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EXECUTIVE SUMMARY 
 

The Batu Hijau mine is an open pit copper/ gold mine owned and operated by PT Amman Mineral 
Nusa Tenggara (AMNT). The mine is the second largest copper/ gold mine in Indonesia and is 
located on Sumbawa, an island in West Nusa Tenggara province, approximately 1,500 km east 
of the Indonesian capital, Jakarta.  

Deep-sea tailings placement (DSTP) has been in use for tailings disposal at Batu Hijau since 
September 1999, with a tailings disposal permit issued by the Minister of Environment and 
Forestry in 2002 following government regulation in 1999. The tailings outflow is via a 6 km 
terrestrial steel pipeline and a 3.3 km high-density polyethylene (HDPE) pipeline from the 
coastline to a submarine discharge point at around 125 m depth. The discharge is at the entrance 
of a canyon system that extends to >3,000 m depth, which is situated within the Lombok Basin. 
This canyon system is termed the ‘Senunu Canyon’ and extends over 50 km southwards from 
the coastline of Sumbawa. Since 1999 an estimated ~0.3b m3 of tailings (~800 Mt of solids) have 
been deposited within the Senunu Canyon. 

In February 2021 regulations were amended and tailings permissions became incorporated into 
AMDALs, which are required for business permits. AMNT’s AMDAL was renewed on 2nd July 
2021. AMNT is planning to extend the life of the Batu Hijau open pit from 2025 to 2030 by an 
additional cut-back containing 460 Mt of ore. As part of the work to support the extended Life of 
Mine, AMNT commissioned the Scottish Association for Marine Science (SAMS) in 2021 to 
undertake an independent technical review of the marine environmental monitoring programme 
associated with past and current DSTP operations at Batu Hijau. One of the recommendations 
from this review was for AMNT to continue to undertake Due Diligence Surveys of the 
environmental monitoring programme at Batu Hijau, with independent external experts engaged 
to assess the sampling processes and procedures, and the subsequent resulting data from 
laboratory analyses.  

AMNT therefore commissioned SAMS to send a team of scientists to join the survey operations 
being undertaken as part of the regular monitoring programme in February/March 2022. 
Duplicate samples collected during this survey were also to be sent to the Commonwealth 
Scientific and Industrial Research Organisation (CSIRO), so that data resulting from laboratory 
sample analysis could be cross compared with that obtained from AMNT’s own laboratories. 

Prior to joining the AMNT Environmental Team, the SAMS Field Team examined all the 
documented procedures and protocols, drafting a list of proforma documents to facilitate the 
assessment of activities in the field. The proformas were designed to allow the Field Team to 
note any points of concern where the observed activities did not adhere to the stated protocols, 
to highlight any areas of improvement, and to capture any best practice not reflected within the 
documented processes. The areas to be examined during the survey were: 

• 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.  
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• 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. 

 

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. They 
remained with the AMNT survey team until Monday 7th March 2022. During this time, they 
witnessed box corer operations at 13 sampling stations, CTD water collection and sample 
processing from 15 stations, demersal fishing activities at three stations, and intertidal sampling 
for filter feeders at two intertidal sites. In addition, the Field Team examined tailings sample 
collection and processing from the AMNT facilities on land. 

Overall, the Field Team found the survey operations and subsequent sample handling and 
processing were conducted to a high standard. No major issues were identified, and the Field 
Team found many commendable areas of best practice in the observed operations. The AMNT 
survey and environmental team are to be commended on the professional and efficient manner 
under which the work programme was completed. 

A number of minor recommendations were made on areas that could be improved. These were 
mostly minor observations suggesting small changes to help improve efficiency or to slightly alter 
processes to reduce contamination risk. Five broad areas were identified that require more 
consideration:  

 

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. 

 

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.  



 
Commercial in Confidence 

 
 

 
Batu Hijau DSTP Due Diligence Study 2022,  
04064_001, Issue 04, 14\12\2022  Page 4 

 

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. This is a missed 
opportunity to gather data that could unpick any trends within resultant data, particularly for the 
intertidal filter feeders. 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. 

 

Demersal fish sampling design 

The survey effort for the demersal fishing did not achieve very much on 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. 

 

Sample contamination 

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. 

 

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. 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.  
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Lingkungan) 

AMNT PT Amman Mineral Nusa Tenggara 
ANDAL Environmental Impact Analysis (Analisis Dampak Lingkungan) 
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1 INTRODUCTION 
1.1 Background to DSTP at the Batu Hijau Copper / Gold Mine 

1.1.1 The Batu Hijau mine is an open pit copper/ gold mine operated by Amman Mineral Nusa 
Tenggara (AMNT). The mine is the second largest copper/ gold mine in Indonesia and is 
located approximately 1,500 kilometres east of the Indonesian capital, Jakarta, on 
Sumbawa, an island on West Nusa Tenggara.  

1.1.2 Deep-sea tailings placement (DSTP) has been in use for tailings disposal since 
September 1999, with a tailings disposal permit issued by the Minister of Environment 
and Forestry in 2002 following government regulation in 1999. The tailings outflow is via 
a 6 km terrestrial steel pipeline and a 3.3 km HDPE pipeline from the coastline to a 
submarine discharge point at around 125 m depth. The discharge is at the entrance of a 
canyon system that extends to >3,000 m depth, which is situated within the Lombok 
Basin. This canyon system is termed the ‘Senunu Canyon’ and extends over 50 km 
southwards from the coastline of Sumbawa.  

1.1.3 Over the past 21 years, the DSTP activities have complied with Indonesian Government 
environmental standards and regulations as per the Tailings Permit which was renewable 
(or ‘extendable’) every five years until February 2021 when the regulations were 
amended and tailings permissions became Technical Approval incorporated into AMDAL 
process, which are required for business permits. AMNT’s Tailings Dumping Technical 
Approval was issued on 31 March 2022 and AMNT’s AMDAL was renewed on 2nd July 
2021. Since 1999 an estimated ~0.3b m3 (~800 Mt) of solid tailings have been deposited 
within the Senunu Canyon, up to 2.5 m thick in places and with a modelled predicted 
footprint of up to 881 km2 by 2027 (Greencap, 2016) based in the 2016 LOM (Life of 
Mine) plan. 

1.1.4 AMNT is planning to extend the life of the Batu Hijau open pit from 2025 to 2030 by an 
additional cut-back containing 460 Mt of ore. As part of the work to support the extended 
LOM, AMNT commissioned the Scottish Association for Marine Science (SAMS) in 2021 
to undertake an independent technical review of the marine environmental monitoring 
programme associated with past and current DSTP operations (Vare et al., 2021). The 
purpose of the review was to provide an understanding of the status of the marine 
environment around Batu Hijau after 21 years of DSTP and to identify data gaps and 
areas for improvement with respect to the ongoing monitoring programme. 

1.1.5 One of the recommendations of this 2021 report was for AMNT to commission an 
independent review of their ongoing environmental monitoring programme at Batu Hijau. 
One aspect of this review would be conducted as an onsite Due Diligence assessment, 
with scientific experts independent from AMNT method witnessing the process and 
activities undertaken as part of the monitoring programme and comparing them with 
documented process and requirements according to the predictions in the Environmental 
Impact Assessment (ANDAL 1996) and in compliance with AMNT’s Tailings Permit.  

1.1.6 In 2022 AMNT contracted SAMS to provide a team of two scientific experts to join their 
survey team for their ongoing monitoring operations at Batu Hijau during February and 
March. The Field Team was to join the survey vessel for a period of eight days, observing 
the sampling operations to assess compliance against the stated protocols for the 



 
Commercial in Confidence 

 
 

 
Batu Hijau DSTP Due Diligence Study 2022,  
04064_001, Issue 04, 14\12\2022  Page 8 

monitoring programme. During their time with the survey team, it was envisaged that the 
Field Team would observe a representative number of samples being collected and 
processed as part of the routine monitoring programme, with samples including tailings, 
seawater, marine sediments, marine biota tissue and the marine water column. The goal 
of this aspect of the Due Diligence study was to provide confidence in the results obtained 
internally at AMNT, and where necessary, support further refinement of AMNT’s sampling 
and analytical protocols.  

1.1.7 The Field Team were to make records that highlighted any divergence of sampling 
operations, ranging from the equipment used, instrument calibration, deployment 
procedures, sample handling and data treatment, but also with a view to capture any best 
practice that was not currently documented.  

1.1.8 The Due Diligence Survey also involved the collection of duplicate samples that were to 
be sent to the Commonwealth Scientific and Industrial Research Organisation (CSIRO), 
with data resulting from the subsequent laboratory sample analyses to be cross-
compared with that obtained from AMNT’s own laboratories.  

 

1.2 Document Purpose 

1.2.1 This report summarises the findings of the SAMS Field Team during their Due Diligence 
assessment at Batu Hijau during February and March 2022. The document summarises 
the methodology employed by the Field Team and the key activities that they witnessed 
the AMNT environmental team undertake.  

1.2.2 The findings of the Field Team, including both areas of commendation as well as 
recommendations for improvement, are presented under discrete areas of survey 
activities conducted as part of the environmental monitoring programme. Additional 
observations on more generic activities such as health, safety and the environment have 
also been included.  
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2 DUE DILIGENCE METHODOLOGY 
2.1 Pre-Survey  

2.1.1 Prior to mobilising the Field Team to join the monitoring team at Batu Hijau, SAMS 
undertook a desk-based review of the relevant survey protocols and previous Due 
Diligence studies. The review focused on examining and understanding the documented 
survey design and methodology, thus enabling a framework to be developed as a basis 
for the on-site assessment of the environmental sampling operations. The framework 
included the development of a number of proforma documents and survey logs, which 
were designed to assess working practice around sample collection and processing. 
These included daily log sheets of activities, step-by-step protocol checklists for sampling 
techniques/methods, and event logs. The following monitoring activities were identified 
as key areas that the Field Team would need to observe as part of the Due Diligence 
assessment:  

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

This is a non-exclusive list that could expand to include other aspects witnessed by the 
Field Team if they deemed them relevant to the quality and performance of the aims of 
the monitoring programme. 

2.1.2 Whilst the SAMS Field Team focused on methodological processes, replicate samples 
acquired during the survey have been sent to CSIRO in Australia. Although an extremely 
important part of the Due Diligence exercise, the cross validation of results from these 
laboratory analyses are out with the scope of this current report, and thus are not detailed 
any further herein. This aspect of the Due Diligence will be performed by CSIRO and 
reported separately.  
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Due Diligence Survey 
2.1.3 The SAMS Field Team consisted of two scientific experts, Professor John Howe and Dr 

Richard Abell (summary CVs can be found in Appendix A). The SAMS Field Team arrived 
at Benete Bay, Western Sumbawa on Tuesday 22nd February 2022, and were taken by 
AMNT representatives to the AMNT Townsite. Inductions, meetings and familiarisation 
with the AMNT environmental team, facilities and operations took place on the 23rd and 
24th February. The Field Team joined the AMNT survey vessel MV Tenggara Ranger 
(Figure 1) on Friday 25th February and remained with the AMNT survey team until 
Monday 7th March 2022.  

 

 
Figure 1. MV Tenggara Ranger. Image © AMNT 

 
2.1.4 During their time onsite, the Field Team observed the AMNT survey team collecting a 

representative number of samples across a range of different activities, assessing 
whether protocols were being followed and that samples were collected and stored in an 
appropriate manner. Table 1 summarises the activities that the Field Team witnessed 
during their assessment visit, with Figures 2-5 showing the geographical spread of the 
offshore stations. A full narrative of the activities undertaken by the Field Team is 
provided in Appendix B, with a Survey Event Log also included within Appendix C. 
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Table 1. Summary of environmental monitoring activities at Batu Hijau observed by SAMS Field 
Team, 25/02/22 to 06/03/22. For further details, please refer to the Survey Narrative in Appendix B 
and the Survey Event Log in Appendix C. 

 

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; B05; B01 
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 

Maluk Intertidal sampling 

Sat 5th Mar 2022 
DFS28 Demersal fishing; rod fishing 

Seiorong Intertidal sampling 

Sun 6th Mar 2022 DFAS1 Demersal fishing; rod fishing 



 
Commercial in Confidence 

 
 

 
Batu Hijau DSTP Due Diligence Study 2022,  
04064_001, Issue 04, 14\12\2022  Page 12 

 
Figure 2. Geographical spread of sediment sampling stations witnessed by SAMS Field Team, Due 
Diligence Survey 2022. Map courtesy of AMNT. 

 
Figure 3. Geographical spread of water sampling stations witnessed by SAMS Field Team, Due 
Diligence Survey 2022. Map courtesy of AMNT. 
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Figure 4. Geographical spread of demersal fish sampling stations witnessed by SAMS Field Team, 
Due Diligence Survey 2022. Map courtesy of AMNT. 

 
Figure 5. Geographical spread of intertidal filter feeder sampling stations, Due Diligence Survey 
2022. NB. Only sampling at Maluk (FFMLK) & Sejorong (FFSEJ) were witnessed by SAMS Field 
Team. Map courtesy of AMNT.  
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2.1.5 During the Due Diligence Survey, the Field Team interacted with the following members 
of AMNT’s marine environmental team, both onshore in the office and laboratories, and 
during the survey operations on the vessel and in the intertidal regions:  

1 Agus Setianto Sr. Spec - Env. Monitoring 
2 Muhammad Hizrian Irda Spec. - Ecology Monitoring 
3 Windy Prayogo Supt. - Env. Monitoring 
4 Dwi Putro Arivianto Spec. - Marine & Ecology Monitoring 
5 Ika Kurnia Putri Env. Monitoring Field Officer 
6 Abdul Manan Env. Monitoring Field Officer 
7 Alief Apriliansyah Env. Monitoring Field Officer 
8 Saheruddin Md Env. Monitoring Field Officer 
9 Deni Suherman Consultant Ecology & Marine 
10 Swandi Consultant Ecology & Marine 
11 Samsidar Consultant Ecology & Marine 
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3 DUE DILIGENCE SURVEY OBSERVATIONS 
3.1 Results of Field Team Visit 

3.1.1 Overall, the Field Team found the environmental monitoring of the inshore and coastal 
regions being conducted to a high scientific standard. The activities witnessed form a 
good foundation for an excellent long-term environmental monitoring programme, which 
in turn provides an extremely robust basis for ensuring a sustainable future for the Batu 
Hijau site.  

3.1.2 The key observations and findings of the Field Team are captured below under the areas 
of discrete operational activities that were witnessed during their visit. These 
observations highlight aspects that were notable for commendation, in addition to 
flagging areas where potential improvements were identified. In these cases, suggested 
recommendations have been provided to address the observed issues. Copies of the 
Due Diligence Assessment Proformas completed by the Field team can be found in 
Appendix E. These proformas contain the step-by-step procedures that the activities 
were assessed against, which for brevity are not repeated within the main body of this 
document. 

3.1.3 As detailed in Section 2.2.1, a Survey Narrative has been included within Appendix B 
This provides a more detailed narrative account of the activities observed by the Field 
Team on each day of their visit. A Survey Event Log created by the Field Team is provided 
in Appendix C, which provides a list of sampling time, location, equipment, and samples 
acquired, both onboard the vessel and onshore during the sampling. 

 

3.2 Seawater Sampling 

3.2.1 The deployment of a rosette water sampler with attached Conductivity, Temperature and 
Depth (CTD) for water column profiling was undertaken to a high standard. Some issues 
were encountered with the CTD and water carousel whereby the instrument stopped 
communicating when in the water, and thus requiring redeployment to get complete water 
column profiles. This suggested that a communication cable needed to be replaced, or a 
possible re-termination of the wire might be required. Whilst operation time was lost as a 
result, full data profiles were still achieved after repeat deployments, so this is a point 
raised to help increase efficiency of future sampling activities.  

3.2.2 The AMNT team are to be commended on the very high standard of subsequent handling 
of seawater samples after collection by the rosette. Measurements of this type are 
inordinately difficult to achieve without contamination. The SAMS Field Team observed 
very good practice in action, with the AMNT team being very robust and consistent in 
their approach, and the SAMS Field Team had no concerns with regards to potential 
contamination. In addition to trace metal geochemistry, samples are taken for 
radionuclides, biological oxygen demand and E. coli for water contamination. 

3.2.3 During the period of the seawater sampling, there had been overnight heavy rain and a 
considerable amount of litter and plant debris were noted in the water in the vicinity of 
sampling stations in and around Benete harbour. Whilst marine litter is an ongoing global 
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problem, and Amman have run a number of initiatives including beach clean days with 
the local community, these observations suggest a minor recommendation that AMNT 
check the efficacy of any runoff infrastructure at their site, ensuring the integrity of their 
drainage in and around the rivers, and thus potentially reducing the amount of litter 
entering the sea.  

3.2.4 Whilst the Due Diligence visit provided reassurance that the methodologies and analytical 
procedures are being conducted to a high standard, a number of minor issues were 
observed. In some instances, whilst transferring water samples from the water bottles, 
the sample bottles were left in the plastic bags. Inevitably this led to spills of water inside 
the bags, which could potentially lead to cross contamination. A recommendation might 
be to remove the sample bottles from their bags (using gloved hands) before filling and 
sample containers. In was also noted that ziplock bags were only used for CSIRO 
samples and not also for the Indonesian laboratory samples. A recommendation would 
be to use ziplock bags for all samples.  

3.2.5 The Dissolved Oxygen (DO) probe on the CTD is presently calibrated every 12 months, 
following the Standard Operating Procedure (SOP). The SAMS Field Team calculated 
the surface saturation of the DO from the temperature, salinity and pressure 
measurements from the CTD. This calculation gave a slightly higher value than directly 
measured by the DO probe, giving a difference between CTD and the calculated value 
of DO of ~14 µmol. This perhaps indicates that the DO probe is under-estimating the true 
DO value. A recommendation to gain more precision would be a take discrete Winkler 
titration samples to manually calibrate the DO sensor offline. This would improve the 
accuracy of long-term datasets.  

3.2.6 Water samples for the analysis of total sulfides were taken and the sample preserved 
after collection back at the environmental office laboratory using zinc acetate. It is 
recommended to take the zinc acetate on the survey and preserve these samples as 
soon as collected to limit any further oxidation of the sample.  

3.2.7 In terms of water sample acquisition and handling, AMNT are to be commended on the 
attentive and diligent manner in which operations were undertaken. The vessel also 
remained on station whilst the samples were curated, and there was a highly professional 
and unhurried approach to these samples, which is a credit to the leadership of Agus 
Setianto and the team. The AMNT team also maintained communication with the CSIRO 
team in Australia, providing updates and seeking clarifications. These behaviours are 
indicative of a team who recognise the significance of their work, and who look for 
opportunities to improve the quality of their data, which are very laudable. 

3.2.8 The collection of ‘field blank’ measurements for trace metals was not witnessed by the 
SAMS Field team. It is recommended that these sample containers are carried on board, 
uncapped and exposed to the environment and atmosphere around the CTD for a similar 
time as the water samples for a better estimate of the procedural blank. 

 

3.3 Sediment Sampling 

3.3.1 Sediment sampling for trace metal geochemistry and grain size was achieved by 
sampling the seabed with a box corer. The use of a box corer is a quick, efficient and 
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relative cheap way to obtain large volumes of sediment samples in a wide range of 
sediment types and water depths. However, box corers can have a number of problems 
to be aware of: 

i) The corers have a large surface area which, when lowered to the seabed, 
produce a bow-wave effect that can have the effect of ‘blowing away’ any fine or 
loose surface sediments,  

ii) In regions of mixed sediment, the corer shovel can become jammed open 
allowing water to flush through and wash-out the sample; 

iii) These corers tend to lose the sediment-water interface, or the interface is 
destroyed by water washing around within the box as the corer is recovered to 
deck.  

