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DISCLAIMER

This Environmental Impact Statement, including the Executive 
Summary, and all chapters of and attachments and appendices 
to it and all drawings, plans, models, designs, specifications, 
reports, photographs, surveys, calculations and other data and 
information in any format contained and/or referenced in it, is 
together with this disclaimer referred to as the “EIS”.

Purpose of EIS
The EIS has been prepared by, for and on behalf of Wafi Mining 
Limited and Newcrest PNG 2 Limited (together the “WGJV 
Participants”), being the participants in the Wafi-Golpu Joint 
Venture (“WGJV”) and the registered holders of exploration 
licences EL 440 and EL1105, for the sole purpose of an application 
(the “Permit Application”) by them for environmental 
approval under the Environment Act 2000 (the “Act”) for the 
proposed construction, operation and (ultimately) closure of an 
underground copper-gold mine and associated ore processing, 
concentrate transport and handling, power generation, water and 
tailings management, and related support facilities and services 
(the “Project”) in Morobe Province, Independent State of Papua 
New Guinea.  The EIS was prepared with input from consultants 
engaged by the WGJV Participants and/or their related bodies 
corporate (“Consultants”).
The Permit Application is to be lodged with the Conservation and 
Environment Protection Authority (“CEPA”), Independent State of 
Papua New Guinea. 

Ownership and Copyright 
The EIS is the sole property of the WGJV Participants, who reserve 
and assert all proprietary and copyright ©2018 interests. 

Reliance and Use 
The EIS is intended and will be made available to CEPA, for 
review by CEPA and other applicable agencies of the Government 
of the Independent State of Papua New Guinea (“Authorised 
Agencies”), for the purpose of considering and assessing the 
Permit Application in accordance with the Act  (“Authorised 
Purpose”), and for no other purpose whatsoever.
The EIS shall not be used or relied upon for any purpose other 
than the Authorised Purpose, unless express written approval is 
given in advance by the WGJV Participants. 
Except for the Authorised Purpose, the EIS, in whole or in part, 
must not be reproduced, unless express written approval is given 
in advance by the WGJV Participants.
This disclaimer must accompany every copy of the EIS.
The EIS is meant to be read as a whole, and any part of it should 
not be read or relied upon out of context.

Limits on investigation and information
The EIS is based in part on information not within the control 
of either the WGJV Participants or the Consultants.  While the 
WGJV Participants and Consultants believe that the information 
contained in the EIS should be reliable under the conditions 
and subject to the limitations set forth in the EIS, they do not 
guarantee the accuracy of that information.  

No Representations or Warranties
While the WGJV Participants, their Related Bodies Corporate and 
Consultants believe that the information (including any opinions, 
forecasts or projections) contained in the EIS should be reliable 
under the conditions and subject to the limitations set out 
therein, and provide such information in good faith, they make no 
warranty, guarantee or promise, express or implied, that any of 
the information  will be correct, accurate, complete or up to date, 
nor that such information will remain unchanged aἀer the date of 
issue of the EIS to CEPA, nor that any forecasts or projections will 
be realised. Actual outcomes may vary materially and adversely 
from projected outcomes.

The use of the EIS shall be at the user’s sole risk absolutely 
and in all respects. Without limitation to the foregoing, and to 
the maximum extent permitted by applicable law, the WGJV 
Participants, their Related Bodies Corporate and Consultants:
•	 do not accept any responsibility, and disclaim all liability 

whatsoever, for any loss, cost, expense or damage (howsoever 
arising, including in contract, tort (including negligence) and for 
breach of statutory duty) that any person or entity may suffer or 
incur caused by or resulting from any use of or reliance on the 
EIS or the information contained therein, or any inaccuracies, 
misstatements, misrepresentations, errors or omissions in its 
content, or on any other document or information supplied by 
the WGJV Participants to any Authorised Agency at any time in 
connection with the Authorised Agency’s review of the EIS; and

•	 expressly disclaim any liability for any consequential, special, 
contingent or penal damages whatsoever.

The basis of the Consultants’ engagement is that the Consultants’ 
liability, whether under the law of contract, tort, statute, equity or 
otherwise, is limited as set out in the terms of their engagement 
with the WGJV Participants and/or their related bodies corporate.

Disclosure for Authorised Purpose 
The WGJV Participants acknowledge and agree that, for the 
Authorised Purpose, the EIS may be:
•	 copied, reproduced and reprinted;
•	 published or disclosed in whole or in part, including being 

made available to the general public in accordance with 
section 55 of the Act. All publications and disclosures are 
subject to this disclaimer. 

Development of Project subject to Approvals, Further  
Studies and Market and Operating Conditions 
Any future development of the Project is subject to further studies, 
completion of statutory processes, receipt of all necessary or 
desirable Papua New Guinea Government and WGJV Participant 
approvals, and market and operating conditions. 
Engineering design and other studies are continuing and aspects 
of the proposed Project design and timetable may change.

NEWCREST MINING LIMITED DISCLAIMER 
Newcrest Mining Limited (“Newcrest”) is the ultimate holding 
company of Newcrest PNG 2 Limited and any reference below 
to “Newcrest” or the “Company” includes both Newcrest Mining 
Limited and Newcrest PNG 2 Limited.

Forward Looking Statements
The EIS includes forward looking statements.  Forward looking 
statements can generally be identified by the use of words such 
as “may”, “will”, “expect”, “intend”, “plan”, “estimate”, “anticipate”, 
“continue”, “outlook” and “guidance”, or other similar words and 
may include, without limitation, statements regarding plans, 
strategies and objectives of management, anticipated production 
or construction commencement dates and expected costs or 
production outputs. The Company continues to distinguish 
between outlook and guidance. Guidance statements relate to 
the current financial year. Outlook statements relate to years 
subsequent to the current financial year.  
Forward looking statements inherently involve known and 
unknown risks, uncertainties and other factors that may cause 
the Company’s actual results, performance and achievements 
to differ materially from statements in this EIS. Relevant factors 
may include, but are not limited to, changes in commodity 
prices, foreign exchange fluctuations and general economic 
conditions, increased costs and demand for production inputs, 
the speculative nature of exploration and project development, 
including the risks of obtaining necessary licences and permits 
and diminishing quantities or grades of reserves, political 
and social risks, changes to the regulatory framework within 
which the Company operates or may in the future operate, 
environmental conditions including extreme weather conditions, 
recruitment and retention of personnel, industrial relations issues 
and litigation. 
Forward looking statements are based on the Company’s 
good faith assumptions as to the financial, market, regulatory 
and other relevant environments that will exist and affect the 
Company’s business and operations in the future. 

This disclaimer applies to and governs the disclosure 
and use of this Environmental Impact Statement 
(“EIS”), and by reading, using or relying on any 
part(s) of the EIS you accept this disclaimer in full.



The Company does not give any assurance that the assumptions 
will prove to be correct.  There may be other factors that could 
cause actual results or events not to be as anticipated, and 
many events are beyond the reasonable control of the Company. 
Readers are cautioned not to place undue reliance on forward 
looking statements. Forward looking statements in the EIS speak 
only at the date of issue. Except as required by applicable laws or 
regulations, the Company does not undertake any obligation to 
publicly update or revise any of the forward looking statements 
or to advise of any change in assumptions on which any such 
statement is based.

Non-IFRS Financial Information
Newcrest results are reported under International Financial 
Reporting Standards (IFRS) including EBIT and EBITDA. The EIS 
also includes non-IFRS information including Underlying profit 
(profit aἀer tax before significant items attributable to owners 
of the parent company), All-In Sustaining Cost (determined 
in accordance with the World Gold Council Guidance Note on 
Non-GAAP Metrics released June 2013), AISC Margin (realised 
gold price less AISC per ounce sold (where expressed as USD), or 
realised gold price less AISC per ounce sold divided by realised 
gold price (where expressed as a %), Interest Coverage Ratio 
(EBITDA/Interest payable for the relevant period), Free cash 
flow (cash flow from operating activities less cash flow related 
to investing activities), EBITDA margin (EBITDA expressed as a 
percentage of revenue) and EBIT margin (EBIT expressed as a 
percentage of revenue). These measures are used internally by 
Management to assess the performance of the business and 
make decisions on the allocation of resources and are included 
in the EIS to provide greater understanding of the underlying 
performance of Newcrest’s operations. The non-IFRS information 
has not been subject to audit or review by Newcrest’s external 
auditor and should be used in addition to IFRS information.

Ore Reserves and Mineral Resources Reporting Requirements
As an Australian Company with securities listed on the 
Australian Securities Exchange (ASX), Newcrest is subject to 
Australian disclosure requirements and standards, including 
the requirements of the Corporations Act 2001 and the ASX. 
Investors should note that it is a requirement of the ASX listing 
rules that the reporting of Ore Reserves and Mineral Resources in 
Australia comply with the 2012 Edition of the Australasian Code 
for Reporting of Exploration Results, Mineral Resources and Ore 
Reserves (the JORC Code) and that Newcrest’s Ore Reserve and 
Mineral Resource estimates comply with the JORC Code.

Competent Person’s Statement
The information in the EIS that relates to Golpu Ore Reserves 
is based on information compiled by the Competent Person, 
Mr Pasqualino Manca, who is a member of The Australasian 
Institute of Mining and Metallurgy. Mr Pasqualino Manca, is a 
full-time employee of Newcrest Mining Limited or its relevant 
subsidiaries, holds options and/or shares in Newcrest Mining 
Limited and is entitled to participate in Newcrest’s executive 
equity long term incentive plan, details of which are included in 
Newcrest’s 2017 Remuneration Report. Ore Reserve growth is one 
of the performance measures under recent long term incentive 
plans. Mr Pasqualino Manca has sufficient experience which is 
relevant to the styles of mineralisation and type of deposit under 
consideration and to the activity which he is undertaking to 
qualify as a Competent Person as defined in the JORC Code 2012. 
Mr Pasqualino Manca consents to the inclusion of material of 
the matters based on his information in the form and context in 
which it appears.

