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Deep Sea Tailings Placement 
(DSTP)

In 2015, only 16 of the current 2,500 large industrialized mines
worldwide utilised deep-sea tailings placement (DSTP) or its
shallow equivalent (STD). DSTP use is restricted to Norway,
Papua New Guinea, Philippines, Indonesia, France, Turkey, and
Chile.

DSTP is where mine tailings are discharged into the marine
environment. The concept is based on discharge at the edge
(usually 100–300 m depth) of an extended drop-off, to a final
deposition depth of 1,000 m or more, and at a depth below the
euphotic surface mixing zone.

Reasons to consider DSTP: high rainfall, earthquakes,
topography, and social pressures.

Average annual tailing disposal (million 
tons) from DSTP operations (active and 

closed) (Vare et al, 2018)
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The Batu Hijau copper-gold mine is the second largest copper-gold mine in Indonesia and is located on the island of 
Sumbawa. The mine is operated by PT Amman Mineral Nusa Tenggara (AMNT). As part of the approved environmental 
monitoring plan, AMNT conducts an ongoing monitoring program.

Batu Hijau, Indonesia (Wilkinson, et al)

Batu Hijau copper-gold mine

DSTP at Amman Mineral Nusa Tenggara (AMNT)

DSTP option chosen over terrestrial option due to high seismic activity, seasonal 
high rainfall, and the fact that surface tailing disposal for AMNT would require 
1,192ha of total forest clearing vs 8ha (non-forest area) for DSTP.

The tailings is discharged from a 3.3 km submarine pipeline at ~125 m depth, into 
a canyon system that extends to 3,000 m depth, located within the Lombok 
Basin. This canyon system is termed the ‘Senunu Canyon’ and extends over 50 km 
southwards from the coastline of Sumbawa. 

DSTP licence: Since 1999, the DSTP license at AMNT has been extended every 
two to five years, with the current license renewed in March 2022
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AMNT – Environmental Monitoring
Due to the nature of DSTP operations, there will be environmental impacts.
Mining companies must monitor operation to ensure environmental impacts
are kept to a minimum and within permitted levels.

To mitigate risk, extensive regular ongoing monitoring takes place at AMNT
using modern sample collection and laboratory techniques:

 Daily: Tailings physico-chemical properties (liquid and solid composition).
 Weekly: Tailings sampling, dissolved copper and sulfide.
 Monthly: CTD profiles in ocean, Tailings sampling, other metals in liquid and solid

composition.
 Three-monthly: Marine water quality (dissolved and sediment metals) and

characteristics
 Six-monthly: Benthic communities, plankton community, coral reef ecosystem,

intertidal ecosystem (mangrove & seagrass), demersal fish and filter feeders
(including biota tissue metal concentrations).

 Five-yearly: Deep-sea survey of the tailings footprint (oceanography, benthic
biology and sedimentology). Environmental impacts of DSTP (Morello et al 2016)

In addition, bespoke environmental studies are undertaken to monitor key aspects of the environment and ensure the quality of AMNT’s
environmental monitoring work, examples include tailing transport mechanisms, modelling and due diligence studies.

External Organisations involved: SAMS, CSIRO, Indonesian Science Institute (LIPI/BRIN), Local and National Universities, Coffey, DHI,
Enesar Consulting Pty Ltd. Greencorp.,
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Key environmental monitoring equipment 

Survey vessel MV Tenggara Ranger Image © AMNT

• Survey vessel MV Tenggara Ranger
• Box corer
• CTD (Seabird 911+) with attached dissolved oxygen (DO) 

sensor
• YSI multimeter probe for pH, dissolved oxygen, salinity and 

conductivity
• Water sampling rosette with 6x 5l Niskin bottles 
• Static fishing mooring and buoys
• Fishing rods
• Mobile GPS
• Onshore intertidal sampling equipment
• Wet and dry laboratories for sample analysis

http://www.sams-enterprise.com/
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Due Diligence Studies

As part of this monitoring program, Due Diligence studies
have been conducted by Australia’s Commonwealth
Scientific and Industrial Research Organisation (CSIRO)
in 2004, 2009, and 2015.