3.3.2 For these reasons detailed sampling for limited amounts of sediment can be achieved by 
a multi-corer (aka maxi-corer), which has multiple core tubes and a small surface area 
that limits disturbance. A multi-corer is hydraulic damped on deployment and is gently 
lowered into the sediment. The major disadvantage is that multi-corers recover limited 
volumes of sediment and only function in fine-grained sediment.  

3.3.3 The Due Diligence survey observed the use of the AMNT box corer, and the SAMS Field 
Team commend the survey team on the successful recovery of mostly good quality 
sediment samples. It was noted that only one core from 12 successful deployments 
preserved the sediment-water interface (Figure 6), reflecting the problems with this 
particular equipment type as detailed above.  

 
Figure 6. Example images of box core samples on recovery, highlighting areas of poor sample 
preservation due to the type of equipment used 
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3.3.4 Some areas of minor improvement were noted by the SAMS Field Team. Sub-sampling 

of the core was overall excellent, with the use of ‘hands off’ syringes ensure little sample 
contamination. Sampling was performed vertically by pushing empty syringe tubes into 
the sediment surface. This is standard practice, although it is recommended that AMNT 
staff might consider a diagonal approach, which will help preserve the surface sediments, 
and avoid compaction which a vertical tube might produce. Overall cleanliness and care 
when sampling were exceptional. The Field Team noted only one deviation from the 
provided SOP, with a sample scoop was left on the deck, potentially contaminating a 
sample.  

3.3.5 As described in 3.3.1 and 3.3.2 above, it is accepted that box core recovery can be 
compromised by washing out and poor preservation of the sediment-water interface 
(Figure 6). These issues can preferentially remove fine material from the sample. It is 
highly recommended that quality control ‘ground rules’ are provided and communicated 
among the survey team for accepting or rejecting a core on grounds of sample quality 
(see Section 3.8.1 for further discussion on this point). The only criteria currently used is 
having enough material within a core for all required samples. A simple checklist could 
be devised to look for surface sediment features (e.g. burrows, organisms, meiofauna) 
and an estimate of the percentage surface retained, whilst looking for slumped or washed 
out sediments. It was not noted if the deck team used any pro-forma or system for 
describing the sediments, such as a grain-size comparator or Munsell Soil (aka sediment) 
colour charts (e.g. Munsell, 2000). The use of standard sediment descriptors is highly 
recommended to help provide consistency in the seabed sediment descriptions.  

3.3.6 Finally, safety is paramount concern at all times. Box corers are inherently dangerous. 
The Field Team noted one occasion where the corer was prepared for deployment and 
cocked on deck, and a member of staff leaned into the corer to clean the box with the 
shovel open and ready to fire. Whilst safety pin was in ‘safe’, it is highly recommended 
that personnel should not work on or clean a box corer when the device is cocked.  

 

3.4 Demersal Fisheries 

3.4.1 The process of demersal fishing was conducted using a combination of drop lines and 
hand rod fishing. The drop lines were deployed following the SOP, with no deviations 
observed, and the observed fishing was conducted in a robust and reproducible manner. 
The possibility of contamination once the fish were brought onto deck is significant, but 
the environmental team were cognisant of this, and every opportunity was taken to 
ensure no metal contamination of the samples occurred.  

3.4.2 The Field Team had a concern over the welfare of the caught fish. Most specimens were 
brought up from depth with visible decompression damage (extruded swim bladders) and 
were measured and weighed still alive. The specimens were bagged and put in the 
freezer box still alive. Whilst the Field Team were informed that for post-mortem tissue 
analysis the fish could not be stunned, it is recommended that AMNT examine to see if 
there are any alternative approaches that include humane euthanizing of the fish before 
they are bagged. For the fish tissue sampling, the use of steel tweezers and scalpels 
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should be avoided due to potential metal contamination issues during dissection; it is 
recommended that PTFE-coated dissection tools are used as an alternative.  

3.4.3 During the fishing by drop line on 5th March at DFS28, four drop line rigs were lost. Two 
deployments were recovered, and one was lost on recovery, caught on the propeller. The 
reason for the loss of the other lines was not known. One avenue of speculation might 
be to consider the length of the line beneath the surface buoy. All the observed 
deployments were made during a falling tide. On one deployment (#2) it was noted that 
the surface buoy was dragged under the surface by a strong current, suggesting the lines 
were too tight. The ground weights on the drop lines might also be too light (estimated at 
5-10kg). Heavier ground weights might also avoid the drop lines being dragged or lost in 
future. The drop line technique had very mixed success, with the deployments of four rigs 
at DFAS1 on 6th March recovering no specimens over a roughly three-hour period, and 
during which another line rig was lost and not recovered (#6). Whilst it is difficult to 
suggest an alternative sampling approach, it might be worth reflecting on the 
effectiveness of this system and considering if there are any viable alternatives. Given 
the obvious concerns over marine plastic litter AMNT should be mindful of any 
environmental monitoring that is clearly adding to the problem of marine litter. It is 
recommended that a reassessment of the drop line fishing technique for sampling 
demersal fisheries is undertaken.   

 

3.5 Filter Feeders 

3.5.1 Sampling for filter feeders was observed at two intertidal sites, Maluk (04/03/22) and 
Sejorong (05/03/22). The procedure involved investigating the wave-cut rocky shores at 
low water, searching for specimens of epifaunal bivalves such as Pinna and Modiolous. 
Intertidal biological transects have been established at both locations, and the epifauna 
described previously using standard quadrat techniques. However, it was not clear if the 
environmental team recorded the specific location of the sampled bivalve specimens, or 
whether they were noted as coming from the broad area. The Field Team did not witness 
any specific recording sheets for the intertidal metadata. It is recommended that the 
locations of where intertidal bivalve specimens are collected are noted, along with other 
available metadata, as this may help identify any trends in the resultant data.  

3.5.2 Specimens recovered for trace metal analysis were recovered with care and with 
consideration, avoiding potential contamination using nitrile gloves. The specimens of 
bivalves were prised from the rocks using a steel diving knife. Although it is difficult to 
suggest a sensible alternative tool, the Field Team recommends that the environmental 
team consider sourcing a non-metal equivalent for this process, thus eliminating a 
possible source of contamination. 

3.5.3 There was some difficulty in acquiring sufficient specimens due to the harvesting activities 
of local communities reducing population stocks of filter feeders. This is a potential 
difficult issue to overcome, with two suggestions to investigate. Firstly, there may be a 
need to select a new long-term monitoring site that has been less impacted by human 
activities. Whilst this may secure more samples, it has the disadvantage of potential 
interrupting the current time series of data. The second option is to undertake stakeholder 
engagement with the local communities to attempt to find some agreement whereby 
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particular areas of the shore are left alone by harvesters, or another suitable compromise 
such as buying collected bivalves from them directly.   

 

3.6 Tailings Sampling 

3.6.1 Tailings sampling was observed on one day (1st March) by the Field Team. The tailings 
were analysed at the AMNT ISO 17025 Accredited Environmental Laboratory. Analyses 
included temperature, pH, conductivity, dissolved oxygen, turbidity, total suspended 
solids, total dissolved solids, coliforms, E. coli, biological oxygen demand, chemical 
oxygen demand, chlorine, copper and sulphate. The laboratory was extremely modern 
and very well organised, with evidence of good laboratory practice such as annual 
external calibration of balances. All new staff are trained to become certified water 
samplers, which is accredited by the Indonesian Government (BNSP/LSP/LHKI). This is 
a superb example of very best practice, and the team in the Environmental Laboratory 
are highly commended.   

3.6.2 The processing of the CSIRO samples involved the use of coloured pipette tips, both in 
the accredited Environmental Laboratory and in the AMNT marine environmental lab. 
Although the pipette tips have been pre-leached in acid, it is better to use non-coloured 
plastic. The coloured pigments can contain metals (and at different levels from different 
suppliers), and thus it is recommended to avoid the use of coloured pipette tips to avoid 
any potential contamination of samples.  

3.6.3 Within the accredited Environmental Laboratory, the addition of reagents to preserved 
samples was done via micro-centrifuge tubes containing pre-filled reagents. When 
dispensed in this way, some reagents can remain in the mini-tubes, which can lead to 
small variations in pH of the preserved sample. It is recommended to pipette the 
preserved reagent into the sample instead.   

3.6.4 A spoon was observed to be used when mixing the tailings. It was unclear if this spoon 
was wooden or a similar porous material. It is recommended that the use of any such 
porous material is avoided when stirring the sample, as there is an associated high risk 
of cross contamination. An alternative such as a heavy-duty plastic stirrer or spatula 
should be used instead. 

 

3.7 Equipment 

3.7.1 Generally, all the survey equipment in use observed by the Field Team was of a high 
standard and very well maintained. The survey team were well trained and demonstrated 
a knowledge of the instruments and equipment beyond just the simple operational 
necessities. CTD instruments and sensors were in good condition. The Field Team 
recommends that the CTD 911+ frame and water carousel frame are re-coated to protect 
the exposed oxidising aluminium and to prevent the slightly corroded frame from 
contaminating the seawater trace metal samples (see Figure 7). In addition, it is 
suggested that AMNT consider investigating the use of a Kevlar wire for deployment. 
Whilst the coaxial steel winch wire was excellent in terms of both maintenance and 
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operation, there is an issue of the steel in the water acting a as potential source of metal 
contamination, particularly when considering the very high accuracy of the trace metal 
results. Kevlar wire is very expensive, so such a step is not considered essential. 
However, due to such sources of possible contamination being present, it is suggested 
the water sample results are examined for any unexpected, elevated metals, and that if 
detected, consideration is made for any sources of shipboard contamination.  

 

 
Figure 7. Areas of exposed metal work on the frame of the CTD rosette carousel 

3.7.2 The AMNT environmental team are to be commended on the state of readiness of the 
monitoring equipment and the regular calibration and servicing of the instruments and 
sensors. An example of transparency of the records of calibration can be found in the 
sweater sampling. The YSI Multimeter probe for pH, Dissolved Oxygen, Salinity and 
Conductivity was calibrated before the survey, but no written evidence was available to 
the user. A minor recommendation would be to have the date of calibration visible on the 
instrument so that the user can verify results in-situ.  

3.7.3 A minor recommendation regarding the instruments used to measure the sea water 
samples would be to undertake an intra-comparison of data acquired (e.g. between the 
YSI multimeter and the CTD sensors). This could be easily achieved back onshore at the 
environmental offices. This could perhaps to be added to the SOP as a check on the 
validity of the data and the integrity of the sampling bottle.   

 

3.8 Survey Metadata 

3.8.1 At the initial start-up meeting the Field Team enquired on the protocol for sediment 
sample acceptance from box core operations. It is best practice for sediment sampling 
operations to have some success guidelines/criteria that outline whether a sample can 
be regarded as within quality tolerances, typically addressed by the following questions:  

• Is the box full, overflowing or half empty?  
• How is an intact, undisturbed sediment surface defined?  
• How many attempts at sampling the station are permitted before the vessel has to 

abandon the station and move on?  
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These are difficult decisions for the Principal Scientist or Party Chief to make out of hand 
on a case-by-case process. Having some written ‘ground rules’ for the activity would help 
consistency of approach between different surveys, eliminating a degree of subjectivity 
on sample quality. Having a short protocol is also a useful reference for the survey team 
if a senior scientist is not able to attend the survey. This point was raised by the Field 
Team at the initial start-up meeting and there was some discussion by CSIRO and AMNT, 
but it was unresolved.   

3.8.2 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. Records 
are kept of the vessel drift away from target sampling station, included with each event 
recorded, but importantly not always of the actual vessel position. Target stations follow 
previous monitoring survey programmes, providing a consistent spatial dataset. General 
water depth of the target station is recorded but not the actual depth of a specific survey 
event. For example, a box core in 60 m water depth may come from within +/- 20 m of 
the stated target location, depending on weather and sea state. Occasionally there was 
some confusion on deck over the number of times a piece of equipment was deployed, 
but always the station keeper was able to confirm.  

3.8.3 SAMS highly commend the sampling approach of the AMNT environmental team as the 
sampling stations were approached with an open mind and the team showed admirable 
flexibility when deciding to move station. When this occurred (e.g. there was some 
confusion over location of SC2 for both sediments and sea water. This station had a 
different position noted for the current survey compared to the Due Diligence survey in 
2015) the original station was still sampled (for sediments) in order to maintain the time-
series. This is an excellent approach and provides the AMNT team with a robust time-
series of observations extending over the lifetime of the project. However, the Field Team 
felt that there was a lack of a single definitive document available to the survey team that 
could be referred to when making decisions on sample station location. 

 

3.9 Communications and Responsibilities 

3.9.1 The Due Diligence survey of 2022 was unique in a number of aspects, most notably the 
absence of CSIRO staff who had been very closely involved with the sampling and 
analyses over many previous years. The absence of CSIRO appears to be keenly felt by 
the AMNT Environmental Staff. The Field Team noted some initial confusion over roles 
within the AMNT team in preparation for the survey, especially where AMNT staff were 
absent (mostly due to illness or injury). Whilst the AMNT environmental team are 
conducting an outstanding job on the monitoring programme, there has perhaps been an 
over-reliance (and some understandable comfort) in the physical presence of CSIRO 
staff in the Due Diligence surveys. The provision of the written SOP is a great help, but 
in addition it is recommended that more training and familiarisation of the sampling and 
survey techniques is provided for the in-house AMNT staff. The staff attending the survey 
were mostly junior technical staff and it is recommended and encouraged to involve more 
senior and experienced AMNT staff in the survey. This also ‘de-risks’ the operation should 
CSIRO be unable to attend in the future or can only attend via an online link.  
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3.9.2 The definition of roles onboard the survey might also need some attention. A minor 
recommendation would be to assign AMNT Environmental Staff with dedicated on-board 
and lab-based roles. A clear organisational structure with set roles and responsibilities 
will help ensure both consistency in future approaches, and a recognition of the multitude 
of individual tasks that are required to ensure a successful survey and the collection of a 
robust dataset.   

 

3.10 Health, Safety and the Environment 

3.10.1 On joining the vessel on 25th February for the first day of the survey, the Field Team was 
surprised there was no safety briefing or toolbox talk for the day’s events, especially 
considering that they were new to the vessel and the upcoming operations. Whilst there 
was a group discussion and prayers, naturally held in Indonesian, and the survey chief 
did relate the key points to the Field Team, the position of the life rafts, the emergency 
signals and shipboard muster points were not clearly related. A formal safety brief for all 
staff is highly recommended before each period of sampling, an invaluable task to induct 
new staff to the pertinent healthy safety procedures, but also acting as a refresher for 
more practised staff on key risks that change as sampling equipment switches over from 
say coring to water sampling. The work buoyancy aids, which were given out to the AMNT 
team for deck working were in a poor state of repair and were not fit for purpose. It is 
highly recommended that AMNT invest in new buoyancy aids for deck work. Work shoes 
were not permitted inside the vessel, and this led to crew and staff taking their shoes off 
at the main deck door. The result was a significant obstruction (trip hazard) to safely 
walking into and out of the main accommodation. It is advised that safe access to, and 
exit from, the main vessel accommodation is maintained and kept free from trip hazards.  

3.10.2 Waste onboard the vessel was very well controlled, with the sampling team removing the 
waste sampling consumables (e.g. nitrile gloves, tissues etc.) directly from the vessel 
post-sampling. Occasionally survey waste was lost overboard, especially when loose on 
deck and picked up overboard by the wind (e.g. nitrile gloves). Given the very visible 
marine litter in the marine environment around the coast, the AMNT environment team 
might consider a community project to raise awareness of the issues and impact of 
marine litter, especially in the surrounding villages.  

3.10.3 Chemical safety onboard the vessel was excellent with the correct containers having 
detailed, highly visible chemical safety COSHH assessment labels. The AMNT team are 
to be commended for their professional approach to chemical safety onboard the vessel.  

3.10.4 In the AMNT Environmental Office Laboratory and in the accredited Environmental 
Laboratory 60% ultra-pure nitric acid is used to preserve dissolved metal samples. It is 
highly recommended that air extraction such as a small portable fume hood is used when 
using uncapped 60% nitric acid. In addition, the air conditioning unit was carefully cleaned 
of dust prior to filtering, however for ultra-trace determinations it would be beneficial for 
the over-pressure air supply to pass through a HEPA (high-efficiency particulate air) filter. 
This could be achieved by filtering within a small HEPA filtered cabinet. It is 
recommended that the AMNT team construct a simple HEPA filtered clean room or HEPA 
cabinet within the multi-use laboratory for trace metal filtration in the Environmental 
Office.  
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4 SUMMARY AND DISCUSSION 
4.1 Overall Impressions 

4.1.1 The observations made by the Field team during the 2022 Due Diligence study were 
overall very positive. 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. The Field Team found no 
major issues that required urgent action. 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 Field Team found many 
commendable areas of best practice in the observed operations, and in the diligence and 
professionalism of the AMNT team. 

4.1.2 Beyond addressing some of the recommendations outlined throughout this report, the 
main challenge for the AMNT environmental team is to ensure that the monitoring 
remains robust and continues to be undertaken to the highest international standards. 
Some areas that the AMNT environmental team need to be aware of going forward are 
looking for opportunities to embrace and adopt new techniques and approaches as 
required, and to be aware of the rapidly changing marine environment that may affect the 
dispersion of tailings. With monitoring programme having been conducted for around 20 
years, a dynamic and changeable marine environment may alter the familiar processes 
that have been well observed and understood by the AMNT team, and there needs to be 
a degree of agility in thought to identify any such shifts that run counter to the observed 
normality. It is important that the AMNT team do not let themselves become complacent 
due to the familiarity of the exercises they have been successfully undertaking. Having 
definitive documents such as SOPs and a database of sampling station locations that are 
referred to and followed by the team are a necessary part of building a robust and 
repeatable survey programme, particularly if new staff are employed within the team 
without any prior background to the previous sampling efforts. 
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Appendix A. Personnel CVs 

Summary CVs for Dr John Howe and Dr Richard Abell are provided below as 
embedded .pdfs. 
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John Howe 

Consultant in Bathymetry and Marine Geology  

 

John.Howe@sams.ac.uk  

Dr John Howe is a Marine geologist with over 25 years’ experience of marine geology 
including mapping the seabed using multibeam sonar, high-resolution seismic reflection 
profiling and side-scan sonar. He has conducted autonomous underwater vehicle (AUV) 
surveys and has been involved in drilling, coring and mapping with projects in Papua New 
Guinea, Antarctica, Norwegian Arctic, Africa, Norway and the European continental shelf 
and margin. 
 
Dr Howe is the lead scientist in projects such as the NERC National Capability, MAREMAP 
and the EU-funded INIS Hydro (a multi-disciplinary survey programme to collect new data 
on existing bathymetric maps) and MarPAMM (Marine Protected Areas monitoring and 
management). He has over 10 years of experience in seabed mapping of modern and 
ancestral depositional processes; bottom-current influenced sedimentation in the deep-sea; 
Fjordic and shelf sea glaciomarine sediments and records of rapid climate change; High-
latitude margins. John has also acted as a consultant on several DTSP projects, applying his 
expertise into assessing the potential environmental impacts of such operations. 

