
 

   

 

Response to the comment received 
through the public participation 
organized by the Belgian Authorities 
Daniel Jones - National Oceanography Centre of Southampton 

 



1/16 

 

 

Introduction 

On 14 January 2013, the International Seabed Authority (ISA) and Global Sea Mineral 

Resources NV (GSR) signed a 15-year contract for exploration of polymetallic nodules. Under 

the contract, GSR will have the exclusive rights for exploration for polymetallic nodules over 

76,728 square kilometres of the seabed in the eastern part of the Clarion-Clipperton Fracture 

Zone (CCFZ) of the central-east Pacific Ocean (GSR contract area is located between 122°W 

and 128°W longitude and between 13°N and 16°N latitude and an average water depth of 

about 4,500m). 

After the successful trial of the Track Soil Testing Device (TSTD), GSR developed  'Patania 

II', integrating nodule collection and driving components. This pre-prototype vehicle will be 

trialled for the first time in the in-situ environment of the deep sea in April 2019.   

Aligned with the ISBA/19/LTC/8 “Recommendations for the guidance of contractors for the 

assessment of the possible environmental impacts arising from exploration for marine 

minerals in the Area,” GSR recently submitted the prior EIS to the International Seabed 

Authority (ISA) and to the Belgian Authorities and decided to publish the prior EIS in the 

interests of transparency. The prior EIA was open for comment during two months (from 1 July  

2018 to 31 August 2018) on the website of the Federal Public Service Economy Government 

of Economy, SMEs, Middle Classes, and Energy. Five of the received reviews were 

considered. 

The following document includes the official response by GSR to the review by Dr. Daniel 

Jones from the National Oceanography Centre of Southampton (contact: Daniel Jones, 

dj1@noc.ac.uk). The comments are addressed as written in the document GSR EIA 

Review.pdf (30/08/2018), one by one. The initial remarks by  Dr. Jones are set out in italics 

and grey and the response by GSR in non-italics and black to allow contrasts if printed in black 

and white.   

Reviewer Remarks and GSR Responses 

1. The statement “no serious harm will be caused to the marine environment at any depth 

within the water column.” Is unqualified, does not seem to be backed up by any 

evidence and indeed is potentially contradicted later on in the same paragraph “4) 

potential release of possibly toxic sediments and/or substances into the lower water 

column”. No quantification of ‘serious harm’ is provided. 

It is not clear what the reviewer means by quantification of 'serious harm' here. 'Serious harm' 

in this regulatory context (the Law of the Sea Convention, which governs activities in the Area) 

has yet to be fully legally defined; without such a definition to underpin it, targeted data 

gathering to enable assessment of the potential effects of the proposed activities is the first 

step.  

As the regulatory framework for exploitation is currently under development, GSR decided to 

use State-of-the-Art scientific information and followed the recommendation suggestion by 

Levin et al (2016) to use the FAO definition related to deep sea bottom fishing. Subsequently,  

“significant adverse impacts”, refers to those that compromise "ecosystem integrity", which 

depend on: (1) Intensity and severity of the impact; (2) Spatial extent of the impact relative to 

habitat availability;  (3) Sensitivity and vulnerability of the ecosystem to the impact;  (4) Ability 

for the ecosystem to recover;  (5) Extent of ecosystem alteration; and (6) The timing and 
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duration of the impact relative to species and habitat needs (FAO, 2009, para 17)). GSR 

considers that due to the restricted spatial and temporal scale of the proposed activity, it is 

unlikely that the balance of the relevant ecosystem would be modified, and that therefore it is 

unlikely that the relevant ecosystem integrity would be compromised at any depth within the 

water column. 

A major objective of the collaboration with the JPIO consortium is to provide a first step to 

obtain these data, based on the currently best available knowledge of the marine environment 

relevant to polymetallic nodules, to contribute to both the definition and the assessment of 

'serious harm'. But GSR does not have the authority for this.  

