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Draft General Guidelines and Criteria for mining operations in Papua New 
Guinea (PNG) involving Deep Sea Tailings Placement (DSTP) 
 

1. Preamble 
There is a continuing global need for mineral resources but environmental issues 
associated with their extraction are receiving greater attention throughout the 
world. Mining is an important economic sector in PNG and it is essential for human 
communities, the environment and the mining sector that the best mining practices 
and technologies are developed and adopted.  
 
Mining produces large volumes of waste, which includes overburden, waste rock 
and tailings. There are a number of different methods in which tailings have been 
managed throughout the world. These include backfilling of mine pits, use of 
tailings ponds, dry storage of tailings paste, river discharge (which ultimately 
deposits wastes in the coastal sea), placement of tailings in shallow marine 
environments and finally the placement of tailings in the deep sea (DSTP).  
 
The following draft guidelines pertain to the practice of placing mine tailings in the 
deep sea. If implemented they will reduce environmental risk. The decision as to 
whether the use of DSTP is deemed acceptable should be based on a good 
understanding of the relevant environmental and social systems affected, but this 
is ultimately a political decision made by the government.   
 
These guidelines provide detail for issues specifically related to the DSTP process 
but all other aspects of a proposed development must also be addressed including 
processes that affect the shallow water environment such as surface water 
treatment and disposal, disposal of waste rock and impacts on the intertidal and 
shallow sub-tidal environment from construction, operation and decommissioning. 
 
These guidelines are general guidelines and a set of specific guidelines are 
required for each site being considered for DSTP taking into account local social 
and environmental conditions.  These site-specific guidelines should be consistent 
with existing PNG legislation and regulations. 
 

2. Best Practice 

2.1. Regulatory framework 
Fundamental requirements to ensure DSTP is implemented to international best 
practice are; 
 

• State of the Art legislation 
• Competent regulatory authorities with appropriate funding mechanisms to 

ensure regulatory compliance monitoring both in terms of the discharge 
quality and its environmental effects. 

• Specific operational regulations for the operation and maintenance of the 
tailings placement system 
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• Standardised methods for assessment of risk associated with the tailings 
placement system 

• Establishment of a transparent EIA process where the environmental 
protection outcomes and the most hazardous aspects of the tailings 
placement activity are identified and appropriate mitigation measures are 
identified; and where the interests of all stakeholders are identified and 
considered. 

• A permitting/licensing process that details the site specific requirements that 
are needed to protect the marine environment and achieve the identified 
environmental protection outcomes in terms of the discharge system 
specification and operation, and which includes appropriate environmental 
monitoring informed by the identified protection outcomes and the risk 
analysis. 

• Scientifically robust and transparent methodology for setting sediment and 
water column Environmental Quality Standards (EQS) for potentially 
ecotoxic discharge components. 

• A clear process for reviewing all the information gathered through the EIA 
process, showing how this has been assessed in coming to a decision, and 
confirming that all required procedures have been followed must be 
implemented. 

 

2.2. Environmental Considerations for DSTP 
A permitting process is necessary, with permits detailing site-specific requirements 
including mitigation measures identified by the EIA. 
 
The target area for ultimate storage of the tailings should not be of high 
conservation and/or socio-political value and the environmental conditions of the 
area should be such that maximum deposition of tailings occurs, the physical 
environment ensures adequate flushing to disperse contaminants in the upper 
water column, does not experience upwelling of tailings and there is a low 
probability of post-depositional redistribution of tailings where it could negatively 
impact areas identified for environmental protection.  
 
The gradient of the path to the target area must be such that a coherent density 
current is formed to minimise dispersion to surrounding areas and any 
accumulation near the discharge. 
 