These previous investigations found no evidence of
impacts from the DSTP within the coastal environment
inshore of Senunu Canyon (the target zone for
placement), in surface waters above 100 m depth, or at
reference sites.

In February and March 2022 AMNT facilitated a fourth
Due Diligence environmental assessment of its DSTP
monitoring program, to examine both on-site sample
acquisition and processing, and independent verification
of sample analysis results.

SAMS sent Prof. John Howe and Dr Richard Abell,
to join the survey operations being undertaken as
part of AMNT’s regular monitoring programme.

Duplicate samples collected during this survey were
sent to CSIRO, so that data resulting from
laboratory sample analysis could be cross compared
with that obtained from AMNT’s own laboratories.
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Day Stations Sampling Observed 

Fri 25th Feb 2022 B01; B05; BCN; TJ1; KR1; 
AS1 Box core sampling 

Sat 26th Feb 2022 SC2; S03; S01; S12; S09; 
SC1 Box core sampling 

Sun 27th Feb 2022 BCN; BC05; BC01 
CTD profiling, water sample 
collection, Secchi disk 
measurements. 

Mon 28th Feb 2022 SC1; S54; S62 CTD profiling, water sample 
collection 

Tues 1st Mar 2022 SC2; S28; S23 CTD profiling, water sample 
collection 

Wed 2nd Mar 2022 
S48; S16; S50 CTD profiling, water sample 

collection 

SC2 Box core sampling 

Thurs 3rd Mar 2022 AS1; KR1; TJ1 
CTD profiling, water sample 
collection, Secchi disk 
measurements 

Fri 4th Mar 2022 
DFSC2 Demersal fishing; rod fishing 

Malut Intertidal sampling 

Sat 5th Mar 2022 
DFS28 Demersal fishing; rod fishing 

Seriorong Intertidal sampling 

Sun 6th Mar 2022 DFAS1 Demersal fishing; rod fishing 

The SAMS Field Team arrived at Benete Bay, Western
Sumbawa on Tuesday 22nd February 2022, joining the
AMNT survey vessel MV Tenggara Ranger on Friday
25th February. The table summarises the timeline of
the activities witnessed by the Field Team during their
assessment visit.

Sampling Itinerary  
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Fig 1. Geographical Spread of sediment sample stations. Image © AMNT

Sampling Stations 

Fig 2. Geographical Spread of water sampling stations. Image © AMNT Fig 3. Geographical Spread of demersal fish sampling stations. Image © AMNT Fig 4. Geographical spread of intertidal filter feeder sampling stations, 
Image © AMNT

During field work the SAMS Field Team witnessed box corer operations at 13
sampling stations (Fig 1.), CTD water collection and sample processing from
15 stations (Fig 2.), demersal fishing activities at three stations (Fig 3.), and
intertidal sampling for filter feeders at two intertidal sites (Fig 4.). In addition,
the Field Team examined tailings sample collection and processing from the
AMNT facilities on land.
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Areas examined during the survey: 

• Tailings sampling – collection of at least one water sample representing the 
tailings liquid fraction and one composite sediment samples of the tailings 
solids. 

• Seawater sampling – collection of water samples from various depths and at 
a number of sites. 

• Marine water column sampling – collection of CTD profiles. 
• Marine sediments – collection of marine sediments from a number of sites. 
• Biota tissue metal content – collection of fish and filter-feeder tissue samples. 
• Preparation of sample bottles. 
• Sample equipment – quality and appropriateness, evidence of calibration 

(where appropriate). 
• Sample collection and handling – including collection of metadata and sample 

labelling. 
• Vessel metadata handling (i.e., position logs, records of sampling events). 
• Physical data handling. 
• Sample storage/preservation. 
• Plans for sample transport to external laboratory

SAMS 2022 - Due Diligence Survey 
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SAMS Due Diligence Survey – Main Findings

The SAMS Field Survey team found that overall the
environmental monitoring of the inshore and coastal regions
was being conducted to a high scientific standard.

The environmental monitoring programme at Batu Hijau
represents a very valuable dataset in terms of the duration,
frequency of sampling, and consistency of approach, and is
comparable to, if not exceeds, similar monitoring programmes
for other companies in this sector.