HARMONY GOLD MINING COMPANY LIMITED DISCLAIMER
Harmony Gold Mining Company Limited (“Harmony”) is the 
ultimate holding company of Wafi Mining Limited and any 
reference below to “Harmony” or the “Company” includes both 
Harmony Gold Mining Company Limited and Wafi Mining Limited.

Forward Looking Statements
These materials contain forward-looking statements within 
the meaning of the safe harbor provided by Section 21E of 
the Securities Exchange Act of 1934, as amended, and Section 
27A of the Securities Act of 1933, as amended, with respect 
to our financial condition, results of operations, business 
strategies, operating efficiencies, competitive positions, growth 
opportunities for existing services, plans and objectives of 

management, markets for stock and other matters. These include 
all statements other than statements of historical fact, including, 
without limitation, any statements preceded by, followed 
by, or that include the words “targets”, “believes”, “expects”, 
“aims”, “intends”, “will”, “may”, “anticipates”, “would”, “should”, 
“could”, “estimates”, “forecast”, “predict”, “continue” or similar 
expressions or the negative thereof. 
These forward-looking statements, including, among others, 
those relating to our future business prospects, revenues and 
income, wherever they may occur in this EIS and the exhibits to 
this EIS, are essentially estimates reflecting the best judgment 
of our senior management and involve a number of risks and 
uncertainties that could cause actual results to differ materially 
from those suggested by the forward-looking statements. As 
a consequence, these forward-looking statements should be 
considered in light of various important factors, including those 
set forth in these materials. Important factors that could cause 
actual results to differ materially from estimates or projections 
contained in the forward-looking statements include, without 
limitation: overall economic and business conditions in South 
Africa, Papua New Guinea, Australia and elsewhere, estimates of 
future earnings, and the sensitivity of earnings to the gold and 
other metals prices, estimates of future gold and other metals 
production and sales, estimates of future cash costs, estimates 
of future cash flows, and the sensitivity of cash flows to the 
gold and other metals prices, statements regarding future debt 
repayments, estimates of future capital expenditures, the success 
of our business strategy, development activities and other 
initiatives, estimates of reserves statements regarding future 
exploration results and the replacement of reserves, the ability 
to achieve anticipated efficiencies and other cost savings in 
connection with past and future acquisitions, fluctuations in the 
market price of gold, the occurrence of hazards associated with 
underground and surface gold mining, the occurrence of labour 
disruptions, power cost increases as well as power stoppages, 
fluctuations and usage constraints, supply chain shortages and 
increases in the prices of production imports, availability, terms 
and deployment of capital, changes in government regulation, 
particularly mining rights and environmental regulation, 
fluctuations in exchange rates, the adequacy of the Group’s 
insurance coverage and socio-economic or political instability in 
South Africa and Papua New Guinea and other countries in which 
we operate.
For a more detailed discussion of such risks and other factors 
(such as availability of credit or other sources of financing), see 
the Company’s latest Integrated Annual Report and Form 20-F 
which is on file with the Securities and Exchange Commission, 
as well as the Company’s other Securities and Exchange 
Commission filings. The Company undertakes no obligation to 
update publicly or release any revisions to these forward-looking 
statements to reflect events or circumstances aἀer the date of 
this EIS or to reflect the occurrence of unanticipated events, 
except as required by law. 

Competent Person’s Statement
The Wafi-Golpu Joint Venture is an unincorporated joint venture 
between a wholly-owned subsidiary of Harmony Gold Mining 
Company Limited and a wholly-owned subsidiary of Newcrest 
Mining Limited. 
The information in the EIS that relates to Golpu Ore Reserves 
is based on information compiled by the Competent Person, 
Mr Pasqualino Manca, who is a member of The Australasian 
Institute of Mining and Metallurgy. Mr Pasqualino Manca, is a 
full-time employee of Newcrest Mining Limited or its relevant 
subsidiaries, holds options and/ or shares in Newcrest Mining 
Limited and is entitled to participate in Newcrest’s executive 
equity long term incentive plan, details of which are included in 
Newcrest’s 2017 Remuneration Report. Ore Reserve growth is one 
of the performance measures under recent long term incentive 
plans. Mr Pasqualino Manca has sufficient experience which is 
relevant to the styles of mineralisation and type of deposit under 
consideration and to the activity which he is undertaking to 
qualify as a Competent Person as defined in the JORC Code 2012. 
Mr Pasqualino Manca consents to the inclusion of material of 
the matters based on his information in the form and context in 
which it appears. 
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7. ASSESSMENT OF ALTERNATIVES 

Chapter 6, Project Description, presents the current optimised configuration proposed for 
the Project, one that has been developed in a collaborative, multi-disciplinary process 
through various concept, pre-feasibility and feasibility studies described in Section 2.2.  It is 
the outcome of many years of detailed exploration and other investigations by the WGJV 
and previous exploration licence holders. 

This chapter provides an overview of the alternatives and the assessment process used to 
define the Project configuration that is the basis of this EIS.   

7.1. Stages in the Assessment of the Project 

There are typically three stages in the assessment of a mining project (the ‘pre-
development’ phase), and each stage is usually completed before proceeding to the next.   

The three stages comprise the following: 

• Concept or scoping stage: The scoping phase of a project, whereby a conceptual mine 
plan is outlined and potential production outputs and costs are estimated at a high 
level. 

• Pre-feasibility stage: The preliminary assessment phase of a project, whereby more 
detailed exploration results help to delineate the orebody and proposed mining, 
processing and waste management methods are identified.  Potential significant 
environmental, social and cultural heritage constraints are also described. 

• Feasibility stage: The critical assessment phase of a project used to determine its 
viability, comprising a detailed mine plan including mining method, production rates, 
supporting infrastructure and budget forecast.  Predicted environmental, social and 
cultural heritage risks and impacts and potential management measures to address 
these are also described. 

The stages are undertaken in order to: 

• Establish the viability of a proposed project 

• Define the project in sufficient detail to provide a basis for a forward work plan for 
further investigations. 

If the proposed mining project is found to be feasible, it may proceed to detailed front-end 
engineering design for all project infrastructure. 

7.2. Development Concept 

Typical of most resource projects, the development of the Project is subject to a range of 
constraints that will be influential on the WGJV’s capacity to develop the Project 
successfully, and the extent to which Project stakeholders (local communities and 
regulators) support its development.  These constraints include: 

• Physical – The fixed location of the orebody, within a certain landscape and climate 

• Environmental – The existing environmental values (e.g., plants, animals, plant 
communities and water bodies) 

• Social – The characteristics, values, lifestyle, expectations and concerns of affected 
communities 

• Cultural heritage – The cultural heritage of the communities that host the Project 

• Economic – The Project must be commercially viable 
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The Project development concept contained in this EIS represents the current optimisation 
of engineering, economic, environmental and social considerations.  Engineering design 
and other studies, including environmental studies, are continuing and there is potential that 
aspects of the proposed Project design, layout and timetable – including the alternatives 
described in this chapter – may change. 

7.3. Alternatives Considered 

A high-level overview of the alternatives considered for each Project component is provided 
in Table 7.1, with those subject to detailed consideration described further in the following 
sections. 

Table 7.1: High level overview of alternatives considered 

Aspect Alternatives investigated 

Mining method • Open pit 

• Underground (sublevel caving, block caving, open stoping) 

Ore extraction depth  • Various 

Underground access • Shaft (various locations) 

• Declines (various locations) 

Underground mine layout • Various decline and shaft designs, production level layouts and 
drawpoint designs 

Tailings management method • Tailings storage facility (sub-aerial or sub-aqueous deposition) 

• Dry stacking 

• Deep sea tailings placement (DSTP) 

Terrestrial tailings storage 
location (45 in total) 

• Markham Gap 

• Markham Farms 

• Lower Watut River floodplain 

• Bavaga 

• Additional regional locations 

DSTP outfall location • Various locations along the Huon Gulf coastline from Singaua (in the 
north) to Labumiti village (in the south) 

Port Facilities Area location • Various sites within the Lae Tidal Basin 

• Berth 6 (also known as the Tanker Berth) 

• Various sites subject to a purchase agreement with a private third 
party 

Concentrate, fuel and terrestrial 
tailings pipeline alignments 

• Various alignments 

Concentrate filtrate discharge 
location 

• Lae Tidal Basin 

• Markham River 

• ‘The Point’, located between Markham River and Lae Tidal Basin 

• Berth 6 (also known as the Tanker Berth) 

Ore treatment • Solvent extraction 

• Froth flotation 

• Cyanidation 

Ore treatment location • Mine Area 

• Lae 

Product transport • Truck 

• Pipeline 

Ventilation • Shaft or decline (various locations) 



 

Wafi-Golpu Project Environmental Impact Statement 

 Chapter 7 – Assessment of Alternatives 

 

 

Document No: 532-8221-EN-REP-0003-07 UNCONTROLLED WHEN PRINTED Printed Date:  25/06/2018 

    Page: 7-3 

 

Aspect Alternatives investigated 

Site access • Lower Watut River 

• Roads (various alignments including Demakwa Access and Wafi 
Access roads (from the Bululo Highway) and the Northern Access 
Road and Mine Access Road (from the Highlands Highway)) 

Power generation • Third-party provider 

• Self-generation 

Fuel for power generation • Liquefied natural gas (LNG) 

• Liquefied petroleum gas (LPG) 

• Diesel 

• Intermediate fuel oil (IFO) 

• Heavy fuel oil (HFO) 

Hard rock sources • River gravels 

• Borrow pits 

• Hard rock quarry 

• Third-party supply 

Accommodation facility • Various locations 

 

7.3.1. Assessment of Mineral Deposits 

Drilling has identified four main deposits within Exploration Licences 440 and 1105 held by 
the WGJV: 

• Wafi: a high sulphidation epithermal gold deposit 

• Link Zone: a mineralised gold quartz vein array 

• Golpu: a mineralised porphyry copper-gold deposit 

• Nambonga: a mineralised porphyry copper-gold deposit 

The Wafi and Link Zone deposits were the early focus for potential development.  These 
deposits were discovered in the 1970s and, being located close to the ground surface, were 
proposed to be mined by open pit. 

