or a 
reduction in 
environmental values as 
a result of weed 
infestation. 

BB90 
Extra clearing 
impacts 
biodiversity 

Impacts to 
biodiversity 

The MRM Rehabilitation Management 
System includes revegetation and other 
land stabilisation measures. 
The Phase 3 EIS closure plan has a general 
requirement for vegetation to be 
established. 
Monitoring and management of 
revegetation. 

Env B 3 H-17 

M- 
conceptual 
design not 

yet 
implemented. 

As for Phase 3, with additional updated 
ecological assessments and controls. 

C 3 M-13 

H- more 
extensive 

modelling and 
success of the 

intended 
process in other 
similar facilities 

Inherent basis- the 
inability to achieve 
effective rehabilitation 
was considered. Under 
current clearing 
processes, habitat is 
checked prior to 
approval to clear. 
Residual basis- ongoing 
rehabilitation works until 
adequate and self-
sustaining vegetation 
cover with adequate 
connectivity is 
established. OMP EIS 
identifies and sets aside 

critical habitat. 

BB64 

Exposure of 
tailings to 
atmosphere 
during re-mining 

Leads to generation 
of AMD and / or SO2. 

No re-mining in Phase 3 plan. 
Comm 
H&S 

  N/A  

Hydraulic re-mining to be a continuous 
operation to limit the exposure time of 
the tailings to the atmosphere. 
Operating protocols will include a 
procedure for monitoring and irrigating 
the TSF surface to prevent spontaneous 
combustion. 

C 
Comm 1 

H&S 1 
M- 8 
M- 8 

H- known 
activity and 
occurrences 

represent 
maximum 
reasonable 
outcomes 

Residual basis - Medium-
scale spontaneous 
combustion that is very 
visible from highway. 

Release of sulphur 
dioxide as a result of 
heating in tailings and 
tailing surface oxidising 
and generating dust. This 
is to be mitigated by 
hydraulic mining and 
operational controls. 

BB65 
Mine face or 
embankment 
failure. 

Injuries to personnel 
during tailings re-
mining 

No re-mining in Phase 3 plan N/A     

There will be an operating management 
system in place for tailings re-mining, 
which covers procedures and 
monitoring. 

Work Method Statements will be in 
place for any works.  

Geotechnical analysis will be 
undertaken.  

Bench heights are limited to 10m.  

Embankments and adjacent tails will be 
de-constructed using conventional 
methods. 

D 
Env 2 
H&S 4 

L- 5 
M- 14 

M- no specialist 
site specific 
analysis yet 
undertaken 

Credible lost time injury, 
with remote possibility 
of a fatality (would 
require multiple 
coincidental events). 
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BB83 

Premature 
closure and 
rehabilitation of 
structures if 
operations are 
forced to cease 
prior to 
originally 
planned 

This could potentially 
create an ongoing 
environmental, social 
and/or economic 
legacy. 

Not ranked- related to the EIS approval. Comm   N/A  
EIS mitigation measures are directed 
towards meeting currently known 
criteria. 

C Comm 3 M- 13 
L- outside MRM 

control 

Residual basis - Inability 
to meet changed / 
unknown regulatory 
requirements due to 
design and planning 
towards earlier target 
values. 

BB23 
West OEF 
closure seepage 
and run off 

Pit Lake water quality 
fails water quality 
criteria 

MRM Water Management System to 
control transport of contaminants. 
Phase 3 requirement is a cover for the 
West OEF to limit ingress of water. 
Low permeability foundation with 
underflow towards the OCV. 

Env A 
Env- 3 
Reg- 4 

H- 20 

H- known 
conditions 

and 
performance. 

Revised WOEF Cover system. 
Rapid filling of OCV and establishment 
of a flow through final closure water 
alternative. 
Water treatment as required. 
Reactive management for the longer 
term. 

D 2 L- 5 

M- subject to 
modelling and 

confirmation of 
performance. 

Inherent Basis- 
considering OCV filling 
under phase 3 
conditions (unmanaged) 
and leads to leakage 
under levee wall and has 
an impact on SW11. 
WOEF cover has no LT 
maintenance. 
Residual Basis- site 
closure plan as per EIS- 
sees low volumes of 
contaminant from the 
WOEF diluted by 
through flow system and 
achieving SW11 criteria. 
Adaptive then Reactive 
maintenance. 

BB32 

Failure of WOEF 
cover  
Cover breached 
through: 
- erosion 
- slumping,  
- differential 
movement, 
and/or  
- undermining of 
WOEF due to 
extreme 
flooding event, 
leading to 
exposure  
of MSNAF and 
PAF materials 

Acid, saline and 
metalliferous 
drainage from 
unexpected part of 
the WOEF and 
consequent impacts 
related to 
contamination of 
waters (ultimately 
with environmental 
impacts related to 
groundwater; 
terrestrial and 
aquatic ecosystems; 
rehabilitation 
success) 

The PAF core of the WOEF has been 
encapsulated by clay, and covered with 
undifferentiated NAF materials. A 
nominal multi layered cover system has 
been implemented. 

Env & 
Regulatory 

A 
Env- 3 
Reg- 3 

H- 20 
H- 20 

M- limited 
knowledge 

on the 
structure and 
composition 

on the WOEF. 

Revised WOEF Cover system. 
Rapid filling of OCV and establishment 
of a flow through final closure water 
alternative. 
Water treatment as required. 
Reactive management for the longer 
term. 

D 
Env- 2 
Reg- 2 

L- 5 
L- 5 

M- subject to 
modelling and 

confirmation of 
performance. 

Inherent Basis- possible 
to have release of 
materials from the 
Western Overburden 
Emplacement Facility 
(WOEF) (leading to the 
OCV filling and leakage 
under levee wall) and 
subsequent failure to 
meet target water 
quality at SW11. No 
maintenance in the LT. 
Residual Basis- site 
closure plan as per EIS- 
sees low volumes of 
contaminant from the 
WOEF diluted by 
through flow system and 
achieving SW11 criteria. 
Adaptive then Reactive 
maintenance 

BB40 

Erosion forces 
(rainfall, wind 
and flooding) or 
other factors 
impact on 
closure footprint 
and impede 
establishment of 
vegetation. 

Sedimentation of 
surface water 
network {Localized 
erosion of post 
remining landform, 
causing 
environmental 
damage and 
increased costs to 
rehabilitate post 
closure}. 

TSF cover system with drainage 
incorporated (as per phase 3- no long 
term maintenance program).   
MRM Operational Management System- 
that includes rigorous preparation for and 
conduct (using Work Method Statements 
etc.) of all tailings handling activities. 

Env & 
Regulatory 

A 
Env 2 
Reg 3 

M- 16 
H- 20 

H- known 
performance 
of landforms 
in the area 

Tailings are removed from the TSF area 
(lower energy state of landform). 
Completely revised closure plan - Design 
allows for sediment ponds at strategic 
locations to contain sediment onsite. 
-Allow for 
repairs/maintenance/sediment removal 
if necessary until vegetation establishes 
and as reactive management requires 

D 1 L- 2  

H- removal of 
tailings will 
significantly 

lower the 
threat. 

Inherent Basis- surface 
run off from final tailings 
landform or impacts 
from tailings remaining 
at completion of 
remining operations- 
particularly in the longer 
term. 
Residual Basis- low 
potential for any 
negative impact from 
TSF area- with only some 
sediment release in the 
shorter term that is 
cleaned out regularly 
although with 
some potential to move 
to nearby ephemeral 
waterways.  Longer term 
condition will be fully 
rehabilitated, stable 
landform. 
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BB07 

Tailings leachate 
from Cell 2, with 
tailings leachate 
reporting to 
groundwater 
during 
operations and 
ultimately to 
surface drainage 
down-gradient, 
or an 
uncontrolled 
release occurs 
due to high flow 
event 

Water quality 
impacts on impacts 
on groundwater and 
surface drainage 
down-Gradient 
Mainly elevated SO4, 
salts and electrical 
conductivity, and 
possibly Zn and Mn. 
Could include acid 
and elevated metals 
if tailings acidify 

Monitoring of groundwater Shallow                                  
Interception sumps in place near pumping 
station and Eastern and 
Western perimeter drains. 
Oxidation of the tailings minimised during 
operations by frequent layering  
of fresh tailings to limit exposure time  
Reduced water storage in Cell 2, reducing 
seepage rates. 

Env B 3 H- 17 

H- known 
likely long 

term 
performance 

of facility 

Reprocess tailings and dispose in final 
void. 
Decommission all the walls, remove / 
rehabilitate contaminated areas. 
Reprofile surface for drainage and 
revegetate (with ongoing monitoring 
and maintenance of footprint). 
Monitoring of ground water and ground 
water recovery as required. 

E 1 L- 1 

H- removal of 
the tailings is a 

very robust 
approach. 

Inherent Basis- MRM 
Water Management 
capacity to redirect 
contaminated waters to 
avoid release (within TSF 
area).  Phase 3 approach 
of leave in place and cap 
/ revegetate.  Values set 
for longer term position 
of revegetated TSF (with 
no ongoing maintenance 
program).  Erosion 
would cut through the 
cover longer term and 
no pumping of seepage.  
Residual Basis- complete 
removal of source and 
ongoing monitoring of 
ground waters- leading 
to limited likelihood of 
anything of significance. 

BB69 

Failure to 
achieve 
groundwater 
quality 
requirements 

Leading to inability to 
relinquish site 

Range of controls on site to limit 
generation of ground water and to 
monitor and react if contaminants 
identified. 
Site Water Management System which 
prevents release of contaminants. 

Env & 
Regulatory 

B 
Env- 3 
Reg- 3 

H- 17 
H- 17 

H- given 
current 

operating 
knowledge. 

Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

D 
Env 1 
Reg 2 

L- 2 
L- 5 

M- based on 
modelling. 

Inherent Basis- existing 
conditions- which 
require ongoing 
operation of the Water 
Management System 
(mitigation systems)- 
which is no longer 
adequate for the 
subsequent knowledge 
gained on waste 
characterisation. 
Residual Basis- well 
constrained source of 
contaminants and a 
robust water 
management system- 
which limit the amount 
of materials available for 
release. 

BB70 

Cumulative site 
wide water 
balance and 
water quality 
does not meet 
compliance 
limits 

Leading to extension 
of the adaptive 
management period 

Range of controls on site to limit 
generation of contaminated surface and / 
or ground waters and to monitor and 
react if contaminants identified. 
Site Water Management System which 
limits release of contaminants. 

Env & 
Regulatory 

B 
Env- 3 
Reg- 3 

H- 17 
H- 17 

H- given 
current 

operating 
knowledge. 

Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

D 
Env 1 
Reg 2 

L- 2 
L- 5 

M- based on 
modelling. 

Inherent Basis-  Phase 3 
conditions- slow fill of pit 
yields poor water 
quality, and no lake 
water treatment 
planned, so has impacts 
Residual Basis- well 
constrained source of 
contaminants and a 
robust water 
management system- 
which limit the amount 
of materials available for 
release. 

BB60 

Lack of 
understanding 
of the fate of 
the 
contaminants of 
a lot of the 
ground water- 
particularly 
around the mine 
void and 
locations around 
the site. 

Uncertainty in water 
quality and 
discharge- and 
inability to manage 
the water flows / 
dewatering 
requirements. 

Significant network of groundwater 
monitoring bores on site. 
On site water management- pumping 
contaminated waters back to water 
management system. 

Env, Reg & 
Comm 

A 
Env 1 
Reg 2 

Comm 2 
M- 11 

M- uncertain 
models 

Upgrade and implementation of water 
management system (Treatment Plant, 
etc.). 
Further GW studies. Comprehensive 
monitoring and feedback loops to 
models. 

C 
Env 1 
Reg 1 

Comm 1 

L- 4 
L- 4 
L- 4 

M- modelling 
conducted- 
with a large 

range of inputs 
and some 

uncertainty 

Inherent Basis- ground 
water impacts the 
surface water and 
causes downstream 
contamination- a dirty 
"first flush" from the 
ephemeral streams or in 
low flow conditions. 
Residual Basis- water 
management capacity 
and overarching 
mandate to only release 
conforming discharge.  
Also, considered some 
gaps in knowledge 
related to ground water 
movement directions. 
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BB78 

Higher than 
acceptable 
geochemical 
loading from 
facility (Long 
Term) 

Due to closure cover 
system not meeting 
water transport 
requirements and 
further oxidation 
products being 
developed within the 
NOEF, leading to 
failing water quality 
commitments 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation, placement of 
cover system, characterisation of all 
materials placed (including clays and 
growing media), construction of sub 
surface and surface drainage system on 
NOEF.  Inspection and monitoring of 
emplacement performance.  Certifying 
engineers for the facility. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

Env & 
Regulatory 

D 
Env- 3 
Reg- 4 

M- 9 
M- 14 

H- known 
performance 

of NOEF 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation, placement of 
cover system, characterisation of all 
materials placed (including clays and 
growing media), construction of sub 
surface and surface drainage system on 
NOEF.  Inspection and monitoring of 
emplacement performance.   Certifying 
engineers for the facility.  Geotechnical 
analysis of proposed NOEF design 
indicates similar geotechnical 
performances to existing NOEF- some 
minor differential settlement is 
possible.  Monitoring and maintenance 
capacity for NOEF. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

D 
Env- 2 
Reg- 2 

L- 5 
L- 5 

M- based on 
modelling only 
(industry best 
practice)- and 

reliant on 
construction 
methodology 

meeting 
designs. 

Inherent Basis- NP in 
order of 10-15% instead 
of 5%, so geocache 
processes are faster and 
have higher seepage. 
Current controls rely on 
pumping to intercept 
discharge and redirect it- 
reducing potential for 
non-conformances at 
SW11. 
Residual Basis- 
Monitoring and 
maintenance limit 
affected area. Repaired 
NOEF would have 
negligible releases of 
contaminated water 
(with reliable monitoring 
and repair capacity, and 
basal CCL) - reducing 
potential for non-
conformances at SW11 

BB79 

Due to closure 
cover system 
not meeting 
water transport 
requirements, 
further 
oxidation 
products being 
developed 
within the NOEF 

Higher than 
acceptable 
geochemical loading 
from facility  

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation, placement of 
cover system, characterisation of all 
materials placed (including clays and 
growing media), construction of sub 
surface and surface drainage system on 
NOEF.  Inspection and monitoring of 
emplacement performance.  Certifying 
engineers for the facility. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

Env & 
Regulatory 

D 
Env- 3 
Reg- 4 

M- 9 
M- 14 

H- known 
performance 

of NOEF 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation, placement of 
cover system, characterisation of all 
materials placed (including clays and 
growing media), construction of sub 
surface and surface drainage system on 
NOEF.  Inspection and monitoring of 
emplacement performance.   Certifying 
engineers for the facility.  Geotechnical 
analysis of proposed NOEF design 
indicates similar geotechnical 
performances to existing NOEF- some 
minor differential settlement is 
possible.  Monitoring and maintenance 
capacity for NOEF. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

D 
Env- 2 
Reg- 2 

L- 5 
L- 5 

M- based on 
modelling only 
(industry best 
practice)- and 

reliant on 
construction 
methodology 

meeting 
designs. 

Inherent Basis- NP in 
order of 10-15% instead 
of 5%, so geochem 
processes are faster and 
have higher seepage. 
Current controls rely on 
pumping to intercept 
discharge and redirect it- 
reducing potential for 
non-conformances at 
SW11. 
Residual Basis- 
Monitoring and 
maintenance limit 
affected area. Repaired 
NOEF would have 
negligible releases of 
contaminated water 
(with reliable monitoring 
and repair capacity, and 
basal CCL) - reducing 
potential for non-
conformances at SW11 
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BB85 

Higher than 
acceptable 
batter erosion 
rates 

Leading to lower 
degree of saturation 
in CCL than design 
specifications, and 
leading to higher O2 
ingress, so higher 
than predicted 
geochemical loading 
rates. 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation, placement of 
cover system, characterisation of all 
materials placed (including clays and 
growing media), construction of sub 
surface and surface drainage system on 
NOEF.  Inspection and monitoring of 
emplacement performance.  Certifying 
engineers for the facility. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

Env & 
Regulatory 

D 
Env- 3 
Reg- 4 

M- 9 
M- 14 

M- erosion 
rates based 

on modelling 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation, placement of 
cover system, characterisation of all 
materials placed (including clays and 
growing media), construction of sub 
surface and surface drainage system on 
NOEF.  Inspection and monitoring of 
emplacement performance.   Certifying 
engineers for the facility.  Geotechnical 
analysis of proposed NOEF design 
indicates similar geotechnical 
performances to existing NOEF- some 
minor differential settlement is 
possible.  Monitoring and maintenance 
capacity for NOEF. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

E 
Env- 2 
Reg- 3 

L- 3 
L- 6 

M- based on 
modelling only 
(industry best 
practice)- and 

reliant on 
construction 
methodology 

meeting 
designs. 

Inherent Basis- current 
controls rely on pumping 
to intercept discharge 
and redirect it- reducing 
potential for non-
conformances at SW11. 
Residual Basis- Enhanced 
monitoring of dump. 
Repaired NOEF would 
have negligible releases 
of contaminated water 
(with reliable monitoring 
and repair capacity in 
the adaptive 
management phase) - 
reducing potential for 
non-conformances at 
SW11 

BB46 

Water 
treatment 
plant’s inability 
to treat seepage 
waters- During 
Operations. 

Leading to change in 
chemistry within Pit 
Lake (post 
operations) and 
changes in the U/G 
reservoir (all phases) 
and inability to meet 
water quality criteria. 

Water treatment plant- capable of 
producing discharge at acceptable levels 
of contaminant, coupled with the broader 
water management system. 
 

Regulatory 
& Env 

C 
Env 2 
Reg 3 

M- 8 
M- 13 

M- based on 
uncertainty in 
Groundwater 

models 

Upgrade and implementation of water 
management system (Treatment Plant, 
etc.). 
Trigger point of an unacceptable 
discharge- to redirect water away from 
discharge. 
 

C 
Env 1 
Reg 1 

L- 4 
L- 4 

H- Readily 
available 

technology and 
mature site 

management 
systems. 

Inherent Basis- inability 
to meet surface water 
release requirements- 
and downstream 
contamination arises. 
Residual Basis- water 
management capacity 
and overarching 
mandate to only release 
conforming discharge 

BB68 

Failure to 
provide habitat 
and habitat 
connectivity for 
terrestrial fauna  

Leading to failure to 
establish desired 
ecosystem regime 

Phase 3 EIS closure plan- with a general 
requirement for vegetation to be 
established. 
Monitoring and management of 
revegetation. 

Env C 3 L- 5 

M- 
conceptual 
design not 

yet 
implemented. 

As for Phase 3- with additional 
consideration of cover and protecting 
the growth media zone to address 
retention of moisture and use of a more 
advanced design that includes 
allowances for connectivity. 