SELECTED PROJECT EXPERIENCE  

• Lead scientist in the €3.2million INIS Hydro Project (EU INTERREG) generating high-

resolution bathymetric charts of 1400 km2 of key coastal seabed areas which will 

underpin all forms of marine data including marine geology, habitat and environmental 

information, and will also enhance oceanographic modelling and marine spatial planning. 

• Lead scientist in the Marine Environmental Mapping Programme (MAREMAP); aiming to 

achieve common, national objectives in seafloor and shallow geological mapping, 

addressing themes such as habitat mapping, Quaternary science, coastal and shelf 

sediment dynamics and the assessment of human impacts and geohazards in the marine 

environment (led by the British Geological Survey (BGS), the National Oceanography 

Centre (NOC) and the Scottish Association for Marine Science (SAMS). 

• Lead scientist on the NERC RATE programme to examine radioactivity in the marine 
environment of the Irish Sea 

• Deep-marine seabed erosion and gravel-lags in the Northwestern Rockall Trough, North 
Atlantic. Jnl. Geol. Soc. 58, 427-438. 

• Sedimentary processes and the variation in slope-current activity on the Hebrides Slope, 
northern Rockall Trough, north Atlantic. 

• Photographic evidence for slope current activity, Hebrides Slope, north-east Atlantic 
Ocean. 

• Processes on sediment drifts from 3.5 kHz data, Antarctic Peninsula continental rise. 
ISAES8 Special Issue of New Zealand Journal of Geology and Geophysics 

• Contourites and sediment drifts in the Falkland Trough, South Atlantic Ocean. Deep-
Water Contourite Systems: Modern Drifts and Ancient Series, Seismic and Sedimentary 
characteristics. 

• Bottom current sediment waves, sediment drifts and contourites in the northern Rockall 
Trough, North Atlantic. Marine Geology 192 215-237 

• Multibeam bathymetry and the depositional environments in Kongsfjorden and 

Krossfjorden, western Spitsbergen, Svalbard. Polar Research. 22 (2) 301-316 

• Drill cutting accumulations in the Northern and Central North Sea: a review of 
environmental interactions and chemical fate. Marine Pollution Bulletin, Vol 48/1-2 pp 
12-25 

• Deep-water sedimentary environments of the Northwestern Weddell Sea and South 

Sandwich Trench, Antarctica. Deep-Sea Research. 51 14-16 1489-1514.
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water/sediment samples 

Column Chromatography, and 
Acid distillation  

Biological sample preparation 
(Foraminifera and corals),  

Sediment digestion  

 

QUALIFICATIONS 

 

2008 PhD Geochemistry and 

Paleoceanography                 

Bristol University 

2004 MSc Geology                   

Bristol University  

1999 A-levels Chemistry, 

Biology, Geology and Art            

Ludlow College 

 

 Richard Abell 

Consultant in Analytical Biogeochemistry   

 

Richard.Abell@sams.ac.uk  

Dr Richard Abell has been working as an analytical biogeochemist at SAMS since 2008. His 
research interests lie in the trace element and isotopic compositions of the oceans and 
marine biogeochemical cycles. He uses a wide variety of analytical tools to investigate the 
modern ocean at sea and from the SAMS laboratories. Recent field work has crossed both 
hemispheres sampling the deepest Hadal trenches of the southern Pacific Ocean to the high 
Arctic sampling nutrients under sea ice. As well as inorganic nutrient analysis using 
continuous flow photometry, current areas of research focus on the environmental impacts 
of mine tailings and fish farming and the trace metal compositions of seaweeds and 
seawater analysed via a Thermo X-series ICP-MS coupled with a flow injection seaFAST pico. 

Dr Abell has a PhD in Isotope Geochemistry from the Department of Earth Sciences, 
University of Bristol and is the Geochemistry Laboratory Manager at SAMS. 

 

SELECTED PROJECT EXPERIENCE 

Maxi-corer sediment sampling regime in the River Nile Delta, Alexandria, Egypt aboard the 
vessel Fugro Navigator (Fugro Ltd for British Petroleum Ltd), 2012 

Ecotoxicology of Mine Tailings in Marine Organisms, Environmental Impact Assessment 
services, Undisclosed Developer, 2012   

Broadscale surveying of Priority Marine Features (PMF) and Marine Protected Area (MPA) 
search features within Lochs Linnhe, Etive, Leven and Eil (Particle Size Analysis), SNH, 2011-
2012 

Particle Size Analysis of CHP sediment samples (St Catherine’s Deep), National 
Oceanography Centre, 2012 

Sea Independent Evaluation of Deep-Sea Mine Tailings Placement (DSTP) in Papua New 
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Appendix B. Due Diligence Survey Narrative 

NB. All times are given as local time (i.e. GMT+8) 
 

Date Activity 
Tues 22nd Feb 2022 ~1430 Field Team arrived via sea plane at Benete Bay, Western Sumbawa, 

Indonesia. They were met by AMNT representatives, Pak Syamsul Kepli and 
Windy Prayogo. The team passed through security checks and issued with 
identification badges before onward travel to AMNT Townsite 
accommodation and familiarisation.  

Wed 23rd Feb 2022 0700 Safety induction followed by a short meeting with AMNT mine site 
manager, Pak Wudi Raharjo. 
1030 Field Team travelled to the Environmental Office and met with the 
environmental monitoring manager, Jorina Waworuntu and her 
environmental team. Discussion on sampling programme and long-term 
environmental monitoring. After lunch the Field Team were taken on a tour of 
the mine pit, remediation sites (tree planting), the processing plant (including 
crushing and floatation) and finally to the deep-sea tailings pipeline at the 
coast. 
1700 Returned to Townsite.  
1900 Evening icebreaker dinner with the operations and environmental 
teams.  

Thurs 24th Feb 2022 0730 Field Team travelled to the environmental offices at Benete Bay. Jorina 
hosted a morning online meeting attended by vessel sampling team, SAMS 
and CSIRO (Brad Angel and Stuart Simpson). The meeting discussions 
focussed initially on revising the sampling plan as the clean bottles for 
seawater trace metals had been delayed in transit from CSIRO, Sydney and 
were unlikely to arrive in time for the start of sampling on Friday 25th February. 
It was agreed to switch seawater sampling for sediment sampling. The 
discussions then moved into methodology and sample preparation for transit 
back to CSIRO for analyses. The Field Team also examined recent 
monitoring data and viewed the sample laboratory and clean room. In the 
afternoon SAMS and CSIRO teams (via video link) observed a practice water 
sample preparation for trace metal analyses.  
~1600 Returned to Townsite. 

Fri 25th Feb 2022 0530 Field Team collected from Townsite and driven to Benete. 
0645 Depart Benete Bay jetty onboard MV Tenggara Ranger. Field Team 
was hosted onboard by chief scientist Pak Agus Setianto. Before departure 
there was a short safety brief and prayers led by captain Pak Usman Mansur. 
The weather was overcast with light winds, no swell in the harbour. 0655 
Station B01 box core. Samples taken for trace metal geochemistry and grain 
size.  
0745 Station B05 box core. Coring proceeded without any problem. 
Increasing swells to the south but light winds and often accompanied by local 
fisherman.  
0815 Station BCN (the control station); recovered coarse coral sand, the 
vessel station being beneath the thickly vegetated cliffs of the headland in 
48 m. Commence transit across Alas Strait to station TJ1. 
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Date Activity 
0922 Core sample taken at TJ1 in 110 m water depth; recovered coarse coral 
sand. A number of the coarser sediment samples were washed out – the 
sediment-water interface not being well preserved.  
1014 Core KR1 was recovered in 67 m of water on the eastern side of 
Lombok. The core recovered washed-out coral and coarse sand. The corals 
were photographed and the core subsampled, as per the protocol for grain 
size and trace metal geochemistry. After five attempts to recovery a duplicate 
sample (referred to as A7) was finally acquired at this more difficult site. The 
first duplicate drop and fifth duplicate drop of the box core surface samples 
were homogenised for the final A7 sample. Transit to station AS1. 
1215 Vessel arrived at station AS1, the northernmost sampling station for the 
environmental monitoring programme. After nine failed drops (core 
discarded) and repositioning of the vessel into deeper water, the corer 
recovered coarse and medium sands. After curation the vessel began the 
transit back to Benete Bay.  
~1500 Arrived Benete Bay jetty. Return to Environmental office for 
discussions, observations and writing. 
1600 Field Team returned to Townsite.  

Sat 26th Feb 2022 0610 Departed Benete Bay jetty for pipeline box survey, starting with control 
station, SC2. Light winds and moderate swell.  
0720 Arrived at SC2. The seawater samples are taken at a slightly different 
location ~500 m as the water is deeper.  
0740 Good box core at New SC2. Moved off to station S03 SSW of the tailing 
pipe discharge in 200 m of water.  
0820 At S03. First core did not recovery any sample, but the second drop 
provide a full core of very soft grey fine-grained tailings with some surface 
(discernible by ?molluscs and ?foraminifera visible) remaining intact.  
0850 At S01, east of the tailing discharge and in 200m of water. Tuna feeding 
on a bait ball of fish were noted with jumping tuna clearly visible. S01 
recovered a small core of soft grey tailings.  
0928 At S12, close to the location of tailings discharge. Box corer deployed 
in 73m of water and recovered visibly unimpacted natural sediment of 
medium grained coral sands.  
0952 Repositioned inshore of the tailings pipe for S09. A duplicate sample 
(A6) was taken, and the corer dropped twice, recovering natural muddy 
sands. A pod of dolphins was observed close to the coring station.  
1045 Vessel repositioned to SC1, the final control station in 200 m of water 
east of the tailings discharge. SC1 recovered muddy sands with shell and 
coral fragments.  
1055 Vessel commenced transit to Benete Bay jetty in freshening SW breeze. 
1245 Arrived at Benete Bay jetty. Returned to Environmental office for 
discussions, observations and writing. 
1600 Field Team returned to Townsite.  

Sun 27th Feb 2022 0615 Departed Benete Bay jetty. Light winds overcast and smooth seas. CTD 
and water bottles were prepared on the deck and the vessel moved out of 
the harbour to the clean water area west of station BCN. 
0700 Water collection to rinse water carousel (previously pre-soaked with 
Nitric acid rinsed with MiliQ to provide blank sample) in readiness for 
sampling at BCN. CTD brought onboard with the collected seawater retained, 
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Date Activity 
and the instrument secured on deck. The water is retained for one hour to 
enable to the bottles to pre-condition.  
0805 Vessel moved to station BCN for seawater sampling and profiling with 
CTD. These stations are for full suite of analyses.  
0815 Instrument deployed in the water, samples taken from 45 m and 
samples and duplicates from 3 m.  
0830 CTD recovered to deck, and water decanted to sample bottles following 
the trace metals from seawater operating procedure. In addition, samples 
were taken for radionuclides (alpha emitters,) E. coli for water quality and 
biological oxygen demand were also taken.  
0900 Considerable amount of plastic waste and logs, twigs etc. were noted 
in the water. The previous night’s heavy rainstorm presumably washed the 
litter into the sea, possibly from in the vicinity of Benete Harbour?  
0920 Vessel repositioned to BC05; samples taken from 35 m and 3 m. Secchi 
disk measurements were also taken.  
1005 Relocated to BC01, and seawater samples collected from 15 m and 
3 m.  
1015 CTD was secured inboard and the water samples decanted into the 
correct sample bottle.  
1045 Vessel returned to Benete Bay jetty. Field Team and AMNT team 
returned to the environmental office for a lunch, followed by observations of 
seawater sample preparation and specimen stores. 
1600 Field Team returned to Townsite. 

Mon 28th Feb 2022 0645 Departed Benete Bay jetty for the south of the island to continue 
seawater sampling (regular suite of analyses – total suspended sediments 
and trace metals). Weather was very good with light winds and a 2 m swell. 
0810 On station for clean water collection, taking 25 L of clean water from 
50 m water depth. After successful deployment and recovery of the CTD the 
vessel commenced transit to station SC1, east of the tailings discharge in 
206 m of water.  
0910 Vessel at station SC1, recovered water samples from 200 m, 150 m 
and 50 m. The surface sample bottle did not fire and CTD was redeployed 
again at the same station in order to collect water from 3 m. CTD safely 
recovered, transit commenced to station S54.  
1025 Vessel at station S54. Water samples were taken at 270 m, 120 m, 
50 m and 3 m. No tailings plume was visible on the transmissometer 
(turbidity) profile obtained from the CTD.  
1100 CTD was safely recovered. However, the surface sample bottle from 
3m had not fired.  
1120 CTD redeployed to attain 3 m sample, again failed so the CTD was 
1126 3 m sample successfully acquired. Vessel repositioned for the final 
water sample station, S62.  
1145 Vessel at S62, instrument and carousel were deployed and lowered to 
the maximum depth of 340 m in 345 m of water. Bottles were fired at 340 m 
(x2), and 120 m, but sadly the instrument stopped communicating on the 
return to the surface. The problem was found to be a faulty communication 
cable which was replaced. 
1250 The CTD was redeployed to 50 m and 3 m to enable water sampling. 
1255 Sampling complete, vessel commence transit to Benete Bay jetty 
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Date Activity 
1520 Vessel returned to Benete Bay jetty. Returned to Environmental office 
for discussions, observations and writing. 
1600 Field Team returned to Townsite. 

Tues 1st Mar 2022 The SAMS Field team divided; Rich Abell observing the tailings sampling at 
the processing plant for the duration of the day, whilst John Howe continued 
offshore with the seawater measurements off the tailings discharge.  
0623 Vessel departed Benete Bay jetty.  
0808 At clean water station. CTD was deployed to 53 m and all bottles (1-11) 
fired to collect clean water. Bottle 4 did not fire.  
0820 CTD was retrieved back on deck and the water left for 1hr. The vessel 
repositioned to the first station, SC2 (2015 DD study position)  
0912 Vessel arrived at SC2. CTD deployed to 68 m and bottom samples 
taken (x3 bottles) and 50 m (x3 bottles)  
0930 CTD recovered back on deck, and water samples removed. It was again 
noted that there is a considerable amount of plastic litter floating in the sea in 
the vicinity of the sea water sampling. Litter was mostly plastic food 
packaging suggesting this is from villages and from the rivers.  
1000 CTD was returned to 3 m for the surface samples and duplicates, with 
all bottles successfully fired.  
1005 CTD was back on deck and the samples removed. Vessel started transit 
to S28, the station off the tailings discharge. 
1045 Arrived at S28. 
1048 CTD deployed, and lowered to 204 m. The tailings plume was detected 
at 190m with a drop in transmissometer beam transmission from 100% to 
80% suggesting a dilute ~10 m thick plume reaching to the seabed. Bottom 
samples taken at 200 m (20 L), 120 m (15 L), 50 m (5L) and 3 m (15 L), all 
successfully collected.  
1118 CTD back onboard, samples recovered. Vessel repositioned to station 
S23, inshore of the main tailings discharge.  
1202 Vessel on station at S23, CTD deployed and water collected from 45 m 
and 3m  
1213 CTD recovered, and the samples secured. Vessel starts transit back to 
SC2. 
1255 Secchi disk observation at SC2. Vessel starts transit back to Benete 
Bay jetty. 
1400 Vessel returned to Benete Bay jetty. Returned to Environmental office 
for discussions, observations and writing. 
1600 Field Team returned to Townsite. 

Wed 2nd Mar 2022 0626 Departed Benete Bay jetty. Weather excellent with light winds and a 
glassy sea. Vessel on transit to the clean water station. 
0745 At clean water station, and CTD was deployed to 50 m and 20 L of clean 
water collected.  
0757 CTD was secured on the deck. Vessel proceeded to the first station 
S48 for sea water analysis. This station, in 1000 m of water, is sampled to 
~400 m as the vessel is not equipped with sufficient length CTD coaxial wire. 
0859 Vessel at station S48 
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Date Activity 
0903 CTD in water, descended to 470m but sensors very noisy and data was 
lost between 120-200 m. It was decided to continue to collect water from 
120 m and 50 m.  
0945 CTD returned to surface and the water samples curated. CTD sensor 
cables were checked and cleaned. 
1008 CTD was redeployed at S48 to obtain the necessary data profile. The 
second attempt also retrieved noisy data. The CTD was returned to the deck 
and the cables replaced.  
1027 Third CTD deployment acquired good data and complete profiles were 
obtained to 460 m.  
1100 CTD was secured on deck and the vessel repositioned to S16.  
1110 CTD deployed at S16 and lowered to 460 m. From 210 m the tailings 
plume was evident in a reduced beam transmission to <10% and 
corresponding NTU turbidity of ~25; this continued down to the maximum 
depth of 460 m. Sea water samples were collected from 460 m (bottles 1 & 
2), 120 m (bottle 3) 50 m (bottle 4) and 3 m (bottle 5). After the samples were 
secured from the bottles, the vessel repositioned to station S50.  
1232 The vessel was on station at S50, and the CTD deployed to 270 m. 
Water samples were obtained from 473 m, 120 m, 50 m and 3 m.  
1252 CTD was recovered to the surface. No plume was detected at this 
location. After the retrieving the water samples the vessel returned to station 
SC2 (2015 DD location) for a box core sample.  
1325 On station at SC2, deploying box corer; failed to recover any sediment. 
1334 Box corer redeployed, recovering a small volume of medium sands and 
coral fragments. After curation the vessel proceeded back to Benete Bay 
jetty. 
1455 Vessel returned to Benete Bay jetty. Returned to Environmental office 
for discussions, observations and writing. 
1600 Field Team returned to Townsite. 

Thurs 3rd Mar 2022 0620 Vessel departed Benete Bay jetty for the Alas Strait clean water station. 
Winds very light sea state 2 and a moderate 1m swell.  
0700 Vessel arrived at the clean water station. CTD was deployed at the 
station in 135 m, with water collected from 50 m in all bottles. The instrument 
was secured on deck and vessel proceeded to AS1. Considerable amounts 
of litter and plant debris were noted (a low water tide occurred in the morning). 
0830 Arrived on station at AS1. CTD deployed to 29 m and seawater 
collected from 29 m (5 L) and 3 m (30 L).  
0842 CTD recovered to deck. Secchi disk deployed and underwater visibility 
measured at 12 m. Vessel proceeded to KR1. 
1030 Vessel arrived at station KR1. CTD was deployed to 60 m and seawater 
collected from 60 m and 3 m. There was a very slight discrepancy in the 
position of the station compared to the position reported in the due diligence 
scope. After retrieval and securing of the samples a Secchi disk was 
deployed and visibility measured at 17 m. Vessel proceeded to the final sea 
water station, TJ1. 
1157 Vessel arrived at TJ1. At the station there was a whale (?Bryde’s whale) 
bringing a bait ball of fish to the surface, accompanied by local fishing boats. 
CTD lowered to 109 m collecting sea water from the bottom. CTD was 
brought on deck and the water collected.  
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Date Activity 
1215 Secchi disk was deployed, with visibility measured at 15 m.  
1225 Surface waters were not collected, so CTD redeployed and water 
collected from 3 m (30 L).  
1230 CTD secured on deck, and water samples recovered. 
1242 Vessel began the transit back to Benete Bay jetty. 
1345 Vessel arrived at Benete Bay jetty. Returned to Environmental office for 
discussions, observations and writing. 
1600 Field Team returned to Townsite. 