The Golpu deposit is the most advanced and economically significant of the deposits.  
Because of its mineralogy, size and grade, the Golpu deposit was quickly recognised as 
having the best combination of attributes to sustain the first commercial mining 
development, and is the subject of the current Project description outlined in this EIS (see 
Chapter 6, Project Description). 

While not the subject of this EIS, there is potential for future development of the Wafi, Link 
Zone and Nambonga orebodies which will be the subject of future assessments by the 
WGJV.  Should WGJV in future propose developing any of those other orebodies, it would 
be subject to separate approval under the Environment Act 2000 by the Independent State 
of Papua New Guinea. 

7.3.2. Mining Method 

Large-scale open pit mining, sub-level cave operation and block-cave mining have all been 
considered as methods for mining the Golpu deposit. 
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7.3.2.1. Open Pit Mining 

The concept study undertaken by the WGJV in 2009 considered large-scale open pit mining 
to access the Golpu deposit, however it was assessed not to be economically viable at that 
time due to a range of technical and cost considerations including: 

• The significant depth of the Golpu deposit  

• Extremely high pre-strip ratio to remove overburden  

• The difficulty to safely store the large volume of potentially acid forming (PAF) waste 
rock produced, increasing the potential for acid and metalliferous drainage (AMD) and 
consequent environmental and social impacts unless managed appropriately.  

7.3.2.2. Underground Mining 

Investigations then shifted to consideration of underground mining to access the Golpu 
deposit. 

Block cave underground mining was identified as the underground mining method more 
suited to the deposit, and has become the preferred mining method for the Project.  Block 
caving is a low-cost, bulk mining method that minimises the mine footprint and is generally 
applied to large, near-vertical orebodies, such as Golpu.  The extraction level is established 
at the bottom of the ore block to be mined and is used for the entire life of the block.  The 
use of the block cave method will also avoid ore extraction from within the cap zone of the 
Golpu deposit, which is the zone of ore that contains high arsenic concentrations. 

The use of the block cave underground mining method will reduce the surface footprint of 
the Project in comparison to open pit mining and large-scale sub-level cave underground 
mining, and significantly reduce the amount of waste rock generated by the Project. 

7.3.3. Production Rate 

Capital and operating costs are largely related to the rate of production.  Studies have been 
undertaken to assess the Project viability at different production rates ranging from 3 to 
20Mtpa. 

Further optimisation of the commercial production rate was undertaken in the Feasibility 
Study Update (2018) as part of a wider scope of work.  After considering multiple factors, 
including tailings management options, water supply volumes and power generation 
capacity, the Feasibility Study Update confirmed a viable Project business case based on 
a process plant design production rate of 16.84Mtpa. 

The WGJV proposes mining the Golpu deposit via three block caves (BC 44, BC 42 and 
BC 40) in a multi-stage operation, for which the production rate will ramp up over the first 
five years of operations to achieve the process plant design production rate of 16.84Mtpa. 

7.3.4. Tailings Management  

The proposed mine is predicted to generate approximately 360 million tonnes (Mt) of tailings 
solids (dry weight basis) over the 28-year life from first production of the processing plant 
(excluding construction and closure phases).  The characteristics of the tailings solids 
require that the tailings are managed in a low risk and environmentally secure manner that 
is also economically feasible. 

Based on a desire to minimise impacts on the biophysical and social environment and 
cultural heritage and adopt the option with the lowest construction, operational, and post 
closure risks, WGJV has decided to adopt deep sea tailings placement (DSTP) as the 
preferred tailings management option for the Project. 
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The following section provides an assessment of the tailings management options that have 
been considered for the Project.  To place tailings management alternatives in context, 
considerations for tailings management are discussed generally before the available 
methods for on-land and deep sea tailings management are described.  Finally, the 
alternative conceptual designs that have been investigated for the Project are discussed, 
including the evaluation of their respective costs, risk profiles and possible environmental, 
social and cultural impacts.  Together, this represents WGJV’s basis for the selection of 
DSTP as the preferred tailings management option for the Project. 

7.3.4.1. Considerations for Tailings Management 

The selection of a tailings management solution requires careful consideration of a range 
of factors, as outlined in the following sub-sections. 

7.3.4.1.1. Context 

The production of tailings is a consequence of ore processing.  Tailings management 
planning needs to be conducted over a life of mine timescale where the potential effects on 
the natural and social environment are considered in design, construction, operations and 
closure.  In the post-closure period, the long-term fate of the tailings and the long-term 
maintenance of a tailings storage facility (TSF), if relevant, also requires consideration. 

7.3.4.1.2. Characteristics of the Tailings 

The Wafi Golpu tailings slurry will comprise mostly silt-sized fragments of mined ore after 
the economically recoverable metals and minerals have been removed, in a suspension of 
process water. 

The ore contains sulphide minerals, most of which will be removed during ore processing 
but, depending on the rock types being processed, there will be periods when high levels 
of sulphide minerals such as pyrite will remain in the tailings.  If reactive sulphide minerals 
in the tailings are exposed to both air and water, oxidation will occur which can lead to 
formation of acid and metalliferous drainage (AMD), high sulphate concentrations and 
elevated concentrations of dissolved metals.  

It has been estimated (Beca, 2017) that ore processed from Years 1 to 10 will produce 
tailings that are non-acid forming (NAF); however, ore processed from Years 11 to 28 will 
produce tailings that are PAF. 

Generally, the potential for oxidation of reactive sulphides in the tailings may be minimised 
by:  

• Permanent underwater storage, or 

• Encapsulation of PAF materials using a cover that effectively seals off the reactive 
sulphides in the tailings from both oxygen and water. 

For on-land storage of tailings, this means engineered cover systems that must maintain 
their integrity in perpetuity.  For DSTP, placing the tailings on the ocean floor minimises the 
potential for oxidation without the need to maintain a storage and treatment facility in 
perpetuity. 
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7.3.4.1.3. Earthquakes 

Papua New Guinea is bounded by several major tectonic plates and is one of the most 
seismically active regions in the world (World Bank, 2008).  There are two main sources of 
earthquakes that could occur in the vicinity of the Project Area: 

• Crustal events that occur in areas away from plate contacts and have produced 
earthquakes up to magnitude 7.7 on the Richter scale (SRK, 2007) 

• Subduction events that occur due to the subduction of the Pacific Plate at the interface 
between the Pacific Plate and the overriding Indo-Australian Plate, or in the intra-slab 
zones within the subducting Pacific Plate.  These events have produced earthquakes 
up to magnitude 8.4 on the Richter scale (SRK, 2007) 

Earthquakes are common along the Ramu-Markham Fault and the subduction zone of the 
New Britain Trench.  Between 1900 and 2010 there have been 22 Magnitude 7.5+ 
earthquakes recorded in the New Guinea region1, of which four (18%) have occurred in and 
around the New Britain Trench (see Appendix M, Physical, Chemical and Biological 
Sedimentology of the Huon Gulf). 

There is a history of earthquake-induced landslides, tsunamis and related hazards in the 
Huon Peninsula region (as described by Buleka et al., 1999).  Large earthquakes causing 
landslides in the mountainous catchments of the Markham, Butibum and Busu rivers have 
augmented the sediment loads carried by these rivers.  Changes in river loads, and floods 
related to landslide dam breaches have caused damage to Lae and its roads and bridges, 
especially in the Butibum and Busu river floodplains. 

The region’s high seismic risk increases the complexity and cost of engineering due to 
elevated earthquake loading for on-land tailings storage options as compared, say, to the 
goldfields of Western Australia.  Any on-land tailings containment structure needs to be 
designed and engineered to be able to withstand the following design earthquakes and 
associated earthquake loading as outlined in the guidelines on tailings dams formulated by 
the Australian National Committee on Large Dams (ANCOLD, 2012):  

• The Operating Basis Earthquake (OBE), for which dams should remain serviceable.  
The OBE is generally expected to cause limited damage/deformations that could be 
repaired without significantly disrupting operations.  The recommended Annual 
Exceedance Probability (AEP) for design ranges from 1:50 to 1:1,000 determined from 
the dam failure consequence category, ranging from low to extreme (ANCOLD, 2012).  

o Note that for conventional seismic design analyses, the OBE is defined for a 475 
year average earthquake return period (1:475) which relates to a probability of 
exceedance of 0.21% annually, 10% over 50 years and 19% over 100 years. 

• The Maximum Design Earthquake (MDE), for which dam damage can be more 
extensive and may disrupt operations, but the structural integrity of the dam needs to 
be maintained and uncontrolled release of tailings/water should not occur.  The 
recommended design AEP for design ranges from 1:100 to 1:10,000 determined from 
the dam failure consequence category, ranging from low to extreme (ANCOLD, 2012). 

• The Maximum Credible Earthquake (MCE) is the maximum earthquake that could 
occur at a site as derived from a deterministic seismic analysis.  Earthquake events 
with an AEP of 1:10,000 or greater approach the MCE.  For dam closure stability 
assessments, the MCE should be used for design, but taking into account the expected 
long term properties of the tailings. 

                                                

1 The region considered extends from 118°E to 168°E, and includes eastern Indonesian Archipelago, Irian Jaya, PNG 

mainland and islands, Solomon Islands and Vanuatu. 
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Even more stringent ‘design’ conditions to mitigate the effects of earthquakes may be 
appropriate if the downstream environmental and social consequences of potential 
impoundment failure would be severe. 

7.3.4.1.4. Tsunamis 

Any tailings management infrastructure located on or near the coast could be subject to the 
effects of tsunamis.  Three tsunamis have been observed at Lae since 1906 with the largest 
occurring in 1972 and associated with a water level rise of 1.5m and slumping of the 
shoreline at Voco Point (see Appendix M, Physical, Chemical and Biological Sedimentology 
of the Huon Gulf).  Elsewhere in the Huon Gulf, a Magnitude 8 earthquake at the western 
end of the New Britain Trench, which occurred in 1906, resulted in tsunami waves along the 
shoreline of the Huon Gulf and also the islands of Tami, Siassi and Umboi. 

Slumping of submarine canyon walls or sliding of steep submarine slopes may also be the 
cause of mini-tsunamis observed in the region, and major submarine slope failure was 
considered to be the cause of several episodes of breakage of communication cables in the 
outer Huon Gulf, some 200km to the east of Lae (see Appendix M, Physical, Chemical and 
Biological Sedimentology of the Huon Gulf). 