D 2 L- 5 

H- more 
extensive 

modelling and 
success of the 

intended 
process in other 
similar facilities 

Inherent Basis- potential 
for poor conditions to be 
addressed by ongoing 
rehabilitation efforts. 
Residual Basis- ongoing 
persistent rehabilitation 
works until adequate 
and self-sustaining 
vegetation cover with 
adequate connectivity 
established. Consider 
post-mining land use of 
mainly grazing habitat. 

BB71 

Higher than 
acceptable 
geochemical 
loading from 
facility due to 
incorrect 
assessment for 
timing (wetting 
up is faster) and 
flux of source 
loading from the 
NOEF 

Leading to failing 
water quality 
commitments 

1) Understanding and adopted controls 
based on Phase 3 assessment  
2) Gas and water monitoring bores 
installed around NOEF  
3) Managed by current water 
management infrastructure including 
monitoring 

Env & 
Comm 

C 
Env- 2 
Comm- 

3 

M- 8 
M- 13 

M- good 
capacity of 

storing water 
in current 

facilities on 
site, 

modelling 
assumptions 

Revised dump internals, 
instrumentation for model calibration, 
improved modelling. Monitoring and 
adjustment of construction schedules as 
required. Revised water management 
system.  

D 
Env- 1 
Comm- 

2 

L- 2 
L- 5 

H- enhanced 
water 

management 
system, 

validated data 
for models 

Quantity that is released 
will be unchanged- if it 
reports early it would 
require holding of the 
water in another facility 
and potentially lead to 
an unintended release of 
contaminated water. 
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BB29 

Deterioration in 
mine site 
seepage and/or 
runoff water 
quality beyond 
current 
estimates.  
   
Cause is changes 
in the AMD from 
the NOEF. This 
may be due to:  
changes in the 
PAF/NAF  
ratio; and/or  
changes in the 
chemical  
reactions 
occurring 

Uncontrolled 
releases of 
contaminated water 
from mine site to 
McArthur River 
and/or controlled 
releases that do not 
comply with the 
water quality criteria 
of the discharge 
license 

Source Controls- MRM Dump 
Management Plan- which requires 
Geochemical classification of materials 
and placement of materials in the dumps 
in the right spots- so that CCL isolation of 
O2 and wrapping with a protective non-
reactive layer is achieved. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

Env & 
Regulatory 

B 
Env 2 
Reg 2 

M- 12 
M- 12 

H- known 
condition of 

system 

Source Controls- MRM Dump 
Management Plan- which requires 
Geochemical classification of materials 
and placement of materials in the 
dumps in the right spots- so that CCL 
isolation of O2 and wrapping with a 
protective non-reactive layer is 
achieved.  The NOEF is designed with 
consideration for water migration and 
isolation of highly reactive from other 
materials using benign 
materials.  Installation of flood 
protection around NOEF. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

E 
Env 2 
Reg 2 

L- 3 
L- 3 

H- Readily 
available 

technology and 
mature site 

management 
systems. 

Inherent Basis– current 
controls rely on pumping 
to intercept discharge 
and redirect it.  The 
source control is less 
than ideal. 
Residual Basis- well 
constrained source of 
contaminants and a 
robust water 
management system- 
which limit the amount 
of materials available for 
release. 

BB30 

Higher than 
acceptable 
geochemical 
loading from 
facility- caused 
by Due to 
inadequate 
construction 
QA/QC for 
EXISTING NOEF 
foundation 

Failing to meet water 
quality requirements. 

CCL on top of lift 1 which isolates PAF 
from the NAF base and limits percolating 
waters to the base. 
Constructed in accordance with original 
design. 

Env & 
Regulatory 

B 
Env- 2 
Reg- 2 

M- 12 
M- 12 

H- given 
current 

operating 
knowledge. 

Source Controls- MRM Dump 
Management Plan- which requires 
Geochemical classification of materials 
and placement of materials in the 
dumps in the right spots- so that CCL 
isolation of O2 and wrapping with a 
protective non-reactive layer is 
achieved.  The NOEF is designed with 
consideration for water migration and 
isolation of highly reactive from other 
materials using benign materials.  
Installation of flood protection around 
NOEF. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

E 
Env 2 
Reg 2 

L- 3 
L- 3 

H- Readily 
available 

technology and 
mature site 

management 
systems. 

Inherent Basis– existing 
conditions- which 
require ongoing 
operation of the Water 
Management System 
(mitigation systems)- 
which is no longer 
adequate for the 
subsequent knowledge 
gained on waste 
characterisation. 
Residual Basis- Well 
constrained source of 
contaminants and a 
robust water 
management system- 
which limit the amount 
of materials available for 
release. 

BB51 

Higher than 
acceptable 
geochemical 
loading from 
facility 

Due to inadequate 
construction QA/QC 
for foundation, 
leading to failing 
water quality 
commitments 

CCL on top of lift 1 which isolates PAF 
from the NAF base and limits percolating 
waters to the base. 
Constructed in accordance with original 
design. 

Env & 
Regulatory 

B 
Env- 2 
Reg- 2 

M- 12 
M- 12 

H- known 

Source Controls- MRM Dump 
Management Plan- which requires 
Geochemical classification of materials 
and placement of materials in the 
dumps in the right spots- so that CCL 
isolation of O2 and wrapping with a 
protective non-reactive layer is 
achieved.  The NOEF is designed with 
consideration for water migration and 
isolation of highly reactive from other 
materials using benign materials.  
Installation of flood protection around 
NOEF. QA/QC is part of the 
management plan. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 
QA/QC is part of construction process. 

D 
Env 2 
Reg 2 

L- 5 
L- 5 

H- Readily 
available 

technology and 
mature site 

management 
systems. 

Inherent Basis– existing 
conditions- which 
require ongoing 
operation of the Water 
Management System 
(mitigation systems)- 
which is no longer 
adequate for the 
subsequent knowledge 
gained on waste 
characterisation. 
Residual Basis- Well 
constrained source of 
contaminants and a 
robust water 
management system- 
which limit the amount 
of materials available for 
release. 
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BB66 

Higher than 
acceptable 
geochemical 
loading from 
facility arising 
from rainfall 
onto NOEF. 

Due to rainfall 
climate database not 
representing future 
conditions, leading to 
failing water quality 
commitments 

MRM Water Management Plan- has 
sufficient infrastructure to have a low risk 
of non-complying contaminant levels at 
SW11 
 

Env B 2 M-12 

M- modelling 
conducted 

with multiple 
inputs 

MRM Water Management System to 
remove water from the perimeter of the 
dump and constrain release of 
contaminated waters.  Potential for 
emergency Authorization to release 
trapped water.  

D 
Comm 2 

Env 1 
L- 5 
L- 2 

M- based on 
modelling 

Inherent Basis- NOEF 
seepage contaminates 
groundwater which 
reports to surface water 
and leads to off-site 
release of contaminants 
at SW11. Lack of long 
term maintenance of 
dump cover system in 
pre-EIS case. 
Residual Basis- levees in 
place and potential for 
ponding against the base 
of NOEF behind the 
levee and subsequent 
localised failure of the 
NOEF- leading to minor 
increases in contaminant 
and a requirement to 
rehabilitate the NOEF.  
Post 2020 circumstance 
with 1:100 year levees 
considered to be a 
similar risk. 

BB06 

Inadequate 
characterization 
and prediction 
of Tailings 
properties, 
groundwater 
inflow, and / or 
water quality 
(long term)  

Leading to incorrect 
Pit Lake water quality 
predictions, 
unknown fate of 
contaminants of 
concern (COC's).  
Mechanisms for 
ground water flow 
rates / directions. 
Surface and Ground 
water interaction. 

Significant network of groundwater 
monitoring bores on site. 
On site water management- pumping 
contaminated waters back to water 
management system. 

Env A 1 M- 11 
H- known 

condition of 
system 

Upgrade and implementation of water 
management system (Treatment Plant, 
etc.). 
Trigger point of an unacceptable 
discharge- to redirect water away from 
discharge.  

C Env 1 L- 4 

M- modelling 
conducted- 
with a large 

range of inputs 
and some 

uncertainty 

Inherent Basis- ground 
water impacts the 
surface water, causing 
downstream 
contamination- a dirty 
"first flush" from the 
ephemeral streams or in 
low flow conditions. 
Residual Basis- water 
management capacity 
and overarching 
mandate to only release 
conforming discharge.  
Also, considered some 
gaps in knowledge 
related to ground water 
movement directions. 

BB04 

Failure to meet 
stakeholder 
expectations in 
regards to 
management of 
cultural heritage 
site MRM4 

Loss of or impact to 
cultural heritage site 
(in particular MRM 
4). 

1) Establishment of good relations with 
TOs (including regular consultation) 
2) Existing acknowledgment and 
agreement on site's significance 
3) Site fencing, and signage around MRM 
4 
4) Environmental Management System- 
which includes formal approval 
requirements (Clearing Permits) prior to 
any disturbance. 
5) Training management system- 
inductions- which includes cultural 
heritage sensitivity for all personnel on 
site. 

Comm & 
Regulatory 

D 
Comm 3  

Reg 1 
M- 9 
L- 1 

H- known 
condition on 
site with long 
term working 
relationships 

with TOs 

1) Establishment of formal agreement 
with TO's including agreed site 
management  
2) Receipt of permit to disturb from 
regulatory agency (Heritage Branch) 

E 
Comm 1 

Reg 1 
L- 1 
L- 1 

H- with 
removal- no 
remaining 

threat from 
MRM 4 in 

current 
location- and 

known ability to 
manage threat 

Inherent Basis- existing 
processes and known 
levels of concern by TO's 
Residual Basis- relocated 
site further from active 
mining areas and 
approval to move and 
established fencing, 
signage and other 
controls agreed with 
TO's. 
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BB27 

Due to deeper 
geotechnical 
failure and 
exposure of 
reactive material 
under the cover 
system and 
generating a 
higher than 
acceptable 
geochemical 
loading from 
facility 

Poor quality 
discharge from the 
NOEF leading to 
failing water quality 
commitments at 
SW11. 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation, placement of 
cover system, characterisation of all 
materials placed (including clays and 
growing media), construction of sub 
surface and surface drainage system on 
NOEF.  Inspection and monitoring of 
emplacement performance.  Certifying 
engineers for the facility. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

Env & 
Regulatory 

D 
Env- 2 
Reg- 3 

L- 5 
M- 9 

H- known 
performance 

of NOEF 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation, placement of 
cover system, characterisation of all 
materials placed (including clays and 
growing media), construction of sub 
surface and surface drainage system on 
NOEF.  Inspection and monitoring of 
emplacement performance.   Certifying 
engineers for the facility.  Geotechnical 
analysis of proposed NOEF design 
indicates similar geotechnical 
performances to existing NOEF- some 
minor differential settlement is 
possible.  Monitoring and maintenance 
capacity for NOEF. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

D 1 L- 2 

M- based on 
modelling only 
(industry best 
practice)- and 

reliant on 
construction 
methodology 

meeting 
designs. 

Inherent Basis- current 
controls rely on pumping 
to intercept discharge 
and redirect it- reducing 
potential for non-
conformances at SW11. 
Residual Basis- repaired 
NOEF would have 
negligible releases of 
contaminated water 
(with reliable monitoring 
and repair capacity and 
the later constructed 
elements of the NOEF 
having thicker natural 
alluvium / foundation) - 
reducing potential for 
non-conformances at 
SW11 

BB28 

Deeper 
geotechnical 
failure and 
exposure of 
reactive material 
under the cover 
system of the 
NOEF which 
generates a 
higher than 
acceptable 
geochemical 
loading from 
facility. 

Poor quality 
discharge from the 
NOEF leading to 
failing water quality 
commitments at 
SW11. 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation.  Inspection and 
monitoring of emplacement 
performance.  Certifying engineers for the 
facility. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

Env & 
Regulatory 

D 
Env 2 
Reg 3 

L- 5 
M- 9 

H- known 
performance 

of NOEF 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation.  Inspection and 
monitoring of emplacement 
performance.  Certifying engineers for 
the facility.  Geotechnical analysis of 
proposed NOEF design indicates similar 
geotechnical performances to existing 
NOEF- some minor differential 
settlement is possible.  Monitoring and 
maintenance capacity for NOEF. 
Transport Controls- Monitoring and 
reactive maintenance of water system 
as required. 

D 1 L- 2 

H- Will have 
demonstrated 
performance 

after an 
extended 

period. 

Inherent Basis- current 
controls rely on pumping 
to intercept discharge 
and redirect it.  The 
source control is less 
than ideal. 
Residual Basis- repaired 
NOEF would have 
negligible releases of 
contaminated water 
(with a stable fully 
settled state of the NOEF 
achieved after 
approximately 10 years)- 
reducing potential for 
non-conformances at 
SW11. 

BB37 

Inappropriate 
tailings and 
decant 
management 
leading to lower 
strength tailings 
beach 
Caused either by 
poor operation 
and 
management 
(such as 
allowing decant 
pond to form 
against wall, 
depositing thick 
layers of tailings 
etc.), or 
inadequate 
design and 
planning. 

- Tailings beach 
strength insufficient 
to enable upstream 
raising requiring 
design change which 
will increase TSF 
footprint, require 
more borrow 
materials and 
potential for more 
seepage rates. 
- Excessive 
embankment 
deformation and 
potential breach 

OMS for tailings deposition- that covers 
procedures and monitoring. 
Work Method Statements in place for any 
construction works 
Third party inspections and annual audits. 
Dam Safety guidelines followed including 
considerations of seismicity. 

Env & 
Regulatory 

D 
Env 3 
Reg 3 

M- 9 
M- 9 

M- based on 
difficulties in 

predicting the 
size of failure. 

OMS for tailings deposition- that covers 
procedures and monitoring. 
Work Method Statements in place for 
any construction works 
Third party inspections and annual 
audits.  

E 3 L- 6 

M- based on 
difficulties in 

predicting the 
size of failure. 

local scale failure of 
embankment leading to 
a release of tailings or 
poor quality water- 
worst case would be a 
release to Little Barney 
or Surprise Creeks- 
which could move to the 
river the wet season- 
likelihood improved with 
the EIS approved TSF- as 
it is easier for water 
management and avoids 
complications of lined 
and unlined dams. 
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BB54 

Shallow 
geotechnical 
failure (NOEF 
batter) blocking 
a surface 
conveyance 
channel, Higher 
than acceptable 
sediment 
loading from 
facility 

 leading to failing 
water quality 
commitments 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation, placement of 
cover system, characterisation of all 
materials placed (including clays and 
growing media), construction of sub 
surface and surface drainage system on 
NOEF.  Inspection and monitoring of 
emplacement performance.  Certifying 
engineers for the facility. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

Env & 
Regulatory 

D 
Env- 2 
Reg- 3 

L- 5 
M- 9 

H- known 
performance 

of NOEF 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation, placement of 
cover system, characterisation of all 
materials placed (including clays and 
growing media), construction of sub 
surface and surface drainage system on 
NOEF.  Inspection and monitoring of 
emplacement performance.   Certifying 
engineers for the facility.  Geotechnical 
analysis of proposed NOEF design 
indicates similar geotechnical 
performances to existing NOEF- some 
minor differential settlement is 
possible.  Monitoring and maintenance 
capacity for NOEF. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

D 
Env- 1 
Reg- 1 

L- 2 
L- 2 

M- based on 
modelling only 
(industry best 
practice)- and 

reliant on 
construction 
methodology 

meeting 
designs. 

Inherent Basis- current 
plans have sediment 
management 
infrastructure- reducing 
potential for non-
conformances at SW11. 
Limited long term 
maintenance though 
pre-EIS. 
Residual Basis- repaired 
NOEF would have 
negligible releases of 
contaminated water 
(with reliable monitoring 
and repair capacity) - 
reducing potential for 
non-conformances at 
SW11. 

BB77 

Due to 
differential 
settlement as a 
result of 
differing lift 
heights within 
the NOEF 

Cover system 
integrity and 
performance 
compromised, 
leading to higher O2 
& NP entry than 
performance 
expectation. Impacts 
on water quality at 
SW11. 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation, placement of 
cover system, characterisation of all 
materials placed (including clays and 
growing media), construction of sub 
surface and surface drainage system on 
NOEF.  Inspection and monitoring of 
emplacement performance.  Certifying 
engineers for the facility. Existing NOEF 
has been built earlier and given time to 
settle. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

Env & 
Regulatory 

D 
Env- 2 
Reg- 3 

L- 5 
M- 9 

H- known 
performance 

of NOEF 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation, placement of 
cover system, characterisation of all 
materials placed (including clays and 
growing media), construction of sub 
surface and surface drainage system on 
NOEF.  Inspection and monitoring of 
emplacement performance.   Certifying 
engineers for the facility.  Geotechnical 
analysis of proposed NOEF design 
indicates similar geotechnical 
performances to existing NOEF- some 
minor differential settlement is 
possible.  Monitoring and maintenance 
capacity for NOEF. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

D 
Env 1 
Reg 1 

L- 2 
L- 2 

M- based on 
modelling only 
(industry best 
practice)- and 

reliant on 
construction 
methodology 

meeting 
designs. 

Inherent Basis-  current 
controls rely on pumping 
to intercept discharge 
and redirect it- reducing 
potential for non-
conformances at SW11. 
Residual Basis- repaired 
NOEF would have 
negligible releases of 
contaminated water 
(with reliable monitoring 
and repair capacity and 
the later constructed 
elements of the NOEF 
having thicker natural 
alluvium / foundation) - 
reducing potential for 
non-conformances at 
SW11 

BB12 

Higher than 
acceptable 
geochemical 
loading from 
facility due to 
different basal 
vs toe seepage 
assumptions or 
lack of 
understanding 
of NOEF 
hydrogeology 

Failing water quality 
commitments 

MRM Water Management Plan- with 
capacity to collect and redirect 
contaminated waters.  Piezometers and 
other devices in place to monitor and 
track ground water make / movements. 

Env, Comm 
& H&S  

C 
Env 1 

Comm 2 
H&S 1 

L- 4 
M- 8 
L- 4 

M- some 
uncertainty 

around 
seepage 

amounts and 
split between 
toe and base 

flows. 

MRM Water Management Plan- with 
capacity to collect and redirect 
contaminated waters. 

D 
Env 1 

Comm 2 
H&S 1 

L- 2 
L- 5 
L- 2 

M- some 
uncertainty 

around seepage 
amounts and 
split between 
toe and base 

flows. 

 underestimation of 
seepage volumes leads 
to over whelming the 
capacity of drainage 
mitigation- leading to 
toe water escaping the 
drain and escaping into 
the environment 
(requiring active 
remediation).  Under the 
EIS approach improved 
design and continuous 
improvement following 
construction with 
upgrade of systems as 
required. 
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BB20 

Severe fire 
event across the 
site (short term, 
30-100yr)  

Leading to 
destruction of 
rehabilitated areas 

MRM Site Emergency Response 
Management Plan- addresses fire season 
preparation and response. 
Longer term- will have as per rural / 
pastoral lease management of fire threat. 
MRM Rehabilitation Management Plan- 
includes selection of native species which 
are fire tolerant and suited to the MRM 
climate / area. 