The AMNT team are following the protocols that have been
created for the environmental monitoring programme at Batu
Hijau, and are revisiting the same sampling stations over time,
ensuring that a robust, long-term dataset of observations are
maintained of the marine environment around Batu Hijau.

Survey vessel MV Tenggara Ranger Image © AMNT
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SAMS Due Diligence Survey – Main Findings

There were no major issues requiring urgent action.
Addressing the recommendations outlined in this
presentation and the subsequent reports and ensuring that
the monitoring remains robust to ensure monitoring
continues to the highest international standards.

With a rapidly changing environment the AMNT
environmental team need to ensure they do not become
complacent due to the familiarity of the exercises that they
currently successfully undertake. Should look forward at
opportunities to adopt new techniques and approaches as
required.

The AMNT survey and environmental team were
commended on their professionalism and the efficient
manner in which they completed the work programme.
The SAMS field team made a number of minor
recommendation on areas of improvement outlined below.

http://www.sams-enterprise.com/
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Recommendations – Health Safety and the Environment

There was felt to be a lack of sufficient safety inductions and
ongoing toolbox talks, particularly for new staff/those
peripheral to the central team. There is also an opportunity for
AMNT to engage with the local community to help try and
address local marine pollution issues.

Recommendations: 

• Check utility of mine site drainage drains and runoff for 
litter and contaminants into inshore environment 

• Conduct a formal safety brief for all staff before each 
period of sampling 

• Invest in new buoyancy aids for deck work 

• Install fume hood in chemical laboratories 

• Construct a clean room for trace metal sampling 

http://www.sams-enterprise.com/
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Recommendations – Communication and Responsibilities

There was a lack of senior staff with a good overview of 
the monitoring programme present during operations to 
help guide any immediate decision making (likely due to 
coronavirus related staff absence). Having someone able 
to modify plans according to situation pressures quickly is 
key to efficient and sensible survey operations. 

Recommendations: 

• Training in familiarisation of the sampling and survey 
techniques for the in-house AMNT staff 

• Encourage the involvement of more experienced AMNT 
staff in the survey 

• Define of survey roles for AMNT staff 

http://www.sams-enterprise.com/
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The AMNT survey team appeared to lack a definitive document or
resource that could be referred to on the vessel to aid decision
making with respect to the correct position for sample locations.
Station keeping and recording of metadata was observed to be
excellent overall, and the AMNT team are commended for their
detailed recording of survey metadata. Metadata Locational data for
some sampling (demersal fish and intertidal filter feeders) were too
broad, recorded as a general location rather than sample specific
co-ordinates.

Recommendations – Survey Metadata

Recommendations: 

• Development of written ‘ground rules’ to help keep 
consistency between different surveys 

• Consider a single definitive document for referral when 
decision making on sample locations

http://www.sams-enterprise.com/
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Recommendations – Demersal fishing, filter feeders
Demersal fish sampling design The survey effort for the
demersal fishing did not achieve very much in the way of
captured specimen numbers compared to the time invested,
with the drop-down lines in particular being prone to being lost
at sea. It is recommended that the methodology here is
reviewed to see if a more efficient methodology could be
employed.

Recommendations: 

• Euthanize the fish before they are bagged 

• Re-evaluate use of drop line fishing 

• Record specific intertidal bivalve specimen locations 

• Use a non-metal tool for bivalve removal from the 
rocks 

• Attempt to resolve bivalve stock issues by changing 
sample location or by undertaking stakeholder 
engagement 

http://www.sams-enterprise.com/
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Recommendations – Seawater and sediment sampling
Whilst generally conducted to a very high standard, there were the odd
occasions where the possibility of sample contamination occurred.
Simple changes to relevant Standard Operating Procedures will reduce
the potential risk of contamination, and best practice should be reinforced
by regular and up to date training for the AMNT team in analytical
chemistry and sample curation etiquette at every opportunity.