2. The cut-off concentration values used (10 mg/L, 1 mg/L and 0.1 mg/L) appear 

reasonable (i.e. not artificially high to reduce the reported spatial footprint). Trawling 

induced gravity flows created sediment concentrations of up to 236 mg/L (baseline 

levels < 10 mg/L) in Mediterranean Canyons (Puig et al., 2012). Shallow water 

experimental studies typically use similar levels (e.g. Humanes et al. 2017). Likewise, 

1 and 0.1 mm deposition seem appropriate levels for assessing impact. 

Thank you.  

3. The executive summary appears to refer to the least or average impacting scenarios 

(The text is “For the intended disturbance experiment, the sediment deposition from 

the plume is expected to reach approximately 500-750 m (cut-off value of 1 mm 

deposition) and roughly 5 km (cut-off value of 0.1 mm deposition) from the source.”). 

The exact values are not given for all the scenarios (page 143) and are difficult to read 

from the maps in appendix 12.4.1.1. The executive summary should probably refer to 

the worst-case scenario. See later note about the worst case scenario not being very 

bad. 

All the proposed cases are already highly conservative. For instance, a theoretical sediment 
layer of 12 mm was used to estimate the sediment load, whereas only the topmost water-
saturated layer of sediment will be removed (3-5 cm in B4S03). Furthermore, no technical 
downtime was considered, which is also unlikely to happen, given the technical challenges of 
driving a remotely operated crawler at 4500 m depth. This specific scenario was chosen 
because it is the most likely to occur (driving along the width rather than along the length of 
the direct impact area). 

4. The description of the projects appears straightforward and transparent 

Thank you for noticing this.   

5. Emphasises the conceptual difference between this EIA and an EIA of a full-scale, 

long-term industrial mining activity. 

Thank you for this interesting reflection.  

6. I generally agree that the “The scale of the environmental impact disturbance is limited 

and controlled”. 

This is why we consider that “no serious harm”, even should it later be most conservatively 

defined (remember it is not yet finally defined), is likely to occur, as stated in the executive 

summary.  

7. The EIS claims to have followed the key relevant guidelines 
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The main relevant guidelines are the ones promulgated by the ISA, which we followed. 

However, we even went further, because we also used the draft Exploitation EIS, which is not 

yet final, let alone adopted; in addition, we extensively and voluntarily contributed to and 

participated in the public participation events organized by the ISA and the Belgian Authorities, 

which are not legally required under the Law of the Sea Convention.  

8. The IRZ planned for this test will need to be different from that used by the mining 

activity. It doesn’t clarify that this will be the case in the EIS. 

 

We do not fully understand the question. The IRZ is chosen for this current component trial. 

The IRZ for the actual mining operation will be different but surely encompass this IRZ at a 

certain stage. 

 

9.  It is encouraging that the contractor has a reference zone for both the direct 

disturbance of the mine vehicle, but also specifically monitors at the plume site. It would 

be preferable to monitor multiple plume sites to establish more of the gradient of 

disturbance of the plume as well as providing some resilience in the sample design to 

environmental heterogeneity or differences between the modelled and actual results. 

We agree that monitoring in the gradient of deposition would be useful and this is also 

intended. It will be done within the allowed ship time. 

10. The name “Control reference zone” is used instead of “Preservation Reference Zone”, 

as used in the mining code. This may cause confusion. 

We agree. However, GSR was not certain if it was better to use the same terminology as in 

the Mining Code because there will be several Reference Zones (as explained earlier for the 

IRZ). This must be clarified soon by the ISA and the result legally such that consistent 

terminology is used by all.  

11. My concern is that there is only one control site. If these is deemed inappropriate 
for whatever reason (e.g. unusual environmental characteristics, model results 
that are different from actual impacts etc.) then this site will not be an effective 
control. As it is such a small area (500 x 500m) I would say that there is a 
reasonable likelihood that it is not representative of the relatively small impacted 
site; NOTE in the EMMP there is a line that says “one or more” sites will be 
monitored. This does not seem to carry through into the sampling design 
figures.  

The presented sampling area designated as a Preservation Reference Zone was chosen 

because of (1) the availability of time series data, (2) the comparison of habitats, (3) the 

proximity to the Mining Impact Area without being - it is estimated - affected. Monitoring will 

provide evidence of “non-affected”.   