The delivery of tailings to the target area must be sufficiently deep to ensure 

 no entrainment or advection of tailings into the euphotic zone,  
 minimal production of plumes due to density differences in the water 

column, 
 there is sufficiently small diffusion of dissolved toxic material into the 

euphotic zone  
 
The EIA and its resultant Environmental statement should include the issues that 
are normally required for marine developments including appropriate 
environmental baseline, social, economic and human health issues. An 
assessment of the biomagnification of contaminants within the food chain should 
be made. Mitigation options for all potential impacts should be fully evaluated.  
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Construction, operational, decommissioning and post-decommissioning aspects 
should be comprehensively addressed. 
 

3. Draft Guidelines 
In the context of international best practice, the general guidelines for the use of 
DSTP in PNG should consider an examination of; 
   

1. Feasibility studies/ initial mine planning and development,  
2. Mining operations, including monitoring, 
3. Future mine closure plans and 
4. Post mining monitoring. 

 
 
The main aim of the guidelines should be to minimise the impact on the marine 
environment including biodiversity, social, economic, cultural and human health 
issues. 
 
The potential environmental risks to be considered should include; 
 

• Assessment of the potential toxicity of the tailings, i.e. they should be stable 
and where ecotoxic components are present they should be reduced to 
concentrations below environmental quality standards (EQS),  

• Assessment of the diffusion and dispersion of any dissolved potentially toxic 
materials in the water column 

• Assessment of impact on seabed e.g. increased sediment accumulation, 
change in grain size, 

• Assessment of impact on the pelagic zone during the production period e.g. 
increased turbidity and transfer of toxic components to the pelagic food web 

• Assessment of impact on biodiversity during production period e.g. burial, 
dilution of natural organic carbon input, bioavailability of toxins, 
biomagnification, and bioaccumulation, 

• Influence on marine resources e.g. fisheries, 
• Influence on vulnerable ecosystems including culturally important habitats, 
• Impact of technical failure e.g. pipeline fractures, 
• Potential redistribution of tailings e.g. production of under water slides of 

deposited tailings, formation of plumes within the water column. 
 

All analytical data collected from environmental baseline studies, operational 
monitoring and post closure monitoring must be quality assured to auditable 
standards and deposited in a database managed by the competent government 
authority. A competent government authority or a designated third-party expert 
reviewer must review the data to ensure that the performance is consistent with the 
EIA protection outcomes and that no significant environmental impacts are 
emerging.  
The database will need to be managed in such away that confidential market 
information is restricted and remains confidential. Typically this is done by using an 
agreed set length of time after which data can be made publicly available. 
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3.1. Feasibility Studies and Initial Mine Development 
Each development should be assessed with regards to; 

• Prior experience gained from all previous tailings placement systems, both 
currently operating and closed systems. 

• Latest scientific and engineering knowledge, 
• Appraisal of societal benefits, impacts of human communities, risks to 

human health and environmental impact of all practical waste management 
options,  

o DSTP 
o On land storage, tailings ponds 
o No tailings e.g. no mine 
 

Critical factors regarding disposal of tailings utilising DSTP, 
• Properly designed outfall system e.g. durability and length/depth of pipe 
• Location of the outfall to utilise natural topography to minimise the tailings 

dispersion and deposition footprint. 
• A duplicate pipeline should be considered to allow mine operations to 

continue during times of pipe inspection or technical failure, where this is not 
implemented then an entire pipe replacement unit must be kept on site for 
immediate use in case of failure of the pipeline. 

• The safety of the pipeline must be assessed, e.g. to determine the physical 
risks to the offshore pipeline from wave action, seismic activity, or other 
stresses. 

• Ensuring the correct density range of the discharge to minimise suspended 
particulate plumes and maximise placement on the deep sea bed, 
considering the following,  

 Understanding of particle size and settling behaviour - in some cases 
the use of flocculants may be considered 

 The temperature of the tailings slurry 
 Ratio between solids, freshwater and seawater in the pipeline, 
 De-aeration of the system 

 

3.1.1. Preliminary site evaluation 
1) Each site should be considered on a case by case approach, i.e. the 

evaluation must be site specific. 
 