Tsunami and slope failure risk increases the complexity and cost of engineering for any 
tailings management solutions involving the placing the tailings on the ocean floor. 

7.3.4.1.5. Landforms 

The steep mountainous terrain that is typical of PNG is a result of mountains thrust up in a 
tectonic collision zone between the Indo-Australian and Pacific plates.  Rapid weathering 
and high tropical rainfall have created deeply incised valleys that are subject to high rates 
of erosion and frequent valley-wall instability.  Landslides are common and rivers and 
streams generally carry heavy sediment loads to the coast.  Many streams have steep 
gradients and are actively ‘downcutting’ (i.e., deepening of the stream channel through 
hydraulic action) while others are aggrading and flow in braided river channels such as the 
lower Markham and Busu rivers.  

On alluvial floodplains, such as along the Lower Watut and Markham rivers, it is important 
that tailings containment structures are sited to avoid the active meander belt of the river 
(i.e., where the river is actively migrating), especially where the containment structure is 
required to be maintained in perpetuity. 

The topography of PNG imposes significant challenges of availability and sufficiency of 
capacity of suitable sites for any on-land tailings management solution.  It also poses 
constraints to designing DSTP pipelines, where bathymetry must be considered.  

7.3.4.1.6. Foundation Conditions 

Although foundation conditions are highly site specific, a recurring theme in PNG is the 
disproportionate occurrence of rocks with weak strength or rocks that disintegrate (slake) 
on exposure.  These, combined with deep tropical weathering and unconsolidated alluvial 
deposits, can lead to poor ground stability conditions.  

Avoidance of liquefaction of the foundation materials under seismic loading (i.e., during an 
earthquake) is a critical consideration.  Liquefaction is the potential for saturated or partially 
saturated soil losing strength and stiffness as a result of, for example, an earthquake, 
causing it to behave like a liquid. 

Consideration of foundation conditions is applicable to both on-land and DSTP tailings 
management solutions (with regard to the stability and security of the pipeline 
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infrastructure), but is of particular significance for the design of on-land tailings containment 
structures given the safety risks to downstream communities in the event of a catastrophic 
failure of the structure.   

7.3.4.1.7. Water Management 

Annual rainfall is high to very high in most parts of PNG.  Average annual rainfall for the 
Mine Area is 2,836mm.  Analysis of the data from all rainfall measuring sites indicates that 
average rainfall ranges from 2,059mm/year to 3,478mm/year.  Annual evaporation is 
approximately 2,000mm (BECA, 2017).  Therefore, the Mine Area has a substantial water 
surplus.  This means that any tailings containment structure will have to be designed to 
manage the water surplus during construction, operations and in the post-closure period.  
Typical criteria for water handling is for a spillway on a tailings containment structure to be 
designed to safely pass a 1 in 1,000-year return period rainfall event during operations. 

Another water management consideration (e.g., for dry stacking of tailings) is the number 
of rain-free days per month (Golder, 2017).  At the Mine Area, the number of rain-free days 
vary from more than 14 per month in a dry year to more than 7 per month in a wet year (i.e., 
rainfall at 3,478mm/year).  

For on-land storage of tailings, the presence of heavy rainfall is challenging for controlled 
earthworks to create impervious fill for TSF embankments as well as construction of a dry 
stack of tailings. 

The potential effects of high rainfall conditions are of particular significance for the design 
of on-land tailings containment structures, particularly for the post-closure period. 

Water management is not typically a constraint for DSTP operations. 

7.3.4.1.8. Closure Planning 

At the end of the life of mine, all tailings management infrastructure needs to be closed in 
an appropriate and planned way so that unnecessary infrastructure is removed and any 
structure containing tailings is left physically and chemically stable and in a state able to be 
maintained in perpetuity.   

For infrastructure associated with DSTP, this is a relatively straightforward process of 
flushing the DSTP outfall pipelines to remove any residual tailings slurry, decommissioning 
and removing the mix/de-aeration tank and above-ground sections of the pipeline and 
sealing the ends of the underground pipeline to remain in situ. 

For an on-land tailings containment structure, this normally means capping the tailings – or 
ensuring a water cover in perpetuity – to limit oxidation of reactive sulphides and render the 
structure resistant to erosion and to withstand a combination of rainfall, runoff, settlement 
and seismicity.  A typical criterion for post-closure water handling on a TSF spillway is to 
safely pass the maximum probable precipitation event (i.e., typically a 1 in 10,000-year 
return period rainfall event). 

7.3.4.1.9. Environmental, Social and Cultural Heritage Effects 

While some disturbance is unavoidable during the management of tailings, WGJV’s primary 
objective is to avoid, minimise or reduce the effects of the preferred tailings management 
method on the natural, social and cultural heritage environment with a focus on preserving 
local peoples’ use of, access to and enjoyment of the environment.  This includes 
consideration of water quality, land use (terrestrial or offshore), ecological values (e.g., 
gardens, plants, animals and plant communities, including marine ecology), community 
impacts and impacts to cultural heritage sites. 
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7.3.4.1.10. Access and Constructability 

For TSFs located in remote areas of PNG, gaining access to the site usually involves 
constructing a road, pipeline and power easements, associated quarries, laydown areas 
and significant land clearance.  These can be challenging if the site is located in rugged 
terrain with high rainfall.  Associated issues can arise such as landslide generation, 
challenging water management, disposal of excess spoil, sourcing suitable construction 
materials and the downstream effects of construction activities.   

While DSTP outfall sites can also be located in remote areas of PNG, their proximity to a 
coastline with favourable bathymetry means that gaining access to the DSTP site can be 
more straightforward.  However, there may be challenges with access and constructability 
linking the mine site with the DSTP site if they are not close to each other. 

7.3.4.2. Alternative Tailings Management Methods 

A number of tailings management options have been considered during the extensive 
studies undertaken in relation to the Project: 

• On-land storage of tailings: 

o Purpose-built TSF with either sub-aerial2 or sub-aqueous3 tailings deposition 

o Dry-stacking of tailings 

• Deep sea tailings placement (DSTP) 

7.3.4.2.1. On-land Storage of Tailings – General Requirements  

For on-land tailings storage (either using a TSF or dry-stacking) for the Project, the following 
would be required: 

• Alienation of land from its existing use for the storage area, for access (roads and 
pipeline easements), plus quarry or borrow areas for the construction materials and 
cover material required for closure.  The alienation of land from its existing use would 
be permanent for the storage area. 

• Construction of an impoundment structure where the tailings solids can be stored.  

• Sub-aerial deposition of tailings during the first ten years of operations when the 
tailings are NAF and then sub-aqueous tailings deposition when PAF tailings are 
produced.  Maintenance of a water cover over the tailings would be required 
continuously for the last 18 years of mine life (and potentially in closure depending on 
capping method).  This requires a more complex water retaining impoundment.  

• Management of excess water from the storage would be required for the duration of 
the operating life of the storage facility, and, if suitable, excess water would be 
discharged to the natural drainage.  If water quality is unsuitable for discharge, then 
treatment would be required prior to discharge.  This requirement may extend beyond 
operations and closure.   

• Seepage management would be required during operations with a pump back system 
or, if required, a treatment plant with disposal of treated effluent to the natural drainage 
(and potentially indefinitely thereafter).  

• Ultimate closure of the facility, including a design cover to encapsulate the reactive 
sulphides contained in PAF tailings.  The surface and any containment embankments 
would need to be left in a condition that is safe, resistant to erosion and be able to 

                                                

2 Exposed to the atmosphere to promote drying on rain-free days (for NAF tailings only) 
3 Underwater discharge (for PAF tailings) 
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withstand the effects of extreme rainfall, flood events and earthquakes.  Water 
management would be critical and a closure spillway capable of handling the probably 
maximum precipitation would be required to be maintained in perpetuity.  Seepage 
may require treatment for a long period beyond closure.  

The Hidden Valley Mine is currently the only large mine operating in PNG using on-land 
tailings storage.  Other much smaller gold mines in PNG have operated with on-land tailings 
storage but most have ceased operations. 

Two methods of on-land tailings disposal were not considered for the Project.  These were: 

• Riverine disposal of tailings: while mines at Ok Tedi, Porgera and Tolukuma use this 
method, it was not considered due to the potential environmental and social impacts 
on downstream communities. 

• Underground tailings disposal (e.g., paste backfilling) was not considered, as this 
approach is not feasible for a total tailings stream storage and in block cave mines 
there is no safe space for any storage above the extraction levels. 

The detailed assessments undertaken of different on-land tailings management options are 
discussed in Section 7.3.4.3 below. 

7.3.4.2.2. Deep Sea Tailings Placement (DSTP) – General Requirements 

Another option considered for tailings management was DSTP.  For DSTP, the following 
would be required: 

• Alienation of land from existing use for the pipeline corridor and coastal facilities 
(access road, terrestrial tailings pipeline easement to the coast, power supply and 
DSTP outfall facilities). 

• Construction of a choke station and mix/de-aeration tank within approximately 100m 
of the shoreline. 

• Construction of seawater intake and outfall pipelines extending into the ocean to a 
suitable distance/depth.  These would require trenching from the mix/de-aeration tank 
and a shore crossing with localised shoreline and nearshore effects during 
construction. 

• The passive pre-discharge dilution of the tailings with seawater prior to discharge from 
the outfall.   

• Suitable geophysical and oceanographic conditions that mean that: 

o Once discharged, the tailings slurry would form a coherent density current as it 
descends the submarine slope below the outfall. 

o Oceanic water would be entrained by the density current making it progressively 
more dilute as it continues downslope. 

o Some of the tailings (fine solids and liquor) would separate from the descending 
density current and form very dilute subsurface plumes at different depths in the 
oceanic water column which would then be transported by oceanic currents and 
further diluted. 

o The remaining tailings (solids and liquor) would continue as a density current 
down the submarine slope all the way to the bottom of the canyon and the tailings 
solids would settle and be mixed with natural sediments. 