Fri 4th Mar 2022 0515 Depart Benete Bay jetty for demersal fishing sites.  
~0630 Arrived on station DFSC2 and began deploying five baited drop lines 
for fishing.  
0730 Drop lines all deployed. The environmental team used rods over the 
side of the vessel and caught two fish specimens for trace metal analysis.  
0900 Halt in rod fishing  
0910 Drop lines were retrieved. Drop line 1 was empty – no fish so this was 
re-baited and redeployed. Drop line 2 recovered two grouper fish which were 
measured and weighed; the line was re-baited and redeployed. Drop line 3 
recovered a large trigger fish. Drop lines 4 & 5 had no fish. Drop line 6 was 
lost – the buoy was recovered but the drop lines lost on seabed.  
The redeployed drop line 1 was recovered with no fish, but redeployed drop 
line 2 was recovered with a trigger fish and two groupers.  
1024 Vessel departed DFSC2 for Benete Bay jetty. 
1150 Arrived back at Benete Bay jetty and the Field Team returned to the 
environmental office to observe the fish tissue sampling. 
1430 The Field team drove to Malut village and observed the intertidal 
species sampling along the wave-cut rock shore, exposed at low water.  
1700 The Field Team returned to Townsite.  

Sat 5th Mar 2022 0513 Vessel departed Benete Bay jetty. Transit towards the South Coast for 
further demersal fish sampling adjacent to the tailings discharge location 
within Zone A. Weather was unsettled with fresh breeze and swell.  
0655 Vessel arrived on station DFS28 and a string of 6 drop lines deployed, 
following the tailing discharge pipeline approximately north- south from 60 m-
100 m from 0712 until 0818. Drop line 3 was lost becoming entangled in the 
vessel propeller.  
0820 Rod fishing 
1000 Halt in rod fishing to recover drop lines. Of the 6 drop lines deployed 4 
were lost irretrievably. DFS28 #6 was deployed and recovered later.  
1200- 1315 Rod fishing continued; numerous fish were caught obtaining the 
target catch selection required for the due diligence.  
1320 Vessel left the vicinity of DFS28 and began the passage back to Benete 
Bay jetty 
1440 Vessel arrived Benete Bay jetty. The SAMS Field Team were met by 
Windy Prayogo and taken for a mandatory covid PCR test before travelling 
to Sejorong. 
1620 Observation of the intertidal bivalve sampling on the exposed rock 
platform at Sejorong. 
1730 Travelling back via Malut to Townsite. 
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Date Activity 
Sun 6th Mar 2022 0517 Vessel departed Benete Bay jetty and steamed to the first demersal 

fishing station DFAS1 
0656 Arrived at DFAS1. The drop lines for the demersal fishing were 
deployed between 0700-0723 using old buoy markers numbered 3, 6-8. 
0730 Rod fishing commenced until 0830, with only one small triggerfish 
caught.  
0830 Drop lines recovery commenced, finished by 0945; all were empty. 
The drop lines were all rebaited and redeployed again. 
0945 Rod fishing resumed until 1130 with only one small trigger fish caught. 
1115 Drop line recovery until 1135. Line #3 was lost, presumably swept 
away in the strong current. No fish were caught in any of the drop line 
deployments. The vessel repositioned to another island site to the south. 
1140 Rod fishing resumed. The vessel repositioned numerous times and 
rod fishing continued without success until stopping at 1445.  
1550 Vessel returned to Benete Bay jetty. 
1610 Field Team returned to the environmental office. Unfortunately, the 
Field Team returned positive Covid PCR tests and had to remain in the 
Townsite Guesthouse until the achieving a negative test.  
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Appendix C. Due Diligence Survey Event Log 

 

NB. Positions are in easting and northings, WGS84, UTM Zone 50L. Depths are uncorrected data taken from ship’s echosounder. 

Date Time 
(Local) Event Position   Water 

Depth Station  Equipment Comments 

25/02/22 0655 1 472160E 9016674N 20m B01 Box core Benete Bay. Box core: grey clay and silt 
 0745 2 470789E 9017600N 36m B05 Box core Benete Bay. Box core: coral sand 
 0815 3 4707789E 9015908N 48m BCN Box core Control Benete Bay. Coarse coral sand 
 0922 4 454591E 9017129N 110m TJ1 Box core Western Alas Strait. Box core: Coarse coral sand 
 1014 5 450893E 9026312N 60m KR1 Box core Western Alas Strait. Box core: Coral fragments and coarse sand 
 1022 6 450893E 9026312N 60m KR1 Box core KR1 Duplicate core - empty 
 1026 7 450893E 9026312N 60m KR1 Box core KR1 Duplicate core – core washed out 
 1030 8 450893E 9026312N 60m KR1 Box core KR1 Duplicate core - empty 
 1036 9 450893E 9026312N 60m KR1 Box core KR1 Duplicate – coral fragments, sample washed out – core discarded 
 1049 10 450893E 9026312N 60m KR1 (A7) Box core KR1 Duplicate – core recovered coarse sand with coral fragments (Sample ID A7) 
 1215 11 470005E 9039308N 32m AS1 Box core Alas Strait. Box core – core discarded 
 1220 12 470005E 9039308N 32m AS1 Box core Core discarded 
 1224 13 470005E 9039308N 32m AS1 Box core Core discarded 
 1232 14 470005E 9039308N 32m AS1 Box core Core discarded 
 1237 15 470005E 9039308N 32m AS1 Box core Core discarded 
 1242 16 470005E 9039308N 32m AS1 Box core Core discarded 
 1245 17 470005E 9039308N 32m AS1 Box core Core discarded 
 1249 18 470005E 9039308N 23m AS1 Box core Vessel repositioned to shallower water; core discarded 
 1301 19 470005E 9039308N 23m AS1 Box core Core discarded 
 1307 20 469957E 0939070N 39m AS1 Box core Vessel repositioned – recovered coarse to medium sands 
26/02/22 0715 21 471607E 9002974N 48m SC2 Old Box core Box core control site for pipeline. Fine-medium pale sands. 

 0740 22 471042E 9002776N 67m SC2 New Box core Revised box core station to provide seawater samples with deeper site. Fine- 
medium sands 

 0820 23 478006E 8997290N 201m S03 Box core SE Tailings pipe. No core 
 0828 24 478006E 8997290N 20m S03 Box core SE Tailings pipe. Full core of grey soft fine-grained tailings. Surface intact 
 0850 25 479627E 8997837N 208m S01 Box core East Tailings pipe. No core 
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Date Time 
(Local) Event Position   Water 

Depth Station  Equipment Comments 

 0855 26 479627E 8997837N 208m S01 Box core Core not fired 
 0903 27 479627E 8997837N 208m S01 Box core Grey soft tailings sample (~10cms) 

 0928 28 478655E 8998940N 73m S12 Box core Proximal to discharge of tailings pipe. Natural sediment of coral fragments and 
sand. 

 0952 29 478819E 900378N 22m S09 Box core Inshore of tailings pipeline. Natural muddy sand 
 1000 30 478819E 900378N 22m S09 (A6) Box core Duplicate site. Muddy sand 
 1045 31 471607E 9002974N 206m SC1 Box core SE tailings pipeline zone A muddy sands 

27/02/22 0700 32 464537E 9015892N 134m 
Clean 
Water 
Station 

CTD Water collection to rinse water carousel (previously pre-soaked with Nitric acid 
rinsed with MiliQ to provide blank sample).  

 0815 33 469652E 9015908N 47m BCN CTD 
Full Suite Analyses 
Samples from 45m (5lt) and x2 (30lt) at 3m for trace metals, radionuclides (alpha), 
E. coli water quality, and biological oxygen demand. 

 0905 34 470789E 9017600N ~20m BCN Secchi disk Visibility 19m. Considerable plastic rubbish in the water with plant debris 

 0920 35 470789E 9017600N 38m BC05 CTD 

Full Suite Analyses 
One bottle (5lt) from 35m and x4 (20lt) at 3m for trace metals from seawater. In 
addition radionuclides (alpha), E. coli water quality, and biological oxygen demand 
samples also taken. 

 0950 36 470789E 9017600N 20m BC05 Secchi disk Visibility 16m 

 1005 37 472751E 9016674N 20m BC01 CTD 

Full Suite Analyses 
One bottle (5lt) from 15m and x6 (35lt) at 3m for trace metals from seawater. In 
addition radionuclides (alpha), E. coli water quality, and biological oxygen demand 
samples also taken. 

 1030 36 472751E 9016674N 20m BC01 Secchi disk Visibility 12m 

28/02/22 0810 37 466102E 8995906N 56m Clean 
Water CTD Water collection to rinse water carousel (previously pre-soaked with Nitric acid 

rinsed with MiliQ to provide blank sample). (25lt from 5 bottles at 50m) 

 0910 38 484356E 8994397N 206m SC1 CTD 
Regular Suite Analyses 
Three bottles (15lt) from 200m, 150m and 50m for trace metals from seawater and 
total suspended solids. (3m bottle failed to fire). 

 0950 39 484356E 8994397N 206m SC1 CTD One bottle (5lt) for 3m sample.  

 1025 40 488019E 8993949N 272m S54 CTD 
Regular Analyses 
Three bottles (20lt) from 270m, 120m, and 50m for trace metals from seawater 
and total suspended solids. (3m bottle failed to fire). 
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Date Time 
(Local) Event Position   Water 

Depth Station  Equipment Comments 

 1120 41 488019E 8993949N 272m S54 CTD Bottle not fired 
 1126 42 488019E 8993949N 272m S54 CTD One bottle for 3m sample 

 1145 43 491472E 8992986N 345m S62 CTD 
Regular suite analyses 
Three bottles (20lt) from 340m, 340m, 120m for trace metals and total suspended 
solids. (50m and 3m bottle failed to fire – instrument stopped communicating). 

 1250 44 491472E 8992986N 345m S62 CTD 50m and 3m water sampling. (Communication cable replaced) 

01/03/22 0808 45 466102E 8995905N 53m 
Clean 
Water 
Station 

CTD 

SAMS Field Team divides into two – Abell observes tailings sampling and Howe 
remains on the vessel 
Water collection to rinse water carousel (previously pre-soaked with Nitric acid 
rinsed with MiliQ to provide blank sample).  
Bottle #4 did not fire 

 0912 46 471607E 9002374N 68m SC2 CTD 

2015 DD position 
Full Suite analyses 
NB: 2015 DD SC2 station to permit comparison. Full Suite of analyses; trace 
metals radionuclides (alpha), E. coli water quality, and biological oxygen demand. 
Samples 68m and 50m (30lt) 

 1000 47 471607E 9002374N 68m SC2 CTD Duplicates surface water samples 3m all bottles (55lt) 

 1048 48 478799E 899103N 204m S28 CTD 
Full Suite of analyses  
Trace metals, radionuclides (alpha), E. coli water quality, and biological oxygen 
demand. 200m, 120m, 50m and 3m. 

 1202 49 478643E 8999623N 47m S23 CTD Regular Analyses 
Trace metals and total suspended solids only. 45m (40lt) and 3m (15lt). 

 1255 50 471607E 9002374N 68m SC2 CTD 15m visibility 

02/03/22 0745 51 466102E 8995905N 53m 
Clean 
Water 
Station 

CTD Water collection to rinse water carousel (previously pre-soaked with Nitric acid 
rinsed with MiliQ to provide blank sample). 20lt from 50m 

 0903 52 476646E 8992929N 1000m S48 CTD 

Regular Analyses 
Trace metals and total suspended solids only. 120m and 50m. 
Profile to 470m 
Sensors noisy; lost data 

 1008 53 476646E 8992929N 1000m S48 CTD Second attempt to obtain good profile – noisy and missing data 
 1027 54 476646E 8992929N 1000m S48 CTD Third attempt after replacing cable.  
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Date Time 
(Local) Event Position   Water 

Depth Station  Equipment Comments 

 1110 55 479019E 8997153N 447m S16 CTD 
Regular Analyses 
Trace metals and suspended solids only. 460m (10lt) 120m (5lt), 50m (5lt) and 3m 
(5lt). 

 1234 56 473726E 8998560N 273m S50 CTD 
Regular Analyses 
Trace metals and suspended solids only. 273m (5lt) 120m (5lt), 50m (5lt) and 3m 
(5lt). 

 1325 57 471607E 9002374N 67m SC2 Box corer No core 
 1334 58 471607E 9002374N 67m SC2 Box corer Medium sands and coral fragments 

03/03/22 0700 59 464535E 9015893N 135m 

Clean 
Water 
station 
(50m) 
Alas Strait 

CTD Water collection to rinse water carousel (previously pre-soaked with Nitric acid 
rinsed with MiliQ to provide blank sample). 

 0830 60 470005E 9039308N 32m AS1 CTD 
Full Suite of analyses  
Trace metals, radionuclides (alpha), E. coli water quality, and biological oxygen 
demand. (29m 5lt) (3m 30lt). 

 0842 61 470005E 9039308N 30m AS1 Secchi disk 12m visibility 

 1032 62 450893E 9026303N 60m KR1 CTD 
Full Suite of analyses  
Trace metals, radionuclides (alpha), E. coli water quality, and biological oxygen 
demand. 60m (5lt) 3m (20lt) 

 1110 63 450893E 9026303N 60m KR1 Secchi disk 17m visibility 

 1157 64 454951E 9017129N 110m TJ1 CTD 
Full Suite of analyses  
Trace metals, radionuclides (alpha), E. coli water quality, and biological oxygen 
demand 

 1215 65 454951E 9017129N 110m TJ1 Secchi disk 15m visibility 

 1225 66 454951E 9017129N 109m TJ1 CTD 
Full Suite of analyses  
Trace metals, radionuclides (alpha), E. coli water quality, and biological oxygen 
demand 

04/03/22 0642 67 471607E 9002974N 66 DFSC2 #1  Demersal fishing 
 0706 68 471607E 9002974N 66 DFSC2 #2  Demersal fishing 
 0713 69 471607E 9002974N 66 DFSC2 #3  Demersal fishing 
 0720 70 471607E 9002974N 66 DFSC2 #4  Demersal fishing 
 0728 71 471607E 9002974N 66 DFSC2 #5  Demersal fishing 
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Date Time 
(Local) Event Position   Water 

Depth Station  Equipment Comments 

 0730 72 471607E 9002974N 60-70 DFSC2  Rod fishing in vicinity of recorded location; x2 fish specimens. Ended 0900 
 0910 73 471607E 9002974N 60-70m DFSC2 #1  Empty – no specimens redeployed 
 0929 74 471607E 9002974N 96m DFSC2#2  2 grouper fish specimens redeployed 
 0947 75 471607E 9002974N 96m DFSC2 #3  Trigger fish 
 1000 76 471607E 9002974N 96m DFSC2 #4  Empty – no specimens 
 1010 77 471607E 9002974N 96m DFSC2 #5  Empty – no specimens 
 1015 78 471607E 9002974N 96m DFSC2 #6  Buoy recovered but line and hooks lost. 
 1025 79 471607E 9002974N 96m DFSC2 #1  Empty - no specimens 
 1027 80 471607E 9002974N 96m DFSC2 #2  Trigger fish and x 2 grouper 

 1430-
1700  Malut  - - Intertidal 

sampling Intertidal sampling, western rocky shoreline 

05/03/22 0712 81 478799E 8998103N 78m DFS28 #1  Lost 
 0720 82 478799E 8998103N 100m DFS28 #2  Lost 
 0731 83 478799E 8998103N 100m DFS28 #3  Recovered 0805hrs buoy but gear lost around vessel propeller 
 0742 84 478799E 8998103N 160m DFS28 #4  Lost 
 0753 85 478799E 8998103N 100m DFS28 #5  Lost 
 0818 86 478799E 8998103N 67m DFS28 #6  Recovered 1040hrs but empty. And Redeployed. 

 0820 87 478799E 8998103N 60-
100m DFS28  Rod fishing, 1.5hrs. Ended 1000 

 1055 88 478799E 8998103N 60-
100m 

DFS28 
vicinity  Rod fishing 3.5kg trigger fish caught by Howe 

 1200 89 478799E 8998103N 67m DFS28 #6  Redeployed from 1040hrs and was recovered with one fish specimen 

 1200-
1320 90 478799E 8998103N 67m DFS28  Rod fishing 1200-1320hrs 

 1500-
1700 91 Serjorong  - - Intertidal 

sampling Intertidal bivalve sampling 

06/03/22 0700-
1120 92 470005E  9039308N 30-43m DFAS1 #1  Alas Strait, West Sumbawa demersal fishing control site 

Buoy no. 3 recovered 0830hrs redeployed 0840hrs. Recovered 1120hrs empty. 

 0709-
0903 93 470005E 9039308N 30-43m DFAS1 #2  Buoy no. 6 – recovered 0848hrs redeployed 0903hrs – lost not recovered. 

 0714 
1135 94 470005E 9039308N 30-43m DFAS1 #3  Buoy no. 7 recovered 0915hrs redeployed 0920hrs. Recovered 1135hrs empty. 
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Date Time 
(Local) Event Position   Water 

Depth Station  Equipment Comments 

 0723 
1115 95 470005E 9039308N 30-43m DFAS1 #4  Buoy no. 8 – recovered 0935hrs redeployed 0945hrs recovered 1115hrs empty 

 
0730 
1120 
1445 

96 470005E 9039308N 35m DFAS1  Rod fishing 

 
Accompanying the event log above are examples cruise day sheets providing additional information such as weather, sea state and activity information.   
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Appendix D. Due Diligence Daily Log Sheets & Safety Inspection 

 

The embedded .pdf below contains copies of the daily log sheets completed by the SAMS 
Field Team, detailing personnel, time of departure, weather, and any safety instances.  

 
 

 
 

 

 

The second embed .pdf below is a copy of a spot safety inspection carried out by the 
SAMS Field Team on 26th February 2022. 

 

 
  

Cruise Diary 
Logsheets.pdf

Spot Safety 
Inspection Form.pdf
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Date 25th February, 2022 Project  Due Diligence survey, Amman, 

Sumbawa, Indonesia 

Vessel MV Tenggara Ranger Location Alas Strait, western Sumbawa, 

Indonesia 

Vessel Captain Usman Mansur Survey Leader Agus Setanto 

 

Crew N/A 

Survey Team Amman environmental team: 

Agus Setanto (Chief) 

Dwi Putro 

Ika Kurnia Putri 

Abdul Manan 

Alief Apriliansyah 

Saherudin 

Deni Suherman 

Swandi 

Samsidar 

Weather during the 

day 

(incl estimate of sea 

state. For long surveys 

record weather 3 times 

during work) 

Start 

Light winds, smooth seas, 

sea state 1, 0.5m swell 

Mid 

Winds variable, sea state 2, 

1-2m swell 

End 

Records of any down 

time 

 

0 

Fishermen encounters 

or others 

0 

Left Port/Mooring 

(start time) 

0645hrs Return to Port/Mooring (End Time)  

No. of Near Misses  No. of incidents/hits  

No. of First Aid Cases  No. of Medical Treatment Injuries  

No. of Lost time 

incidents 

 No. of personnel at sea  

No. of hours at sea  Total Number of Person Hours at sea  

No. of spot safety 

inspections 

 No. of reported hazards or safety 

observations 

 

Safety Inspection 
Findings 

 Number and/or percentage closed  

Notes First Day: due diligence survey, Alas Strait box coring 
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Date 26th February, 2022 Project  Due Diligence survey, Amman, 

Sumbawa, Indonesia 

Vessel MV Tenggara Ranger Location Alas Strait, western Sumbawa, 

Indonesia 

Vessel Captain Usman Mansur Survey Leader Agus Setanto 

 

Crew N/A 

Survey Team Amman environmental team: 

Agus Setanto (Chief) 

Dwi Putro 

Ika Kurnia Putri 

Abdul Manan 

Alief Apriliansyah 

Saherudin 

Deni Suherman 

Swandi 

Samsidar 

Weather during the 

day 

(incl estimate of sea 

state. For long surveys 

record weather 3 times 

during work) 

Start 

Light winds, overcast smooth 

seas, sea state 1, 0.5m swell 

Mid 

Freshening F3-4 winds 4/8 

cloud cover. 1.5-2.00m swell 

especially at exposed south 

of the island. 