2) A full evaluation of all waste management options must be carried out to 
ascertain whether DSTP is the BEST option for dealing with tailings waste. 
The environmental impact statement (EIS) and supporting studies should 
compare DSTP with other land based options to ascertain the relative 
environmental and social impacts/risks from DSTP and other tailings 
disposal options. 

 
3) This process should involve all available data on every one of the options 

being considered. If sufficient data are not available then further research 
(scientific and engineering) should be carried out before a decision on the 
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best waste management option is made.  In particular a site specific study 
should be made of the proposed receiving waters to determine:  

i) flushing characteristics (including upwelling), 
ii) size of any tidally induced mixing zone;  
iii) vertical mixing;  
iv) vertical plankton migration zone,  
v) horizontal dispersion,  
vi) and depth of the euphotic zone. 

 
4) The data, historical and current, should be made available from a database 

managed by the competent government authority or their designated third-
party reviewer.  

 
5) After careful scrutiny of the existing data if DSTP is the best available option 

and is deemed acceptable, then a detailed environmental baseline of the 
site should be carried out as part of the tailings management alternatives 
analysis. 

 
6) The location of the site should be chosen to, 

a. be close to the coastline and have safe overland transport  
b. have sufficient depth of water and gradient to achieve a coherent 

gravity flow. 
c. have sufficiently high flushing characteristics to ensure no local build 

up of conservative potentially toxic materials and 
d. avoid locations of environmental, social or economic significance. 

 
7) The construction of the DSTP pipeline must be robust and the length of the 

pipe should ensure that the discharge is  
a. at a minimum depth of 120 m where the maximum depth of the 

euphotic zone is 80 m or less,  
b. where the euphotic zone is deeper than 80m the discharge should be 

below the maximum observed depths of the surface mixed layer or 
the euphotic zone, whichever is deepest, + 50% of that length, 

c. formation of plumes of tailings in the water column must be 
minimised.  In the event of density changes in the water column 
occurring the length of the pipe should enable the discharge of 
tailings to occur below low-density weakly stratified surface 
waters as detailed in the site specific hydrographic measurements. 

 
8) There should be no potential to adversely impact on rare or valuable 

ecosystems identified in the EIA. 
 

9) There should be no potential to adversely affect natural bioresources long-
term. It is recognised that there will be unavoidable adverse impacts to 
benthos from a DSTP system.  However consideration must be given to the 
significance and reversibility of any potential impacts. 
 

10)  The prospective area of tailings deposition must have sufficient volumetric 
storage capacity to receive the entire volume of tailings over the life time of 
the mine. 
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11)  Coastal installations, pipelines and mixing tanks must be designed and 

constructed with appropriate safety factors to withstand storm damage, 
include the range of El Niño / Southern Oscillation (ENSO) variability.  For 
mines with a predicted long life, forecasts from a reputable climate model 
(where available) should be used to determine the likelihood of storm 
increase/decrease due to climate change. 

 

3.1.2. Environmental Baseline 
Research and monitoring objectives need to be defined by the appropriate 
specialists (scientists and engineers). 
 

1) Sampling of sediment, water column, suspended particulate material and 
benthic and pelagic communities must be carried out using internationally 
recognised and validated methods and sampling gear and must be 
statistically valid. It is recognised that for some components such as mega 
benthos and pelagic fish it may be difficult to obtain the number of samples 
required to be statistically valid, however every effort should be made to 
obtain the necessary sample size. 

 
2) A validated numerical modelling investigation of tailings flow, dispersion and 

deposition must be made.   
 

3) An assessment should be made of the stability of tailings and likelihood of 
re-dispersion through slumping, density gradients and current flow.  
It is recognised that slumping of sediment on steep slopes is a natural 
process, however the addition of tailings will greatly increase the natural 
rate of sediment accumulation and may lead to slope failures. In these 
cases it is important to understand the impact of remobilisation of previously 
deposited tailings. 

 
4) Simple box models of the physical environment, using observed or realistic 

flushing and exchange parameters, should be produced to determine a 
budget for the long term distribution of fine scale tailings and any associated 
dissolved toxic constituents. 