• At closure, the mixed deposits of tailings and natural sediments are expected to be 
periodically eroded, re-transported and re-deposited further downslope by the episodic 
but frequent mass movements and associated turbidity current events.  Over time, the 
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mixed deposits of tailings and natural sediments would eventually be buried by natural 
sediments. 

Deep sea tailings placement is presently used at six mines in four countries.  Papua New 
Guinea has three existing active DSTP operations (Lihir gold mine, Simberi gold mine, 
Ramu nickel and cobalt mine), one permitted (Woodlark gold project) and one closed 
(Misima gold mine). 

Further details of DSTP, including those mines at which DSTP is in use, are discussed in 
Section 7.3.4.5 below. 

7.3.4.3. On-land Tailings Storage using a Tailings Storage Facility 

The consideration of potential sites for a terrestrial TSF has evolved over time as the volume 
of anticipated life of mine (LOM) tailings requiring permanent storage has fluctuated in 
parallel with changes to the production rate. 

Between 1993 and 2017, 45 terrestrial TSF site options have been assessed for their 
viability to support a terrestrial TSF for the Project (Figure 7.1) (KCB, 2017; WGJV, 2014 
and 2015).  Of these, sites within the principal locations of Markham Gap, Markham Farms 
and the Bavaga River valley were investigated at a pre-feasibility study level, while sites 
within the Bavaga River valley and the Lower Watut River valley were investigated at a 
feasibility study level. 

The considerations in assessing potential TSF sites at these locations included: 

• Safety considerations in relation to seismicity, high rainfall and geotechnical stability 
and potential impacts to the environment and host communities.  

• Topography, catchment area and required storage volume over the proposed LOM, 
i.e., the capacity to accommodate LOM tailings and potential additional storage 
capacity requirements for any mine extensions. 

• Environmental considerations of the tailings management footprint, including potential 
impact on biodiversity or other environmental values. 

• Social and cultural heritage considerations of the tailings management footprint, 
including the effect on people’s subsistence and livelihoods. 

• Capital, operating cost and closure costs (including the cost of post-closure 
management and monitoring in perpetuity). 

• Distance from the Watut Process Plant. 

• Legacy considerations at mine closure, including any residual risks that may need to 
be actively managed such as water quality and safety/stability considerations. 
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Four sites passed the initial engineering conceptual study (i.e., storage capacity, cost 
efficiency and proximity) requirements and were subjected to a more rigorous assessment.  
Overall, the most important factors arising from studying the various potential TSF sites 
were: 

• The required storage volumes of between 140Mt and 1,000Mt of tailings would result 
in a large disturbance footprint of between approximately 420ha and 3,375ha over 
areas which can have high environmental, social and cultural value, and/or would 
require the displacement of communities and their livelihoods. 

• The Project Area has high seismicity and complex geology, including active faulting, 
which could at some sites result in liquefiable soils.  Complex engineering design 
would be required to partly mitigate such factors, and this complex design would carry 
high risk and high cost in both construction and ongoing operation. 

• The Project Area has high rainfall of over 2,000mm per year and large water catchment 
areas, which would require significant and costly water management treatment 
solutions to keep the structure safe and minimise environmental and social impacts to 
downriver communities.  These solutions would need to remain effective in perpetuity.  
Any structure would contain very large amounts of water with commensurate risks to 
downstream communities in the event of its catastrophic failure. 

• Due to terrain and geotechnical complexity, multiple storage sites and types of tailings 
management would be required for the LOM solution (currently, 360Mt).  Generally, it 
is more difficult to manage multiple storage sites and types of tailings management 
than a single storage site and type. 

• The mining operation would be exposed to significant closure and rehabilitation risk 
associated with ensuring the long term stability and safety of the tailings storage 
structure, and these would remain high in perpetuity due to the geotechnical, climatic, 
environmental and social setting of the Project. 

The significant constraints associated with the four potential terrestrial TSF sites which 
passed the initial engineering conceptual study requirements are summarised in Table 7.2 
and discussed at a high level in the following sub-sections. 

Table 7.2: Significant constraints for the four key TSF locations assessed 

Location Significant Constraints Identified 

Markham Gap 
(assessed in 2012 Pre-Feasibility 
Study and follow-up studies in 
2017) 

• Low geotechnical stability 

• Difficult to manage surface water due to large upstream catchment 

• Important ecological habitat with corresponding very high ecological 
values 

• Very high cultural heritage values 

Markham Farms 
(assessed in 2012 Pre-Feasibility 
Study) 

• Low geotechnical stability due to deep alluvial material below 
proposed embankment 

• Susceptible to flooding due to floodplain location in Markham River 
valley 

• Long distance (40km) from Mine Area 

Bavaga River valley 
(assessed in 2014 Pre-Feasibility 
Optimisation Study and 2015 
Feasibility Study; and follow-up 
studies in 2017) 

• Low geotechnical stability 

• Several major fault structures in vicinity 

• Insufficient capacity for LOM tailings production 

• Villages impacted, particularly Bavaga village 

• Loss of cultural heritage sites 
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Location Significant Constraints Identified 

Lower Watut River valley 
(assessed in 2015 Feasibility 
Study) 

• Susceptible to liquefaction 

• Insufficient capacity for LOM tailings production 

• Large footprint in area of high land and water resource use 

• Loss of high biodiversity ecological habitat (Large to Medium 
Crowned Forest) 

• Loss of significant cultural heritage sites 

 

7.3.4.3.1. Markham Gap  

Markham Gap was investigated by the WGJV in the 2012 Pre-Feasibility Study when LOM 
tailings production was anticipated to be 1,000Mt.  Markham Gap is located approximately 
20km north-northwest from the Mine Area, in a low-lying valley with the Lower Watut River 
Valley to the west (see Figure 7.1). 

Sites at this location would have sufficient storage capacity for the current anticipated LOM 
tailings of approximately 360Mt and the surrounding steep topography was favourable 
(thereby requiring less engineered structures to contain the tailings).  Cost estimates 
indicate that a TSF at Markham Gap would have the lowest overall cost of any tailings 
management option of less than 0.5 USD/tonne of tailings stored.  However, the Markham 
Gap was considered significantly constrained for the following reasons:  

• The high permeability soils (up to 20m thick) and poorly consolidated sediments result 
in low geotechnical stability that would necessitate significant engineering to ensure 
the stability of a future TSF structure, with consequent safety and cost implications. 

• The large surface water catchment upstream of the site, which would result in large 
volumes of inflow into the TSF and the need to provide long-term maintenance of a 
spillway capable of safely passing the maximum probable precipitation event (i.e., 
typically a 1 in 10,000-year return period rainfall event) post closure. 

• Ecological studies identified the Markham Gap area as being highly important for 
terrestrial biodiversity, supporting a complex and diverse mosaic of little-disturbed and 
functionally integrated habitats that may be unique in the region (Booyong Forest 
Science, 2011; Woxvold, 2012). 

• Stakeholder engagement and selective field surveys (Hitchcock, 2012) also identified 
numerous tangible and intangible cultural heritage sites associated with the Markham 
Gap TSF location. 

7.3.4.3.2. Markham Farms 

Markham Farms was investigated by the WGJV in the 2012 Pre-Feasibility Study when 
LOM tailings production was anticipated to be 1,000Mt.  It is located approximately 40km 
north-northwest of the Mine Area on the Markham River floodplain (see Figure 7.1).   

As with the Markham Gap, sites at this location would have sufficient storage capacity for 
the current anticipated LOM tailings of approximately 360Mt.  The estimated costs of 
transporting tailings, construction and maintenance of the TSF embankments were higher 
than for the Markham Gap, but lower than other options considered, being between 0.5 to 
1.5 USD/tonne of tailings stored. 

The underlying strata on the alluvial floodplains of the Markham River, is, however, likely to 
be subject to a high seismic risk (i.e., liquefaction).  This would require significant 
engineering to ensure the stability of a TSF and its consequent long term safety to the 
population living downstream on the Markham River (and the city of Lae).  The risk to the 
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long-term stability of a TSF at this location and the safety risk due to geotechnical failure 
were key reasons the site was considered significantly constrained.  

7.3.4.3.3. Bavaga River Valley 

This location was initially considered in the 2014 Pre-Feasibility Optimisation Study, and 
progressed to consideration in the 2015 Feasibility Study, when LOM tailings production 
was anticipated to be 140Mt.  It is located approximately 10km north of the Mine Area (see 
Figure 7.1). 

The natural topography of the Bavaga River valley means that tailings confinement would 
be achieved through the construction of an embankment within the valley, with the potential 
for it to be constructed in multiple stages in line with the production schedule.  The studies 
undertaken sought to determine the optimal embankment height considering the storage 
capacity required to either accommodate the LOM tailings at the time, or to accommodate 
a proportion of the LOM tailings as one of several TSFs.  No individual site within the Bavaga 
River valley would have sufficient capacity for the currently anticipated LOM tailings of 
approximately 360Mt.  Further, the majority of TSF site options investigated in the Bavaga 
River valley would result in significant social and cultural heritage impacts to the nearby 
Bavaga village. 

Cost estimates demonstrated that a TSF in the Bavaga River valley would have a 
comparatively high overall cost for tailings management greater than 3.5 USD/tonne of 
stored tailings. 

Geotechnical studies revealed that the depth of sediments in the Bavaga River valley, which 
are typically of low strength, reached 15m below the surface in the valley and decreased to 
less than 2m below the surface closer to the valley edges.  This would result in additional 
engineering and maintenance requirements to increase the stability of embankments.  It 
was also found that Bavaga River sites are susceptible to liquefaction, which poses a 
significant risk to the long-term stability of a TSF at this location.  Further to this, a study 
undertaken at this location indicated that several major fault structures are present which 
lead to significant seismic risk and potential TSF failure (Advisian, 2017a). 

The lack of storage capacity, social impacts, and elevated risks to long-term stability at 
these sites, were key reasons this location was considered significantly constrained. 

7.3.4.3.4. Lower Watut River Valley 

With the identification of significant constraints on the Bavaga River valley location during 
the preparation of the 2015 Feasibility Study, consideration turned to the Lower Watut River 
floodplain in the 2015 Feasibility Study.  The required capacity at the time of the study was 
estimated at 146Mt of tailings.  The proposed location was on the eastern edge of the Lower 
Watut River floodplain immediately west of the proposed location of the Watut Process Plant 
(see Figure 7.1). 