Env C 2 M- 8 

H- well 
understood 
mechanisms 
for fire in the 

MRM 
environment 

MRM Site Emergency Response 
Management Plan- addresses fire 
season preparation and response. 
Longer term- will have as per rural / 
pastoral lease management of fire 
threat. 
MRM Rehabilitation Management Plan- 
includes selection of native species 
which are fire tolerant and suited to the 
MRM climate / area. 
Additionally- post EIS the reactive 
management program will provide 
additional focus / resources for fire 
management. 

D 2 L- 5 

H- well known 
conditions for 

fire 
management in 
the MRM area- 
improved with 

Active 
Management. 

Large hot fire which 
destroys significant 
amounts of the 
revegetation and 
exacerbates erosion.  

BB52 

Toe drainage 
capacity 
insufficient to 
release interflow  

Leading to water 
mounding and 
geotechnical 
instability at toe 

MRM Water Management System to 
remove water from the perimeter of the 
dump and constrain release of 
contaminated waters.  Redundant 
facilities and alternately powered (e.g. 
diesel pumps) infrastructure available. 

Env & 
Comm 

C 
Env 1 

Comm 2 
L- 4 
M- 8 

M- modelling 
conducted 

with multiple 
inputs 

MRM Water Management System to 
remove water from the perimeter of the 
dump and constrain release of 
contaminated waters.  Potential for 
emergency Authorization to release 
trapped water. Additional Class 4-6 
water management facilities. 

D 
Env 1 

Comm 2 
L- 2 
L- 5 

M- based on 
modelling 

Inherent Basis- small 
levees in place and 
potential for ponding 
against the base of NOEF 
behind the levee and 
subsequent localised 
failure of the NOEF- 
leading to minor 
increases in contaminant 
and a requirement to 
rehabilitate the NOEF. 
Residual Basis- levees in 
place and potential for 
ponding against the base 
of NOEF behind the 
levee and subsequent 
localised failure of the 
NOEF- leading to minor 
increases in contaminant 
and a requirement to 
rehabilitate the NOEF.  
Post 2020 circumstance 
with 1:100 year levees 
considered to be a lower 
risk of inundation, and 
improved pumping and 
storage facilities could 
accept the excess water 
sooner. 

BB73 

Higher than 
acceptable 
geochemical 
loading from 
facility 

Due to failure of 
surface water 
management system 
within/around the 
NOEF, leading to 
failing water quality 
commitments 

MRM Water Management Plan- with 
capacity to collect and redirect 
contaminated waters.  Piezometers and 
other devices in place to monitor and 
track ground water make / movements. 

Env C 2 M- 8 

M- some 
uncertainty 

around 
seepage 

amounts and 
split between 
toe and base 

flows. 

MRM Water Management Plan- with 
capacity to collect and redirect 
contaminated waters. 

D 1 L- 2 

M- some 
uncertainty 

around 
modelling 

underestimation of 
seepage volumes leads 
to over whelming the 
capacity of drainage 
mitigation- leading to 
toe water escaping the 
drain and escaping into 
the environment 
(requiring active 
remediation).  Under the 
EIS approach improved 
design and continuous 
improvement following 
construction with 
upgrade of systems as 
required. 



 

ORMJ1631 Ver 2, 20/02/2017 Pg 47 
 

Ref Hazard Impact Existing (Pre-OMP EIS) Controls Risk Type P(I) C(I) R(I) Conf(I) Additional (Post OMP EIS) Controls P(R) C(R) R(R) Conf(R) Ranking Basis 

BB13 

Runoff dam or 
other elements 
of the water 
management 
system 
discharge water 
at lower than 
desired quality 
and impede 
ability to 
achieve 
acceptable 
downstream 
water quality 

Due to higher 
seepage rates from 
WPROD, SEPROD and 
SPROD than 
expected, or 
contaminated waters 
in elements of the 
site Water 
Management System 
(dams etc.), leading 
to failing water 
quality commitments  
Or …leading to non-
compliance with 
water quality 
discharge criteria  

MRM Water Management Plan- has 
sufficient infrastructure to prevent non-
complying contaminant levels at SW11 

Env B 2 M- 7 
H- known 

performance 
of MRM 

MRM Water Management Plan- has 
sufficient infrastructure to prevent non-
complying contaminant levels at SW11.  
Additional water infrastructure intended 
with lining of infrastructure as required, 
ground water mitigation systems (cut off 
trenches and pumps etc.) 
QA / QC on water management system 
elements- design and construction 
phases. 

D 1 L- 2 

M- design and 
modelling with 

some 
uncertainty 

dam seepage 
contaminant 
groundwater which 
reports to surface water 
and leads to offsite 
release of contaminants 
at SW11 

BB81 

North 
Overburden 
Emplacement 
Facility- general 
operations / 
failure of dust 
suppression / air 
quality 

Potential nuisance 
and human health 
issues associated 
with air quality, 
including dust and air 
pollutants such as 
sulphur dioxide, 

Dust Management Plan- use of water 
carts and fixed sprays to suppress dust- 
applied during construction of NOEF and 
other dumps and as required elsewhere. 
Safety Management System- 
identification of hazards and application 
of work methods to avoid exposure or to 
be protected whilst working in proximity 
to hazards (cabins, PPE, etc.). 

H&S and 
Community 

B 
Comm 1 

H&S 1 
M- 7 
M- 7 

H- known 
activity and 
occurrences 

represent 
maximum 
reasonable 
outcomes 

Development and implementation of 
updated Site Air Quality Management 
Plan  

D 
Comm 1 

H&S 1 
L- 2 
L- 2 

H- known 
activity and 
occurrences 

represent 
maximum 
reasonable 
outcomes 

exposure of personnel to 
spon com fumes and 
potential for exposure of 
members of the public 
on the highway- small, 
isolated heating which 
typically occurs is 
considered. 

BB89 

Erosion of 
embankment 
batters from 
rainfall/runoff 

Rainfall causes 
erosion of 
embankment slopes 
resulting in need to 
undertake 
remediation works. 

MRM Operational Management System 
that includes: 
- Regular inspections of the TSF and 
surrounds 
 - Construction standards of TSF walls and 
foundations 

Env & 
Regulatory 

B 
Env 1 
Reg 1 

M-7 
M- 7 

H- known 
conditions 

Operational management plan covers 
placement, monitoring and control of 
tailings pipelines and embankment 
conditions. Rock armour of downstream 
walls. 

C 
Env 1 
Reg 1 

L- 4 
L- 4 

H- Known 
behaviour of 
similar TSF's. 

Rain causes small 
erosion gullies in 
embankment, requiring 
repair. No bank failures. 
Sedimentation of 
waterways. 

BB55 

Failure to 
protect 
Indigenous 
cultural heritage 
places/features  

Leading to failure to 
meet closure 
objectives 

1) Establishment of good relations with 
TOs (including regular consultation) 
2) Existing acknowledgement and 
agreement on site's significance 
3) Site fencing, and signage around MRM 
4 
4) Environmental Management System- 
which includes formal approval 
requirements (Clearing Permits) prior to 
any disturbance. 
5) Training management system- 
inductions- which includes cultural 
heritage sensitivity for all personnel on 
site. 

Comm & 
Regulatory 

E 
Comm 3  

Reg 3 
L- 6 
L- 6 

H- known 
condition on 
site with long 
term working 
relationships 

with TOs 

1) Establishment of formal agreement 
with TO's including agreed site 
management    
2) Receipt of permit to disturb from 
regulatory agency (Heritage Branch) 

E 
Comm 3  

Reg 3 
L- 6 
L- 6 

H- with 
removal- no 
remaining 

threat from 
MRM 4 in 

current 
location- and 

known ability to 
manage threat 

Inherent Basis- existing 
processes and known 
levels of concern by TO's 
Residual Basis- relocated 
site further from active 
mining areas and 
approval to move and 
established fencing, 
signage and other 
controls agreed with 
TO's. 

BB18 

Wind shear 
leading to 
advective drying 
of cover system  

Leading to 
insufficient moisture 
for vegetation 
growth 

Phase 3 EIS closure plan- with a general 
requirement for vegetation to be 
established. 
Monitoring and management of 
revegetation. 

Env D 2 L- 5 

M- 
conceptual 
design not 

yet 
implemented. 

As for Phase 3- with additional 
consideration of cover and protecting 
the growth media zone to address 
retention of moisture and use of a more 
advanced design. 

D 2 L- 5 

H- more 
extensive 

modelling and 
success of the 

intended 
process in other 
similar facilities 

Inherent Basis- potential 
for erosion and dust 
make to occur in any 
weather events and 
subsequent release of 
sediment and 
contaminants to the 
receiving environment. 
Residual Basis- ongoing 
persistent rehabilitation 
works until adequate 
and self-sustaining 
vegetation cover 
established. 
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BB26 

Damage to or 
failure of NOEF 
(e.g. water at 
toe, flood 
inundation, 
settlement 
failures), and/or 
incorrect 
operation of 
water 
management 
system. 

Increased sediment 
and contaminant 
load released from 
the NOEF. 

Dump construction methods. 
MRM Water Management System 
including PAF dams, sediment traps, BC 
sumps, BC levee. 
Redundant facilities and alternately 
powered (e.g. diesel pumps) 
infrastructure available. 
Potential for emergency authorization to 
release trapped water. 

Env & 
Comm 

D 
Env 1 

Comm 2 
L- 2 
L- 5 

M- modelling 
conducted 

with multiple 
inputs 

Dump construction methods including 
better flood protection systems. 
MRM Water Management System 
including PAF dams, sediment traps, BC 
sumps, BC levee. 
Redundant facilities and alternately 
powered (e.g. diesel pumps) 
infrastructure available. 
Potential for emergency authorization 
to release trapped water.  
Settlement monitoring. 

D 
Env 1 

Comm 2 
L- 2 
L- 5 

M- based on 
modelling 

small levees in place and 
potential for ponding 
against the base of NOEF 
behind the levee and 
subsequent localised 
failure of the NOEF- 
leading to minor 
increases in contaminant 
and a requirement to 
rehabilitate the NOEF. 

 
Post 2020 circumstance 
with 1:100 year 
levees/barrier 
considered to be a 
similar risk. 

BB36 

Seepage from 
TSF above 
threshold 
contaminant 
levels impacting 
receptors, or not 
compliant with 
operational 
objectives.  
Caused either by 
inappropriate 
tailings 
management, 
unsuitable 
investigation 
and design of 
controls, or 
inappropriate 
monitoring 

- Oxidisation of 
tailings releasing 
heavy metal 
contaminants and 
acidic conditions 
within decant pond 
and saturated tailings 
(seepage source) 
- Seepage from TSF 
impacting on surface 
water and ground 
water quality in 
receiving 
environment 
exceeding threshold 
levels 
- Breach of 
environmental 
licence requiring 
clean-up costs, 
regulatory 
restrictions, and 
community 
discontent 

Moist tailings with low oxidation rates. 
Tailings Management to keep moisture 
levels appropriate to avoid increased 
oxidation rates. 
Management of PbOx water using 
recirculation of the system   
Temporary cover over Cell 1. 
Source control- small decant pond. 

Env & 
Regulatory 

D 
Env 2 
Reg 1 

L- 5 
L- 2 

H- well 
known 

process on 
site. 

 - Combination of Cell 1 and 2 
(eliminating requirement for Cells 3 and 
4) and generation of a smaller footprint 
will lead to less AMD generation 
 - Post mining removal of the tailings 
dam to the OCV and subaqueous 
storage  
 - Revised and improved seepage and 
interception system 
 - No decommissioned dams that could 
oxidise 

E 2 L- 3 

H- knowledge 
of operations 
and removal 
of hazard at 

end of mining 
operations. 

Inherent Basis- TSF 
operated as per OMS 
keeping tailings moist 
and avoiding generation 
of oxidation reactions 
(validated by test pits in 
Cells 1)- when oxidation 
occurs it leads to poorer 
quality seepage and 
length of time for any 
contaminated materials 
to report. 
Residual Basis- negligible 
oxidation during life of 
operations- loss 
considered is minor 
release of metals and 
salts. 

BB44 

Vandalism or 
sabotage or 
trespassing onto 
the site 

Leading to failure of 
rehabilitation and 
closure objectives 
and potential for an 
impact to a third 
party / member of 
the public who 
accesses the site. 

MRM Security Management Plan- with 
active monitoring, fencing, etc. during 
operations and adaptive management 
phase. 
Barricading and signage warning of any 
hazardous locations. 
Longer term management as per pastoral 
land holders. 

H&S and 
Community 

D 
Comm 2 

H&S 2 
L- 5 
L- 5 

H- easily 
understood 
conditions 
similar to 

other 
relinquished 

lease 
holdings 

MRM Security Management Plan- with 
active monitoring, fencing, etc. during 
operations and active management 
phase. 
Barricading and signage warning of any 
hazardous locations. 

D 
Comm 2 

H&S 2 
L- 5 
L- 5 

H- easily 
understood 
conditions 

similar to other 
relinquished 

lease holdings 

Steep slopes are at 1:2.5 
and 1:3- with protection 
of the open cut in the 
long term through filling 
with water.  Other 
topography will be 
similar to the region.  
Potential for serious, 
non-fatal, injuries 
considered. 

BB67 

Higher than 
acceptable 
geochemical 
loading from 
facility 

Due to power failure 
and failure of 
pumping system for 
seepage collection 
sumps, leading to 
failing water quality 
commitments 

MRM Water Management System to 
remove water from locations around the 
site and constrain release of 
contaminated waters.  Redundant 
facilities and alternately powered (e.g. 
diesel pumps) infrastructure available. 

Env & 
Comm 

D 
Env 1 

Comm 2 
L- 2 
L- 5 

H- known 
performance 

of MRM 

MRM Water Management System to 
remove water from locations around the 
site and constrain release of 
contaminated waters.  Redundant 
facilities and alternately powered (e.g. 
diesel pumps) infrastructure available. 

D 
Env 1 

Comm 2 
L- 2 
L- 5 

M- design and 
modelling with 

some 
uncertainty 

redundant back up 
systems capable of 
restricting any potential 
release to other on site 
locations. 
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Ref Hazard Impact Existing (Pre-OMP EIS) Controls Risk Type P(I) C(I) R(I) Conf(I) Additional (Post OMP EIS) Controls P(R) C(R) R(R) Conf(R) Ranking Basis 

BB76 

CCL integrity 
compromised 
due to 
geochemical 
reactions, 
shrinkage, 
erosion, or 
impact. 

Leading to higher 
than expected NP 
and impacts on 
water quality. 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation, placement of 
cover system, characterisation of all 
materials placed (including clays and 
growing media), construction of sub 
surface and surface drainage system on 
NOEF.  Inspection and monitoring of 
emplacement performance.  Certifying 
engineers for the facility. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

Env & 
Regulatory 

D 
Env- 1 
Reg- 2 

L- 2 
L- 5 

H- known 
performance 

of NOEF 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation, placement of 
cover system, characterisation of all 
materials placed (including clays and 
growing media), construction of sub 
surface and surface drainage system on 
NOEF.  Inspection and monitoring of 
emplacement performance.   Certifying 
engineers for the facility.  Geotechnical 
analysis of proposed NOEF design 
indicates similar geotechnical 
performances to existing NOEF- some 
minor differential settlement is 
possible.  Monitoring and maintenance 
capacity for NOEF. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

D 
Env- 1 
Reg- 2 

L- 2 
L- 5 

M- based on 
modelling only 
(industry best 
practice)- and 

reliant on 
construction 
methodology 

meeting 
designs. 

Inherent Basis- current 
controls rely on pumping 
to intercept discharge 
and redirect it- reducing 
potential for non-
conformances at SW11. 
Residual Basis- repaired 
NOEF would have 
negligible releases of 
contaminated water 
(with reliable monitoring 
and repair capacity and 
the later constructed 
elements of the NOEF 
having thicker natural 
alluvium / foundation) - 
reducing potential for 
non-conformances at 
SW11 

BB99 

AMD generation 
from tailings 
beach upon 
ceasing tailings 
deposition 
either 
temporarily, in 
care and 
maintenance, or 
due to early 
closure 

Drying out and 
oxidisation of tailings 
leads to potential 
AMD generation off 
exposed beaches and 
associated 
supernatant water 
quality impacts. 

Moist tailings with low oxidation rates. 
Tailings Management to keep moisture 
levels appropriate to avoid increased 
oxidation rates. 
Management of PbOx water using 
recirculation of the system   
Temporary cover over Cell 1. 
Source control- small decant pond. 

Env & 
Regulatory 

D 
Env 2 
Reg 1 

L- 5 
L- 2 

H- well 
known 

process on 
site. 

 - Combination of Cell 1 and 2 
(eliminating requirement for Cells 3 and 
4) and generation of a smaller footprint 
will lead to less AMD generation 
 - Post mining removal of the tailings 
dam to the OCV and subaqueous 
storage  
 - Revised and improved seepage and 
interception system 
 - No decommissioned dams that could 
oxidise 

D 
Env 2 
Reg 1 

L- 5 
L- 2 

H- knowledge 
of operations 
and removal 
of hazard at 

end of mining 
operations. 

C&M period for 3 years 
so no fresh tailings 
deposition. 

BB05 

Failure to meet 
stakeholder 
expectations for 
landform 
(cultural 
significance) in 
regards to the 
height of the 
NOEF   

Unacceptable change 
in the landform from 
a cultural 
perspective. Higher 
NOEF is not 
approved. 

Procedures for designing and approving 
dumps that consider height limits. Survey 
pick-ups for as-built checks.  

Comm & 
Regulatory 

C 
Comm 1 

Reg 1 
L- 4 
L- 4 

H- good 
historic 

relationship 
with TO's and 
conformance 
with cultural 
requirements 

on site. 

Establishment of formal agreement with 
TO's including agreed site management    
Amend Aboriginal Areas Protection 
Authority certificate to cover the 
intended increased height of the dump, 
if agreed. 
Procedures for designing and approving 
dumps that consider height limits. 
Survey pick-ups for as-built checks.   

C 
Comm 1 

Reg 1 
L- 4 
L- 4 

H- good historic 
relationship 

with TO's and 
conformance 
with cultural 
requirements 

on site. 