End 

Records of any down 

time 

0 

Fishermen encounters 

or others 

0 

Left Port/Mooring 

(start time) 

0610hrs Return to Port/Mooring (End Time)  

No. of Near Misses  No. of incidents/hits  

No. of First Aid Cases  No. of Medical Treatment Injuries  

No. of Lost time 

incidents 

 No. of personnel at sea  

No. of hours at sea  Total Number of Person Hours at sea  

No. of spot safety 

inspections 

 No. of reported hazards or safety 

observations 

 

Safety Inspection 
Findings 

Safety inspect by RA findings 
on the spot check sheet for 
26/2/22 

Number and/or percentage closed  

Notes Due diligence survey, pipeline box coring 
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Date 27th February, 2022 Project  Due Diligence survey, Amman, 

Sumbawa, Indonesia 

Vessel MV Tenggara Ranger Location Alas Strait, western Sumbawa, 

Indonesia 

Vessel Captain Usman Mansur Survey Leader Agus Setanto 

 

Crew N/A 

Survey Team Amman environmental team: 

Agus Setanto (Chief) 

Dwi Putro 

Ika Kurnia Putri 

Abdul Manan 

Alief Apriliansyah 

Saherudin 

Deni Suherman 

Swandi 

Samsidar 

Weather during the 

day 

(incl estimate of sea 

state. For long surveys 

record weather 3 times 

during work) 

Start 

Light winds, overcast smooth 

seas, sea state 1, 0.5m swell 

Mid 

 

End 

Records of any down 

time 

0 

Fishermen encounters 

or others 

0 

Left Port/Mooring 

(start time) 

0615hrs Return to Port/Mooring (End Time)  

No. of Near Misses  No. of incidents/hits  

No. of First Aid Cases  No. of Medical Treatment Injuries  

No. of Lost time 

incidents 

 No. of personnel at sea  

No. of hours at sea  Total Number of Person Hours at sea  

No. of spot safety 

inspections 

 No. of reported hazards or safety 

observations 

 

Safety Inspection 
Findings 

Safety inspect by RA findings 
on the spot check sheet for 
26/2/22 

Number and/or percentage closed  

Notes Due diligence survey, pipeline box coring 
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Date 28th February, 2022 Project  Due Diligence survey, Amman, 

Sumbawa, Indonesia 

Vessel MV Tenggara Ranger Location Alas Strait, western Sumbawa, 

Indonesia 

Vessel Captain Usman Mansur Survey Leader Agus Setanto 

 

Crew N/A 

Survey Team Amman environmental team: 

Agus Setanto (Chief) 

Dwi Putro 

Ika Kurnia Putri 

Abdul Manan 

Alief Apriliansyah 

Saherudin 

Deni Suherman 

Swandi 

Samsidar 

Weather during the 

day 

(incl estimate of sea 

state. For long surveys 

record weather 3 times 

during work) 

Start 

Light winds, overcast smooth 

seas, sea state 1, 0.5m swell 

Mid 

Smooth seas sea state 0-1, 

1m swell. Light very variable 

winds 

End 

Fresh breeze white caps 3-4, 

2m swell.  

Records of any down 

time 

0 

Fishermen encounters 

or others 

0 

Left Port/Mooring 

(start time) 

0615hrs Return to Port/Mooring (End Time)  

No. of Near Misses  No. of incidents/hits  

No. of First Aid Cases  No. of Medical Treatment Injuries  

No. of Lost time 

incidents 

 No. of personnel at sea  

No. of hours at sea  Total Number of Person Hours at sea  

No. of spot safety 

inspections 

 No. of reported hazards or safety 

observations 

 

Safety Inspection 
Findings 

Safety inspect by RA findings 
on the spot check sheet for 
26/2/22 

Number and/or percentage closed  

Notes Due diligence survey, pipeline box coring 
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Date 1st March, 2022 Project  Due Diligence survey, Amman, 

Sumbawa, Indonesia 

Vessel MV Tenggara Ranger Location Western Sumbawa, Indonesia 

Vessel Captain Usman Mansur Survey Leader Agus Setanto 

 

Crew N/A 

Survey Team Amman environmental team: 

Agus Setanto (Chief) 

Dwi Putro 

Ika Kurnia Putri 

Abdul Manan 

Alief Apriliansyah 

Saherudin 

Deni Suherman 

Swandi 

Samsidar 

Weather during the 

day 

(incl estimate of sea 

state. For long surveys 

record weather 3 times 

during work) 

Start 

Light winds, clear skies, 

smooth seas, sea state 2, 

0.5m swell 

Mid 

Light winds, clear skies, 

strong sun with sea state 1, 

2m swell 

End 

Records of any down 

time 

0 

Fishermen encounters 

or others 

0 

Left Port/Mooring 

(start time) 

0623hrs Return to Port/Mooring (End Time)  

No. of Near Misses  No. of incidents/hits  

No. of First Aid Cases  No. of Medical Treatment Injuries  

No. of Lost time 

incidents 

 No. of personnel at sea  

No. of hours at sea  Total Number of Person Hours at sea  

No. of spot safety 

inspections 

 No. of reported hazards or safety 

observations 

 

Safety Inspection 
Findings 

Safety inspect by RA findings 
on the spot check sheet for 
26/2/22 

Number and/or percentage closed  

Notes Due diligence survey, pipeline box coring 
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Date 2nd March, 2022 Project  Due Diligence survey, Amman, 

Sumbawa, Indonesia 

Vessel MV Tenggara Ranger Location Western Sumbawa, Indonesia 

Vessel Captain Usman Mansur Survey Leader Agus Setanto 

 

Crew N/A 

Survey Team Amman environmental team: 

Agus Setanto (Chief) 

Dwi Putro 

Ika Kurnia Putri 

Abdul Manan 

Alief Apriliansyah 

Saherudin 

Deni Suherman 

Swandi 

Samsidar 

Weather during the 

day 

(incl estimate of sea 

state. For long surveys 

record weather 3 times 

during work) 

Start 

Light winds, clear skies, 

smooth seas, sea state 0, 

0.5m swell 

Mid 

Fresh breeze SW winds, 

overcast with sea state 3, 

2m swell 

End 

Records of any down 

time 

0 

Fishermen encounters 

or others 

0 

Left Port/Mooring 

(start time) 

0626hrs Return to Port/Mooring (End Time)  

No. of Near Misses  No. of incidents/hits  

No. of First Aid Cases  No. of Medical Treatment Injuries  

No. of Lost time 

incidents 

 No. of personnel at sea  

No. of hours at sea  Total Number of Person Hours at sea  

No. of spot safety 

inspections 

 No. of reported hazards or safety 

observations 

 

Safety Inspection 
Findings 

Safety inspect by RA findings 
on the spot check sheet for 
26/2/22 

Number and/or percentage closed  

Notes Due diligence survey, pipeline box coring 
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Date 3rd March, 2022 Project  Due Diligence survey, Amman, 

Sumbawa, Indonesia 

Vessel MV Tenggara Ranger Location Western Sumbawa, Indonesia 

Vessel Captain Usman Mansur Survey Leader Agus Setanto 

 

Crew N/A 

Survey Team Amman environmental team: 

Agus Setanto (Chief) 

Dwi Putro 

Ika Kurnia Putri 

Abdul Manan 

Alief Apriliansyah 

Saherudin 

Deni Suherman 

Swandi 

Samsidar 

Weather during the 

day 

(incl estimate of sea 

state. For long surveys 

record weather 3 times 

during work) 

Start 

Light winds, cloudy skies, 

smooth seas, sea state 2, 

0.5m swell 

Mid 

Light winds, hazy cloudy 

skies, moderate breeze, sea 

state 1,  

End 

Records of any down 

time 

0 

Fishermen encounters 

or others 

0 

Left Port/Mooring 

(start time) 

0620hrs Return to Port/Mooring (End Time)  

No. of Near Misses  No. of incidents/hits  

No. of First Aid Cases  No. of Medical Treatment Injuries  

No. of Lost time 

incidents 

 No. of personnel at sea  

No. of hours at sea  Total Number of Person Hours at sea  

No. of spot safety 

inspections 

 No. of reported hazards or safety 

observations 

 

Safety Inspection 
Findings 

Safety inspect by RA findings 
on the spot check sheet for 
26/2/22 

Number and/or percentage closed  

Notes Due diligence survey, pipeline box coring 
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Date 4th March, 2022 Project  Due Diligence survey, Amman, 

Sumbawa, Indonesia 

Vessel MV Tenggara Ranger Location Western Sumbawa, Indonesia 

Vessel Captain Usman Mansur Survey Leader Windi Prayogo 

 

Crew N/A 

Survey Team Amman environmental team: 

Windi Prayogo (Chief) 

Rian 

Dwi Putro 

Ika Kurnia Putri 

Abdul Manan 

Alief Apriliansyah 

Saherudin 

Deni Suherman 

Swandi 

Samsidar 

Weather during the 

day 

(incl estimate of sea 

state. For long surveys 

record weather 3 times 

during work) 

Start 

Light winds, cloudy skies, 

smooth seas, sea state 2, 

0.5m swell 

Mid 

Light winds, hazy cloudy 

skies, moderate breeze, sea 

state 1,  

End 

Records of any down 

time 

0 

Fishermen encounters 

or others 

0 

Left Port/Mooring 

(start time) 

0620hrs Return to Port/Mooring (End Time)  

No. of Near Misses  No. of incidents/hits  

No. of First Aid Cases  No. of Medical Treatment Injuries  

No. of Lost time 

incidents 

 No. of personnel at sea  

No. of hours at sea  Total Number of Person Hours at sea  

No. of spot safety 

inspections 

 No. of reported hazards or safety 

observations 

 

Safety Inspection 
Findings 

Safety inspect by RA findings 
on the spot check sheet for 
26/2/22 

Number and/or percentage closed  

Notes Due diligence survey, demersal fishing 
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Date 5th March, 2022 Project  Due Diligence survey, Amman, 

Sumbawa, Indonesia 

Vessel MV Tenggara Ranger Location Western Sumbawa, Indonesia 

Vessel Captain Usman Mansur Survey Leader Windi Prayogo 

 

Crew N/A 

Survey Team Amman environmental team: 

 

Rian 

Dwi Putro 

Ika Kurnia Putri 

Abdul Manan 

Alief Apriliansyah 

Saherudin 

Deni Suherman 

Swandi 

Samsidar 

Weather during the 

day 

(incl estimate of sea 

state. For long surveys 

record weather 3 times 

during work) 

Start 

Overcast with Rain, fresh 

breeze, thunderstorms in the 

night 

Broken cloud sea state 2 

Mid 

Sea state 1-2 overcast 

moderate breeze.  

End 

Records of any down 

time 

0 

Fishermen encounters 

or others 

0 

Left Port/Mooring 

(start time) 

0513hrs Return to Port/Mooring (End Time)  

No. of Near Misses  No. of incidents/hits  

No. of First Aid Cases  No. of Medical Treatment Injuries  

No. of Lost time 

incidents 

 No. of personnel at sea  

No. of hours at sea  Total Number of Person Hours at sea  

No. of spot safety 

inspections 

 No. of reported hazards or safety 

observations 

 

Safety Inspection 
Findings 

Safety inspect by RA findings 
on the spot check sheet for 
26/2/22 

Number and/or percentage closed  

Notes Due diligence survey, demersal fishing 
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Date 6th March, 2022 Project  Due Diligence survey, Amman, 

Sumbawa, Indonesia 

Vessel MV Tenggara Ranger Location Western Sumbawa, Indonesia 

Vessel Captain Usman Mansur Survey Leader Windi Prayogo 

 

Crew N/A 

Survey Team Amman environmental team: 

 

Rian 

Dwi Putro 

Ika Kurnia Putri 

Abdul Manan 

Alief Apriliansyah 

Saherudin 

Deni Suherman 

Swandi 

Samsidar 

Weather during the 

day 

(incl estimate of sea 

state. For long surveys 

record weather 3 times 

during work) 

Start 

Overcast with Rain, fresh 

breeze, thunderstorms in the 

night 

Broken cloud sea state 2 

Mid 

Sea state 1-2 overcast 

moderate breeze.  

End 

Records of any down 

time 

0 

Fishermen encounters 

or others 

0 

Left Port/Mooring 

(start time) 

0517hrs Return to Port/Mooring (End Time)  

No. of Near Misses  No. of incidents/hits  

No. of First Aid Cases  No. of Medical Treatment Injuries  

No. of Lost time 

incidents 

 No. of personnel at sea  

No. of hours at sea  Total Number of Person Hours at sea  

No. of spot safety 

inspections 

 No. of reported hazards or safety 

observations 

 

Safety Inspection 
Findings 

Safety inspect by RA findings 
on the spot check sheet for 
26/2/22 

Number and/or percentage closed  

Notes Due diligence survey, demersal fishing 
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Date 26/2/22 Project Due Diligence, Batu Hijau 

Vessel MV Tenggarru Ranger Location Batu Hijau 

Vessel Captain Usman Mansur Inspection By (person) Dr. Rich Abell 

Team Present Amman environmental team: 

Agus Setanto (Chief), Dwi Putro, Ika Kurnia Putri, Abdul Manan, Alief Apriliansyah, Saherudin 

Deni Suherman, Swandi, Samsidar 

Score items from 1-4, 4 being very good/safe, 3 adequate, 2 in-adequate, 1 dangerous. Mark N/A if not applicable. 

For items scoring 1 – work is to be stopped until the issue has been rectified. 

Item Score Item Score 

Paperwork – required risk assessments, SSOW, 

method statements, are in place and being applied. 

 

SOP No. CDC-MON-012-S218 

4 Behavior – All personnel are approaching the work 

correctly, taking account of the hazards and 

precautions/controls in place. 

4 

Induction – All personnel have been 

inducted/briefed and are aware of emergency 

procedures and location of emergency equipment 

(life jackets, life raft, radio, fire extinguishers, etc).  

 

Emergency Procedures not communicated 

2 Communications – Ashore/SAMS Enterprise base 

team are being informed daily at start of day, during 

(if needed) and on completion (team must be back 

at anchor or in hotel/lodging) of days activities inc 

issues. 

4 

Briefs – daily brief given by the vessel 

captain/survey leader (or deputy) to all personnel. 

 

No second daily brief 

2 Equipment – correct equipment to do the job is 

available, in good condition and being applied 

properly by competent personnel. 

4 

Slip, trips & falls – cables are being managed, 

personnel have suitable foot wear/grip for wet decks, 

suitable hand rails available.  Uneven ground being 

assessed/taken into account/avoided. 

 

Shoes and flip flops are piled in doorways. Entry and 

exit from the vessel involves stepping over the gap 

between deck and jetty. This gap changes and is not 

a safe method for handling boxes equipment etc. We 

strongly suggest investing in a secure gangplank or 

walkway.  

3 

Minor 

trip 

hazard 

Survey team – are staying clear of deck during 

equipment deployment/landing and following 

Captain/crew orders (if on vessel).  Are staying 

clear of hazardous areas (quick sand, very slippy 

rocks, etc) if necessary. 

4 

Manual handling – personnel are using correct 

lifting procedure (straight back, bent knees) – lifting 

aids being used where possible.  Carried weights are 

being distributed amongst the team. 

4 First Aid – first aiders are available (if required from 

risk assessment).  Facilities are available (first aid 

kit, eye wash).  All cuts/grazes are covered with 

waterproof dressings. 

4 

Housekeeping – work areas are being kept free of 

unused equipment, stored items and samples, with 

suitable space available for the work to be 

undertaken. 

4 COSHH – paperwork is in place, chemicals stored 

correctly, used correctly by competent persons, 

used in ventilated areas with correct PPE. 

N/A 
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PPE - Crew and survey team are wearing PPE, 

which is in good condition & fit for purpose.  Life 

jackets are being worn (on boat).  Gloves for sample 

sorting/handling. 

4 Quality – work is preceding as per quality 

requirements and procedures. Procedures are 

available and check sheets are being correctly filled 

in. 

4 

Weather/Seas – work is only being carried out in 

appropriate conditions.  Personnel are working to the 

conditions and staying inside/avoiding if appropriate. 

4 Cleanliness – personnel are cleaning/washing 

before eating/drinking.  Internal/dry areas are being 

kept dry & clean. 

4 

Other (record any other good/bad practices observed):  

Generally excellent – suggestion of slight improvements to safety brief, embarkation and disembarkation, and abandon 

ship protocol. Life jackets needing checking for visitors.  

Issues to be resolved (& resolution), and/or additional risks/mitigations/precautions to be taken into account: 

 

 



 
Commercial in Confidence 
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Appendix E. Completed Survey Assessment Forms 

 

The embedded .pdfs below contains copies of the assessment sheets completed by the 
SAMS Field Team during their method witnessing of the AMNT survey team undertaking 
sample collection, handling and processing activities. 

 

Box Corer 

 
 

Demersal Fishing 

 
 

Intertidal Filter Feeders 

 
 

Tailing Samples 

 
 

Water Sample Collection 

 
 

Water Sample Preservation 

 
 

 

Videos capturing processes observed during the Due Diligence survey were taken and 
can be made available on request. 

 

Batu Hijau Box 
Corer Assessment Report

Batu Hijau 
Demersal Fish Assessment Report.pdf

Batu Hijau Filter 
Feeder Assessment Report.pdf

Batu Hijau Tailings 
Assessment Report.pdf

Batu Hijau Water 
Sampling Assessment Report.pdf

Batu Hijau Water 
Sample Preseravtion Assessment Report.pdf
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Amman Mineral Nusa Tenggara (AMNT) Batu Hijau - Due Diligence Assessment (Sediment Sampling – Box Corer) 

Scope: 
In this proposed work, SAMS will provide a Field Team of two experts to join a vessel and survey 
team contracted by AMNT to undertake a marine sampling programme in accordance with the 
environmental monitoring programme for the DSTP operations at Batu Hijau.  

Lead Assessors: 
J. A. Howe 
R. Abell 

Auditee(s) AMNT Environmental Team 

DD Objectives: 

Compliance to environmental monitoring requirements: X 

Effectiveness of processes witnessed: X 

Opportunities for improvements: X 

Accuracy/Validity of records observed: X 

Suitability of resources and equipment used: X 

Risks: X 
 

Assessment Evidence: 
*the documents and records expected (but 
not limited) to be reviewed during the audit 
to provide evidence. 

The SAMS Field Team will observe the sampling activities and will assess the compliance of the 

sampling operations against the associated documented protocols. Compliance and/or divergence 

from these protocols will be recorded via a combination of pro-forma documents and checklists, 

with additional notes on any best practice or points of concern. Areas that will be examined will be 

guided by protocols provided by AMNT pre-survey but are likely to include aspects such as 

whether equipment is suitable and fit for purpose, how samples are collected, handled and 

preserved, and relevance of sampling sites and how sample metadata is recorded. 