An additional geotechnical investigation was undertaken on the proposed Watut TSF site in 
2016 to complete the site-wide assessment of ground conditions.  This investigation 
identified interbedded layers of coarse-grained and fine-grained alluvium at various depths 
ranging between 20mbgl and 80mbgl.  A liquefaction assessment undertaken for the site 
identified that the coarse-grained alluvium is likely to liquefy in the event of an earthquake, 
which could destabilise a TSF embankment. 

A subsequent assessment of the Watut TSF identified that the site would require high-cost 
ground improvement works to address the liquefaction risk.  It also identified that, 
considering liquefaction risk based on earthquake design criteria specified by ANCOLD 
(2012), the maximum safe embankment height would reduce the capacity to less than 
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146Mt (Advisian, 2017c).  Cost estimates demonstrated that a TSF in the Lower Watut River 
Valley would have a comparatively high overall cost for tailings management greater than 
3.5 USD/tonne of tailings stored. 

Locating the TSF on the Lower Watut River floodplain would also result in ecological, social 
and cultural heritage impacts.  Ecological impacts would result as a consequence of clearing 
high value biodiversity habitat (namely the Large to Medium Crowned Forest).  Social 
impacts would occur due to the loss of land and water resources and potentially would 
require the resettlement of the village of Papas.  Cultural heritage impacts would occur due 
to the presence of oral tradition and archaeological sites within the proposed TSF footprint.   

Based on the risks relating to the geotechnical conditions and long term stability and the 
safety and cost implications to address them, the environmental, social and cultural heritage 
impacts, and higher costs per tonne of tailings stored, the Watut TSF location was 
considered significantly constrained. 

7.3.4.4. On-land Tailings Storage using Dry Stacking of Tailings 

Dry stacking of tailings was also considered as an option for tailings management.  Dry 
stacking is a form of on-land tailings storage involving thickening and filtering of the tailings 
to a slurry density of 80% to 90% solids by weight.  The de-watered tailings are then 
transported by conveyor or truck and placed, spread and compacted to form an 
unsaturated, dense and stable tailings ‘stack’, hence the terminology dry stacked tailings.  
It is commonly used for mines in arid environments, where water is scarce and evaporation 
is high. 

The dry-stacking method uses a combination of dewatering, stockpiling and compaction of 
tailings to minimise – but not eliminate – potential AMD. 

Several studies into dry stacking of tailings have been undertaken for the Project.  Two of 
those (Golder, 2017 and Advisian, 2017b) concluded:  

• There would be operating risks (such as liquefaction or AMD) associated with the high 
annual rainfall and high seismicity. 

• There is no known precedent of sites where dry stacking of tailings has been 
implemented in a wet tropical environment such as the Project Area, which increases 
the level of engineering and financial risk to WGJV if it was to be implemented for the 
Project. 

• Dry stacking of tailings is a 24 hour per day operation requiring dedicated machinery 
operators and a higher level of supervision (than for a conventional TSF) for the 
placement of the tailings in the stack to mitigate against the risk of failure due to the 
development of a high phreatic surface and earthquake induced seismicity.  

• Dry stacking would not reduce the long-term risk of storing a large volume of PAF 
tailings in perpetuity to a level of risk acceptable to the WGJV. 

• Dry stacking would not avoid the environmental, social and cultural heritage impacts 
(dependent upon the chosen site) associated with the TSF options described above. 

Cost estimates in Advisian (2017b) showed that dry stacking of tailings would have a 
comparatively high overall cost for tailings management greater than 3.5 USD/tonne of 
tailings stored. 

The assessment of dry stacking of tailings concluded that, for the Project, the risks of dry-
stacking are essentially the same as for a conventional terrestrial TSF. 
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7.3.4.5. Deep Sea Tailings Placement – Proposed Option 

Deep sea tailings placement involves the discharge of a tailings slurry from a pipeline into 
the sea at a location where deep oceanic water occurs close to shore and a steep and 
continuous slope occurs between the outfall terminus and the deep ocean floor.  The option 
of DSTP was considered for the Project due to the availability of deep water in the Huon 
Gulf, located some 100km to the east of the Mine Area that could potentially accommodate 
the placement on the ocean floor of the current anticipated LOM tailings of approximately 
360Mt.  

Figure 7.2 shows the locations of worldwide mines with either shallow water marine 
placement or DSTP.  The first mine to use DSTP in PNG was the now-closed Misima gold 
mine that operated from 1989 to 2004.  The Simberi gold mine, Lihir gold mine and Ramu 
nickel and cobalt mine are operating mines in PNG using DSTP; the Woodlark Island Gold 
Project is approved to use DSTP but has not yet commenced construction. 

As described in Chapter 6, Project Description, evaluation of the DSTP option considered 
the Draft General Guidelines for DSTP in PNG (SAMS, 2010) to assess the suitability of the 
Huon Gulf as a potential DSTP site.  In addition, the DSTP option was examined by 
assessment against the following best practice criteria for DSTP: 

• Selecting an outfall site on a sufficiently steep seafloor slope such that the tailings 
solids will not accumulate and plug the outfall pipe and where the seafloor slope 
continues into deep water. 

• Selecting a discharge depth that is deep enough (based on at least a year’s 
measurements) to be below: 

o The base of the biologically productive near-surface layer known as the euphotic 
zone where light penetration from the surface allows photosynthesis to take place. 

o The deepest measured surface mixed layer (the uppermost part of the ocean 
water column that is kept well mixed by the turbulent action of wind and waves). 

o The base of upwelling (if any). 

• Providing adequate de-aeration of the tailings slurry prior to discharge to avoid tailings 
being transported to the surface by air bubbles. 

• Ensuring that the tailings slurry has a higher density than the receiving ocean water so 
that a density current will form and flow down the sloping seafloor driven by gravity. 

7.3.4.5.1. DSTP Outfall Site Selection 

Studies documenting the feasibility of DSTP as a tailings management option for the Project 
have been undertaken by various specialists at concept, pre-feasibility and feasibility study 
level since 2012. 

Deep sea tailings placement was considered as a potentially viable option in the Huon Gulf 
given that: 

• The coastal margins of the Huon Gulf slope steeply to depths of 300m within 10km 
and to depths of 2,000m within 30km from shore. 

• A submarine canyon runs eastwards through the Huon Gulf commencing near the 
Markham River mouth.  Called the Markham Canyon, it slopes continuously 
downwards before joining the New Britain Trench, which reaches depths of over 
9,000m. 

Previous concept studies (IHAconsult, 2012 and 2015) identified four potential DSTP outfall 
sites in the Huon Gulf as shown on Figure 7.3 (Options A to D).  



S o u t h  P a c i f i c  O c e a n

S o u t h e r n  O c e a n

I n d i a n  O c e a n

N o r t h  P a c i f i c  O c e a n

A S I A

A U S T R A L I A

A F R I C A

S o u t h  A t l a n t i c
O c e a n

N o r t h
A t l a n t i c
O c e a n

E U R O P E

S o u t h  A t l a n t i c
O c e a n

N o r t h  P a c i f i c
O c e a n

N o r t h  A t l a n t i c
O c e a n

G R E E N L A N D

S O U T H
A M E R I C A

N O R T H
A M E R I C A

S o u t h  P a c i f i c
O c e a n

Nome
Black Angel

Island Copper

Jordan River

Kitsault

Atlas

Marcopper

Huasco

Minahasa

MisimaBatu Hijau

Simberi

LihirRamu

Woodlark

Wafi-Golpu

Operational

Approved

Closed

Potential

Marine tailing placement
project locations

DSTP projects*

* all other projects are marine tailings
placement (either tailings placement in
fjords or shallow water tailings discharge)

N o r t h  A t l a n t i c
O c e a n

S o u t h  A t l a n t i c  O c e a n

Nussir ASA

A F R I C A

E U R O P E

Gardanne

Cayeli Bakir

Sydvaranger Gruve

Sibelco Nordic Stjernøy

Skaland Graphite

Quartz Corp

Norcem AS

Rana Gruber

Hustadmarmor

Nordic Mining
11 closed mines

in Norway

Boulby

Date:

Project:

File Name:

Figure No:

IN
D

D
 R

ef
er

en
ce

: 0
52

0D
D

_1
0_

G
R

A1
09

.in
dd

_3

7.2Worldwide mines with either shallow water 
marine placement or DSTPWafi-Golpu Project

30.04.2018

754-ENAUABTF100520DD

0520DD_10_F07.02_GRA



Markham
River

Labu
Lakes

Busu
River

Bumbu
River

Bunga
River

Lae

Markham Canyon

-1,730 m

-1,080 m

-670 m

Outfall Area

DSTP outfall
-200 m

D

C

A

B

UP

EAST

NORTH

LEGEND

Outfall Area option

Outfall Area

DSTP outfall

Date:

Project:

File Name:

Figure No:

IN
D

D
 R

ef
er

en
ce

: 0
52

0D
D

_1
0_

G
R

A
04

7.
in

dd
_5

7.3DSTP site options
Wafi-Golpu Project

30.04.2018

754-ENAUABTF100520DD

0520DD_10_F07.03_GRA

Note:
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Based on the geotechnical information available at the time the studies were undertaken, 
two options (Options B and C) were determined to be less favourable due to potential 
geohazards and were not considered further. 

In 2016, a multi-disciplinary assessment of the remaining two sites, Outfalls A and D, was 
undertaken.  This assessment took into account physical, environmental and social 
considerations and constraints relating to each option for the DSTP outfall site and subsea 
pipeline route, shore crossing and terrestrial DSTP pipeline route (Coffey, 2016).  The 
Outfall A site is located approximately 3km east of Lae and 1km west of the Busu River 
mouth and the Outfall D site is located approximately 3km southwest of the mouth of the 
Markham River, as shown in Figure 7.3.  