Inherent Basis-  dumping 
heights in accordance 
with expectations of 
TO's and so no plans to 
dump above authorised 
limits.  Any errors in 
constructed dump 
heights can be fixed with 
available equipment. 
Residual Basis- dumping 
heights in accordance 
with updated 
expectations of TO's and 
planned approach is 
ongoing confirmation of 
acceptability of dump 
heights.  Any errors in 
constructed dump 
heights can be fixed with 
available equipment. 
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Ref Hazard Impact Existing (Pre-OMP EIS) Controls Risk Type P(I) C(I) R(I) Conf(I) Additional (Post OMP EIS) Controls P(R) C(R) R(R) Conf(R) Ranking Basis 

BB16 

Increased 
seepage 
recovery 
requirements 
within footprint 
of TSF, NOEF, 
Open Cut to 
manage existing 
contaminated 
groundwater 
and increased 
recharge 
resulting from 
removal of 
tailings, post 
completion of 
remining 
tailings, NOEF 
and around the 
Open Cut 

Potential non-
intercepted 
contaminated 
seepage resulting in 
increased 
contamination of 
groundwater. 

Controlling surface water so that it 
doesn't infiltrate the ground water via 
NOEF or TSF (as far as practicable). 

Env C 1 L- 4 
H- currently 

observed 
conditions 

Controlling surface water so that it 
doesn't infiltrate the ground water via 
NOEF or TSF (as far as practicable). 
Expansion and improvement of existing 
strategy for seepage prevention and 
recovery. 
Removal of TSF entirely. 

D 1 L- 2 
M- modelled 
performance 
prediction. 

No known or intended 
third party users of 
groundwater within the 
area of influence.  
Surface water 
management systems to 
address any expressed 
ground water. 

BB22 

1) Dust 
migration from 
unvegetated 
TSF.  
2) Dust 
transported to 
vegetation by air 
or as runoff  
3) Heavy metal 
loads in 
vegetation, soils 
and sediments 
causing 
vegetation 
dieback 

1) Loss of plants,  
2) Reduction of 
habitat for flora and 
fauna,  
3) Compromised 
success of 
rehabilitation areas,  
4) Compromised 
stability of diversion 
banks,  
5) Contamination of 
waterways,  
6) Mortality of 
aquatic fauna 

MRM Dust monitoring program,  
MRM Environmental management 
system which includes sediment 
monitoring and capacity to react to 
identified issues. 
MRM Rehabilitation management plan- 
that includes Vegetation health 
monitoring and feedback loops to 
ongoing improvements in achieved cover  
Dust Management Plan- use of water 
carts and fixed sprays to suppress dust- 
applied during construction of NOEF and 
other dumps and tailings areas, and as 
required elsewhere. 
Work method statement for conduct of 
tailings construction activities (e.g.  
Avoiding loose tailings being left in 
stockpiles). 
Tailings being rehandled are track rolled 
(as per Operation, Maintenance and 
Surveillance Manual for the TSF). 
Safety Management System- 
identification of hazards and application 
of work methods to avoid exposure or to 
be protected whilst working in proximity 
to hazards (cabins, PPE, etc.). 

Env C 1 L- 4 

H- operating 
experience 
over full life 
of mine and 

observed 
success of 

capping etc. 

20 years of building tailings dam and 10 
years of reclaiming- and similar issues to 
non-EIS mitigation measures. 
Ranked as for pre EIS. 

C 1 L- 4 

H- operating 
experience over 
full life of mine 
and observed 

success of 
capping etc. 

Water trucks deployed 
during construction 
activities and restricted 
area with locked gates 
(minimises vehicle 
loading), environmental 
impact on flora and 
fauna from dust 
considered- and then 
subsequent problems 
with first flush from 
Surprise Ck.  Low levels 
of dust- below levels 
likely to cause harm to 
aquatic fauna / flora 
expected. 

BB24 
South OEF- 20 
year release to 
the environment 

Ground water 
contamination 
flowing into 
McArthur river- 
causing exceedance 
of SW11 limits. 

Limited capping of SOEF. 
Low permeability foundation, directing 
seepage to OCV. 
OCV dewatering creates a ground water 
sink. 
MRM water management system 
surrounding the SOEF 

Env C 1 L- 4 

M- 
knowledge of 
water flows is 

sound- but 
some 

uncertainty 
still around 

hydrogeology 

As per pre-EIS plus: 
- pit expands so drawdown is greater 
- SOEF removed before pit is flooded 
- monitoring to check for impacts 

C 1 L- 4 

M- knowledge 
of water flows 
is sound- but 

some 
uncertainty still 

around 
hydrogeology 

Contaminated GW 
mound builds up inside 
SOEF and pushes 
contaminated seepage 
south into the MR in the 
dry season, causing 
water quality to fail 
SW11 
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BB74 

Higher than 
acceptable 
geochemical 
loading from 
facility 

Due to failure of 
flood protection for 
McArthur River, 
leading to failing 
water quality 
commitments 

MRM Water Management Plan- with 
capacity to collect and redirect 
contaminated waters.  Release only 
occurs with water that meets discharge 
requirements. 

Env C 1 L- 4 

M- some 
uncertainty 

around 
seepage 

amounts and 
split between 
toe and base 

flows. 

MRM Water Management Plan- with 
capacity to collect and redirect 
contaminated waters during the time up 
to the end of the adaptive management 
phase.  Post adaptive management a 
benign flow through system will be 
implemented. 

D 1 L- 2 

M- some 
uncertainty 

around 
modelling 

Inherent Basis- 
contaminated water 
retained on site and only 
released when treated 
or when discharge 
requirements are met. 
Failure of system would 
likely only occur when 
there is lots of dilution 
present, so impacts are 
low. 
Residual Basis- Under 
the EIS approach 
improved design and 
continuous 
improvement following 
construction with 
upgrade of systems as 
required. 

BB87 

Higher than 
acceptable 
sediment 
loading from 
facility 

Due to overflow of 
the PRODs and/or 
sediment traps as a 
result of a storm 
event greater than 
the design event, 
leading to failing 
water quality 
commitments and 
introduction of 
metals into the food 
chain. 

Site water balance and TARPS manages 
spill risks.  

Env, Reg & 
H&S 

C 
Env 1 
Reg 1 
H&S 1 

L- 4 
L- 4 
L- 4 

H- known 
conditions 

- Flood studies of Surprise Creek and 
Little Barney Creek undertaken to assess 
flood levels and flow velocities. 
-Design allows for rock armouring of toe 
of embankment adjacent to waterway 
(i.e. Surprise Creek) 
- Monitoring of toe of TSF 
during/following Extreme flood events 
- Relocation of tailings to the final void 
as part of tailings reprocessing and 
rehandling 

C 
Env 1 
Reg 1 
H&S 1 

L- 4 
L- 4 
L- 4 

H- Known 
behaviour of 
similar TSF's 

and flood 
modelling 
velocities. 

Inherent Basis- 
overtopping is due to 
large event so assume 
higher dilution factor, 
limiting the 
environmental impact. 
Assume ST basis for 
likelihood of spill as 
PROD's are planned to 
be decommissioned and 
rehabilitated in the 
longer term. 
Residual Basis- Release 
of tailings prior to 
completion of reclaim 
operations and site 
rehabilitation.  

BB03 

Discharge of 
tailings to 
environment 
due to tailings 
overtopping the 
spillway 
Caused by 
mismanagement 
of the spillway 
raises and 
deposition near 
the spillway. 

Minor spill to the 
environment that 
can be reported and 
cleaned up relatively 
quickly at low cost 

OMS Manual- for operating practices, 
inspection regimes, etc. 
Crest is sloped to direct tailings away 
from a release location. 
Tailings management practices followed 
to discharge at lower levels near spillway. 

Comm & 
Regulatory 

E 
Comm 2 
      Reg 2 

L- 3 
L- 3 

H- multiple 
controls for a 
known state 

of operations. 

OMS Manual- for operating practices, 
inspection regimes, etc. 
Crest is sloped to direct tailings away 
from a release location. 
Tailings management practices followed 
to discharge at lower levels near 
spillway. 

E 
Comm 2 

Reg 2 
L- 3 
L- 3 

H- Based on 
current 

operating 
practice 

low likelihood of a 
release with a scheduled 
daily inspection- so 
unlikely to be greater 
than a 12 to 24-hour 
period.  Maximum 
operating levels 
enforced- and great 
amount of freeboard 
available.  Online level 
indications.  Overtopping 
would still be retained in 
Cell 3- potential for a 
community / regulatory 
response only. 

BB10 

Failure of 
material 
characterisation 
and selective 
handling 

Leading to metals 
leaching from clay 
material and/or 
growth medium 
affecting water 
quality in receptors 
above guidelines 

Clays are locally sourced- and no 
requirement for any specific activity. 
Existing waste rock materials ID & 
handling procedures. Monitoring of 
runoff. 

Env E 2 L- 3 

H- test 
information is 

available 
from the clay, 
soils & waste 

rock in the 
area 

Clays are locally sourced- and no 
requirement for any specific activity. 
Existing waste rock materials ID & 
handling procedures. Monitoring of 
runoff. 

E 2 L- 3 

H- test 
information is 
available from 

the clay sources 
/ soils in the 

area 

Clays are already present 
in the environment and 
not likely to lead to any 
material change in the 
contaminant load. 
Runoff from rock is 
monitored regularly so 
area affected before 
detection is limited. 

BB09 

Higher than 
acceptable 
sediment 
loading from 
facility 

Due to inadequate 
sediment control 
required for clearing, 
grubbing and 
preparation of NOEF 
footprint area, 
leading to failing 
water quality 
commitments 

MRM Environmental Management Plan- 
Clearing and Dig permit 
Approved MMP with requirements for 
consideration of installation of sediment 
traps. 

Env D 1 L- 2 

H- based on 
historical 

construction 
works at and 

by MRM 

MRM Environmental Management Plan- 
Clearing and Dig permit 
Approved MMP with requirements for 
consideration of installation of sediment 
traps. 

D 1 L- 2 

H- based on 
historical 

construction 
works at and by 

MRM 

minor potential for 
release of sediments- 
given the presence of 
sediment traps and 
downstream water 
management system 
elements. 
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BB11 

Higher than 
acceptable 
geochemical 
loading from 
facility 

Due to incorrect 
assessment for 
timing (wetting up 
takes longer) and flux 
of source loading 
from the NOEF, 
leading to failing 
water quality 
commitments 

1) Understanding and adopted controls 
based on Phase 3 assessment  
2) Gas and water monitoring bores 
installed around NOEF  
3) Managed by current water 
management infrastructure including 
monitoring 

Env D 1 L- 2 

H- good 
capacity of 

storing water 
in current 

facilities on 
site 

1) Understanding and adopted controls 
based on Phase 3 assessment  
2) Gas and water monitoring bores 
installed around NOEF  
3) Managed by current water 
management infrastructure including 
monitoring 
4) Monitoring and adjustment of 
construction schedules as required. 

D 1 L- 2 

H- good 
capacity of 

storing water in 
current and 

future facilities 
on site 

Quantity that is released 
will be unchanged- if it 
reports early it would 
require holding of the 
water in another facility 
and potentially lead to 
an unintended release of 
contaminated water. 

BB19 

Reclassification 
of waste rock 
results in 
insufficient 
material being 
available to 
construct a 
cover over the 
NOEF that can 
be 
demonstrated to 
be stable in the 
long term 
(period to be 
agreed between 
MRM and DME) 

Significant financial 
impact. 
Water quality 
impacts in MR. 

Investigations currently ongoing with 
regard to development of a cover for the 
NOEF, erosion trials and calculation of 
materials balance. MRM have identified a 
source of LS NAF to be mined specifically 
for the cover. Information to be available 
in the Overburden Management Project 
EIS. 

Env D 1 L- 2 

L- MRM not 
in control of 

trigger values 
(set by 

Regulatory 
agency) 

H- for MRM 
controlled 

construction 
of NOEF. 

NOEF design that is dependent on the 
use of available LS-NAF.  
EIS presenting basis for maintaining 
current trigger value levels at SW11.  

D 1 L- 2 
M- based on 

modelling 
criteria. 

Considered on the basis 
of large amounts of LS-
NAF being available- and 
current SW11 trigger 
values are maintained 
(Note: because current 
trigger values inform the 
waste classification cut 
offs).  (Note: ranking is 
only valid under the 
current water quality 
guidelines / limits). 

BB62 

Underestimation 
of source 
loading from 
NOEF into the 
PRODs and/or 
local sources of 
mineralisation 
release excess 
loads into the 
receiving 
environment 

Non-compliance with 
WDL limits 

MRM Water Management Plan- has 
sufficient infrastructure to prevent non-
complying contaminant levels at SW11 

Env D 1 L- 2 
H- known 

performance 
of MRM 

MRM Water Management Plan- has 
sufficient infrastructure to prevent non-
complying contaminant levels at SW11.  
Additional water infrastructure intended 
with lining of infrastructure as required, 
ground water mitigation systems (cut off 
trenches and pumps etc.) 
QA / QC on water management system 
elements- design and construction 
phases. 

D 1 L- 2 

M- design and 
modelling with 

some 
uncertainty 

Inherent Basis- 5% spill 
risk of dam so once in 
mine life. Source of load 
is NOEF toe seepage 
being collected and 
pumped into PROD. Even 
10x concentration at 
expected flow rates 
would still yield low total 
loads to environment.  
Residual Basis- dam 
seepage contaminant 
groundwater which 
reports to surface water 
and leads to off site 
release of contaminants 
at SW11 

BB86 

Higher erosion 
rates (due to 
materials 
properties, 
geometry) and 
sediment 
loadings from 
facility 

Due to erosion of 
closure cover system, 
leading to failing 
water quality 
commitments 

Source Controls- materials selection, 
geometry design, drainage 
system.  Inspection and monitoring of 
emplacement performance.  Certifying 
engineers for the facility. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

Env & 
Regulatory 

D 
Env- 1 
Reg- 1 

L- 2 
L- 2 

M- erosion 
rates based 

on modelling 

Source Controls- MRM Dump 
Management Plan- covering foundation 
and slope preparation, placement of 
cover system, characterisation of all 
materials placed (including clays and 
growing media), construction of sub 
surface and surface drainage system on 
NOEF.  Inspection and monitoring of 
emplacement performance.   Certifying 
engineers for the facility.  Geotechnical 
analysis of proposed NOEF design 
indicates similar geotechnical 
performances to existing NOEF- some 
minor differential settlement is 
possible.  Monitoring and maintenance 
capacity for NOEF. 
Transport Controls- MRM Water 
Management System to retain 
contaminated waters and achieve 
compliant release. 

D 
Env- 1 
Reg- 1 

L- 2 
L- 2 

M- based on 
modelling only 
(industry best 
practice)- and 

reliant on 
construction 
methodology 

meeting 
designs. 

Inherent Basis- 1:4 
slopes. Sediment traps 
and monitoring- 
reducing potential for 
non-conformances at 
SW11. 
Residual Basis- repaired 
NOEF would have 
negligible releases of 
contaminated water 
(with reliable monitoring 
and repair capacity and 
the later constructed 
elements of the NOEF 
having thicker natural 
alluvium / foundation) - 
reducing potential for 
non-conformances at 
SW11 
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BB17 

East OEF- high 
pyrite dump and 
generation of 
contaminated 
waters 

Release of 
contaminated waters 
into the McArthur 
River 

Eastern Levee Storage in place presently. 
Not used as a water storage. 

Env E 1 L- 1 
H- no water 

present in ELS 

Capping of East OEF. 
Low permeability foundation, directing 
seepage to OCV. 
OCV dewatering creates a ground water 
sink. 
MRM water management system 
surrounding the East OEF 

D 1 L- 2 

H- intent is to 
have sound 

knowledge of 
hydrogeology 

prior to 
implementation 

Inherent Basis- ELS 
decommissioned until 
knowledge of 
hydrogeology improves 
or integrity of facility is 
improved. 
Residual Basis- possible 
release to McArthur 
River would lead to 
limited potential for 
increasing contaminant 
levels significantly at 
SW11.  Best described as 
rainfall on the dump 
building up groundwater 
mound in the dump that 
connects to shallow 
paleo channels allowing 
rapid transport of 
seepage into McArthur 
River. 

BB14 

Geosynthetic 
liner 
performance or 
other cover 
elements 
deteriorate prior 
to anticipated 
operational life  

Leading to loss of 
hydraulic 
conductivity 
properties and net 
percolation (NP) 
rates higher than 
modelled/anticipated 
performance 
expectations 

Not ranked- as not applicable with no 
liner installed pre EIS approval. 

Env         

NOEF Design includes a requirement, 
where needed, that drainage layers are 
to be used to minimize ponding above. 
MRM NOEF Environmental 
Management Plan- which includes 
requirements for inclusion of drainage 
layers, UV protection, and monitoring 
requirements. 
QA/QC processes on NOEF construction. 

D 1 L- 2 

M- geofabric 
performance 

well known- but 
1,000-year life 

frame is unclear 
(300 years 
proven). 

Residual Basis - Potential 
increase in infiltration in 
local areas- leading to 
very slight increase in 
over all net percolation 
rates. 
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Table 7: Cross Map of Earlier Items to the Finalised Risk Register 

Ref PRP # Issues Addressed Ref Summary Issue 

MR101 156 
MR101 contaminant release from 
site impacting more broadly amongst 
stakeholders. 

BB01 
Contaminant release from site 
impacting more broadly amongst 
stakeholders. 

MR032 155 

MR032 negative impact on 
community from increased 
complexity of rehabilitation. 
MR059- Major NOEF design changes 
lead to more complex rehabilitation. 
MR144- Rehabilitation requirements 
underestimated leading to an 
increased complexity of 
rehabilitation. 

BB02 
Negative impact on community from 
increased complexity of rehabilitation. 

MR189   

MR187- Poor operation of TSF leads 
to releases to the environment. 
MR216- Poor surface water 
management leading to releases to 
the environment. 
MR189- Discharge of tailings 
requiring clean up. 
MR194- Failure of Water 
Management Infrastructure leading 
to contaminant release. 

BB03 Discharge of tailings requiring clean up. 

MR025 89 
MRM025 (MRM 4, 3 protection) 
MRM141 (Failing to protect) 

BB04 Damage to cultural sites MRM4 and 3. 

MR079 2 
MR079- Failure to meet expectation 
for landform related to the NOEF 

BB05 
Failure to meet expectation for 
landform related to the NOEF 

MR114 72 

MR114- Poor water quality in Pit Lake 
MR119- Delayed filling of Pit Lake 
MR217- Spon com in walls of open 
cut 
MR166- Tailings properties-> poor Pit 
Lake properties. 
MR116- Tailings properties-> poor Pit 
Lake properties. 
MR210- Ground water contaminants-
> off site release of contaminants. 
MR111- Inability to treat seepage 
waters-> off site release. 

BB06 Poor water quality in Pit Lake 

MR163 190 

MR163- Leachate from TSF to 
groundwater. 
MR162- Tailings leachate percolates 
into Surprise Creek-> offsite release. 

BB07 Leachate from TSF to groundwater. 

MR215   

MR215- Harm to wildlife from Pit 
Lake Water chemistry (long term 
when operating as a flow through 
system). 

BB08 
Harm to wildlife from Pit Lake Water 
chemistry (long term when operating 
as a flow through system). 