12. In addition, the text says that the control reference zone has “geophysical, 
biological and chemical features comparable to the affected area” but only the 
geomorphology is demonstrated until much later in the report.  
I would argue that the geomorphology is quite different, with the Program area 
being on a shallow downward slope leading off a local high (4502 +- 16 m depth, 
p172) and the control reference area being near the bottom of a local depression 
(likely a Graben) (4551 +- 4 m depth, p172). These differences have the potential 
to be significant, particularly in terms of local sediment / food deposition, and 
may help explain some of the differences observed later in the report.  
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It is recommended that (1) the stipulated control site be revisited to ensure 

geophysical, biological and chemical similarity, and (2) at least one other control 

site be established.  

The biological set up was also compared later in the document. During a meeting with the 

JPIO Mining Impact scientist group different options were proposed and this control site was 

retained as best available. The control site will be revisited right before the experimental 

impact occurs, to ensure that sites are comparable. The feasibility of establishing a second 

control site is being considered.  

 

13. Page 25 says the Patania II tracks are expected to penetrate 5 cm into the sediments 
and that the “depth of influence” of the water jets will be investigated for the first time. 
It appears that no plans to measure this are articulated in the EMMP. It may be difficult 
to measure accurately.  

The same system that is going to be used for the height control, is being used for the validation 
of the “depth of influence” of the jets. After the “suction run” (a run where nodules are being 
collected and stored in the bucket) some time is allowed for the plume to be dispersed and or 
settled. When visibility returns, a second “measurement run’ is performed with the nodule 
collection system deactivated and an assessment of the impact on the seabed is performed.  
The technology and data processing techniques used are described below.  

Data processing for height control 

We intend to make use of a multibeam that measures instead of only 1 spot, 256 spots over 
the entire width of the vehicle with a very high update rate. This would give a reading approx. 
every 1.6cm (inter distance between measurement spots). By using a multibeam for height 
measurement, the risk of not detecting bathymetrical irregularities or other obstacles is 
minimized significantly.  

 

Figure 1: Position Multibeam on PPV Patania II. 

 

Figure 2 Multibeam swath 

If the multibeam monitoring fails (for example because of the excessive turbid 
environment) a mechanical back-up system is foreseen to measure the height above the 
seabed. This mechanical concept consists of a ski of which the angle relative to the seabed 
is translated into a value providing a height measurement. The ski-assembly is foreseen 
with a hydraulic cylinder, so it can be retracted when the vehicle is manoeuvring over the 
seabed (turning etc.) or upon landing on the seabed. 
 
14. The AUV photo track design is interesting. It needs further elaboration as to the 

monitoring value of such a track. It appears as though it will provide some 
information on the scale of disturbance, although there may not be sufficient 
coverage or replication for robust conclusions.  

Multibeam 
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It is recommended that the EIS includes more detail on the monitoring design 

and how it will be analysed – this would allow some sort of statistical power 

analysis to be carried out  

The AUV track laid on the map is not the envisaged AUV track for the GSRNOD19 campaign; 

it is the AUV track covered during an expedition of 2015. It will be part of the pre-impact 

assessment. The reviewer recommendation is noted.    

15. Not helpful that the maps have a different coordinate system (UTM zone 10 in first map 
then lat/long in the second maps) and none of the proposed sampling locations are 
marked on the later maps.  
In addition, sampling area marked on later maps but called B4S03 in map on page 26. 

These are the same areas (confirmed by georeferencing both maps in GIS).  

The sampling areas are included within the B4S03 subzone (~ of 10 x 20 km). To avoid the 

scale factor of the contract area (~75 000 km²), GSR delineated subzones and focussed there 

for the sampling strategy. The map of B4SO3 (Figure 4 – P. 26) also contains the limitations 

of the B4S03 area (black hatched line), which help for spatial geo-referencing, as they are 

also included in most of the other maps/figures as Figures 5, 6, 19, 21, 22, 25, 27 (…). 

There is indeed one map including UTM coordinates (Zone 10N). That is the only map as all 

the other ones present coordinates in Latitude/longitude. GSR will consider this pertinent 

remark for the next deliverables.  