Site selection criteria to assess the constraints of the DSTP components for Option A and 
Option D were developed by a multidisciplinary team and included application of the Draft 
General Guidelines for DSTP in PNG (SAMS, 2010).  The assessment concluded that 
Outfall A was preferable based on physical, environmental, social and cultural heritage 
perspectives: 

• DSTP outfall and DSTP outfall pipelines: 

o Outfall A had an appropriately steep seafloor gradient.  

o Outfall A had no obvious indications of seafloor instability at the outfall depth.   

o Outfall D had a shallower gradient and required a significantly longer (6km-long) 
outfall pipeline to reach the same outfall depth.  

o At Outfall D, the seabed appeared to be in a fluidised or near-fluidised state which 
is considered suboptimal for pipeline construction. 

o Outfall D is located within a currently designated commercial shipping exclusion 
zone. 

• Shore crossing: 

o The shore crossing area at Outfall A features a large flat area and road access 
suitable for conducting construction activities and with extensive anthropogenic 
disturbance resulting in degraded secondary growth forests and non-vegetated 
(and urban) areas. 

o Outfall D is more remote, not accessible by road and has higher environmental 
sensitivity being located adjacent to the Labu Lakes and traversing nesting habitat 
for the critically endangered west Pacific leatherback turtle (see Chapter 10, 
Nearshore Marine Environment Characterisation).  

Oceanographic and engineering investigations are ongoing to refine the Outfall location. 

7.3.4.5.2. Outfall Area Facilities Site Selection 

Following the selection of the DSTP outfall location described above, factors considered for 
the placement of the Outfall Area included: the mix tank/de-aeration facilities, proximity to 
the DSTP outfall, stability of the shoreline, potential for flooding, as well as potential impacts 
to environmental, social and cultural heritage aspects.   

The initial outfall location selected (Outfall A) was subsequently identified to be located 
within the boundary of the Hungkwanpup cultural heritage site (see Chapter 13, Cultural 
Heritage Characterisation).  Further site assessment was undertaken (Tetra Tech, 2017), 
and the location of the Outfall Area was moved approximately 200m east to avoid the 
cultural heritage site area, including a 100m buffer for additional protection of the cultural 
heritage site, with no corresponding reduction in suitability of the location for pipeline 
construction or tailings discharge.  
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7.3.4.6. Comparison of Tailings Management Options and Selection of a Preferred 
Option  

Table 7.3 provides a high-level comparison between the on-land tailings storage options 
(including TSF and dry stacking tailings) and DSTP option considered for the Project across 
a total of nine factors and shows that there are substantial differences between on-land 
tailings storage and DSTP.  

Table 7.3 Comparison between the on-land tailings management and DSTP options 

Factor On-land TSF Option DSTP Option 

Land alienation Major (roads, pipelines, TSF footprint) Minor (road and pipeline only) 

Risk of catastrophic failure of 
stored tailings  

Possible No 

Protection of storage structure 
from long-term erosion (i.e., 
requiring long-term management) 

Required Not required 

Risk of pipeline rupture Possible Possible 

Risk of damage from tsunami 
(i.e., causing temporary disruption 
to tailings storage) 

No Possible 

Discharges to the environment:   

• During operations Required Required 

• Post-closure (i.e., requiring 
long-term management) 

Required Not required 

Shallow marine impacts None None other than short-term 
localised effects during subsea 

pipe construction 

Deep-ocean marine impacts None  Expected low to moderate 
residual impacts 

Maintenance in perpetuity Required Not required 

 

A more in-depth comparison was then made between the four potential TSF sites 
investigated in detail, dry stacking of tailings and the DSTP option across the following key 
parameters: 

• Level of investigation undertaken 

• Engineering constraints (storage volume potential and geotechnical stability) 

• Environmental, social and cultural heritage constraints (direct terrestrial ecological 
impact; effects on land and water resources used by local people; direct cultural 
heritage impact; and post-closure monitoring and management) 

• Other considerations including cost (capital, operating and closure) and cost per tonne 
of tailing stored 

This comparison is presented in the matrix in Figure 7.4. 

Generally, the more green infill in the circle, the greater the amount of investigation, the 
lower the level of risk, severity of consequence or level of constraint and the lower the cost.  
Conversely, the less green infill of the circle, the lower the amount of investigation, the 
higher the level of risk, severity of consequence or level of constraint and the higher the 
cost. 
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File Name:

Figure No:

Key parameters
On-land options

DSTP
Markham Gap TSF Markham Farms TSF Bavaga River TSF Lower Watut TSF Dry-stacking*

Level of investigation

Not investigated
Preliminary
Conceptual
Pre-Feasibility
Feasibility

Engineering constraints

Storage volume potential

0 to 90Mt
90 to 180Mt
180 to 270Mt
270 to 360Mt
Greater than 360Mt

Geotechnical stability
Relates to the terrestrial component of each option 
(i.e., the terrestrial tailings pipeline for DSTP)

Fault structures
Deep poorly consolidated sediment (e.g., greater than 10mbgl) 
Shallow poorly consolidated sediment (e.g., less than 10mbgl)
Competent soils
Competent rock

Environmental and social constraints

Direct terrestrial ecological impact*

Greater than 1,000ha
500 to 1,000ha
100 to 500ha
Less than 100ha
None

Direct cultural heritage impact*

Destruction of numerous sites
Destruction of some sites
Minor disturbance to numerous sites
Minor disturbance to some sites
No disturbance to cultural heritage sites

Direct social impact*

Relocation required
Extensive land alienation
Moderate land alienation
Small land alienation
No land alienation

Effects on coastal resources 

used by local people

Widespread
Moderate
Minor
Highly localised
None

Post-closure monitoring and management

Erosion control and water management in perpetuity
Erosion control and water management for unknown period
Erosion control and water management for a known period
Post closure monitoring only
Nothing required

Other considerations

Cost (capital, operational and closure)

Greater than USD 1,200m
USD 900 to 1,200m
USD 600 to 900m
USD 300 to 600m
Less than USD 300m

Cost per tonne

Greater than 3.5 USD/tonne
2.5 to 3.5 USD/tonne
1.5 to 2.5 USD/tonne
0.5 to 1.5 USD/tonne
Less than 0.5 USD/tonne

*	Footprint related impacts are dependent upon the location of the site selected.

	 For example, using dry stacking at Markham Gap would be equal to or greater 
than the impact of a TSF at the same location.
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While the costs include capital, operating and closure costs (noting they were assessed at 
different times to different levels of engineering by different parties), they do not include an 
estimate of post closure monitoring and maintenance, the latter of which could require 
substantial cost outlays for those options requiring long term ongoing water treatment 
and/or maintenance.  Despite this limitation, examination of the cost per tonne of tailings 
stored shows that: 

• The TSF options range from the highest to the lowest cost 

• Dry stacking of tailings is a high cost option 

• DSTP is an intermediate cost option, with a higher upfront capital expenditure but lower 
LOM capital expenditure 

Costs were therefore only one factor considered in the selection of tailings management 
option.  Figure 7.4 shows that of all the options considered, generally, it is the DSTP option 
that has the lowest level of risk, severity of consequence or level of constraint, particularly 
relating to the post-closure phase. 

While risks and uncertainties exist with each option, the WGJV has assessed each of the 
above options against the key parameters and their ratings.  The WGJV has also considered 
the detailed assessments of the environmental, social and cultural heritage impacts and 
potential risks to human health associated with DSTP described in chapters 14 to 20 of this 
EIS.  The DSTP studies to date have confirmed that: 

• The Outfall Area is a highly suitable environment for DSTP 

• The tailings are expected to mix and co-deposit with a significant, naturally occurring 
loading of riverine sediments from the Markham, Busu and other rivers that are also 
conveyed via the Markham Canyon into the Huon Gulf. 

• The pelagic, deep-slope and sea floor receiving environment has a very low 
biodiversity as a result of the riverine sediment transport, deposition and regular mass 
movements (underwater landslides). 

• Risks to human health from consuming fish caught in the Huon Gulf beyond baseline 
conditions are not expected from the use of DSTP. 

• The natural riverine sediments are expected to also bury the co-deposited tailings at 
closure and promote benthic recovery to pre-mine conditions. 

In light of the above, and the factors considered in relation to the outcomes from the study 
of 45 sites for terrestrial tailings storage (particularly relating to the long-term stability and 
safety of such a structure), the WGJV has decided to adopt DSTP as the preferred tailings 
management option for the project. 

7.3.5. Infrastructure Corridor 

The Infrastructure Corridor is proposed to comprise the following: 

• Mine Access Road commencing at the Watut Process Plant and ending at the junction 
with the proposed Northern Access Road 

• Northern Access Road connecting the Mine Area to the Highlands Highway 

• Concentrate pipeline, terrestrial tailings pipeline and fuel pipeline connecting the Mine 
Area to the Coastal Area 
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7.3.5.1. Road Access Route 

The Mine Area is currently accessible via the existing Wafi Access Road and Demakwa 
Access Road, which connect to the Lae-Bulolo Highway to the east (Figure 7.5).  These 
unsealed roads traverse mountainous terrain. 

Alternative routes were investigated for Mine Area access during operations.  The broad 
Lower Watut River valley, which runs north from the Mine Area to the Highlands Highway 
and features flat to gently undulating terrain, was identified as a preferred road access 
corridor. 

Natural features posed various levels of constraint in selecting the new road access route 
through the Lower Watut River valley.  The southern end of the route, closest to the Mine 
Area, is constrained by geography, the location of the orebody, and the proposed location 
of future infrastructure (e.g., process plant terrace, Watut Declines Portal Terrace).  This is 
the route of the Mine Access Road. 

There was greater scope for consideration of alternative routes for the Northern Access 
Road between the Link Road intersection north to the Highlands Highway within the Lower 
Watut River valley.  Three routes were considered (see Figure 7.5): 

• West: crossing the Markham River upstream of the confluence with Lower Watut River 
and connecting to the Highlands Highway at Zifasing. 

• East B: crossing the Markham River downstream of the confluence with the Lower 
Watut River and connecting to the Highlands Highway at Zifasing. 

• East A: crossing the Markham River further downstream than the East A alignment 
and connecting to the Highlands Highway east of Ganef. 