MR071 102 MR071 sediment release from site. BB09 Sediment release from site. 

MR048 113 
MR048 Clay characterisation errors 
MR049 Growth layer characterisation 
errors. 

BB10 Clay characterisation errors. 

MR065 86 
MR065 Wetting up of NOEF not as 
modelled 
MR074 Slower wetting up of NOEF 

BB11 Wetting up of NOEF not as modelled. 
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MR031 57 

MR031- Incorrect prediction of split 
between basal and toe seepage of 
NOEF. 
MR033- NOEF seepage leads to 
release of contaminants. 
MR056- NOEF hydrology not 
understood leading to release of 
contaminants. 
MR052- NOEF hydrology not 
understood leading to release of 
contaminants. 

BB12 
Incorrect prediction of split between 
basal and toe seepage of NOEF. 

MR036 59 

MR121- Poor water storage design / 
construction. 
MR205- Seepage from NOEF leads to 
release of contaminants and impacts 
on environmental values. 
MR036- Water management 
elements, dams etc. release 
contaminants. 
MR066- Higher source load from 
PRODs leading to release of 
contaminants. 

BB13 
Leaking dams in water management 
system. 

MR026 54 

MR026- Increased flow through 
NOEF due to geosynthetic fabric liner 
failure. 
MR019 & MR020- Cover system 
causes increased rates of oxidation. 
MR010- Failure of existing NOEF 
landform. 
MR097- Seepage from NOEF and / or 
TSF leading to contaminated water 
release. 

BB14 
Increased flow through NOEF due to 
geosynthetic fabric liner failure. 

MR115 65 

MR107 (Option #7 considerations) 
MR115 (Water treatment plant) 
MR076 & MR077- Power failure in 
pumping system-> release in the long 
or short term. 

BB15 
Water treatment plant unable to deal 
with seepage waters. 

MR179   
MR179- Elements of the Water 
Management System release 
contaminants to groundwater. 

BB16 
Elements of the Water Management 
System release contaminants to 
groundwater. 

MR221   
MR221- High pyrite and AMD from 
East OEF 

BB17 High pyrite and AMD from East OEF 

MR037 53 
MR037- Loss of rehab vegetation due 
to poor NOEF hydrology. 

BB18 
Loss of rehab vegetation due to poor 
NOEF hydrology. 

MR003 173 
MR003- NOEF material classification 
errors. 

BB19 NOEF material classification errors. 

MR132 7 

MR132- Revegetation failure due to 
fire. 
MR138 & MR139- Severe fire event 
(short / long term). 

BB20 Revegetation failure due to fire. 

MR180   

MR180- Insufficient materials to 
allow for growth medium when 
capping or preparing for 
rehabilitation. 

BB21 
Insufficient materials to allow for 
growth medium when capping or 
preparing for rehabilitation. 
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MR176 186 

MR176- Dust / fluvial sediments and 
subsequent environment and 
community impacts. 
MR127- Improper closure / 
rehabilitation. 

BB22 
Dust / fluvial sediments and 
subsequent environment and 
community impacts. 

MR222   
MR222- West OEF seepage leads to 
poor Pit Lake water quality. 

BB23 
West OEF seepage leads to poor Pit 
Lake water quality. 

MR220   
MR220- Contaminated release from 
South OEF. 

BB24 Contaminated release from South OEF. 

MR106 149 

MR106- AMD produced on site 
impacts wildlife. 
MR105- Unspecified impact on 
wildlife. 

BB25 AMD produced on site impacts wildlife. 

MR004 22 

MR004- Sediment and contaminant 
load from damaged NOEF. 
MR062- Rapid draw down of flood 
waters at base of NOEF. 
MR043- Rapid dewatering of flood 
waters at base of NOEF. 
MR073- Inability to remove water at 
toe of NOEF. 

BB26 
Sediment and contaminant load from 
damaged NOEF. 

MR080 26 

MR092- Dust and fume from NOEF. 
MR017- Dust and fume from NOEF. 
MR018- Dust and fume from NOEF. 
MR019- Cover system causes 
increased rates of oxidation. 
MR080- Geotechnical failure of NOEF 
leads to higher leaching rates and 
failure to meet water quality 
requirements. 
MR021- Deep static failure exposes 
NAF 

BB27 
Geotechnical failure of NOEF leads to 
higher leaching rates and failure to 
meet water quality requirements. 

MR081 27 
MR081- Deeper Geotech failure of 
NOEF. 

BB28 

Deeper Geotech failure of NOEF 
leading to increased leaching rates and 
release of contaminated water in the 
long term. 
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Ref PRP # Issues Addressed Ref Summary Issue 

MR001 170 

MR001- Increased contaminant 
outputs above predicted levels 
preventing the site from meeting 
water quality criteria. 
MR103- Project water quality impacts 
on ecosystems 
MR098- Significant AMD generation 
from NOEF. 
MR093- NOEF impacts groundwater-
> release. 
MR095- AMD from NOEF and 
impacts on Flora / Fauna. 
MR015- NOEF unstable and erodes- 
generating AMD. 
MR104- NOEF generates AMD and 
impacts biodiversity values. 
MR096- NOEF generates AMD and 
impacts on downstream 
environmental values. 
MR097- NOEF produces AMD and 
leads to seepage from storage areas. 

BB29 
Increased contaminant outputs above 
predicted levels preventing the site 
from meeting water quality criteria. 

MR083 19 

MR083- Existing NOEF foundation 
leads to release. 
MR084- Existing NOEF foundation 
leads to release for longer term. 

BB30 
Existing NOEF foundation leads to 
release. 

MR207   
MR207- NOEF construction around 
existing NOEF. 

BB31 
NOEF construction around existing 
NOEF leads to release. 

MR109 196 
MR109- WOEF structural damage-> 
infiltration-> release of contaminated 
waters 

BB32 
WOEF structural damage-> infiltration-
> release of contaminated waters 

MR108 30 
MR108- Open cut wall failure 
compromises water flows 

BB33 
Open cut wall failure compromises 
water flows 

MR113 74 
MR113- Open cut wall failure 
compromises water quality longer 
term. 

BB34 
Open cut wall failure compromises 
water quality longer term. 

MR175   
MR175- Water erosion or water way 
scour of TSF embankment toe-> 
tailings release. 

BB35 
Water erosion or water way scour of 
TSF embankment toe-> tailings release. 

MR149   

MR149- Poor tailings management-> 
seepage-> contaminated release at 
SW11. 
MR190- Poor tailings / decant 
management leading to contaminant 
release. 
MR188- Seepage through TSF 
embankment leading to contaminant 
release. 
MR162- TSF Cell 1 tailing leachate 
migrates to Surprise Creek and 
causes contaminant release. 

BB36 
Poor tailings management-> seepage-> 
contaminated release at SW11. 

MR153   
MR153- Poor tailings management-> 
release of tailings. 

BB37 
Poor tailings management-> release of 
tailings. 
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MR155   

MR155- Surface water on TSF-> 
piping through wall and release. 
MR168 & MR169- Inappropriate 
assumptions about TSF-> release. 
MR171- Poor foundations of TSF 
leading to release. 

BB38 
Surface water on TSF-> piping through 
wall and release. 

MR042 40 

MR042- Revegetation failure due to 
cover quality. 
MR090- ST seepage from NOEF 
below expected quality. 
MR087- Seepage from NOEF below 
expected quality. 
MR042- Revegetation failure due to 
cover quality. 
MR091- NOEF discharge 
unacceptable due to construction 
materials. 
MR086- Higher than predicted source 
load from NOEF. 
MR035- NOEF leads to social impacts 
from releases. 
MR102- NOEF leads to downstream 
impacts. 
MR135- Poor construction materials / 
classification in dumps. 

BB39 
Revegetation failure due to cover 
quality. 

MR165   
MR165- Sedimentation from 
foundation zone of ermined TSF. 

BB40 
Sedimentation from foundation zone 
of ermined TSF. 

MR131 6 
MR131- Pit Lake water chemistry 
poor 

BB41 Pit Lake water chemistry poor. 

MR154   
MR154- Injury during construction 
activities at TSF. 

BB42 
Injury during construction activities at 
TSF. 

MR218   
MR218- Spon com exposure during 
rehab works. 

BB43 
Spon com exposure during rehab 
works. 

MR145 87 
MR145- 3rd party H&S impacts on 
site. 

BB44 3rd party H&S impacts on site. 

MR161   
MR161- Spon com exposure and 
release of SO2 from tailings related 
to poor handling / storage practices. 

BB45 
Spon com exposure and release of SO2 
from tailings related to poor handling / 
storage practices. 

MR111 21 

MR111- Lack of capacity in water 
treatment plant. 
MR116- Tailings pore water quality 
worse than predicted- increasing 
treatment capacity requirements. 

BB46 
Lack of capacity in water treatment 
plant. 

MR095.1   

MR095.1 Impact on significant 
species. 
MR142- Incompatible post mining 
land use. 

BB47 
Impact on significant species or a 
spread of invasive / feral species- 
impeding rehabilitation. 

MR006 160 

MR006- Release of SO2 due to 
continuously burning PAF material 
and generate a safety risk. 
 
MR002- Convection cells develop in 
end tip areas leading to oxidation 
and increased contaminant load from 
NOEF. 

BB48 
Release of SO2 due to continuously 
burning PAF material and generate a 
safety risk. 
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MR133   
MR133- Site wide flooding and 
impact on operations. 

BB49 
Site wide flood and impact on 
operations. 

MR126   

MR126- Site wide flood and overload 
of adaptive management controls. 
MR005- Water Management system 
fails around NOEF. 
MR008- Long Term failure of water 
management around NOEF. 

BB50 
Site wide flood and overload of 
adaptive management controls (Long 
Term). 

MR028   
MR028- Foundation problems with 
NOEF and release of contaminated 
waters. 

BB51 
Foundation problems with NOEF and 
release of contaminated waters. 

MR044   
MR044- Water build up at toe of 
NOEF. 

BB52 Water build up at toe of NOEF. 

MR010   

MR010- Unspecified cause of NOEF 
cracking and contaminant release. 
MR011- Shallow Geotechnical failure 
on western side and contaminant 
release. 
MR012- Shallow Geotech failure and 
NOEF contaminant release. 

BB53 
NOEF cracking and release of 
contaminants. 

MR054   

MR054- Shallow Geotech failure 
blocks drains on NOEF leading to 
contaminant release. 
MR055- Shallow static failure leads to 
blocking drains and contaminant 
release. 
MR072- Shallow Geotech failure of 
batter blocks NOEF drains. 
MR078- Shallow static failure leads to 
contaminant release. 

BB54 
Shallow Geotech failure blocks drains 
on NOEF and leading to contaminant 
release. 

MR141   
MR141- Damage caused to cultural 
heritage places. 

BB55 
Damaged caused to cultural heritage 
places. 

MR156   

MR156- Injury whilst operating 
equipment during construction 
activities. 
MR158- Injury whilst working on or 
around tailings. 

 
Injury whilst working on / around 
tailings storage facility (referred issue). 

MR119   
MR119- Slow fill of open cut void 
leading to poor water qualities. 

BB57 
Poor water quality in open cut void (Pit 
Lake) due to slow filling. 

MR217   
MR217- Spon com in OCV walls and 
increased geochemical loading on 
waters. 

BB58 
Poor water quality in open cut void due 
to reactive OCV wall material. 

MR183   
MR183- Failure of tailings pipeline 
and erosion of embankment. 

 Not a unique risk for EIS project. 

MR210   
MR210- Poor ground water 
knowledge leading to increased 
contaminated waters. 

BB60 
Contaminated ground water leads to 
poorer than expected water quality. 

MR009   

MR009- Block model changes leading 
to a change in mined material 
geochemistry. 
MR014- NOEF not being correctly 
covered due to a lack of appropriate 
material. 

BB61 

Block model changes lead to an 
inability to adequately cover the NOEF 
and subsequent increased potential for 
contaminant release. 
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MR075   

MR075- Leaking dams in water 
management system 
MR203- Localised near surface 
mineralisation leads to impacts on 
water management system capacity. 

BB62 
Leaking dams and near surface 
mineralisation lead to contaminant 
release. 

MR174   

MR174- TSF water storage leads to 
embankment failure and 
contaminant release. 
MR193- Rainfall event(s) lead to 
release of supernatant water from 
TSF spillway. 

BB63 
Water on top of tailings in the TSF 
leads to release of contaminants of 
concern. 

MR159   
MR159- AMD or SO2 generated from 
tailings. 

BB64 
Exposure of tailings to atmosphere 
leads to generation of AMD and / or 
SO2. 

MR157   

MR157- Exposure to soft spots in 
tailings leading to injuries / harm. 
MR151- Embankment failures during 
reprocessing operations. 
MR152- Embankment failure inwards 
during reprocessing operations. 
MR213.1- Liquefaction of tailings 
during reprocessing. 

BB65 
Injuries to personnel during tailings 
reprocessing. 

MR053   

MR053- Rainfall not as expected 
leading to contaminant release. 
MR061- Higher than planned rainfalls 
leading to contaminant release. 

BB66 
Release of contaminants due to higher 
than predicted rainfall. 

MR076   

MR076- Failure of power / pumps 
leading to contaminant release. 
MR077- Failure of power / pumps 
leading to contaminant release. 

BB67 
Power failure / failure of pumping 
system leads to contaminant release. 

MR129   
MR129- Failure to provide habitat / 
connectivity leading to not 
establishing desired ecosystem. 

BB68 
Failure to provide habitat / 
connectivity leading to not establishing 
desired ecosystem. 

MR147   

MR147- Not achieving groundwater 
quality requirements. 
MR143- Site wide water quality not 
meeting compliance limits. 

BB69 
Water quality requirements not met on 
the site. 

MR143   
MR143- Site wide water balance and 
water quality does not meet 
compliance limits. 

BB70 
Site wide water balance and water 
quality does not meet compliance 
limits. 

MR085   
MR085 Quicker wetting up of NOEF 
MR089 Quicker wetting up of NOEF 

BB71 Wetting up of NOEF not as modelled. 

MR088   
MR088- Surface water management 
issue- leading to release from NOEF. 

BB72 
Surface water management issue- 
leading to release from NOEF. 

MR027   
MR027- Failure of water 
management around NOEF leading to 
release of contaminants. 

BB73 
Failure of water management around 
NOEF leading to release of 
contaminants. 

MR050   

MR050- Flood protection failure 
leads to higher geochemical loading 
and contaminant release. 
MR060- Flood waters contact NOEF 
and lead to higher geochemical 
loading and contaminant release. 

BB74 
Flood protection failure leads to higher 
geochemical loading and contaminant 
release. 
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MR130   

MR130- Future requirements are 
more stringent and lead to an ability 
of site to comply. 
MR146- Future requirements are 
more stringent and lead to an ability 
of site to comply. 

BB75 
More stringent water discharge 
requirements in the short term make it 
impossible to comply. 

MR045   

MR045- CCL integrity compromised 
due to geochemical reactions leading 
to higher NP. 
MR046- CCL integrity compromised 
due to shrinkage lead to higher NP. 
MR047- Impact and penetration of 
CCL leading to higher NP. 
MR058- Erosion of CCL due to 
interflows within growth media 
leading to higher NP. 

BB76 

CCL integrity compromised due to 
geochemical reactions, shrinkage, 
erosion, or impact leading to higher 
than expected NP 

MR038 
and 

MR039 
  

MR038 and MR039- Cover system 
integrity compromised by differential 
settlement and higher O2 flows and 
NP. 
MR023- Differential settlement leads 
to higher NP. 

BB77 

Cover system integrity compromised 
by differing settlement rates and 
leading to O2 and Water percolation at 
higher rates. 

MR082   
MR082- Closure system does not 
meet water transport loadings. 

BB78 
Long term geochemical loading from 
NOEF due to closure cover system 
leakage. 

MR013   
MR013- Cover system not meeting 
transport requirements-> oxidation. 

BB79 

Cover system doesn't meet water 
transport requirements and leads to 
further oxidation and contaminant 
release. 

MR120   
MR120- Long term post closure 
monitoring cannot be achieved. 

BB80 
Long term post closure monitoring 
cannot be achieved. 

MR034   MR034- Dust and fume from NOEF BB81 
Dust and fume from NOEF lead to 
nuisance and health impacts. 

MR125   

MR125- Fugitive dust emissions lead 
to contaminant release. 
MR134- Dust emissions lead to fluvial 
sedimentation and contaminant 
release. 

BB82 
Dust emissions lead to contaminant 
release. 

MR127   
MR127-  Improper closure / 
rehabilitation 

BB83 Improper closure / rehabilitation. 

MR122   

MR122- Regulator rejects EIS project 
approach and leads to loss of jobs 
and poorer environmental outcomes 
from the site. 

BB84 
Regulator rejects EIS project approach 
and leads to loss of jobs and poorer 
environmental outcomes from the site. 

MR016   
MR016- High erosion rates. 
MR040 & MR041- Poor batter slope 
configuration 

BB85 
Batter erosion leads to ingress of O2 
and contaminant release. 

MR069   

MR069- Erosion of cover system 
leads to higher than acceptable 
sediment loading. 
MR070- Erosion of cover system 
within / around NOEF leads to higher 
than acceptable sediment loading. 

BB86 
NOEF erosion of cover system West, 
South and within / round the NOEF 
leads to higher sediment loadings. 
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MR063 
& 

MR064 
  

MR063 & MR064- Excessive rain-> 
sediment release-> site release long 
or short term. 

BB87 
Excessive rain-> sediment release-> 
site release long or short term. 

MR196   
MR196- Lack of fluvial sediment 
management-> downstream impacts. 
(to refer elsewhere). 

BB88 
Lack of fluvial sediment management-> 
downstream impacts. (to refer 
elsewhere). 

MR181   
MR181- Erosion of TSF embankment-
> release. Pipeline 

BB89 
Erosion of TSF embankment leads to 
contaminant release. 

MR128   

MR128- Cleared areas impact on 
ability to re-establish vegetation. 
MR219- Excessive brine make- 
leading to rehabilitation failure. 

BB90 
Cleared areas or excessive brine make 
lead to rehabilitation failure. 

MR191   

MR191- TSF filled too quickly-> 
release. 
MR184- Delay to TSF filling leading to 
a cell 1/2 breach. 

BB91 
TSF filling challenges leads to a release 
of contaminants. 

MR170   

MR170- Poor management of TSF- 
spillway over topped-> release. 
MR167- Flood waters damage TSF-> 
release. 
MR172- Overtopping of TSF 
embankment due to poor water 
management. 
MR150- Tailings embankment failure. 
MR186- Tailings release impacts on 
Flora and Fauna. 
MR187- Tailings overtop 
embankment. 

BB92 
TSF embankment failure and release of 
tailings / contaminants. 

MR173   
MR173- Earthquake / seismicity leads 
to embankment failure. 