 
5) The environmental baseline should include the measurement of; 

 
a. The physical oceanographic environment (hydrography), near and 

far field, which should be measured for the minimum of 1 year to 
determine seasonal variations in mixing and flushing.  

 
b. The distribution of the depth of the weakly stratified surface layer, 

monitored for the minimum of 1 year to determine seasonal 
variations. 

 
c. Geochemical characterisation of the area, including, mineralogy, 

particle size distribution, total organic carbon, biogeochemical cycling 
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of trace elements, flux of trace elements across the benthic water 
interface is required. 
This must be done using accepted methods of sampling and 
analysis and must be to an internationally accepted level of quality 
assurance. 
 

d. Sediment accumulation and mixing rates of the area of likely 
impact and control sites should be measured. In addition areas of 
erosion and sediment deposition should be identified. 
 

e. The benthic community should be enumerated and characterised 
using sampling techniques appropriate to the three major organisim 
body size classes (meiofauna, macrofauna and mega fauna). In the 
absence of universally accepted distinction between meio- and 
macrofauna, the method used to distinguish them (e.g. sieve mesh 
size or taxonomic identity) should be clearly stated and 
consistently applied. Protocols for sample quality control, level of 
replication, preservation and laboratory processing should be 
rigorous and sufficient to meet standards required for publication in 
the modern peer-reviewed deep-sea literature. 

 
 

6) An assessment of the degree of benthic–pelagic coupling should be made 
to allow future modelling of possible bioaccumulation and biomagnification 
of contaminants. 
 

7) Samples of sediment and benthic biota should be collected, preserved and 
archived before start-up of the mine to provide a suite of pre mining 
reference samples at stations predicted to be impacted and also at 
reference stations that will not be impacted to control for natural variability 
over time.  

 
8) Leaching experiments with tailings should be conducted to ascertain the 

level of heavy metals, and other potentially toxic components and exchange 
between the sediment/water column systems. 

 
9) The results from the environmental baseline should be used to test and re-

educate the box models.  There must be a strong feedback between the 
monitoring of impact and the earlier determination of impact both to improve 
the models and to modify the monitoring in the light of real information.  

 
10)  All data obtained from the environmental baseline, including calibration 

data, should be independently peer assessed by internationally recognised 
independent scientists and engineers and then deposited in a central 
database maintained by the competent government authority or their 
designated third party reviewers. (Independent being defined as 
appropriately skilled persons that are not included in the monitoring and 
analysis, design and operation of the tailings placement system).  
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The database should be managed in such away that market-sensitive 
information is restricted and remains confidential. Typically this is done by using 
an time-limited embargo after which data will be made publicly available. 
The financing of an independent review needs to be considered but should be 
financed via the relevant department, possibly by a levy obtained from granted 
licences. This should be administered by an independent steering committee. 
 

3.2. Mining Operations 
The guidelines relevant to mining operations will be site specific.   

 
The degree to which these guidelines are applied will depend on the risk 
analysis and the predictions made of potential impacts during the early stages 
of the EIA process. For example, the frequency of monitoring, numbers of 
stations, types and number of samples collected and measurements made will 
be informed by the EIA and risk analysis. 
 
There must be feedback from the monitoring that will influence the future 
monitoring design and intensity and should be reflected in subsequent 
operating permit renewal requirements. 

 
The general guidelines relevant to mining operations should contain the 
following, 

 
 

1) Assessment and validation of the outfall performance should be made, e.g. 
fluoromertric dye experiment to provide information on plume formation and 
dilution within and at the boundary of the mixing zone. 

 
2) Monitoring programmes to assess system performance and impact on the 

seabed in terms of geochemical and benthic change should be carried out. 
Pelagic measurements of zooplankton and nekton abundance and diversity 
should be made to ascertain any change over the lifetime of the mine 
operation. 

 
3) Monitoring of physical, chemical and biological conditions of marine system 

(i.e. sediment and water column) is required, to ensure that Environmental 
Quality Standards (EQS) for both water and suspended particulate material 
are not exceeded outside a mixing zone agreed in the discharge permit. 
Internationally accepted sampling and analysis methods must be used. 