DD Methodology: 

Provision of Evidence (Hardcopy and Electronic) X 

Method Witnessing: X 

Interview of Auditees:  
 

 
  



  

DUE DILIGENCE ASSESSMENT REPORT FORM Revision:0001 

110222 

 

Created On: 19JAN22 Created By: Mark Hart Page 2 of 11 

 

 
Table 2: Assessment Findings Check List (Completed by Lead Auditor) 
 

Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

1 Sampling Preparation 
1.1 Prepare a field sheet and record information: 
date, sampling location, sampler name, sampling 
method, weather conditions. 
 
1.2 Make sure that the Boxcorer can work properly. 
 
1.3 Clean all Boxcorer 
 
1.4 Connect the Boxcorer to the steel wire/winch 
cable using shackels 
 
1.6 Install the Box along with the sediment hoe in 
the Boxcore cavity and lock it in the right position. 
Secure position with Pins before Trolley and jack 
are taken. 
 

 

 
 
 
 

 
 

 
 

 
 
 

 
 
 

 

2 Determine the Sampling Depth 
2.1 Read the bottom depth of the waters at the 
sampling location using the echo sounder on the 
Survey Vessel. 
 

 

 
 
 

 

3 Boxcore Operation and Sampling sediment on 
Vessel 
1.1 Connect the Boxcore to the winch sling 
 
1.2 Raise the Boxcore using the hydraulic hoist 
slowly. Adjust the position of the boxcorer with the 
hoe facing the side of the vessel/ship so that it does 
not hit the hull. 
 

 
 
Not witnessed 
 

 
 
 
 
 

Successful cores were photographed. Samples were collected 
using syringes from a predefined and consistent patten. 
Samples were homogenised in a tray with a clean plastic 
covering. Then transferred by spatula into clean and pre 
labelled vials.  
 
Only one of the cores in the port area was sufficiently cohesive 
to retain significant water about the sample. This was very 
carefully removed to preserve the surface.  
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

1.3 Wait the ship's captain command to drop the 
Boxcorer. 
 
1.4 Lower the Boxcorer to the bottom of the water 
slowly with a hydraulic winch, do not let the 
Boxcorer 'free fall'. The Boxcorer's ballast is 
sufficient to trigger a mechanical release when the 
Boxcore hits the bottom of the water. 
 
1.5 Lift the Boxcorer back onto the ship's deck. 
 
1.6 Install the safety pin, place the Boxcorer slowly 
on the boat deck, keeping the level horizontal. 
 
1.7 Put the trolley and jack under the boxcorer. 
 
1.8 Pump the jack to lift the plate touching and 
secure the back of the hoe, remove the four Box 
bolts on the left and right sides, and then loosen the 
four locking bolts on the hoe leg. 
 
1.9 After all the locks are released, lower the jack 
slowly, the box will be released from the cavity, pull 
the trolley out from under the box corer cavity then 
open the top cover of the box. 
 
1.10 Record the lithological description of the 
sediment sample, such as: texture, colour, 
presence or absence of organic material (such as 
litter, leaf fragments or wood originating from land), 
shellfish or coral fragments, including the presence 
or absence of tailings on the field sheet. 
 
1.11 Use a plastic spoon to take at least 125g of 
sample for analysis of total metal content in 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

sediments; and at least 250g of sample for grain 
size analysis. Place each sample in sample bottles. 
 
1.12 Label each sample bottle with the station 
name, date, time of sampling and required analysis. 
Place the sample in the refrigerator/refrigerator. 
 

 
 
 
 

 bottles were pre 
labelled and arranged 
in individual cooler 
boxes for each 
station. 

4 Cleaning and Re-install the Boxcore 
2.1 Clean the Box and the hoe using clean 
fresh/sea water. 
 
2.2 Re-install the box to the body, make sure the 
bolts are installed properly and correctly. 
 
2.3 Clean the ship's deck from the remains of 
sediment to avoid possible contamination of the 
next sample 
 

 

 
 
 
 

 
 
 
 

  

 
See below comment regarding hands in the box corer.  
 
 
 
 
 
 
 
Very diligently done.  

5 1. Remove the Boxcorer from the steel wire/winch 
cable. 
 
2. Clean/wash the Boxcorer with fresh water then 
arrange it properly with the hoe handle tied so that 
the hoe does not open. 
 

Not witnessed /NA – 
two winch cables  
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Areas of Good Practise: 

Excellent vessel and very clean and well maintained.  
 

 
Excellent comms using a microphone and speaker from project lead giving clear instructions for process, safety and protocols.  
 
Excellent use of PPE for safety (goggles, hard hat, full body cover, gloves) and sample integratey – double nitrile (powder free gloves). See photo 
below.  
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Areas of Good Practise: 

 
Very clear roles identified. Sampling team staying well back until safe and clear to do so. Good numbers of environmental team participating, plenty of 
dry and clean hands and very well prepared and organised on deck.  
 
Image below shows well thought out and prepared sampling plan. Is a vertical sample the best methodology for assessing potential 
contaminations? e.g. 45 degrees would sample proportionally more of the surface sediments perhaps slightly more sensitive to surface 
contamination.  
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Areas of Good Practise: 

 
A surface sample was collected into a bag. This is a ‘spare’ in case a disparity/unexpected 
result/sample loss occurs. 
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Areas with Recommended Improvements 
 

Observation Action(s) Recommended? 

No clear identification of 
abandon ship 
siren/procedure 

Muster station was identified but safety procedures could have been a little clearer.  
Admittedly our brief was given in a second language so clarity was complicated by this.  

Working life jackets given 
to visitors were looking a 
little tired (abandon ship life 
jackets were in good order).  

Replace visitors life jackets that had very worn clips.  

Hands in a loaded boxcorer On day one (25th) cleaning of the box core was finished with the corer in the ‘loaded’ position.  
The pin is in place to prevent firing, but there is a very small chance that this could be dislodged  and 
also it is advisable to keep the habit at all times of not placing hands within the mechanism  of the corer 
at anytime as a habit which instills good practise when the corer is loaded.  
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Sample contamination risk 

 
Box Core yield.  It is accepted that box core recovery can be compromised by washing out and poor  preservation of the 

sediment surface (see images from stations below). This can preferentially remove fine material. 
It would be difficult to include different sampling techniques for the range of clastic and cohesive 
sediments.  
 
However it would be beneficial to have some established criteria for rejecting a core. The only 
criteria is currently used was having enough material for all samples. A simple checklist to look for 
surface sediment features and Estimate % of surface retained. Sediment blown out through lid? 
 
Examples of poorer (but typical of box coring) sediment retrieval.  
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Amman Mineral Nusa Tenggara (AMNT) Batu Hijau - Due Diligence Assessment (Demersal Fish Sampling) 

Scope: 
In this proposed work, SAMS will provide a Field Team of two experts to join a vessel and survey 
team contracted by AMNT to undertake a marine sampling programme in accordance with the 
environmental monitoring programme for the DSTP operations at Batu Hijau.  

Lead Assessors: 
J. A. Howe 
R. Abell 

Auditee(s) AMNT Environmental Team 

DD Objectives: 

Compliance to environmental monitoring requirements: X 

Effectiveness of processes witnessed: X 

Opportunities for improvements: X 

Accuracy/Validity of records observed: X 

Suitability of resources and equipment used: X 

Risks: X 
 

Assessment Evidence: 
*the documents and records expected (but 
not limited) to be reviewed during the audit 
to provide evidence. 

The SAMS Field Team will observe the sampling activities and will assess the compliance of the 

sampling operations against the associated documented protocols. Compliance and/or divergence 

from these protocols will be recorded via a combination of pro-forma documents and checklists, 

with additional notes on any best practice or points of concern. Areas that will be examined will be 

guided by protocols provided by AMNT pre-survey but are likely to include aspects such as 

whether equipment is suitable and fit for purpose, how samples are collected, handled and 

preserved, and relevance of sampling sites and how sample metadata is recorded. 

DD Methodology: 

Provision of Evidence (Hardcopy and Electronic) X 

Method Witnessing: X 

Interview of Auditees:  
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Table 2: Assessment Findings Check List (Completed by Lead Auditor) 
 

Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

1 1. Demersal fishing is conducted using two methods in 
one day of survey; Rod fishing using fishing rods and Drop 
Line Fishing using buoy. Drop Line Fishing can be 
modified into bottom line. See Figure 1. 
 
2. Prepare all equipments, and make sure all in good 
condition. 
 
3. Create fishing rig by connecting fishing line, fishing 
hooks, weight, and bait for each method. Length of fishing 
line is matched to sample depth. 
 
4. The distance between the hook line + 2 meters on the 
mainline to prevent twisting each other. The total series of 
hook lines are attached between 6 - 12 lines. 
 
5. Before conducting sample preparation in laboratory, 
make sure all equipments are free from stain, and has 
been decontaminated using HNO3 (acidic water) and 
distile water. 
 

 
 
 
 
 

 
 

 
 
 
 
 

 
 
 
 

 

 

2 Determining sampling location 
1.1 Determine sampling location using GPS. 
 

 

 

 

3 Determining depth of sampling at sample location 
2.1 Read bottom depth from echosounder. Fill in the 
survey form. 
 

 

 

 

4 Dropping drop line fishing rigs using fishing roll 
3.1. Drop the rig by order starting from weight, fishing 
hooks, and fishing line from fishing roll. See Figure 2. 

 
 

 

 



  

DUE DILIGENCE ASSESSMENT REPORT FORM Revision:0001 

110222 

 

Created On: 19JAN22 Created By: Mark Hart Page 3 of 8 

 

Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

 
3.2. Drop the rig until the weight hit the bottom of the sea. 
 
3.3. After the weight hits the bottom, cut fishing line and tie 
to fishing buoy. The buoy functions are to keep the rig 
vertical, and as a marker for retrieval. 
 
3.4. Repeat step above until several drop line fishing rig is 
placed. 
 
3.5. Fill in the informations needed on the field survey form 
such as location and coordinate, color and buoy type, 
amount of hooks, and date and time. 
 
3.6. After dropping drop line fishing rigs, conduct rod 
fishing method. After rod fishing session finished, retrieve 
drop line fishing rigs. 
 

 

 
 

 
 
 
 

 
 
 

 
 
 
 

 

5 Retrieving drop line fishing rigs using fishing roll 
4.1. In retrieval process of the fishing rig, look out for the 
surface current to prevent fishing line being tangled in the 
propeller. 
 
4.2. Hook the buoy using fishing hook stick. 
 
4.3. After the buoy is retrieved on board, cut fishing line 
connect it to the fishing roll. 
 
4.4. Pull fishing rig using fishing roll slowly to prevent 
sample loss. 
 
4.5. Samples are collected for preservation and 
preparation. 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

6 Rod fishing 
5.1. Rod fishing is conducted at determined locations. 
 
5.2. Drop fishing line into the waters until the weight touch 
the bottom of the sea. 
 
5.3. Repeat steps above until samples are collected, or if 
vessel is too far from determined location coordinate. 
 

 

 
 

 
 
 

 

 

7 Identification and measurement of fish samples 
6.1. Observe fish color right after it is pulled on board to 
ease identification process. 
 
6.2. Measure the weight using scale (kg) and maximum 
total length using tape meter (cm). See Figure 3. 
 
6.3. Observe morphology of body shape, mouth shape, fin 
shape, and other features. 
 
6.4. Match observation result with identification guidebook 
and fill the preparation sheet form. 
 

 

 
 
 

 
 
 

 
 
 

 

 
8 Sample preparation for metal content and 

histopathology analysis 
7.1. Wrap working table using sterile plastics before 
conducting preparation. 
 
7.2. Use latex glove, and scalpel with different disposable 
blade for muscle and liver, and each sample. Prepare 
distile water to sterilize other equipment such as tweezer. 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

7.3. Prepare a container containing distile water and 
alcohol. It is used to rinse tweezers and tools after 
touching different fish. 
 
7.4. For metal content analysis, extract muscle and liver 
from each fish sample. Muscle sample is extracted from 
the body part nearest to dorsal fin. Make a square cut  3 
cm (width) x 5 cm (length) until reaching minimum weight 
of 5 gr. Put muscle sample into the ziplock. 
 
7.5. From the same fish sample, extract liver by insecting 
fish ventral section using scalpel from anus to head line. 
After internal organs are exposed, extract liver using 
tweezer, but prevent the spleen from bursting. Put liver 
sample into the ziplock plastic. 
 
7.6. For histopathology sample, use different fish sample 
from metal content sample. Make insicion on the ventral 
section of the fish, from anus to head line so the internal 
organs are exposed. Cover fish sample using tissue, put 
the fish upside down, and pour in NBF/ Formalin 10% until 
the fish is submerged for at least 24 hours. 
 

 
 
 
 

 
 
 
 
 
 

 
 
 
 
 
 

 
 
 
 
 

9 Fish sample labelling and QAQC 
8.1. Put muscle and liver sample in different ziplocks. 
Write down sample informations on the ziplock; sample ID, 
date collected, and location using permanent marker. 
 
8.2. Sample ID contains two characters of fish species, 
two digits of sample order, and one character of analysis. 
For example: EA01L, which means EA for Epinephelus 
areolatus, species of groupers, 01 for the first Epinephelus 
areolatus sampled in the batch, and L for Liver metal 
content analysis. 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

8.3. Same with the liver, muscle metal content is written as 
EA01M (for Muscle). 
 
8.4. For histopathology sample, code H (Histopathology) is 
used. 
 
8.5. For QAQC of metal content analysis, one sample of 
fish is split into two sample IDs for analysis. 
 

 
 
 

 
 
 

 
 

10 Sample preservation 
9.1 Demersal fish samples are divided into two categories, 
metal content and histopathology analysis. 
 
9.2 Preservation for metal content analysis sample is 
conducted by putting fish sample into the cooler box filled 
with ice packs during field survey. After samples are 
arrived at the laboratory, dissect fish samples, or store the 
fish samples temporarily into the freezer at 4℃ before 
dissection. 
 
9.3 Preservation for histopathology is conducted by putting 
fish sample into the cooler box filled with ice packs during 
field survey, with a note that fish must not directly touch 
the ice pack. After samples are arrived at the laboratory, 
samples must be dissected directly, covered with tissue 
papers, put upside down, and submerged in NBF 10% or 
Formalin 10% for at least 24 hours for optimal fixation. 
 

 

 
 
 

 
 
 
 
 
 
 

 

 

11 Sample Packaging for metal content and 
histopathology analysis 
10.1 Samples packaging for metal content and 
histopathology analysis are treated differently. Samples 
(muscle and liver) for metal content analysis are packaged 
in frozen condition using zip lock plastic. Meanwhile, 
histopathology is delivered in whole dissected and 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

preserved fish samples. Samples for metals and 
histopathology keep in separated Cooler boxes with 4 ℃ 
preservation using an icepack inside a cooler box and sent 
to the third-party external laboratory 
for analysis. 
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Areas of Good Practise: 

SOP followed.  
Good use of gloves and cleaning surfaces for sampling.  
Samples well catalogued.  
 

 
Areas with Recommended Improvements 
 

 
 
 

Observation Action(s) Recommended? 

Lost gear Many of the benthic lines were lost. Need to rethink this.  

Sample logging Could improve GPS logging of samples to improve meta data.  
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Amman Mineral Nusa Tenggara (AMNT) Batu Hijau - Due Diligence Assessment (Filter Feeder sampling) 

Scope: 
In this proposed work, SAMS will provide a Field Team of two experts to join a vessel and survey 
team contracted by AMNT to undertake a marine sampling programme in accordance with the 
environmental monitoring programme for the DSTP operations at Batu Hijau.  

Lead Assessors: 
J. A. Howe 
R. Abell 

Auditee(s) AMNT Environmental Team 

DD Objectives: 

Compliance to environmental monitoring requirements: X 

Effectiveness of processes witnessed: X 

Opportunities for improvements: X 

Accuracy/Validity of records observed: X 

Suitability of resources and equipment used: X 

Risks: X 
 

Assessment Evidence: 
*the documents and records expected (but 
not limited) to be reviewed during the audit 
to provide evidence. 

The SAMS Field Team will observe the sampling activities and will assess the compliance of the 

sampling operations against the associated documented protocols. Compliance and/or divergence 

from these protocols will be recorded via a combination of pro-forma documents and checklists, 

with additional notes on any best practice or points of concern. Areas that will be examined will be 

guided by protocols provided by AMNT pre-survey but are likely to include aspects such as 

whether equipment is suitable and fit for purpose, how samples are collected, handled and 

preserved, and relevance of sampling sites and how sample metadata is recorded. 

DD Methodology: 

Provision of Evidence (Hardcopy and Electronic) X 

Method Witnessing: X 

Interview of Auditees:  
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Table 2: Assessment Findings Check List (Completed by Lead Auditor) 
 

Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

1 Planning and Preparation 
1.1 Set field sampling date according to tide prediction 
table. 
 
1.2 Refresh personnels about safety and methods. 
 
1.3 Check all field sampling inventoryies. 
 
1.4 Do pre-shift safety meeting before starting work. 
 

 

 
 
 
Did not witness this prep directly, but the 
whole team was obviously very experienced 
with this aspect of the field work and was all 
working very smoothly,  

 

2 Filter feeder sampling using roaming/exploring 
method 
1.1. Conduct searching of filter feeder (bivalves) in the 
intertidal zone. 
 
1.2. Collect filter feeders by hand (using glove) or using 
stainless diving knive. Collect all bivalves founded, except 
Tridacnidae due to its conservation status. 
 
1.3. Collect all filter feeder samples into ziplocks, write 
down location, and date of sampling. 
 
1.4. Collect substrate of intertidal zone into 250 ml plastic 
bottle, for internal supporting data. 
 
1.5. Put all samples into cooler box with ice packs, for 
preservation at 4 ℃. 
 
1.6. Write down all sampling information, including local 
residents’ activities in the intertidal zone. 
 

 
 

 
 
 

 
 
 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 
 
 
 
Steel knife possible source of 
contamination 
 
 
 
 
 
 
 
 
 
 
 
Sampling information not very 
specific on precise location of 
samples 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

1.7. At the laboratory, put all filter feeder samples into the 
freezer and substrate sample at the cool case. 
 

 

3 Filter feeder soft tissue extracting (Indoor) 
2.1. Clean working table from any metal contents, and 
wrap working table with steril plastic. 
 
2.2. Use latex glove, scalpel with disposable blades, and 
tweezer to extract soft tissue from filter feeder shells. 
 
2.3. Take out filter feeders from freezer, and let them melt 
in room temperature. 
 
2.4. Separate samples based on sampling locations, and 
identify each species using identification guidebook. 
 
2.5. Measure length and width using caliper, and weight 
using pesola scale, write down measurement result in 
preparation sheet form. 
 
2.6. Cut adductor muscle (muscle that connects two shells 
inside) of the filter feeder with scalpel to easily open the 
shells. Extract all soft tissue inside the shell and put it into 
ziplock. One ziplock contains sample composite of several 
individuals to reach a minimum weight of 5 gr. 
 
Write down survey date, sample ID, and sampling location 
on the ziplock. and also fill the preparation sheet form. 
2.7. Sample ID contains two character for species code, 
and two digits of number for sampling order of location 
surveyed. For example, PM01 (“PM”, for Pina muricata, 
“01” for the order of Pina muricata in one batch of survey). 
 