Recommendations: 

Surface preservation   

• Take discrete Winkler titration samples to manually 
calibrate the Dissolved Oxygen sensor offline

• Preserve water samples for sulfides on the vessel

• Consider sampling box cores diagonally, which will help 
preserve the surface sediments, and avoid compaction 
which a vertical sample tube might produce 

• Develop a written protocol for accepting or rejecting a core 

• Utilise a sediment colour chart and grain size comparator for 
describing sediment 

http://www.sams-enterprise.com/
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Recommendations – Equipment

Areas of exposed metal work on the frame of the 
CTD rosette carousel

Overall the survey equipment observed was in good working order and well
maintained, with the survey team well trained in its use with a knowledge beyond
operational necessities. The CTD instruments and sensors were found to be in
good condition.

Recommendations: 

• Re-coat the CTD 911+ frame and water carousel 

• Investigate use of a Kevlar wire for deployment 

• Undertake intra-calibration of data between YSI 
multimeter probe and CTD sensors 

• Make calibration date of the YSI Multimeter probe for 
pH, Dissolved Oxygen, Salinity and Conductivity 
visible to the user 

http://www.sams-enterprise.com/
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Duplicate samples collected during this survey were sent to
CSIRO, so that data resulting from laboratory sample analysis
could be cross compared with that obtained from AMNT’s
own laboratories. Results from the 2022 Due Diligence study
have further compared with previous studies carried out by
CSIRO.

Main Findings:
• The footprint of DSTP discharge from the Batu Hijau mine

has remained localised, primarily being observed within
the bottom water depth of Site S16 and in sediments at
Sites S01 and S03.

• Measurements of similar concentrations of metals in
demersal fish and filter-feeding organisms (taken from
the rocky foreshore) at sites near the tailings discharge
point compared to reference sites indicated that the DSTP
was not modifying organism quality for consumers of
these species.

CSIRO Independent Analysis Results 

Angel BM, King, JJ, Jarolimek, CV and Simpson SL (2022). PT. AMMAN Mineral Nusa Tenggara (AMNT) DSTP Due 
Diligence Study 2022. CSIRO Land and Water Report EP2022-3714, Lucas Heights, NSW, Australia.

http://www.sams-enterprise.com/
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Measurements indicated that the main tailings’ signature was measured at Site S16 (>200 m), 
with a very mild signature at Sites S28 (>180 m) and S48 (>400 m), which were well below 
the discharge depth (~125 m), within the permitted mixing zone, and consistent with the 
historical AMNT/NNT and CSIRO Due Diligence study data.

Metal concentrations in the tailings supernatant liquid collected were typically in the low or 
sub µg/L range (except manganese). The concentrations were 1 to 3 orders of magnitude 
below the regulatory limits of NNT’s Tailings Discharge Permit (KepMen KLHK 382/ 2016), 
and also below the Indonesian marine receiving water standard for the protection of marine 
biota (PP22/2021) prior to discharge, mixing and dilution.

The concentrations of a range of dissolved metals measured were below the 2016 and 2022 
Indonesian permit levels for marine water quality (PP 22/2021). Copper was the only metal to 
exceed the USEPA Criterion Continuous value (3.1 µg/L), and Australian and New Zealand 
water quality GV (1.3 µg/L), and this occurred only at site 16B (5.6 µg/L) the closest site to the 
tailings discharge, within the mixing zone where the Indonesian standard does not apply.

For the tailings solids, the concentrations of As, Cd, Cr, Fe, Mn, Mo, Ni, Pb and Se were in a 
similar range to the concentrations in the benthic sediments, while Ag, Cu and Zn were 
considerably higher in the tailings solids than most benthic sediments other than S01 and S03 
in the DSTP impact zone. 

CSIRO Main Findings: Marine waters and tailings

http://www.sams-enterprise.com/
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CSIRO Main Findings: Marine waters and tailings

A signature of the tailings was detected at Sites S01 and S03 based on elevated 
concentrations of Ag, Cu, Mo, Pb, Se and Zn, and to a lesser extent Mn and Ni.

As expected, copper was of greatest potential concern for ecological impacts as it was 
the only metal to exceed the Australian and New Zealand sediment quality guideline 
values, although it was well below the PERMEN LHK no.6/2021 for tailings solids.

For the marine sediments, there is no regulatory standard assigned by the Indonesian 
government and a comparison with the Australian and New Zealand SQGVs indicated 
that all metals except copper were well below.