BB93 
TSF embankment failure due to 
earthquake and release of tailings / 
contaminants. 

MR192   
MR192- Differential settlement of 
tailings leading to a release. 

BB94 
Differential settlement of tailings 
leading to release. 

MR177   
MR177- AMD from tailings beach and 
impacts on downstream locations. 

BB99 
AMD from tailings beach and impacts 
on downstream locations. 

 

Table 8 below contains the Source Issues.  Each issue has been summarised into the combined issue column- 
which has the format- Type of Issue then Hazard (restricted to 100 characters) then Impact (100 character) 
then Domain (where on the site the issue could arise) then Source (the document / study from which the issue 
was drawn).   

Table 8: Consolidated Listing of Issues- All Studies 

Ref PRP #2 Combined Issue3 

MR001 170 

Geochem-> Release- Hazard- Deterioration in mine site seepage and/or runoff 
water quality beyond current estimates. Cause i...- Impact- Uncontrolled releases of 
contaminated water from mine site to McArthur River and/or controlled rele...- 
Domain- NOEF- Source- Independent Monitors Report (2015)  

 
2  This reference source was provided to OpRM by Metserve and can be used to cross match items from 
their source material. 
3  This column contains the first 100 characters of the Hazard and Impacts identified by the various 
study teams.  A set of ellipses shows where the text has been truncated.  The interested reader is referred to 
the Source document shown at the end of each entry. 
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MR002 182 

Spon Com- Hazard- Development of convection cells in end tip dump areas. End 
dumping of PAF materials resulting in ...- Impact- 1) Greater rates of oxidation and 
generation of acid, salinity and dissolved metals, 2) Consequent ...- Domain- NOEF- 
Source- Independent Monitors Report (2015)  

MR003 173 
NOEF Stability- Hazard- Reclassification of waste rock results in insufficient material 
being available to construct a cover...- Impact- Significant financial impact....- 
Domain- NOEF- Source- Independent Monitors Report (2015)  

MR004 22 
NOEF Stability- Hazard- Inability to pump-out flood waters after flood event (short 
term, 0-30yrs) and other mechanisms of d...- Impact- Increased sediment and 
contaminant load released from the NOEF....- Domain- NOEF- Source- FMEA 

MR005 35 
WMS Referred- Hazard- Inability to pump-out flood waters from behind the NOEF 
levee after flood event (short term, 0-30yrs...- Impact- As a result of poor water 
quality in excess of WDL limits ...- Domain- NOEF- Source- FMEA 

MR006 160 

Spon Com- Hazard- North Overburden Emplacement Facility continuously burning 
Highly reactive PAF material present in t...- Impact- Release of SO2 and other 
products of combustion from the dump and affecting nearby receptors....- Domain- 
NOEF- Source- MRM Site Risk Register 

MR007 1 
Referred- Hazard- Regulator rejection of EIS Project approach ...- Impact- Delay in 
EIS approval, resulting in cessation of operations, subsequent stand-down of the 
workforce ...- Domain- Site wide- Source- FMEA 

MR008 37 
WMS Referred- Hazard- Inability to pump-out flood waters from behind the NOEF 
levee after flood event (short term, 30-100 ...- Impact- As a result of poor water 
quality in excess of WDL limits...- Domain- NOEF- Source- FMEA 

MR009 67 

Geochem-> Release- Hazard- A change in the block model resulting in a change to 
the NAF/PAF ratio during NOEF construction...- Impact- Triggering the need for a 
further EIS, and resulting in cessation of current operations and subseque...- 
Domain- NOEF- Source- FMEA 

MR010 33 
NOEF Stability- Hazard- Geotechnical failure of existing NOEF landform...- Impact- 
Leading to loss of functionality of the cover system and loss of gas and water 
management of the NOE...- Domain- NOEF- Source- FMEA 

MR011 32 
NOEF Stability- Hazard- Higher than acceptable sediment loading from facility...- 
Impact- Due to shallow geotechnical failure of batter on western side leading to 
impact on the functionality...- Domain- NOEF- Source- FMEA 

MR012 31 
NOEF Stability- Hazard- Higher than acceptable sediment loading from facility...- 
Impact- Due to shallow geotechnical failure of batter, leading to failing water 
quality commitments...- Domain- NOEF- Source- FMEA 

MR013 28 
NOEF Stability- Hazard- Due to closure cover system not meeting water transport 
requirements and further oxidation products ...- Impact- Higher than acceptable 
geochemical loading from facility ...- Domain- NOEF- Source- FMEA 

MR014 167 

Geochem-> Release- Hazard- North Overburden Emplacement Facility not being 
covered correctly or have enough clean layers and cl...- Impact- insufficient 
quantities of benign material and clay to meet requirements for best practice 
encapsula...- Domain- NOEF- Source- MRM Site Risk Register 

MR015 166 

NOEF Stability- Hazard- North Overburden Emplacement Facility not being stable 
and eroding overtime...- Impact- Inadequacy of the final design of the NOEF leading 
to structural stability issues, generation of sig...- Domain- NOEF- Source- MRM Site 
Risk Register 

MR016 10 
NOEF Stability- Hazard- Higher than acceptable batter erosion rates...- Impact- 
Leading to lower degree of saturation in CCL than design specifications, and leading 
to higher O2 in...- Domain- NOEF- Source- FMEA 

MR017 71 
NOEF Stability- Hazard- Static geotechnical failure of existing NOEF landform (West 
side)...- Impact- Leading to loss of functionality of the cover system and loss of gas 
and water management of the NOE...- Domain- NOEF- Source- FMEA 
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MR018 66 
NOEF Stability- Hazard- Static geotechnical failure of NOEF landform (whole)...- 
Impact- Leading to loss of functionality of the cover system and loss of gas and 
water management of the NOE...- Domain- NOEF- Source- FMEA 

MR019 50 
NOEF Stability- Hazard- Higher than acceptable geochemical loading from facility...- 
Impact- Due to closure cover system not meeting O2 transport requirements and 
further oxidation products bei...- Domain- NOEF- Source- FMEA 

MR020 70 
NOEF Stability- Hazard- Higher than acceptable geochemical loading from facility...- 
Impact- Due to closure cover system not meeting O2 transport requirements and 
further oxidation products bei...- Domain- NOEF- Source- FMEA 

MR021 69 
NOEF Stability- Hazard- Higher than acceptable geochemical loading from facility...- 
Impact- Due to deeper static geotechnical failure and exposure of reactive material 
under the cover system, ...- Domain- NOEF- Source- FMEA 

MR022 51 
NOEF Stability- Hazard- Higher than acceptable geochemical loading from facility...- 
Impact- Due to deeper static geotechnical failure and exposure of reactive material 
under the cover system,...- Domain- NOEF- Source- FMEA 

MR023 63 
NOEF Stability- Hazard- Cover system integrity and performance compromised...- 
Impact- Due to differential settlement as a result of differing lift heights within the 
NOEF, leading to el...- Domain- NOEF- Source- FMEA 

MR024 64 
NOEF Stability- Hazard- Cover system integrity and performance compromised...- 
Impact- Due to differential settlement as a result of differing lift heights within the 
NOEF, leading to fai...- Domain- NOEF- Source- FMEA 

MR025 89 
Cultural- Hazard- Failure to meet stakeholder expectations in regards to 
management of cultural heritage site MRM4...- Impact- Loss of or impact to cultural 
heritage site (in particular MRM 4)....- Domain- NOEF- Source- FMEA 

MR026 54 

NOEF Stability- Hazard- Geosynthetic liner performance or other cover elements 
deteriorate prior to anticipated operational l...- Impact- Leading to loss of hydraulic 
conductivity properties and net percolation (NP) rates higher than mode...- Domain- 
NOEF- Source- FMEA 

MR027 56 
Water Management Related- Hazard- Higher than acceptable geochemical loading 
from facility...- Impact- Due to failure of surface water management system 
within/around the NOEF, leading to failing water q...- Domain- NOEF- Source- FMEA 

MR028 58 
NOEF Stability- Hazard- Higher than acceptable geochemical loading from facility...- 
Impact- Due to inadequate construction QA/QC for foundation, leading to failing 
water quality commitments...- Domain- NOEF- Source- FMEA 

MR029 62 
NOEF Stability- Hazard- Higher than acceptable geochemical loading from facility...- 
Impact- Due to inadequate construction QA/QC for foundation, leading to failing 
water quality commitments...- Domain- NOEF- Source- FMEA 

MR030 61 
Water Management Related- Hazard- Higher than acceptable geochemical loading 
from facility...- Impact- Due to incorrect operation of water management system 
(pumping to incorrect discharge point), leadin...- Domain- NOEF- Source- FMEA 

MR031 57 
Water Management Related- Hazard- Higher than acceptable geochemical loading 
from facility...- Impact- Due to incorrect prediction of the partitioning of basal and 
toe seepage, leading to failing water q...- Domain- NOEF- Source- FMEA 

MR032 155 

Community- Hazard- Major changes in design of NOEF and other final landform 
features...- Impact- Benefits to the community may be less than previously 
expected as a result of the increases in costs...- Domain- Site Wide- Source- MRM 
Site Risk Register 

MR033 60 

Water Management Related- Hazard- NOEF seepage discharge water quality 
impedes ability to achieve acceptable downstream water quality...- Impact- Due to 
incorrect prediction of the partitioning of basal and toe seepage...- Domain- NOEF- 
Source- FMEA 

MR034 157 

H&S Air quality- Hazard- North Overburden Emplacement Facility- general 
operations / failure of dust suppression / air quali...- Impact- Potential nuisance and 
human health issues associated with air quality, including dust and air pollu...- 
Domain- NOEF- Source- MRM Site Risk Register 
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MR035 169 

Geochem-> Release- Hazard- North Overburden Emplacement Facility and Tailings 
Storage Facility...- Impact- Potential social and economic impacts associated with 
potentially significant downstream environment...- Domain- NOEF- Source- MRM 
Site Risk Register 

MR036 59 

Water Storage / Ground Water Release- Hazard- Runoff dam or other elements of 
the water management system discharge water at lower than desired qu...- Impact- 
Due to higher seepage rates from WPROD, SEPROD and SPROD than expected, or 
contaminated waters in el...- Domain- NOEF- Source- FMEA 

MR037 53 
NOEF Stability- Hazard- Wind shear leading to advective drying of cover system ...- 
Impact- Leading to insufficient moisture for vegetation growth...- Domain- NOEF- 
Source- FMEA 

MR038 46 
NOEF Stability- Hazard- Cover system integrity and performance compromised...- 
Impact- Due to differential settlement as a result of differing lift heights within the 
NOEF, leading to hig...- Domain- NOEF- Source- FMEA 

MR039 75 
NOEF Stability- Hazard- Cover system integrity and performance compromised 
(existing NOEF)...- Impact- Due to differential settlement as a result of differing lift 
heights within the NOEF, leading to hig...- Domain- NOEF- Source- FMEA 

MR040 41 
NOEF Stability- Hazard- Higher than acceptable batter erosion rates...- Impact- 
Leading to higher sediment loads in runoff...- Domain- NOEF- Source- FMEA 

MR041 42 
NOEF Stability- Hazard- Inappropriate NOEF batter slope configuration...- Impact- 
Leading to higher erosion rates than design expectations...- Domain- NOEF- Source- 
FMEA 

MR042 40 
Revegetation Failure- Hazard- Placing non-benign waste material in growth 
medium...- Impact- Leading to metal leaching from growth medium material...- 
Domain- NOEF- Source- FMEA 

MR043 45 
NOEF Stability- Hazard- Rapid dewatering of flood waters stored against NOEF 
base...- Impact- Leading to rapid draw down resulting in instability of the NOEF, 
shallow failure resulting in deep-s...- Domain- NOEF- Source- FMEA 

MR044 43 
Water Management Related- Hazard- Toe drainage capacity insufficient to release 
interflow ...- Impact- Leading to water mounding and geotechnical instability at 
toe...- Domain- NOEF- Source- FMEA 

MR045 111 
NOEF Stability- Hazard- CCL integrity compromised due to geochemical reactions...- 
Impact- Cation exchange calcium displacing sodium, leading to higher than 
expected NP...- Domain- NOEF- Source- FMEA 

MR046 112 
NOEF Stability- Hazard- CCL integrity compromised due to linear shrinkage of clays 
leading to cracks in CCL...- Impact- Leading to higher than expected NP, affecting 
water quality guidelines...- Domain- NOEF- Source- FMEA 

MR047 110 
NOEF Stability- Hazard- Compromise of CCL integrity and performance due to 
impact and penetration of overlying rock...- Impact- Leading to CCL NP increasing 
beyond design performance expectations ...- Domain- NOEF- Source- FMEA 

MR048 113 
Geochem-> Release- Hazard- Failure of clay characterisation...- Impact- Leading to 
metals leaching from clay material affecting water quality in receptors above 
guidelines...- Domain- NOEF- Source- FMEA 

MR049 121 
Geochem-> Release- Hazard- Failure of material characterisation and selective 
handling...- Impact- Leading to metals leaching from growth medium material and 
affecting water quality above acceptable ...- Domain- NOEF- Source- FMEA 

MR050 115 
Water Management Related- Hazard- Higher than acceptable geochemical loading 
from facility...- Impact- Due to failure of flood protection for McArthur River, 
leading to failing water quality commitments...- Domain- NOEF- Source- FMEA 

MR051 116 
Water Management Related- Hazard- Higher than acceptable geochemical loading 
from facility...- Impact- Due to incorrect operation of water management system 
(pumping to incorrect discharge point), leadin...- Domain- NOEF- Source- FMEA 
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MR052 78 

Water Storage / Ground Water Release- Hazard- Higher than acceptable 
geochemical loading from facility...- Impact- Due to lack of understanding of the 
hydrology around the NOEF, leading to failing water quality comm...- Domain- 
NOEF- Source- FMEA 

MR053 114 
Water Management Related- Hazard- Higher than acceptable geochemical loading 
from facility...- Impact- Due to rainfall climate database not representing future 
conditions, leading to failing water qualit...- Domain- NOEF- Source- FMEA 

MR054 123 
NOEF Stability- Hazard- Higher than acceptable sediment loading from facility...- 
Impact- Due to shallow geotechnical failure (NOEF batter) blocking a surface 
conveyance channel, leading to ...- Domain- NOEF- Source- FMEA 

MR055 118 
NOEF Stability- Hazard- Higher than acceptable sediment loading from facility...- 
Impact- Due to shallow static geotechnical failure (NOEF batter), leading to failing 
water quality commitmen...- Domain- NOEF- Source- FMEA 

MR056 117 
Water Management Related- Hazard- NOEF discharge water quality impedes ability 
to achieve acceptable downstream water quality...- Impact- Due to lack of 
understanding of hydrology around the NOEF...- Domain- NOEF- Source- FMEA 

MR057 85 
NOEF Stability- Hazard- Cover system integrity and performance compromised (final 
NOEF)...- Impact- Due to differential settlement as a result of differing lift heights 
within the NOEF, leading to hig...- Domain- NOEF- Source- FMEA 

MR058 80 
NOEF Stability- Hazard- Erosion of CCL layer due to interflow within growth 
media...- Impact- Leading to loss of CCL performance...- Domain- NOEF- Source- 
FMEA 

MR059 168 
NOEF Stability- Hazard- Major changes in design of NOEF...- Impact- The potential 
for reductions in social and economic benefits flowing from the mine to the 
community ...- Domain- NOEF- Source- MRM Site Risk Register 

MR060 83 

Water Management Related- Hazard- NOEF discharge water quality impedes ability 
to achieve acceptable downstream water quality...- Impact- Due to ingress of flood 
waters into the NOEF base during a McArthur River flood event...- Domain- NOEF- 
Source- FMEA 

MR061 82 
Water Management Related- Hazard- NOEF discharge water quality impedes ability 
to achieve acceptable downstream water quality...- Impact- Due to rainfall climate 
database not representing future conditions...- Domain- NOEF- Source- FMEA 

MR062 44 
NOEF Stability- Hazard- Rapid dewatering of flood waters stored against NOEF 
base...- Impact- Leading to rapid draw down resulting in instability of the NOEF, 
shallow failure resulting in deep-s...- Domain- NOEF- Source- FMEA 

MR063 52 
Water Management Related- Hazard- Higher than acceptable sediment loading 
from facility...- Impact- Due to overflow of the PRODs and/or sediment traps as a 
result of a storm event greater than the des...- Domain- NOEF- Source- FMEA 

MR064 76 
Water Management Related- Hazard- Higher than acceptable sediment loading 
from facility...- Impact- Due to overflow of the PRODs and/or sediment traps as a 
result of a storm event greater than the des...- Domain- NOEF- Source- FMEA 

MR065 86 
Geochem-> Release- Hazard- Higher than acceptable geochemical loading from 
facility...- Impact- Due to incorrect assessment for timing (wetting up takes longer) 
and flux of source loading from the...- Domain- NOEF- Source- FMEA 

MR066 92 
Geochem-> Release- Hazard- Higher than acceptable geochemical loading from 
facility...- Impact- Due to underestimation of source loading from the PRODs, 
leading to failing water quality commitment...- Domain- NOEF- Source- FMEA 

MR067 103 
NOEF Stability- Hazard- Higher than acceptable sediment loading from facility...- 
Impact- Due to erosion from halo cover on South, West and East embankments 
prior to EIS approval, leading to...- Domain- NOEF- Source- FMEA 

MR068 104 
NOEF Stability- Hazard- Higher than acceptable sediment loading from facility...- 
Impact- Due to erosion from plateau cover system prior to EIS approval, leading to 
failing water quality com...- Domain- NOEF- Source- FMEA 
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MR069 105 
NOEF Stability- Hazard- Higher than acceptable sediment loading from facility...- 
Impact- Due to erosion of closure cover system on West and South sides, leading to 
failing water quality com...- Domain- NOEF- Source- FMEA 

MR070 106 
NOEF Stability- Hazard- Higher than acceptable sediment loading from facility...- 
Impact- Due to failure of cover system surface water management system 
within/around the NOEF, leading to fa...- Domain- NOEF- Source- FMEA 

MR071 102 
Construction works- Hazard- Higher than acceptable sediment loading from 
facility...- Impact- Due to inadequate sediment control required for clearing, 
grubbing and preparation of NOEF footprint...- Domain- NOEF- Source- FMEA 

MR072 99 
NOEF Stability- Hazard- Higher than acceptable sediment loading from facility...- 
Impact- Due to shallow geotechnical failure of batter, leading to failing water 
quality commitments...- Domain- NOEF- Source- FMEA 

MR073 101 
Water Management Related- Hazard- Inability to dewater floodwaters stored 
against NOEF...- Impact- Leading to excessive settlement and potential failure of 
NOEF embankment....- Domain- NOEF- Source- FMEA 

MR074 100 

Geochem-> Release- Hazard- NOEF discharge water quality impedes ability to 
achieve acceptable downstream water quality...- Impact- Due to incorrect 
assessment for timing (wetting up takes longer) and flux of source loading from 
the...- Domain- NOEF- Source- FMEA 