2.8. Scalpel Blade is replaced and other tools is washed 
using aquades before used for next sample. 

 
Not witnessed 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

 
2.9. Measure soft tissue using pesola scale, and write on 
the preparation sheet form. 
 
2.10. Store soft tissue samples inside the freezer until 
frozen before sent to external third party laboratory for 
metal content analysis. 
 

4 Sample delivery and metal content analysis 
3.1. Frozen filter feeder soft tissues are packed within a 
cooler box containing ice packs (for preservation at 4℃), to 
be sent and analyzed at third party external laboratory. 
 

 
Not witnessed 

 

5 1. Complete all sampling and preparation forms to be 
reviewed by coordinator/ecologist. 
 
2. Conduct inventory checking after sampling and 
preparation are done. 
 
3. Conduct decontamination for all equipment, and 
preparation tools such as scalpel, and tweezer using 
HNO3 (acidic water) and aquades. 
 

  

6 Site Selection 1 of 3 sites is very over fished by local 
communities, and thus difficult to retrieve 
filter feeders in sufficient quantities.  
 

May be necessary to choose 
another site and leave fallow 
one of the research areas.  

 
Areas of Good Practise: 

The team were very skilled and dedicated to the hard work of the task.  
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Areas with Recommended Improvements 
 

 
 

Observation Action(s) Recommended? 

Small data set at one of the 
sites 

Consider selecting a new long term monitoring site less picked out. Alternatively, undertake stakeholder 
engagement with local community to look for ways to management stocks for both parties. 

Use of steel dive knife to 
remove bivalves from rocks 

Potential source of contamination. Suggest an alternative tool is sourced. 

Only broad location of 
bivalve samples recorded 

Record more precise locations of field samples to help resolve any trends in resultant data 
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Amman Mineral Nusa Tenggara (AMNT) Batu Hijau - Due Diligence Assessment (Tailings sampling) 

Scope: 
In this proposed work, SAMS will provide a Field Team of two experts to join a vessel and survey 
team contracted by AMNT to undertake a marine sampling programme in accordance with the 
environmental monitoring programme for the DSTP operations at Batu Hijau.  

Lead Assessors: 
J. A. Howe 
R. Abell 

Auditee(s) AMNT Environmental Team 

DD Objectives: 

Compliance to environmental monitoring requirements: X 

Effectiveness of processes witnessed: X 

Opportunities for improvements: X 

Accuracy/Validity of records observed: X 

Suitability of resources and equipment used: X 

Risks: X 
 

Assessment Evidence: 
*the documents and records expected (but 
not limited) to be reviewed during the audit 
to provide evidence. 

The SAMS Field Team will observe the sampling activities and will assess the compliance of the 

sampling operations against the associated documented protocols. Compliance and/or divergence 

from these protocols will be recorded via a combination of pro-forma documents and checklists, 

with additional notes on any best practice or points of concern. Areas that will be examined will be 

guided by protocols provided by AMNT pre-survey but are likely to include aspects such as 

whether equipment is suitable and fit for purpose, how samples are collected, handled and 

preserved, and relevance of sampling sites and how sample metadata is recorded. 

DD Methodology: 

Provision of Evidence (Hardcopy and Electronic) X 

Method Witnessing: X 

Interview of Auditees:  
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Table 2: Assessment Findings Check List (Completed by Lead Auditor) 
 

Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

1 Duplicate Samples 
Sampling duplicate samples every time the tailings sampling program 
is carried out. Duplicate samples must be taken from the same point 
at about the same time. For more than 10 samples, the duplicate 
sample is 10% per group of retrieved matrix parameters. 
 

  

2 Split Sample 
The split sample is taken from one point and then put into the 
appropriate sample bottle, 
 
Samples were mixed as homogeneously as possible and preserved 
by suitable preservatives and separated into two prepared containers, 
 
Both of the samples should receive the same treatment during 
preparation, travel and laboratory analysis. 
 
Media (equipment and containers) Blank for sampling: Media blank 
aims to detect contamination in the media used in sampling, 
 
Sampling equipment: at least one equipment blank must be available 
for every twenty samples per parameter group for the same matrix, 
 
Container: one of the containers (bottles) to be used is taken at 
random and then filled with analyte free media (milliQ water) and 
brought to the sampling location. Then, the blanks are taken to the 
laboratory for analysis. 
 

 

 
 
 

 
 
 

 
 
 

 

 
 
 
 
A strong wooden spoon was used 
for this procedure. A small 
correction would be to use a thick 
(so as to be able to stir the 
material and not break) spatula 
 

3 Travel Blank 
Travel blanks are used when the sample taken is volatile 
 
Travel blanks are prepared for each type of volatile sample 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

 
Travel blanks must be analyte free 
 
Travel blanks are prepared in the laboratory, then brought to the 
sampling location with closed conditions during sampling. 
 

4 Sampling Equipment (Sampler) 
Portable peristaltic pump that powered by dry battery. The portable 
pump is only able to take up the slurry at a depth of 8 m from the 
grating surface, only suitable for dissolved metal sampling, but not in 
accordance with the requirements for representativeness of solids 
sampling points. 
 
The Bredel Pump is installed in the Tailbox, capable of taking up 
tailings slurry to a depth of 10 m. According to the Tailbox 
Homogeneity experiment, a representative sampling point for solids 
and solutions is at point G10 as shown in the diagrams in Figures 3 
and 4. 
 

 
X 
 
 
 
 
 
 
 
 

 -  

 

5 Field Parameter Measurement Equipment; 
Prepare the necessary equipment, including: thermometer, pH meter, 
Conductivity meter. 
 

  

6 Filter 
Filtering is carried out in the laboratory using a peristaltic pump or a 
vacuum/pressure pump. The filter used is a disposable 0.45 um filter. 
 

  

7 Sample Bottle and Cooler 
Prepare a cooler box and ice pack that is sufficient to be able to store 
samples at 4°C± 2°C, that used to store samples for testing physical 
and chemical properties. 
 

  

8 Sample bottle requirements:   
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

Made of glass or plastic Polyethylene (PE) or Poly Propylene (PP) or 
Teflon (Poly Tetra Fluoro Ethylene, PTFE); 
 
Can be closed firmly and tightly; Clean and contaminants-free; is not 
fragile (non-breakable) is not reactive (Does not react with Samples) 
 

9 Sample bottle preparation 
Follow the steps to prepare a sample bottle: 
 
To avoid samples contamination in the field, all sample bottles must 
be properly cleaned in the laboratory prior to sampling.  
 
The number of bottles prepared must always be in excess of the 
need, for quality assurance, quality control and 
backup. 
 
The type of sample bottle and the degree of cleaning required depend 
on the type of sample to be taken. 
 
Sample bottles for total and dissolved metal testing 
 
Wash the glass or plastic bottle as well as the cap with detergent then 
rinse with clean water 
 
Rinse the bottle with nitric acid (HNO3) 1:1 then rinse again with MiliQ 
water for 3 times and let it dry, after it dries, close the bottle tightly. 
sample bottles for non-metallic inorganic testing 
 
Wash the bottle and cap with detergent, rinse with clean water then 
rinse with milliQ water 3 times and dry it. 
 
After drying, close the bottle tightly 
 

  

10 Sample bottle washing 
Wash the sample bottles as follows: 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

 
Sample bottles should be washed with detergent and brushed to 
remove particles that adhering to the surface. 
 
Rinse the sample bottle with clean water until all the detergent is 
gone. 
 
If the sample bottle is made of non-metallic material, then wash it with 
1:1 HNO3 acid, then rinse with milliQ water. 
 
Allow the sample bottle to dry in the open air. 
 
Sample bottles that have been cleaned are labeled : "clean and ready 
to use". 
 

11 Sample Volume 
The volume of samples taken for field and laboratory analysis 
depends on the type of analysis required. See Appendix 1: 
Environmental Sample Handling Requirements Table for required 
sample volumes for various parameters. 
 

  

12 Chemical preservative 
Chemicals that used for preservatives must have qualified of 
chemicals for analysis and do not interfere with or change the 
concentration of substances to be tested. Preservation of samples is 
carried out if the analysis cannot be carried out immediately after 
sampling. 
 

  

13 Sampling and Field Parameter Testing at TAILBOX 
General requirements: 
- Under normal conditions, tailings in TAILBOX are maintained at 80% 
of the volume. 
- Sampling for dissolved metal analysis can be carried out at all 
horizontal points and depths but with technical considerations it is set 
at point G at a depth of 10.5 m or G10 (Figures 3 and 4). 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

- Sampling for total metal analysis in the tailbox is only carried out at 
point G with a depth of 10.5-12 m. 
 
Prepare and Check the Sampler Pump 
a. If using a portable pump, tie the end of the hose with a weight and 
drop the hose up to 8 meters from the platform/grating floor then 
connect the Dry Battery (DC 12 Volt) to the portable pump, 
b. If using a permanent pump (Bredel SPX50) already installed, check 
and make sure that the hose connection to the pump is properly 
connected. 
 
Turn on the pump and let the slurry drain and rinse the hose or pipe 
for 3 minutes, 
 
Prepare a 2 litre sample bottle and a 500 mL bottle for TCLP analysis 
then rinse the bottle with slurry 3 times, 
 
Take a tailings slurry sample and put it in a TCLP analysis bottle. The 
composite sampling program determines the volume to be fed into the 
TCLP analysis bottle. For example, if the composite is 3 times 
(morning-midday-afternoon), then 1/3 is taken in the morning, the 
other 1/3 in the midday and the remaining 1/3 in the afternoon. 
 
Insert the pH, DHL and DO probes into the sample container and flow 
the sample into it. 
 
Allow the slurry to completely fill the sample container until it 
overflows while stirring slowly 
 
Check the readings of the pH, DHL and DO values on the screen 
display instrument then after 1 minute or the result have stabilized 
and then record them in the field data sheet. 
 
Take the probe and rinse it 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

Refill the sample bottle, rinse the inside of the bottle cap and then 
close the bottle. 
 
Take duplicate or split samples according to the purpose of the 
sampling program. 
 
Clean the pump and the hose 
 
If using a permanent pump (Bredel SPX50): Turn off the permanent 
pump by pressing the OFF button, remove the connector and 
reconnect it with the hose from the clean water faucet, turn on the 
clean water faucet and let the water flow in the hose for 3 minutes. 
rearrange the equipment. 
 
If using a portable pump: Turn off the pump, turn it back on in the 
opposite direction. Pack the pump back into the box. 
 
Rinse all the sample bottles with clean water then put them in the 
cooler box, and close the cooler box tightly 
 
Rinse the cooler box and put it in the car. 
 
Take the portable pump and battery back to the laboratory when they 
are no longer needed. 
 

 
 
 

 
 
 

 
 

 
 
 
 
 
 
Not witnessed 

14 (Sampling and Field Parameter Testing at ROW) 
If the sampling time is found that the condition of the Auto button is in 
the On position, tailings water comes out at 5 Row and can be directly 
sampled, 
 
If the water is off, turn the “switch/manual” in each row to let out the 
tailings 
 
Turn the “switch/manual” once in each row then the tailings will come 
out, 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

 
Try to get the same volume of samples taken from all of 5 Rows (for a 
2 litre sample bottle, rotate 2 times each). 
 

 

 
 
 

15 Preparing Samples of Liquid Fraction of Tailings 
General requirements: 
- Treatment of tailings samples is carried out immediately after tailings 
samples are received or arrived at the AMNT laboratory at any time 
(morning, midday or afternoon) 
- Plan appropriate quality control of samples 
 
How to prepare a sample of liquid fraction of tailings: 
 
Let tailings slurry in the bottle settle for 15 minutes, 
 
Prepare bottles for analysis of dissolved metals, Cr(VI) and H2S, 
 
Make an obvious ID sign to each bottle, 
 
Take the liquid fraction and filter it through a 0.45 m filter. 
 

 

 
 
 
 
 
 
 
 

 
 

 
 

 
 

 

 
 
 
 
 
 
 
 
 
We waited 1 hour 

16 Filtration method using filtration bottle and manual vacuum 
pump 
Take a set of filtration bottles, 
 
Rinse the bottle with the sample 3 times and fill it with the sample, 
 
Install the filtration bottle cap as well as the hose that connects the 
hand pump to the bottle, 
 
Install the filter to the other end of the hose. Make sure that the hose 
and filter are attached to the same line with the hose submerged in 
the sample in the filtration bottle, 
 

 
 

 
 

 
 

 
 
 

 
 
 
 

 



  

DUE DILIGENCE ASSESSMENT REPORT FORM Revision:0001 

110222 

 

Created On: 19JAN22 Created By: Mark Hart Page 9 of 15 

 

Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

Start pumping 
 
Rinse the receiving bottle with the filtration result 3 times as well as 
the bottle cap, 
 
Collect the filtration results in the receiving bottle, when the water 
volume reaches half of the bottle, add preservatives according to the 
desired analysis, 
 
Refill the receiving bottle until it's full but not overflowing, 
 
Close the receiving bottle and shake it, 
 
Put the bottle in a plastic Ziplock and tighten it, 
 
Store the sample bottle in the refrigerator or cooler box. 
 

 
 

 
 
 

 
 
 
 

 
 

 
 

 
 

 

17 Filtration method using an electric pump/battery: 
Install the tygon hose on the pump then install the filter, 
 
Connect the end of the pump/hose to the filter. Watch the direction of 
the flow, 
 
Stream the milliQ water through the filter as much as at least 200 ml 
to rinse the hose and filter, 
 
Stream the sample through the filter as much as 200 - 300 ml, then 
through away the filter results, 
 
Stream the sample through the filter. Rinse the sample bottle 3 times 
using the water, 
 
Rinse the bottle cap 
 

 

 
 

 
 
 

 
 
 

 
 
 

 
 
 

 
 

 



  

DUE DILIGENCE ASSESSMENT REPORT FORM Revision:0001 

110222 

 

Created On: 19JAN22 Created By: Mark Hart Page 10 of 15 

 

Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

Collect the filtration results in the receiving bottle, when the water 
volume reaches half of the bottle, add preservatives according to the 
desired analysis, 
 
Refill the receiving bottle until it is full but not overflowing 
 
Close the receiving bottle and shake it, 
 
Store in the refrigerator or cooler box. 
 

 
 
 
 

 
 

 
 

 
 

18 Take a few samples that have been filtered (approximately 33mL or 
one third part of a 100 mL bottle) 
 
Add preservative and shake the bottle until the sample is 
homogeneous. 
HNO3 10% into metal analysis bottle 
NaOH 10% into the Cr(VI) analysis bottle 
 
Take the liquid fraction back from the sample bottle and pour it into 
the H2S analysis bottle without 
being filtered, add the preservative Zinc-Acetate + NaOH. Lid the 
bottle and shake homogeneously. 
 
Put it into the refrigerator. 
 
If a composite sample program is required, take a few samples each 
for midday sampling and 
afternoon sampling and then put them in each analysis bottle. 
 
Shake the bottle again until homogeneous, 
 
Put the bottle in a plastic Ziplock and tighten it, 
 
Store it in the refrigerator until it's time to send 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

 
 
 
 
 

 
 
 

 
 

19 Preparation of Solid Fraction of Tailings Sample 
Prepare the jar for sediment matrix analysis and mark it’s ID, 
 
If the sample is not a composite sample: drain and remove the 
remaining water in the sample bottle and put the whole solids fraction 
into the jar. 
 
If the sample is a composite, so then drain and remove the water from 
all existing bottles, for example, morning, midday, and afternoon 
bottles, the collect the solids fraction from all the bottles and put them 
in a basin. Stir the solids until homogeneous. 
 
Sampling tailings solids with a particular spoon to avoid contamination 
and then put it into a 250 mL jar. 
 
Put it into plastic Ziplock and tighten it, 
 
Store it in the refrigerator until it's time to send. 
 

 

 
 

 
 
 
 

 
 
 
 
 

 
 
 

 
 

 

 

20 Preparing Equipment Blank Sample of Liquid Fraction 
Fill the filtration bottle with milli-Q water 
 
Pump the miliQ water with a 0.45 filter and accommodate it into a 
sample bottle according to the required analysis 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

21 Task at TAILBOX or ROW 
Bring the portable pump and battery back to the laboratory when they 
are no longer needed. 
 
Check the cleanliness of the area and arrangement of hoses and 
water taps. 
 

  

22 Sample Preparation in the Laboratory 
Collect the remaining tailings sample waste and dispose of it back to 
TAILBOX. 
 
Clean the work location from spilled tailings samples. 
 
Check the identity number on the sample bottle and complete it if 
necessary 
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Areas of Good Practise: 

Description of activity witnessed.  
07:35. Arrived at tailing box car park of the processing plant.  
07:56. First sampling of tailings de-airation box using permanent mechanical pump.  
Duplicate sample collected and measured using the hand held multi meter for; temp, pH, conductivity, dissolved oxygen and salinity. Probe calibrated that 
morning and calibration recorded. 
 
Triplicate tailings sample collected for laboratory analysis.   
 
08:30 Back to the Environmental Lab.  
Let the samples stand for ~30mins.  
 
09:00 Begin processing yesterday’s slurry samples – these are the triplicates collected from the tailings box that were filtered yesterday and have been left 
over night. The slurry was homogenised from 3 composite samples (collected through the day) to 1 in a plastic bag covered tray.  
 
A wooden spoon was used here (as needed to be strong to mix the material). Would be better to use a thick plastic spoon or spatula.  
 
3 x samples for acid soluble copper for CSIRO 
 
6 x samples for grainsize. 3 for CSIRO 3 for Indonesia lab 
 
1 x sample archived (kept for 6 months).  
 
09:30 Today’s samples processed after settling.  
Dissolved fraction collected using two filter types. CSIRO samples using the same cellulose acetate filter as the seawater samples. Indonesian lab samples 
collected using a 0.45um cartridge filter.  
 
Really great effort by the team here and a clear acknowledgment across the board that this sampling required careful sample manipulation from everyone 
involved and following protocols very closely.  
 
Great to see no rush with the sampling and the ship remaining on station without pressure to steam off and everyone get home early. So much good care 
and preparation taken with the samples.  
 

Good Practise witnessed:  
Safety induction on arrival   
 
The Environmental lab used for Amman’s sample analysis and processing is accredited to ISO 17025.  
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Areas of Good Practise: 

Accredited for Temperature, pH, Conductivity, D.O, turbidity, TSS, TDS, Coliforms, E. Coli, BOD, COD, Cl2, Copper, Sulfate.  
The lab is very well organised and has modern well looked after gear. 
 
Balances calibrated by an external accredited company annually.  
 
Training given to all trainees and each member of the team needs to become a certified water sampler. This certification is accredited by the Indonesian 
government BNSP-LSP-LHKI 
 
The dirty and clean hands procedure for sample filtering was maintained very well. 4 team members conducted the filtering, which made for a slick and 
proficient operation.  
 
18-person team in the environment lab – all incredibly capable. 
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Areas with Recommended Improvements 
 

 
 
 

Observation Action(s) Recommended? 

Use of blue coloured 
pipette tips here and in the 
seawater processing lab.  

Use a clear plastic to reduce risk of contamination for dissolved metal work.  

Use of mini spin tubes for 
delivering HNO3 and NaOH 
(for Cr6+)  

Using mini centrifuge tubes is a nice and convenient way to add preservatives to samples. However, 
there remains a small amount in the tube leading to possible slight variations in pH adjustment of the 
samples. It would be more accurate to pipette the preservative reagent directly into the sample. 