A number of significant constraints for the two eastern alignments were identified.  Both 
eastern alignments would involve wide crossings of the Markham River and significant 
sections traversing steep and mountainous terrain.  Both alignments would result in 
disturbance to the sensitive Large to Medium Crowned Forest, which provides habitat for 
the Critically Endangered plant, Diospyros lolinopsis (Appendix C, Terrestrial Ecology 
Characterisation - Mine Area to Markham River).  The East A alignment would also involve 
construction works in the Markham Gap area that contains numerous cultural heritage sites.  
On this basis, neither of the eastern alignments were considered further. 

The western alignment avoids significant constraints.  The route will be easier to construct 
from an engineering perspective, as it will traverse flatter landscapes and will cross the 
Watut and Markham rivers separately upstream of their confluence.  It will also avoid critical 
habitat and significant cultural heritage sites.  On this basis, the Northern Access Road 
(West) alignment was selected as the preferred route to connect the Mine Access Road to 
the Highlands Highway. 

Further refinement of the original Northern Access Road (West) option to avoid a significant 
cultural heritage site (Fansun Sacred Hill) and to optimise the route to the Highlands 
Highway and co-locate the concentrate, terrestrial tailings and fuel pipelines in the same 
corridor gave rise to the current Northern Access Road route, which joins the Highlands 
Highway west of Zifasing as shown in Figure 7.5. 
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7.3.5.2. Concentrate, Fuel and Terrestrial Tailings Pipeline Route 

7.3.5.2.1. Rationale 

The most direct route is the starting point for all linear infrastructure route selection, as it is 
the shortest, and based on standard unit cost, the least cost assuming favourable 
conditions.  However, practical constraints mean that realignment is usually necessary, with 
consequent increases to the route length and cost of construction.  The route with the least 
overall length and cost that addresses the constraints is preferred. 

The straight line between the Mine Area (start of pipelines) and Port Facilities Area and 
Outfall Area (ends of pipelines) traverses steep mountainous terrain.  The mountainous 
terrain poses a strategic constraint on route selection considering the technical 
specifications of the pipelines which require gentle grades. 

The gently undulating terrain of the Lower Watut River valley and the Lower Markham River 
valley offer viable routes that are less hazardous, less costly to construct and maintain, and 
that meet the technical specifications of the pipelines. 

The Port Facilities Area and Outfall Area are located southwest and northeast of the Atzera 
Mountain Range respectively.  The range poses similar constraints with the Lower Markham 
River valley to the west and Bumbu River valley to the east offering less constrained 
opportunities for pipeline routes. 

Lae is situated between the southern end of the Atzera Mountain Range and the coast and 
is a constraint on pipeline route selection between the Port Facilities Area and the Outfall 
Area.  Existing corridors (for example, roads) are potential opportunities for routes as they 
are relatively less constrained than adjacent residential, commercial, industrial and 
government land.  Elsewhere, existing corridors offer opportunities for co-location reducing 
overall disturbance and impacts, provided the uses are not incompatible. 

The route options identified and evaluated in selecting the proposed route for the pipelines 
are described in the following section. 

7.3.5.2.2. Route Selection 

The most favourable corridor for the pipelines in the Lower Watut River valley is the 
Northern Access Road, the new road to be constructed from the Mine Area to the Highlands 
Highway near Zifasing village.  The road has a gentle grade.  Co-location of the concentrate, 
fuel and terrestrial tailings pipelines with the road reduces the overall area of disturbance 
required to construct the pipelines, as well as providing all weather access for operation 
and maintenance purposes. 

The existing Ramu to Lae 132 kV transmission line crosses the proposed alignment of the 
Northern Access Road between the Markham River and Highlands Highway.  The 
transmission line and highway offer opportunities for co-location of infrastructure.  Routes 
along the Highlands Highway are problematic due to encroaching development, 
maintenance activities along the road and the substantial cost of constructing pipelines in a 
road reserve over long lengths.  The transmission line is less constrained and was adopted 
as the preferred route for the pipelines from the Northern Access Road to near Yalu village 
where the transmission line crosses the Highlands Highway. 

The Bumbu River valley east of the Atzera Mountain Range offers more direct routes to the 
Outfall Area for the terrestrial tailings pipeline, whereas the Lower Markham River valley 
offers direct routes for the concentrate and fuel pipelines to the Port Facilities Area.  Routes 
to the Outfall Area via the Bumbu River valley require a crossing of the northern end of the 
Atzera Mountain Range.  The routes identified and assessed using constraints analysis 
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based on engineering, environment, social and cultural heritage criteria are shown in 
Figure 7.6.  The route selection was informed by consultation with Lae Local Level 
Government and Morobe Provincial Government. 

Two routes were identified as the most favourable, a terrestrial tailings pipeline route 
(Route D6) across the Atzera Mountain Range and down the Bumbu River valley to the 
Outfall Area and a route (Route C3) between the Highlands Highway and Markham River 
to the Port Facilities Area for the concentrate and fuel pipelines.  These routes would 
minimise impacts on intact forest, settler and urban communities, businesses and 
government infrastructure. 

A geohazard and constructability assessment of these routes by an experienced pipeline 
construction contractor concluded that substantial construction and operation savings could 
be made, and environmental and social impacts reduced, by locating the pipelines in a 
single corridor from near Yalu village to the Port Facilities Area from which the terrestrial 
tailings pipeline would traverse Lae to the Outfall Area. 

The WGJV acted on this recommendation and investigated routes from the Port Facilities 
Area to the Outfall Area.  Several routes were investigated through Lae with the most 
favourable routes avoiding impacts on the heavily congested and highly constrained road 
network through Eriku and Omili, primarily Bumbu Road.  Route C3 was refined and a new 
route (Route D8) identified.  Subsequent refinement of Route D8 to further reduce impacts 
on the road network and adjacent businesses and properties resulted in the preferred route 
for the pipelines being:   

• Route C3a between Yalu and the Port Facilities Area in Lae for the terrestrial tailings, 
concentrate and fuel pipelines 

• Route D8b between the Port Facilities Area and the Outfall Area for the terrestrial 
tailings pipeline 

Route D8b includes refinement of Route D6 in the vicinity of Wagang village to address the 
revised location of the Outfall Area which was moved east to avoid disturbance to the 
Hungkwanpup cultural heritage site described in Section 7.3.4.3.2. 

A number of route options shown in Figure 7.6 would have terminated at the outfall area 
under investigation at that time (to the west of the current Outfall Area), however this 
location was dismissed as an option because of the likely disturbance to the Hungkwanpup 
cultural heritage site described in Section 7.3.4.5.2. 

Route C3a/D8b was identified as the preferred option because it: 

• Maintains the three pipelines within a single corridor to the Port Facilities Area, thereby 
minimising the area of physical disturbance associated with two corridors and 
subsequent environmental, social and cultural heritage impacts 

• Reduces impacts on Lae city development plans by following existing roads and future 
road easements 

• Reduces construction activities in residential areas and along already heavily-
congested roads by directing the pipeline through industrial areas 

• Reduces geotechnical risk and loss of native forest that would be associated with 
crossing the Atzera Mountain Range and the headwaters of the Bumbu River 
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Subsequent to the WGJV’s selection of this route option, in December 2017 the Customary 
Land Division of the Morobe Province Department of Lands and Physical Planning 
completed its Preliminary Land Investigation Study Report – DSTP and Concentrate 
Pipeline Proposed Route (Department of Land and Physical Planning, 2017).  Following its 
process of landownership investigations and consultation along the route, the Morobe 
Provincial Government proposed slight amendments to the route in order to further minimise 
impacts to existing land use (particularly that of state leaseholders located between 9 Mile 
and the Port of Lae) and to avoid areas of disputed land ownership near the Port of Lae.  
The preferred Infrastructure Corridor route (Figure 7.6) reflects the C3a/D8b route 
incorporating the recommendations of the Morobe Provincial Government Land 
Investigation Report team. 

7.3.6. Power Supply 

A number of bulk power supply options to supply ongoing site operations have been 
investigated during the design of the Project.  Given the underground mining operations 
envisaged and the need to ensure on-going ventilation and pumping, a critical consideration 
is the capacity to supply the amount of electricity required on a reliable, constant basis.    

Accordingly, an on-site, dedicated power generation facility was investigated with different 
options for fuel, generation technology and location considered. 

Initially, five fuel types were assessed: 

• Intermediate fuel oil (IFO)-180 – shortlisted for further consideration 

• Liquefied petroleum gas (LPG) – shortlisted for further consideration 

• IFO-380 – not considered further due to difficulty to handle safely 

• Diesel – not considered further for operations due to high cost of fuel, but considered 
for use during construction 

• Liquefied natural gas – not considered further due to high cost of fuel and 
infrastructure. 

Three options for power generation technology were assessed: 

• Open cycle gas turbines – not considered further due to inefficient generation 
capability and consequent large quantity of fuel required. 

• Combined cycle gas turbines – not considered further due to high capital and 
maintenance costs. 

• Reciprocating engines, each with a capacity between 6 and 10MW – assessed as the 
most viable option. 

Reciprocating engines in a dedicated Project power station could operate on either of the 
two shortlisted fuel types (IFO-180 and LPG).  Both on- and off-site locations for a power 
generation facility were assessed including: 

• On-site: Located within the Mine Area, with IFO-180 or LPG supplied via an 87km 
pipeline within the Infrastructure Corridor, and transmission lines to supply power 
approximately 6.5km from the power generation facility site to the Watut Process Plant. 

• Off-site: Located at the Port of Lae, with IFO-180 or LPG supplied directly from ships 
via a short pipeline (nominally 1km) and transmission lines to deliver electricity to the 
Watut Process Plant. 

The off-site options presented a higher risk of disruption to power supply compared to the 
on-site options, primarily due to the length of transmission lines.  Of the shortlisted fuel 
types, IFO-180 was assessed to be the more cost efficient for the volume of power required.  
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On this basis, the preferred method of power generation for the Project is reciprocating 
engines at a power generation facility located within the Mine Area and powered by IFO-
180 fuel.  Diesel generators will be used to provide power during construction of the Project 
and as an emergency backup. 

WGJV will continue to assess the viability of other power supply sources from third parties 
as development of the Project progresses. 
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