MR075 77 
Geochem-> Release- Hazard- Runoff dam discharge water quality results in non 
compliance with WDL limits...- Impact- Due to underestimation of source loading 
from the PRODs...- Domain- NOEF- Source- FMEA 

MR076 88 
Water Management Related- Hazard- Higher than acceptable geochemical loading 
from facility...- Impact- Due to power failure and failure of pumping system for 
seepage collection sumps, leading to failing ...- Domain- NOEF- Source- FMEA 

MR077 125 
Water Management Related- Hazard- Higher than acceptable geochemical loading 
from facility...- Impact- Due to power failure and failure of pumping system for 
seepage collection sumps, leading to failing ...- Domain- NOEF- Source- FMEA 

MR078 119 
NOEF Stability- Hazard- Higher than acceptable sediment loading from facility...- 
Impact- Due to shallow static geotechnical failure (NOEF batter), leading to failing 
water quality commitmen...- Domain- NOEF- Source- FMEA 

MR079 2 
Cultural- Hazard- Failure to meet stakeholder expectations for landform (cultural 
significance) in regards to the heig...- Impact- Unacceptable change in the landform 
from a cultural perspective....- Domain- NOEF- Source- FMEA 

MR080 26 

NOEF Stability- Hazard- Due to deeper geotechnical failure and exposure of reactive 
material under the cover system and gene...- Impact- Poor quality discharge from 
the NOEF leading to failing water quality commitments at SW11....- Domain- NOEF- 
Source- FMEA 

MR081 27 

NOEF Stability- Hazard- Due to deeper geotechnical failure and exposure of reactive 
material under the cover system and gene...- Impact- Poor quality discharge from 
the NOEF leading to failing water quality commitments at SW11....- Domain- NOEF- 
Source- FMEA 

MR082 4 
NOEF Stability- Hazard- Higher than acceptable geochemical loading from facility 
(Long Term)...- Impact- Due to closure cover system not meeting water transport 
requirements and further oxidation products ...- Domain- NOEF- Source- FMEA 

MR083 19 
NOEF Stability- Hazard- Higher than acceptable geochemical loading from facility- 
caused by Due to inadequate construction ...- Impact- Failing to meet water quality 
requirements....- Domain- NOEF- Source- FMEA 

MR084 14 
NOEF Stability- Hazard- Higher than acceptable geochemical loading from facility- 
caused by Due to inadequate construction ...- Impact- Failing to meet water quality 
requirements....- Domain- NOEF- Source- FMEA 

MR085 13 
Geochem-> Release- Hazard- Higher than acceptable geochemical loading from 
facility...- Impact- Due to incorrect assessment of timing (wetting up occurs sooner) 
and flux of source loading from the...- Domain- NOEF- Source- FMEA 
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MR086 12 
Geochem-> Release- Hazard- Higher than acceptable geochemical loading from 
facility...- Impact- Due to underestimation of source loading from the NOEF, leading 
to failing water quality commitments...- Domain- NOEF- Source- FMEA 

MR087 11 
Water Management Related- Hazard- Higher than acceptable geochemical loading 
from facility ...- Impact- Due to lack of understanding of hydrogeology around the 
NOEF, leading to failing water quality commi...- Domain- NOEF- Source- FMEA 

MR088 18 

Water Management Related- Hazard- NOEF discharge water quality impedes ability 
to achieve acceptable downstream water quality...- Impact- Due to failure of 
surface water management system within/around the NOEF...- Domain- NOEF- 
Source- FMEA 

MR089 17 

Geochem-> Release- Hazard- NOEF discharge water quality impedes ability to 
achieve acceptable downstream water quality...- Impact- Due to incorrect 
assessment of timing (wetting up occurs sooner) and flux of source loading from 
the...- Domain- NOEF- Source- FMEA 

MR090 15 
Water Management Related- Hazard- NOEF discharge water quality impedes ability 
to achieve acceptable downstream water quality...- Impact- Due to lack of 
understanding of hydrogeology around the NOEF...- Domain- NOEF- Source- FMEA 

MR091 16 
Geochem-> Release- Hazard- NOEF discharge water quality impedes ability to 
achieve acceptable downstream water quality...- Impact- Due to underestimation of 
source loading from the NOEF...- Domain- NOEF- Source- FMEA 

MR092 24 
NOEF Stability- Hazard- Geotechnical failure of NOEF landform...- Impact- Leading 
to loss of functionality of the cover system and loss of gas and water management 
of the NOE...- Domain- NOEF- Source- FMEA 

MR093 143 

Water Storage / Ground Water Release- Hazard- North Overburden Emplacement 
Facility and Tailings Storage Facility Producing AMD...- Impact- Contamination of 
groundwater from mining activities potentially causing groundwater quality impacts 
...- Domain- NOEF and TSF- Source- MRM Site Risk Register 

MR094 144 

Geochem-> Release- Hazard- North Overburden Emplacement Facility and Tailings 
Storage Facility Producing AMD...- Impact- Contamination of on-site surface water 
from AMD including metalliferous and saline drainage under ne...- Domain- NOEF 
and TSF- Source- MRM Site Risk Register 

MR095 165 

Flora and Fauna Impact- Hazard- North Overburden Emplacement Facility and 
Tailings Storage Facility Producing AMD...- Impact- Biodiversity impacts associated 
with AMD and erosion/sedimentation...- Domain- NOEF and TSF- Source- MRM Site 
Risk Register 

MR095.1   
Flora and Fauna Impact- Hazard- Changed vegetation due to operations and 
rehabilitation...- Impact- Significant species / habitat negatively impacted by MRM 
landform state...- Domain- Site Wide- Source- Session 14/12 

MR096 163 

Water Management Related- Hazard- North Overburden Emplacement Facility and 
Tailings Storage Facility Producing AMD...- Impact- Contamination of on-site surface 
water from AMD and mining activities causing adverse impacts to dow...- Domain- 
NOEF and TSF- Source- MRM Site Risk Register 

MR097 164 

Water Storage / Ground Water Release- Hazard- North Overburden Emplacement 
Facility and Tailings Storage Facility Producing AMD...- Impact- Seepage of 
contaminated waters from storage areas;...- Domain- NOEF and TSF- Source- MRM 
Site Risk Register 

MR098 159 

Geochem-> Release- Hazard- North Overburden Emplacement Facility and Tailings 
Storage Facility...- Impact- Significant AMD generated from the NOEF and other 
mine infrastructure such as the TSF that may be co...- Domain- NOEF and TSF- 
Source- MRM Site Risk Register 

MR099 151 

Referred- Hazard- North Overburden Emplacement Facility and Tailings Storage 
Facility...- Impact- Following closure and rehabilitation, potential may exist for the 
mine to negatively impact the envi...- Domain- NOEF and TSF- Source- MRM Site 
Risk Register 
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MR100 153 

Referred- Hazard- North Overburden Emplacement Facility and Tailings Storage 
Facility...- Impact- Health and safety risks for the workforce and general public in 
the vicinity of the mine for the dur...- Domain- NOEF and TSF- Source- MRM Site 
Risk Register 

MR101 156 

Community- Hazard- North Overburden Emplacement Facility and Tailings Storage 
Facility releasing contaminated waters ab...- Impact- Potential negative social and 
economic impacts to the Roper-Gulf region and the Northern Territory a...- Domain- 
NOEF and TSF- Source- MRM Site Risk Register 

MR102 154 

Geochem-> Release- Hazard- North Overburden Emplacement Facility and Tailings 
Storage Facility...- Impact- Potential risks relating to the downstream environment 
and public safety associated water management...- Domain- NOEF and TSF- Source- 
MRM Site Risk Register 

MR103 147 

Geochem-> Release- Hazard- North Overburden Emplacement Facility and Tailings 
Storage Facility Producing AMD...- Impact- Altered Project inputs of environmental 
pollutants may result in reduced water quality (offsite) and...- Domain- NOEF and 
TSF- Source- MRM Site Risk Register 

MR104 145 

Revegetation Failure- Hazard- North Overburden Emplacement Facility and Tailings 
Storage Facility Producing AMD...- Impact- Biodiversity values, conservation status, 
diversity, geographic distribution or productivity of loca...- Domain- NOEF and TSF- 
Source- MRM Site Risk Register 

MR105 146 

Flora and Fauna Impact- Hazard- North Overburden Emplacement Facility and 
Tailings Storage Facility Producing AMD...- Impact- The project may result in one or 
more of the following significant impacts to species or communities...- Domain- 
NOEF and TSF- Source- MRM Site Risk Register 

MR106 149 

Flora and Fauna Impact- Hazard- North Overburden Emplacement Facility and 
Tailings Storage Facility Producing AMD...- Impact- Wildlife may be exposed to 
metals and/or pollutants from the altered Project that may result in ongo...- 
Domain- NOEF and TSF- Source- MRM Site Risk Register 

MR108 30 

open cut Geotech- Hazard- Geotechnical failure of the open cut wall once final void 
lake is at final level (short term 0-30 ye...- Impact- Leading to loss of functionality of 
levee on west side and failure to meet downstream water quality ...- Domain- open 
cut- Source- FMEA 

MR109 196 

NOEF Stability- Hazard- Failure of WOEF cover Cover breached through:- erosion- 
slumping,- differential movement, a...- Impact- Acid, saline and metalliferous 
drainage from unexpected part of the WOEF and consequent impacts rela...- 
Domain- open cut- Source- Independent Monitors Report (2015)  

MR111 21 

Water Management Related- Hazard- Water treatment plant’s inability to treat 
seepage waters- During Operations....- Impact- Leading to change in chemistry 
within open cut lake / U/G reservoir and inability to meet water qual...- Domain- 
open cut- Source- FMEA 

MR113 74 

open cut Geotech- Hazard- Geotechnical failure of the open cut pit wall once open 
cut final void is at final level (long term) (As per O...- Impact- Leading to loss of 
functionality of levee on West side, incorrect location of McArthur River inflow,...- 
Domain- open cut- Source- FMEA 

MR114 72 

Lake water chemistry- Hazard- Inadequate characterization and prediction of 
Tailings properties, groundwater inflow, and / or water...- Impact- Leading to 
incorrect open cut lake water quality predictions, unknown fate of contaminants of 
concern...- Domain- open cut- Source- FMEA 

MR115 65 

Water Management Related- Hazard- Water treatment plant’s inability to treat 
seepage waters- Post Closure...- Impact- Leading to change in chemistry within the 
open cut lake and inability to meet water quality criteria...- Domain- open cut- 
Source- FMEA 

MR116 47 
Tailings Quality- Hazard- Actual tailings pore water quality worse than modelled 
design concentration / quality. ...- Impact- Leading to unacceptable long-term water 
quality in the open cut final void...- Domain- open cut- Source- FMEA 
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MR119 108 
Lake water chemistry- Hazard- Inability to complete filling of open cut within 5-year 
timeframe....- Impact- Leading to change in chemistry within the open cut final void 
lake and inability to meet water quali...- Domain- open cut- Source- FMEA 

MR120 174 

Referred- Hazard- Long term post closure monitoring and maintenance costs...- 
Impact- Current closure costs allow for period of 25 years post closure water 
monitoring with limited costs ...- Domain- Site wide- Source- Independent Monitors 
Report (2015)  

MR121 195 

Water Management Related- Hazard- Poor water storage design/construction 
Release of dirty/contaminated water...- Impact- Seepage of dirty/contaminated 
water, impacting groundwater quality and aquatic and terrestrial ecosy...- Domain- 
Site Wide- Source- Independent Monitors Report (2015)  

MR122 29 
Referred- Hazard- Regulator rejection of EIS Project approach...- Impact- EIS 
rejected by regulator, resulting in MRM’s inability to continue mining for ore 
beyond its curren...- Domain- Site Wide- Source- FMEA 

MR123 23 
Referred- Hazard- Regulator rejection of EIS Project approach...- Impact- Leading to 
a regulatory instruction to place all waste in the open cut (short term during 
planning, ...- Domain- Site Wide- Source- FMEA 

MR124 178 

Referred- Hazard- Mine closure liability- no approved closure strategy for OEF's, TSF 
or open cut final void...- Impact- MRM Closes unexpectedly, leaving NOEF, TSF, river 
diversions and mine site rehabilitation unfinished...- Domain- Site wide- Source- 
Independent Monitors Report (2015)  

MR125 177 

H&S Air quality- Hazard- Fugitive dust emissions and seepage as a result of 
operations....- Impact- Dust emissions from the TSF, haul roads, ROM pad, 
concentrate stores other aspects of operations and...- Domain- Site wide- Source- 
Independent Monitors Report (2015)  

MR126 3 

Water Management Related- Hazard- Site wide flood as a result of McArthur River 
overtopping the levee (long term)  ...- Impact- Leading to widespread erosion, 
overwhelming of water treatment facilities, lack of access...- Domain- Site Wide- 
Source- FMEA 

MR127 152 

Other structures (stability)- Hazard- Improper closure and rehabilitation of 
structures...- Impact- The Project may create ongoing environmental, social and/or 
economic legacy if operations are requir...- Domain- Site Wide- Source- MRM Site 
Risk Register 

MR128 150 

Revegetation Failure- Hazard- Open pits and cleared areas from where borrow has 
been gained...- Impact- Impacts to the biodiversity at alternate sites where 
additional clay and benign material may be sour...- Domain- Site Wide- Source- 
MRM Site Risk Register 

MR129 9 
Revegetation Failure- Hazard- Failure to provide habitat and habitat connectivity for 
terrestrial fauna ...- Impact- Leading to failure to establish desired ecosystem 
regime...- Domain- Site Wide- Source- FMEA 

MR130 5 
Referred- Hazard- Future requirement to meet more stringent water discharge 
licence conditions than current...- Impact- Leading to inability to relinquish site ...- 
Domain- Site Wide- Source- FMEA 

MR131 6 
Lake water chemistry- Hazard- Open cut lake water quality impedes ability to 
achieve acceptable downstream water quality...- Impact- Leading to inability to 
relinquish site...- Domain- open cut- Source- FMEA 

MR132 7 
Revegetation Failure- Hazard- Severe fire event across the site (short term, 30-
100yr) ...- Impact- Leading to destruction of rehabilitated areas...- Domain- Site 
Wide- Source- FMEA 

MR133 8 

Water Management Related- Hazard- Site wide flood as a result of McArthur River 
overtopping the levee (short term; 30-100yr) (As per ...- Impact- Leading to 
widespread erosion, overwhelming of water treatment facilities, disruption of 
operations,...- Domain- Site Wide- Source- FMEA 
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MR134 179 

H&S Air quality- Hazard- Operation of the TSF, NOEF, WOEF, SOEF and haul roads 
Dust emissions from exposed areas of faciliti...- Impact- 1) Heavy metal 
contamination of water and fluvial sediments in receiving waterways and diversion 
cha...- Domain- Site wide- Source- Independent Monitors Report (2015)  

MR135 175 

Geochem-> Release- Hazard- Potentially acid, saline and metal leaching materials 
are used for construction purposes across site...- Impact- 1) Materials used in 
construction previously classified NAF may now be a geochemical hazard under t...- 
Domain- Site wide- Source- Independent Monitors Report (2015)  

MR136 34 
Water Management Related- Hazard- Site wide discharge water quality impedes 
ability to achieve acceptable downstream water quality...- Impact- Leading to 
inability to relinquish site...- Domain- Site Wide- Source- FMEA 

MR137 68 
Referred- Hazard- Failure of plan approved during the EIS to be properly 
implemented during operations ...- Impact- Leading to breach of EIS commitments, 
delays in MMP approval...- Domain- Site Wide- Source- FMEA 

MR138 49 
Revegetation Failure- Hazard- Severe fire event across the site (short term; 30-
100yr) ...- Impact- Leading to destruction of infrastructure, and access restrictions 
...- Domain- Site Wide- Source- FMEA 

MR139 36 
Revegetation Failure- Hazard- Severe fire event across the site ...- Impact- Leading 
to destruction of infrastructure, and access restrictions ...- Domain- Site Wide- 
Source- FMEA 

MR140 39 
Revegetation Failure- Hazard- Spread of invasive/feral species ...- Impact- Leading 
to revegetation objectives not being met...- Domain- Site Wide- Source- FMEA 

MR141 109 
Cultural- Hazard- Failure to protect Indigenous cultural heritage places/features ...- 
Impact- Leading to failure to meet closure objectives...- Domain- Site Wide- Source- 
FMEA 

MR142 120 
Revegetation Failure- Hazard- Post mining incompatible land use/s ...- Impact- 
Leading to failure to meet closure objectives...- Domain- Site Wide- Source- FMEA 

MR143 48 
WMS Referred- Hazard- Cumulative site wide water balance and water quality does 
not meet compliance limits...- Impact- Leading to extension of the adaptive 
management period...- Domain- Site Wide- Source- FMEA 

MR144 79 
Referred- Hazard- Rehabilitation requirements underestimated...- Impact- Leading 
to further rehabilitation requirements than planned on site and extension of 
adaptive manage...- Domain- Site Wide- Source- FMEA 

MR145 87 
H&S Site Safety- Hazard- Vandalism or sabotage or trespassing onto the site...- 
Impact- Leading to failure of rehabilitation and closure objectives and potential for 
an impact to a third p...- Domain- Site Wide- Source- FMEA 

MR146 91 
Referred- Hazard- Future requirement to meet more stringent water discharge 
licence conditions than current...- Impact- Leading to inability to relinquish site ...- 
Domain- Site Wide- Source- FMEA 

MR147 90 
Referred- Hazard- Failure to achieve groundwater quality requirements...- Impact- 
Leading to inability to relinquish site...- Domain- Site Wide- Source- FMEA 

MR148 176 

Referred- Hazard- Measurement of closure criteria success...- Impact- 1) Some 
closure criteria are not specific or measureable and consequently there is 
uncertainty regar...- Domain- Site wide?- Source- Independent Monitors Report 
(2015)  

MR149   

Water Storage / Ground Water Release- Hazard- Seepage from TSF above threshold 
contaminant levels impacting receptors, or not compliant with opera...- Impact-- 
Oxidisation of tailings releasing heavy metal contaminants and acidic conditions 
within decant po...- Domain- TSF- Source- GHD 

MR150 191 

Other structures (stability)- Hazard- Storage of tailings and process water 
Embankment failure due to instability...- Impact- Release of tailings and process 
water into the environment causing: impacts to terrestrial and aquat...- Domain- 
TSF- Source- Independent Monitors Report (2015)  
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MR151   
Other structures (stability)- Hazard- Embankment stability compromised during 
remining...- Impact-- Excavation of the tailings in the vicinity of the perimeter 
embankments causes embankment failure...- Domain- TSF- Source- GHD 