 
60% Ultra-pure HNO3 
added on the bench top.  

Construct a small fume cupboard in the main lab for addition of toxic solutions 

Wooden spoon used to mix 
tailings sample 

Use a plastic spoon or spatula.  
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Amman Mineral Nusa Tenggara (AMNT) Batu Hijau - Due Diligence Assessment (Water Sample Preservation) 

Scope: 
In this proposed work, SAMS will provide a Field Team of two experts to join a vessel and survey 
team contracted by AMNT to undertake a marine sampling programme in accordance with the 
environmental monitoring programme for the DSTP operations at Batu Hijau.  

Lead Assessors: 
J. A. Howe 
R. Abell 

Auditee(s) AMNT Environmental Team 

DD Objectives: 

Compliance to environmental monitoring requirements: X 

Effectiveness of processes witnessed: X 

Opportunities for improvements: X 

Accuracy/Validity of records observed: X 

Suitability of resources and equipment used: X 

Risks: X 
 

Assessment Evidence: 
*the documents and records expected (but 
not limited) to be reviewed during the audit 
to provide evidence. 

The SAMS Field Team will observe the sampling activities and will assess the compliance of the 

sampling operations against the associated documented protocols. Compliance and/or divergence 

from these protocols will be recorded via a combination of pro-forma documents and checklists, 

with additional notes on any best practice or points of concern. Areas that will be examined will be 

guided by protocols provided by AMNT pre-survey but are likely to include aspects such as 

whether equipment is suitable and fit for purpose, how samples are collected, handled and 

preserved, and relevance of sampling sites and how sample metadata is recorded. 

DD Methodology: 

Provision of Evidence (Hardcopy and Electronic) X 

Method Witnessing: X 

Interview of Auditees:  
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Table 2: Assessment Findings Check List (Completed by Lead Auditor) 
 

Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

1 This procedure describes the acidification (preservation) of water 
samples, which should have the following amounts of acid 
added: - Samples for trace metals analysis: 2 mL/L nitric acid o 
For 500 mL of filtered trace metal samples add 1 mL of nitric acid 
- Samples for mercury analysis: 5 mL/L nitric acid o For 250 mL 
mercury samples add 1.25 mL (2x0.625 mL) of nitric acid 
 

  

2 Clean the walls, ceiling, and other surfaces including air 
conditioning vents of the room that will be the onboard laboratory 
using tap water on white cloths / tissues until no dirt / dust is 
visible. Then mop the floor to clean it. When cleaning pay 
particular attention to areas near the bench used for filtrations, 
including the walls and roof, and any areas where airflow may 
stir dust into the air such as vents of air conditioner and walls / 
architraves near the laboratory door. 
 

 Air-conditioning unit was dusted. 
However, would be good to install a 
HEPA filter to the room to remove 
particulates and over pressure the room 
when filtering dissolved metal samples. 
This could be a glove box style.  

3 Secure heavy duty plastic bin liners over any objects that are 
difficult to clean or may cause contamination, such as metallic 
items using tape to attach them. 
 

  

4 Cover the bench to be used for sample processing with the white 
heavy duty banknote / covering supplied in the consignment 
 

  

5 Use the wash bottle and lint-free tissues to give the benchkote a 
clean several times. Clean the bench periodically and when spills 
or suspected contamination occurs 
 

  

6 Place a pair of ultratrace gloves on hands taking care to not 
touch the fingers of the gloves. 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

7 Place the nitric acid, 125 mL Nalgene bottle, 1 mL pipette, a lot 
of the pipette tips from the consignment onto the white 
benchkote. 

 The 60% Nitric was excellent very high 
quality. However, I would prefer to 
manipulate it using fume hood extraction 
rather than direct on the bench. Again, 
this could quite a small modest extraction 
unit.  

8 Fill the 125 mL vial with the nitric acid, replace cap and label 
accordingly. 
 

  

9 Place samples to be preserved (acidified) on the benchkote, 
open zip-lock bags, half remove the bag so the top of the bottle 
is not covered but the bottom of the bottle is still covered, and 
loosen the bottles cap so it can be removed with one hand 
 

  

10 Use a lint-free tissue dampened with deionized water to wipe the 
pipette, particularly the bottom shaft. 
 

  

11 Remove the lid of the vial holding the pipette tips and insert the 1 
mL pipette shaft into one of the tips with enough force so that the 
tip stays on the shaft. Do not push too hard or the end of the tip 
may become damaged. 
 

  

12 Remove the pipette containing the tip and use fingers to push the 
tip tightly onto the pipette taking care to only touch the top of the 
tip that won’t contact acid (i.e. less pointy end). 
 

  

13 Loosen the cap on the 125 mL vial containing the nitric acid so it 
can be removed with one hand. 
 

  

14 Determine the volume of acid to be added to samples and wind 
the upper black part of the pipette so it will withdraw the required 
volume. The volume to be withdrawn is shown in microlitres 
beneath the upper black part.  
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

a. The trace metal filtered samples (which require acidification to 
2 mL acid/L) should be 500 mL and require 1 mL of nitric acid.  
 
b. The samples for mercury analysis (which require acidification 
to 5 mL acid/L) should be 250 mL and require 1250 µL of nitric 
acid to be added (i.e. 2 x 625 µL of acid). 
  

 
 
 

 

15 With the pipette in one hand, depress pipette trigger until the first 
resistance occurs. Use the other hand to remove the cap of the 
125 mL vial and insert the pipette tip so it is about 1 cm below 
the surface of the acid and slowly release the finger holding the 
pipette trigger to withdraw acid into the pipette tip. 
 

  

16 While holding the pipette upright replace the cap of the 125 mL 
vial with the other hand and use this hand to remove the cap of 
the sample to be acidified. While holding this cap insert the 
pipette tip slightly below the top of bottle and carefully depress 
the pipette trigger to dispense the acid into the sample. The 
pipette trigger should be depressed to when the first resistance 
occurs then pushed further so that all of the acid is dispensed. If 
a mercury sample repeat the acid withdrawal and dispensing 
until the correct volume of acid is added to the sample. 
 

  

17 Repeat the above process until all samples are acidified. 
 

  

18 If the user needs two hands for any reason during preservations 
the pipette may be placed on its side on the bench, taking care 
not to touch the tip on any surface. When this is performed the 
tip is usually placed so it sticking out from the bench (i.e. no 
bench below it) to avoid it touching anything. If in doubt insert a 
new tip onto the pipette. 
 

-  

19 When finished preserving each batch of samples discard the tip, 
tightly cap bottles and cover and seal with their zip-lock bags. 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

20 Place the 125 mL bottle containing the nitric acid in a zip-lock 
bag when not in use to ensure its surface does not become 
contaminated with dust. 
 

  

21 Use a new tip for each batch of samples to be preserved. 
 

  

22 Blue pipette tips. - 
 

Coloured pipette tips were used. 
Although these were precleaned in acid I 
would recommend using uncoloured 
pipette tips that are less prone to 
contamination form coloured pigments 
used in manufacture. 
 

 
 

Areas of Good Practise: 

The filtering was done in a very competent manner. The team are very skilled.  
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Areas with Recommended Improvements 
 

 
 

 
 
 

Observation Action(s) Recommended? 

Creating a temporary 
‘clean-room’. 

The team did a very good job of transforming the multi-functional laboratory room into a trace metal free 
space. However, I would recommend installing a small extraction unit for the dissolved trace metal work 
using un-caped nitric acid and adding a HEPA filter unit to clean the air for the filtration stage.  

Preservation of H2S using 
zinc acetate 

Not described here, however, sulfide samples were preserved in zinc acetate back at the laboratory. 
Although the water column was well oxygenated it would be beneficial to preserve the sulfide samples 
as soon as they were taken to reduce the risk of outgassing and oxidation with the atmosphere  
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Amman Mineral Nusa Tenggara (AMNT) Batu Hijau - Due Diligence Assessment (Water Sampling – Go Flo Bottles) 

Scope: 
In this proposed work, SAMS will provide a Field Team of two experts to join a vessel and survey 
team contracted by AMNT to undertake a marine sampling programme in accordance with the 
environmental monitoring programme for the DSTP operations at Batu Hijau.  

Lead Assessors: 
J. A. Howe 
R. Abell 

Auditee(s) AMNT Environmental Team 

DD Objectives: 

Compliance to environmental monitoring requirements: X 

Effectiveness of processes witnessed: X 

Opportunities for improvements: X 

Accuracy/Validity of records observed: X 

Suitability of resources and equipment used: X 

Risks: X 
 

Assessment Evidence: 
*the documents and records expected (but 
not limited) to be reviewed during the audit 
to provide evidence. 

The SAMS Field Team will observe the sampling activities and will assess the compliance of the 

sampling operations against the associated documented protocols. Compliance and/or divergence 

from these protocols will be recorded via a combination of pro-forma documents and checklists, 

with additional notes on any best practice or points of concern. Areas that will be examined will be 

guided by protocols provided by AMNT pre-survey but are likely to include aspects such as 

whether equipment is suitable and fit for purpose, how samples are collected, handled and 

preserved, and relevance of sampling sites and how sample metadata is recorded. 

DD Methodology: 

Provision of Evidence (Hardcopy and Electronic) X 

Method Witnessing: X 

Interview of Auditees:  
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Table 2: Assessment Findings Check List (Completed by Lead Auditor) 
 

Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

1 It should be ensured that the area around the area 
where the water samples will be subsampled from 
the sampler is as clean as possible. It is 
recommended that the deck around this area be 
rinsed with clean water and no activities be 
undertaken that may generated dust or metal 
contamination during the sampling such as the 
grinding or cutting of metals. 
 

 Great care taken with sampling area. No sediment 
left from yesterday’s coring. When some fuel came 
on board at the end of the day and was carried 
across the sampling area the deck was washed 
straight after using the clean wart supply. Great to 
see such care taken.  

 

2 Metal-free gloves should be worn by all personnel 
for each task and users should ensure they do not 
touch dirty or metallic surfaces while wearing the 
gloves. If this occurs a new pair of gloves should be 
used. A new pair of gloves should be worn for each 
sites samples 
 

 Metal and powder free (that can cause 
contamination (e.g., Zinc).  
 
A second pair of nitrile gloves was kept in the outer 
bag with the bottles. So there was a clean outer pair 
available for every metal sampling.  

 

3 Water samples are collected using Go Flo or similar 
water samplers. The sampler should be cleaned 
before use by soaking in 5% nitric acid for 24 h, 
followed by rinsing with deionized water. 
Additionally, soaking in seawater collected from an 
uncontaminated offshore location for a few hours 
before use is beneficial as a further cleaning step. 
 

 Pre-acid washed and rinsed. End rinse water was 
collected to measure procedural blank at this stage.  
Niskins then preconditioned in distal seawater for 1 
hour to equilibrate plastic and saline matrix.  

Excellent care taken here to 
follow all the steps.  

4 The sampling of waters should be preceded by the 
lowering of the open Go Flo samplers to the depths 
to be sampled. The speed of lowering is likely to 
occur at approximately 1 ms-1 . It is recommended 
that the Go-Flo samplers are conditioned by the 
seawater being sampled for at least 5 minutes. For 
samples collected from a depth of >300 m the 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

conditioning can occur while they are being lowered 
and the sampler can be triggered to close and 
collect the sample upon reaching the desired depth. 
For shallower depths it is recommended that the Go 
Flo samplers be stood at a depth 10 m below the 
depth to be sampled for a total duration in the sites 
seawater of 5 minutes (i.e. duration of descent + 
standing) before rising the sampler to the desired 
depth and collecting the sample by triggering the 
sampler to close. This ensures the water 
conditioning the sampler is removed and water from 
the correct depth flushes the sampler immediately 
before collection. 
 

5 A chiller box containing empty plastic bottles 
(separate bottles for mercury and the other trace 
metals) housed in zip-lock bags should be 
positioned close to where the sampler will be 
subsampled. Each bottle and the zip-lock bag it is 
stored in should be labelled with the sample name 
using a permanent marker. 
 

 individual boxes per station and per laboratory all 
prelabelled was very well worked.  

 

6 Waters are sampled using two people, a ‘clean 
hands’ and ‘dirty hands’ person.  
 
a. The ‘clean-hands’ person is responsible for 
handling the sample bottles.  
 
b. The ‘dirty hands’ person is responsible for 
operating the tap of the sampler.  
 
c. Each bottle is rinsed with the sample twice before 
collection by filling with a few hundred millilitres of 
sample, capping and shaking sample to contact all 
inner surfaces and emptying contents. After using 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

this procedure to rinse the bottles twice the sample 
is collected, and the bottle capped. Land and Water 
Lucas Heights  
 
d. Ensure that the sample does not contact other 
surfaces such as gloves between the tap of the 
sampler and the sample bottle collecting it 
 

 
 
 
 
 

 

7 The ‘clean hands’ person then replaces the bottle 
back into zip-lock bag and stores them in chiller 
boxes or a fridge until sample filtration 

 Metal sample bottles were filled while still in bags – 
it would be beneficial to remove the plastic sample 
bottle, fill it and then return to zip lock bags – this 
would prevent seawater from getting inside the clean 
sample containing bag, which may cause 
contaminations problems later.  

 

8 When not in use (e.g. between sites and during 
overnight storage), the sampler is stored in a clean 
metal-free bag / plastic container. 
 

 Niskins rinsed and filled with nitric acid. Stored 
overnight in plastic bags within large cool boxes.  

 

9 Quality control  
 
A site duplicate should be collected for 10% of the 
samples i.e. if 50 samples are taken 5 site 
duplicates should be collected. 
 

 Some samples are taken in duplicate for CSIRO 
and analysis at an Indonesian laboratory.   
Duplicate samples taken at first station.  

Would be interesting to compare 
the results of these duplicate 
measured at different 
laboratories (possible also using 
different analytical techniques).  

10 It is recommended that one field (air) blank is 
collected each day  
 
a. Label bottle with the words ‘Field blank’, and in 
brackets the name of the sample site it is taken at 
and the date  
 
b. Open bottle to air for the same amount of time it 
typically takes to fill a bottle with sampler when 
subsampling the Go Flo sampler i.e. 30-60 seconds  

Didn’t see these being taken. 
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Check 
Points 
(1-X) 

Procedure Ref. (where applicable) Result(s) Comments 

 
c. Cap the bottle and replace into zip-lock bag 

11 Record notes on conditions while sampling (e.g. 
rough, rain) and any other information that may 
cause sample contamination. 
 

  

12 The SOP being followed is for trace metals from 
SCIRO. However, a number of other samples are 
being collected; nutrients (nitrate, phosphate, 
ammonia?), cyanide (?), E. coli, radio nuclides 
(alpha emission), biological oxygen demand, 
chemical oxygen demand. There are duplicate 
samples going to an Indonesian laboratory and 
CSIRO. Would be good to have a master sheet with 
all the different samples required – although, all the 
team seem to know what samples are required. 
 

Bottles were also collected for on board analysis 
using a multimeter: pH, Temp, Conductivity and 
Salinity, DO. All calibrated the day before in the lab. 
‘Physical condition’ also recorded; smell, oil, clarity.  
 
Hach 2100Q used to measure Turbidity. Calibrated 
using reference standards.  

Perhaps a box on the sample 
recording sheet to acknowledge 
the meter was calibrated 
yesterday and by whom.  
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Areas of Good Practise: 

Really great effort by the team here and a clear acknowledgment across the board that this sampling required careful sample manipulation from everyone 
involved and following protocols very closely.  
 
Great to see no rush with the sampling and the ship remaining on station without pressure to steam off and everyone get home early. So much good care and 
preparation taken with the samples.  
 
Gear in very good condition and well maintained. Here calibration date of Hatch turbidity analyser 

 
Chemical containers clearly labelled and heavy duty and in good condition (here 5% HNO3).  
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Areas of Good Practise: 

Sample containers well organised and clean.  
CSIRO samples here in white box, Indonesian lab samples in the red box.  
CSIRO metal samples double bagged.  
All hands double gloved with cleaner outer pair for each new metal samples.  
 

 
Equipment has clear external (sent away) calibration dates. Perhaps would be beneficial to have a check box on 
the instrument or sampling sheet for the ‘day before’ calibration of the probe.  

 
 
Very noticeable that none of the environmental team or crew were smoking on deck at all. No worries about sample contamination. E.g. nutrient analysis. 
Cleanliness carries on indoors; e.g., fruitcake placed apart from working areas.  
 
** To check ** for full suite analysis total sulfides are measured. These are preserved back at the office lab with zinc acetate. My feeling is it would be more 
robust to preserve these on board as soon as collected to limit any oxidation.  
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Areas of Good Practise: 

** To check ** Total Hg collected in two ways. CSIRO using a Pyrex container. Samples for the Indonesian lab analysis collected in HDPE. What’s best? 
Does it ‘matter’ using HDPE? 
Are the Indonesian lab samples preserved at the office lab?  
 
N.B. It’s great to see some method development from Brad and the team investigating the effects of filtering on veracity of the Hg measurement. I.e., not just 
doing the required and sending it off for an answer (that would be expected to be low) but trying to improve the fidelity of the measurement.  
 
** To Check ** Data chain: How are the on-board in-situ probe measurements used? To check the CTD data? Who does this? 
 
** To Check** Field blank. How are these being taken? 
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Areas with Recommended Improvements 
 
Observation Action(s) Recommended? 

DO calibration The DO probe on the CTD is calibrated every 12 months. I am not sure of the license requirements for 
measuring DO. Calculating the surface saturation expected of DO from temp and salinity gives a slightly 
higher (~14 umol) result, perhaps indicating (as you might expect) that the DO probe is slightly 
underestimating the true DO value. While a little more precision could be gained by taking some Winkler 
titration samples to manually calibrate the data (and improve the accuracy of the long term data sets), 
this improvement would have to be balanced by staff time and consumables for preparing and analysing 
the samples + reprocessing of the CTD data. With such a good long term data set it would be ‘nice’ to 
calibrate the oxygen probe with the three month sampling campaigns.  

Use zip lock bags for 
Indonesian accredited lab 
dissolved metal samples. 
Remove CSIRO trace 
metal container from poly 
bags before filling.  

Place the Indonesian lab dissolved metals also in zip lock bags. 
 
 
The dissolved metals for the CSIRO lab were placed into 2 separate plastic zip 
lock bags. These were opened and kept on the bottle while filling. This resulted in 
seawater being introduced to the bag and potentially adding to cross 
contamination in the lab through liquid or dried salts.  
 

A lot of rubbish near shore.  Not directly within the remit of this report and whilst acknowledging that we all need to do more with 
plastic pollution – it was noticeable, perhaps after the rain yesterday, that there was a lot of plastic refuse 
in the water at some of the sites. Amman does some great community cleaning operations already but 
would be great if this effort could be improved (as we all must).  
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Recover CTD frame.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Clean seawater collection 

 
The CTD frame has a few bare metal patches. Would be recomended to recover using an epoxy or 
some non-metal coating and include the bare metal weights in this to reduce the amount of metal in 
contact with seawater close to the Niskin. 
 
 
Great effort went into collecting clean water to precondition the Niskin bottles to the seawater matrix. A 
relatively long steam was conducted. To save time I would suggest the distance could be slightly 
reduced (halved?) 
 
 

Chemical Data processing What happens to the inset collected probe data? Is this reviewed?  