Outside of the Senunu Canyon impact zone, the total recoverable copper concentrations 
(TR-Cu) only marginally exceeded the SQGV of 65 mg/kg at Site S12 (71 mg/kg) just 
inshore of the discharge location, while the weak-acid extractable copper concentration 
(WAE-Cu = 26 mg/kg) at this site was well below the SQGV. 

The sediment TR-Cu at Sites S01 and S03 within Senunu Canyon were 617 and 904 
mg/kg, respectively, which well exceeded the SQGV-high, and the WAE-Cu at these 
sites (330 and 480 mg/kg) also exceeded the SQGV-high. 

http://www.sams-enterprise.com/
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• For the measurements of metals in demersal fish and filter-feeder tissues, the concentrations 
were in a similar range in impact and control sites indicating the tailings were not causing 
significant metal bioaccumulation. The type of species sampled at each site had more of an 
influence on the concentration of metals than the site location.

• The arsenic (As) speciation analysis in selected demersal fish and filter feeders determined that 
inorganic As accounted for ≤1.3% of the total As and indicated that this toxic form of As would be 
well below human health food standards. The majority of the measurable As speciation was in 
the non-toxic arsenobetaine form.

• When demersal fish tissue metal concentrations were compared to Australian food standards, 
there were marginal exceedances for mercury (Hg) (4 of 26 control site individuals) and Zn (2 of 8 
impact site and 10 of 26 control site individuals); the greater number of exceedances at control 
sites suggests they were not due to the DSTP operation.

• When filter-feeder tissue metal concentrations were compared to Australian Food Standards, 
the cadmium (Cd) concentration was above the Maximum Level of a specified contaminant in a 
nominated food (ML) in about half of the individuals. There were also two exceedances of the ML 
for Cu and three for Zn that occurred in one sample from Maluk and two samples from Sejorong. 
In addition, the methylmercury measured in the selected demersal fish and filter feeder tissue 
samples accounted for >75% and <10% of the total mercury, respectively.

CSIRO Main Findings: Demersal fish and filter feeders

http://www.sams-enterprise.com/
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CSIRO Recommendations
• Investigate the higher WAE-copper in samples S01 and

S03 than in tailings and its potential toxicity;
• Analyses of WAE-Cu in different tailings particle size

fractions;
• Measurements of WAE-Cu over time after tailings

release into seawater to determine if WAE-Cu
increases;

• Toxicity testing of tailings diluted in uncontaminated
sediment at similar WAE-Cu concentrations
measured at S01 and S03.

• Investigate improving the LORs for the analysis of dissolved
Ag, Cd, Cr, Cu, Fe, Mn, Mo, Ni, Pb, Se and Zn and particulate
Ag, Cd and Se would be beneficial for assessing differences
in environmental monitoring data between zones and over
time, and for dissolved copper, having more confidence that
its data are below Indonesian regulatory standards.

• Investigate the use of a higher-purity grade of sodium
hydroxide for the preservation of samples for hexavalent
chromium analysis to assess whether this is the cause of
their contamination, else not using a preservative and
storing these samples chilled before analysis.

http://www.sams-enterprise.com/
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Overall Conclusions of Environmental Monitoring
There is a substantial amount of work being undertaken by AMNT to monitor impacts of DSTP.

The majority of these works are routinely completed throughout the year, along with the deep-
sea study (conducted every five years). Extensive analyses of all key area are completed
(metals chemistry of tailings, acute toxicity tests, monitoring of metals levels in biota,
consideration of ecosystem supporting capacity).

Additional external bespoke studies are undertaken to support the AMNT monitoring
programme.

Overall broad compliance with Indonesian license limits and regulations, international
standards and best practice.

From Due Diligence Study
The 2022 Due Diligence study has found that the footprint of deep-sea tailings placement
discharge of the Batu Hijau mine has remained localised, primarily being observed within the
bottom water depth of Site S16 and in sediments at Sites S01 and S03.

Similar concentrations of metals in demersal fish and filter-feeding organisms) at sites near the
tailings discharge point compared to reference sites is indicative of the DSTP not modifying the
quality for consumers of these species.

Consideration for the future have been made by both CSIRO and SAMS, to ensure that existing
environmental monitoring programme remains fit for purpose.
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