MR152   

Other structures (stability)- Hazard- Embankment stability compromised during 
remining Caused either directly (undermining) or indirec...- Impact- Embankment 
instability leading to inwards failure and engulfment of operators- potential 
fatality...- Domain- TSF- Source- GHD 

MR153   

Other structures (stability)- Hazard- Inappropriate tailings and decant management 
leading to lower strength tailings beach Caused eithe...- Impact-- Tailings beach 
strength insufficient to enable upstream raising requiring design change which 
wil...- Domain- TSF- Source- GHD 

MR154   

H&S Site Safety- Hazard- Major tailings delivery pipeline movement on crest whilst 
personnel in line of fire. Caused by ina...- Impact-- Tailings pipe rolls off crest and 
crushes personnel when operating spigots OR when carrying out m...- Domain- TSF- 
Source- GHD 

MR155   

Other structures (stability)- Hazard- Piping risk from high decant pond level leading 
to TSF failure or other erosive impacts from water p...- Impact-- TSF failure causing 
environmental damage, cost from lost production, clean-up and reconstruct, re...- 
Domain- TSF- Source- GHD 

MR156   
H&S Site Safety- Hazard- Plant/light vehicle overturns on TSF embankments...- 
Impact- Potentially for injury or death by rollover down high embankment batter or 
into tailings...- Domain- TSF- Source- GHD 

MR157   
H&S Site Safety- Hazard- Safe access/working on tailing beach during remining...- 
Impact-- Plant/operators accessing or working on tailings beach. Stability of tailings 
adjacent to reminin...- Domain- TSF- Source- GHD 

MR158   
H&S Site Safety- Hazard- Soft tailings areas not providing safe access/working on 
tailing beach during remining. Caused by...- Impact- Plant/operators engulfment in 
soft tailings- potential fatality...- Domain- TSF- Source- GHD 

MR159   
H&S Air quality- Hazard- Exposure of tailings to the atmosphere during remining...- 
Impact-- Remining expose tailings to the atmosphere with potential for AMD and/or 
spontaneous combustion....- Domain- TSF- Source- GHD 

MR160   
H&S Air quality- Hazard- Exposure of tailings to the atmosphere during remining...- 
Impact-- Remining expose tailings to the atmosphere with potential for AMD and/or 
spontaneous combustion....- Domain- TSF- Source- GHD 

MR161   

H&S Air quality- Hazard- Spontaneous combustion of tailings due to improper 
handling during tailing dam construction...- Impact- Spontaneous combustion and 
release of toxic gas from tailings due to improper handling resulting in ...- Domain- 
TSF- Source- GHD 

MR162 189 

Water Storage / Ground Water Release- Hazard- Tailings leachate from Cell 1...- 
Impact- Poor design of TSF and incomplete rehabilitation of Cell 1 leads to TSF 
leachate into Surprise Creek...- Domain- TSF- Source- Independent Monitors Report 
(2015)  

MR163 190 

Water Storage / Ground Water Release- Hazard- Tailings leachate from Cell 2, with 
tailings leachate reporting to groundwater during operations and...- Impact- Water 
quality impacts on impacts on groundwater and surface drainage down-Gradient 
Mainly elevated ...- Domain- TSF- Source- Independent Monitors Report (2015)  

MR164   
H&S Air quality- Hazard- Dust generation on tailings beach...- Impact- Tailings beach 
dries out and dust generated causing environmental & health impacts...- Domain- 
TSF- Source- GHD 

MR165   

Revegetation Failure- Hazard- Erosion forces (rainfall, wind and flooding) or other 
factors impact on closure footprint and impede...- Impact- Sedimentation of surface 
water network {Localised erosion of post remining landform, causing environ...- 
Domain- TSF- Source- GHD 
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MR166   
Referred- Hazard- Variable tailings physical properties during remining. Caused by 
insufficient investigation and cha...- Impact-- Difficulties in pumping and re-
processing...- Domain- TSF- Source- GHD 

MR167   

Water Management Related- Hazard- Fluvial flooding causing ponding against 
downstream slope followed by rapid draw down, ultimatel...- Impact- TSF failure 
causing environmental damage, cost from lost production, clean-up and 
reconstruct, regu...- Domain- TSF- Source- GHD 

MR168   

Other structures (stability)- Hazard- Inaccurate assumptions relating to material 
hydraulic properties (embankment, foundation and tailing...- Impact-- Inadequate 
embankment stability as a result of higher than anticipated phreatic surface.- May 
u...- Domain- TSF- Source- GHD 

MR169   

Other structures (stability)- Hazard- Inaccurate assumptions relating to tailings and 
embankment material properties, ultimately causing T...- Impact-- TSF failure 
causing environmental damage, cost from lost production, clean-up and 
reconstruct, re...- Domain- TSF- Source- GHD 

MR170   

Other structures (stability)- Hazard- Inadequate management of spillway raises 
allowing decant pond formation against perimeter embankment...- Impact-- TSF 
failure causing environmental damage, cost from lost production, clean-up and 
reconstruct, re...- Domain- TSF- Source- GHD 

MR171   

Other structures (stability)- Hazard- Inadequate understanding of foundation 
conditions, (e.g. low strength foundation zone) ultimately ca...- Impact-- TSF failure 
causing environmental damage, cost from lost production, clean-up and 
reconstruct, re...- Domain- TSF- Source- GHD 

MR172   

Other structures (stability)- Hazard- Overtopping risk from high decant pond level 
(reduced freeboard and flood storage) leading to TSF fa...- Impact-- TSF failure 
causing environmental damage, cost from lost production, clean-up and 
reconstruct, re...- Domain- TSF- Source- GHD 

MR173   

Other structures (stability)- Hazard- Severe earthquake ultimately causing TSF 
failure, either by excessive deformation leading to loss of...- Impact-- TSF failure 
causing environmental damage, cost from lost production, clean-up and 
reconstruct, re...- Domain- TSF- Source- GHD 

MR174 192 

Other structures (stability)- Hazard- Storage of tailings and process water Excessive 
settlement of the embankment or excessive flooding...- Impact- Release of tailings 
and process water into the environment causing:- Impacts to terrestrial and aq...- 
Domain- TSF- Source- Independent Monitors Report (2015)  

MR175   
Other structures (stability)- Hazard- Undermining of toe by scour or lateral 
migration of waterway....- Impact- TSF failure causing environmental damage due 
to release of tailings from the facility with potential...- Domain- TSF- Source- GHD 

MR176 186 

H&S Air quality- Hazard- 1) Dust migration from unvegetated TSF. 2) Dust 
transported to vegetation by air or as runoff 3) H...- Impact- 1) Loss of plants, 2) 
Reduction of habitat for flora and fauna, 3) Compromised success of rehabili...- 
Domain- TSF- Source- Independent Monitors Report (2015)  

MR177   

Water Storage / Ground Water Release- Hazard- AMD generation from tailings 
beach upon ceasing tailings deposition either temporarily, in care and ...- Impact- 
Drying out and oxidisation of tailings leads to potential AMD generation off exposed 
beaches and ass...- Domain- TSF- Source- GHD 

MR178   

Lake water chemistry- Hazard- Incorrect assumptions relating to tailings rehandling 
closure case (i.e. concept, equipment, future...- Impact-- Changes/updates to 
remining/closure plan resulting in additional approvals / regulatory interven...- 
Domain- TSF- Source- GHD 

MR179   

Water Storage / Ground Water Release- Hazard- Increased seepage recovery 
requirements within footprint of TSF, NOEF, open cut to manage existing c...- 
Impact- Potential non-intercepted contaminated seepage resulting in increased 
contamination of groundwater....- Domain- Site Wide- Source- GHD 
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MR180   
Revegetation Failure- Hazard- Insufficient availability of suitable TSF construction 
materials...- Impact- More extensive borrow sources required....- Domain- TSF- 
Source- GHD 

MR181   
Other structures (stability)- Hazard- Erosion of embankment batters from 
rainfall/runoff...- Impact- Rainfall causes erosion of embankment slopes resulting in 
need to undertake remediation works....- Domain- TSF- Source- GHD 

MR182   

Lake water chemistry- Hazard- Inadequate tailings delivery system capacity to 
discharge around TSF up to the ultimate LoM crest le...- Impact-- Inadequate design 
procedures- Changes to tailings production rates and slurry parameters- Inabi...- 
Domain- TSF- Source- GHD 

MR183   
Other structures (stability)- Hazard- Tailings delivery and decant pipelines...- 
Impact-- Failure of tailings delivery pipeline or decant pipeline results in erosion of 
embankment requiri...- Domain- TSF- Source- GHD 

MR184   
Other structures (stability)- Hazard- Transition to combined cell delayed...- Impact-- 
Delay to raise schedule results in increasing differential between Cell 1 and Cell 2 
and challeng...- Domain- TSF- Source- GHD 

MR185   
Rehab method related- Hazard- Variable solids content during remining...- Impact-- 
Solids content on return feed from TSF likely to be variable leading to issues 
pumping/reprocesse...- Domain- TSF- Source- GHD 

MR186 193 

Other structures (stability)- Hazard- Storage of tailings and process water Piping 
through the embankment...- Impact- Release of tailings and process water into the 
environment causing:- impacts to terrestrial and aq...- Domain- TSF- Source- 
Independent Monitors Report (2015)  

MR187 194 

Other structures (stability)- Hazard- Storage of tailings and process water Poor 
operation, monitoring or management leading to overtopp...- Impact- Release of 
tailings and process water into the environment causing:- Impacts to terrestrial and 
aq...- Domain- TSF- Source- Independent Monitors Report (2015)  

MR188 199 

Water Storage / Ground Water Release- Hazard- Storage of tailings and process 
water Seepage through embankment or the foundation...- Impact- Release of 
process water into the environment causing impacts to terrestrial and aquatic flora 
and f...- Domain- TSF- Source- Independent Monitors Report (2015)  

MR189   

Water Management Related- Hazard- Discharge of tailings to environment due to 
tailings overtopping the spillway Caused by mismanagement...- Impact- Minor spill 
to the environment that can be reported and cleaned up relatively quickly at low 
cost...- Domain- TSF- Source- GHD 

MR190   

Water Management Related- Hazard- Inappropriate tailings and decant 
management leading to lower tailings density and/or increased seep...- Impact-- 
Lower tailings density resulting in TSF filling earlier than planned.- Increased 
seepage and gr...- Domain- TSF- Source- GHD 

MR191   
Other structures (stability)- Hazard- TSF fills quicker than anticipated. Caused by 
production being greater than anticipated or tailings...- Impact-- Tailings 
embankment failure or settlement...- Domain- TSF- Source- GHD 

MR192   
Other structures (stability)- Hazard- Differential settlement of tailings ...- Impact-- 
Formation of cracks reducing shear resistance- Potential for development of low 
points and water...- Domain- TSF- Source- GHD 

MR193   
Water Management Related- Hazard- Release of supernatant water from TSF 
emergency spillway...- Impact- Extreme rainfall causes emergency spillway to 
overtop...- Domain- TSF- Source- GHD 

MR194   
Water Management Related- Hazard- Decant Pump Failure...- Impact- Extended 
decant pump outage resulting in water accumulation and inability to maintain 
decant pond w...- Domain- TSF- Source- GHD 

MR195   
H&S Site Safety- Hazard- Closure risks associated with reprocessing are pending...- 
Impact- Not a relevant issue for the EIS- unless related to hydraulic mining....- 
Domain- TSF- Source- GHD 
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MR196 200 

Water Management Related- Hazard- Lack of appropriate fluvial sediment 
management Contamination of fluvial sediments due to poor qua...- Impact- 
Consequent impacts on aquatic environments and ecology, and potentially health 
of people consuming f...- Domain-- Source- Independent Monitors Report (2015)  

MR197   
Referred- Hazard- ...- Impact- Being able to purchase offsets at a reasonable price. 
Difficult to offset Saw Fish (Gouldian Finch ...- Domain-- Source- Discussion at start 

MR198   
Referred- Hazard- ...- Impact- If the project is not approved- a poorer environmental 
outcome will result- as key aspects of the ...- Domain- General- Source- Team Dec 
16 

MR201   
Geochem-> Release- Hazard- ...- Impact- MS NAF was still planned to be put down 
in 2 metre lifts- but not technically required to be so....- Domain-- Source- 
Discussion at start 

MR202   
Referred- Hazard- ...- Impact- SWL11 outcomes are critical to the longer term 
execution of plans- and the science that is available...- Domain- Site Wide- Source- 
Discussion at start 

MR203   
Referred- Hazard- Localised natural mineralisation close to surface...- Impact- 
Failing water quality criteria as a result of contamination upstream of MRM- then 
being added to by...- Domain- Site Wide- Source- Brain Writing 

MR204   

Referred- Hazard- No agreed funding mechanism to cover the long term cost of 
management of the site....- Impact- Project can not commence- and the Phase 3 
project is run to the completion of operations...- Domain- Site Wide- Source- Brain 
Writing 

MR205   
Water Storage / Ground Water Release- Hazard- Seepage from NOEF expressing 
in Barney Ck...- Impact- Unacceptable degradation of Barney Ck environmental 
values....- Domain- NOEF- Source- Brain Writing 

MR206   
Referred- Hazard- Delays in gaining approval...- Impact- Modelling coupling errors- 
leaves our result open to questions- even with mitigating measures (lay...- Domain- 
Site Wide- Source- Brain Writing 

MR207   

Geochem-> Release- Hazard- Interaction between new and existing elements of the 
NOEF- e.g. hot spots and propagating issues....- Impact- Propagation of 
spontaneous combustion to new dump and desiccation of barrier layers- leading to 
cra...- Domain- NOEF- Source- Brain Writing 

MR208   
Referred- Hazard- ...- Impact- Inability to communicate the intricacies of the project 
to Stakeholders- leading to a poor understa...- Domain- Site Wide- Source- Brain 
Writing 

MR209   
Public Safety- Hazard- ...- Impact- Community health- has potential to be an 
emotive issue that is difficult to prove or disprove. (NI...- Domain- Site Wide- 
Source- Brain Writing 

MR210   

Water Management Related- Hazard- Lack of understanding of the fate of the 
contaminants of a lot of the ground water- particularly ar...- Impact- Uncertainty in 
water quality and discharge- and inability to manage the water flows / dewatering 
re...- Domain- Site Wide- Source- Brain Writing 

MR211   

Water Management Related- Hazard- Insufficient water management facilities in 
the short term...- Impact- Possible cessation of operations or delays / additional 
costs related to managing water management r...- Domain- Site Wide- Source- Brain 
Writing 

MR212   
Referred- Hazard- Lack of Groundwater baseline data set...- Impact- Inability to 
distinguish between MRM contaminants and natural baseline contaminants....- 
Domain- Site Wide- Source- Brain Writing 

MR213   
Rehab method related- Hazard- Mine plans not flexible enough for changes in 
design...- Impact- Significant change required in the future- triggering another 
approval process requirement....- Domain- Site Wide- Source- Brain Writing 

MR213.1   
Rehab method related- Hazard- Re-mining operations cause failure of the dam wall 
or liquefy the materials....- Impact- Release of tailings....- Domain- TSF- Source- 
Team 13/12 



 

ORMJ1631 Ver 2, 20/02/2017 Pg 76 
 

Ref PRP #2 Combined Issue3 

MR214   
Referred- Hazard- Premature closure of operation....- Impact- Inability to manage 
the water inflow requirements....- Domain- Site Wide- Source- Brain Writing 

MR215   
Lake water chemistry- Hazard- Ingress of saw fish to the open cut final void...- 
Impact- Fish kills including saw fish due to their entry to poor quality water in the 
open cut final void....- Domain- Open Pit- Source- Brain Writing 

MR216   
Referred- Hazard- Insufficient capacity to discharge at an opportune time...- Impact- 
Missing receiving environment flows when discharge is needed...- Domain- Site 
Wide- Source- TOR Analysis 

MR217   
Lake water chemistry- Hazard- Spon com (spontaneous combustion) in walls of 
open cut...- Impact- Increased geochemical loading on waters in the open cut- 
leading to deterioration of water quality....- Domain- General- Source- Team Dec 16 

MR218   
H&S Air quality- Hazard- Spon com in the in pit dump...- Impact- SO2 levels in pit 
during the relocation of materials to the in-pit dump....- Domain-- Source- Team Dec 
16 

MR219   
Revegetation Failure- Hazard- Excessive brine make- and inability to put through 
the process plant...- Impact- Extra clearing required for additional water 
management structure...- Domain- General- Source- Team Dec 16 

MR220   
Water Storage / Ground Water Release- Hazard- South OEF- 20 year release to the 
environment...- Impact- Ground water contamination flowing into McArthur river- 
causing exceedance of SW11 limits....- Domain-- Source- Team Dec 16 

MR221   
Water Storage / Ground Water Release- Hazard- East OEF- high pyrite dump and 
generation of contaminated waters...- Impact- Release of contaminated waters into 
the McArthur River...- Domain- Site Wide- Source- Team Dec 16 

MR222   
Lake water chemistry- Hazard- West OEF closure seepage and runoff...- Impact- 
open cut final void water quality fails water quality criteria...- Domain-- Source- 
Team Dec 16 

MR223   
Referred- Hazard- General point...- Impact- Don't miss the opportunity to sell the 
dream of setting up the 2nd largest Zn mine in the world in a...- Domain- General- 
Source- Team Dec 16 

MR224   
Referred- Hazard- General point...- Impact- Possible to have an infographic (e.g. site 
cross section) that highlights what risks are where acros...- Domain- General- 
Source- Team Dec 16 
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12.2 About Your Report 

Your report has been developed on the basis of your unique and specific requirements as understood by 
Operational Risk Mentoring and only applies to the subject matter investigated.  

We have endeavoured to accurately gather information from observations, document reviews and from site 
personnel. Analysis has been conducted using the best methods of risk engineering science known to the 
author(s) and should represent a useful suite of information on which the site can base subsequent actions. 

Even with all these efforts made it is possible that due to information reviewed being erroneous or incomplete 
errors may exist in the document or that the recommendations may not be fully effective in avoiding 
unwanted risks. 

To that end the reader of this report should be careful- and there is no intention by Operational Risk 
Mentoring or their associates to provide any warranty of representation, either expressed or implied with 
respect to this document, its quality, accuracy, merchantability or fitness for a particular purpose is made.  

As a result, this document is provided "as is" and the reader assumes the entire risk as to its quality and 
accuracy. 

In no event will Operational Risk Mentoring be liable for direct, indirect, special, incidental or consequential 
damages resulting from any defect or inaccuracy in the document, even if advised of the possibility of such 
damages. 

The warranty and remedies set forth above are exclusive and in lieu of all others, oral or written or implied. No 
employee, associate, contractor or other representative of Operational Risk Mentoring is authorised to make 
any modification, extension or addition to this warranty. No part of this publication may be reproduced, stored 
in a retrieval system or transmitted in any form or by any means, electronic, mechanical, photocopying, 
recording, or otherwise, without prior written permission of Operational Risk Mentoring. 
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