 
4) Characterisation and behaviour of tailings to be disposed, including grain 

size distribution, chemical composition and settling behaviour must be 
assessed and controlled in real time to ensure best performance of the 
tailings gravity flow. 

 
5) An assessment of: 

a. trace element concentrations within the sediment,  
b. trace element concentrations within the water column,  
c. trace element concentrations within suspended particulates, 
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d. trace element concentrations within benthic biota, 
e. trace element concentrations within zooplankton and nekton should 

be made. 
 

6) Data need to be of a high standard and full QA system should be in place. 
 
7) Results require to be documented and kept in a central database by the 

competent government authority or designated third party expert reviewer. 
The database should be accessible to all those with a genuine need to 
access and use the data. The database will need to be managed in such 
away that confidential market information is restricted and remains 
confidential. Typically this is done by using a set length of time after which 
data can be made publicly available. 

 
8) Use of automated systems for detecting failures in pipeline, i.e. remote 

sensors. Such devices should be part of an approved Emergency Response 
Plan. 

 
9) Automated system for monitoring of the marine environment surrounding 

the DSTP discharge site: intelligent moorings delivering real time data 
where applicable. 

 
10)  Require independent marine scientist to advise on monitoring regimes and 

plans and review monitoring data and reports produced by consultants. 
 

The financing of independent advice needs to be considered but should be 
financed via the relevant department, possibly by a levy obtained from 
granted licences. This should be administered by an independent steering 
committee. 

 
11)  Agreed internationally accepted sampling methods, analysis methods, 

calibration methods and methods of data interpretation should be adopted 
and maintained. 

 
12)  Risk assessment and monitoring regimes should be linked. 

 
13)  Periodic ground truthing of models and re-calibration as appropriate 

 
14)  Preparation of an Emergency Response Plan 

 
 

3.3. Future Mine Closure Plans 
Future mine closure plans are not considered in the technical guidelines for the 
use of DSTP. 
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3.4. Post Mining Monitoring 
Monitoring of the physical and chemical characteristics of the tailing sediment 
deposits and overlying water column and of the benthic community should be 
continued after mine closure. 
 
The guidelines relevant to post-mining monitoring will be site specific and 
should contain the following, 
 
1) The post-mine-closure plan should include a plan detailing the 

environmental monitoring plan which should be carried out after the closure 
of the mine. This plan should be informed by the initial environmental 
baseline study and the environmental monitoring undertaken throughout the 
lifetime of the mine and be updated as necessary.  

 
2) The post-closure environmental monitoring plan should be approved by the 

competent government authority with input from the appointed independent 
expert reviewer. 

 
3) A comprehensive post-closure environmental study should be carried out to 

ascertain the environmental conditions that prevail at the time of mine 
closure which should include, 

 
a. A detailed bathymetric and seismic survey of the area potentially 

impacted by tailings. 
 

b. Geochemical characterisation of the area, including, mineralogy, 
particle size distribution, biogeochemical cycling of trace elements 
and the flux of trace elements across the benthic water interface is 
required. 
This must be done using internationally recognised and accepted 
methods of sampling and analysis and must be to an internationally 
accepted level of quality assurance. 
 

c. Characterisation of the benthic community including, mega, macro 
and meio fauna and their recovery dynamics using internationally 
recognised and accepted methods of sampling and analysis and 
must be to an internationally accepted level of quality assurance. 

 
4) The results from the post closure environmental study should be used along 

with those from regular monitoring to assess the rate of recovery of the area 
impacted by tailings deposition and to inform any further monitoring that 
may be required. 

 
5) The frequency and extent of monitoring should be informed by past mining 

operations and environmental monitoring results. 
 
6) All data from the post closure environmental study and regular 

environmental monitoring must be quality assured and deposited in a 
database that is managed by a competent government authority or their 
designated third party expert. 
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