16. It is not clear what the “Technical test area” (100 x 100m area) referred to on the map 
is for. We believe the mining collector test will be carried out in the “Mining Impact 2 
Program area” 80 x 1200 m.  

 
The first leg, the functionality testing or Technical test area, is foreseen to mitigate any 
technical issues before the actual operations within the framework of the JPI-Oceans 
MiningImpact 2 program. Despite a full technical testing program prior to vehicle deployment 
(FAT testing, land and wet trials, hyperbaric testing), it is not guaranteed that all systems will 
perform as expected in the deep sea. The conditions are extremely harsh and per not always 
reproducible on land. Additionally, certain components cannot be tested prior to deep sea 
deployment. For example, verification of the functioning of the umbilical winch (spooling and 
fleeting system) when the umbilical is fully deployed and an integrated hyperbaric test of the 
entire vehicle must occur in situ. Moreover, several consecutive deployments are necessary 
because the system oil must be allowed to creep up the umbilical because of the increase in 
pressure while the vehicle is gradually deployed. 
 

17. Although all classified as “Dense / Intermediate” nodule coverage on Figure 5, 
p 33), the PIRZ, RA and test site are all in differently classified nodule sub-groups 
in Figure 6 (p 34) arguably affecting the comparability between the sites and 
undermining the monitoring plan. It appears as though the control site has 12-
19 nodules m-2 and the test site has 19.9-23.8 nodules m-2. The plume impact 
reference zone also appears to have higher nodule levels (22.9-23.8 nodules m-
2), which may reduce the potential impacted impact on nodule fauna.  
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Figure: Our GIS analysis of maps in EIS with monitoring and test zones superimposed 
on the map on page 34.  

The nodule coverage estimations are still under development. The presented data maps are 

the output of a preliminary resource definition model. Nevertheless, the nodule abundance 

might well be different between the three areas. The impact will be determined in changes 

compared to the prior-impact assessment in each sampling site. The reference site could not 

be placed safely (meaning not being in the plume area by the forecast model) closer in the 

higher abundance areas.  

18. Simple model approach seems sound.  
 

Thank you.  
 

19. Geochemical section appears sound but outside expertise of reviewers.  
Not clear what “Total TR” is in table at end of p 35. The abbreviations section says it 

stands for transport, which appears to be referring to something else.  

Thank you for pointing this out. The same abbreviation was indeed used twice, for two different 

terms. This should not have happened “TR” standing for transport relates to the CFD modelling 

of nodules through the collector head. Here, the abbreviation “TR” stands for “Terre Rare” 

which is the French translation of Rare Earth. GSR will consider this pertinent remark for the 

next deliverables. 

20. Lots of parts of the nodule collector are named, but not labelled on the diagram. This 
would greatly facilitate understanding of the process  
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Figure 3: labelled picture of the Patania II 

Thank you for pointing this out. GSR will consider this pertinent remark for the next 

deliverables. 

21. The hopper on Patania II is only big enough to store 3mT of nodules. Given the 
approximately 20 kg m2 nodule densities, some rough calculations suggest it should 
fill up after covering around 150m2 or a track length of about 32 m. Even with a much 
reduced collection efficiency the hopper could be filled many times over even on the 
relatively short tracks. The Project scale section (p 48) also suggests that it will be filled 
after 50 – 150m. It is not clear what will happen to the remaining nodules in each track 
once the hopper is filled but before the hopper is dumped at the ends of the tracks (in 
Figure 15 indicated as being 340 m long). This should be detailed. 

As this nodule field clearance is part of the MiningImpact 2 experiment, the actual path on the 
seafloor is chosen by the scientists of the consortium. In this elongated rectangle version, the 
idea was initially to empty and turn around as soon as the bin was full. Each line would be 
defined by the nodule abundance (and how fast the bin would be filled) and not by an exact 
number of meters.  

22. Detailed description of operations is useful.  

Thank you.  
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23. It would be useful to see a map of the cruise tracks for the 3 GSR and 1 JPI-O past 
expedition. References to the cruise reports would be beneficial (and made public if 
not already) so more metadata can be found.  

Thank you for the suggestion. All cruise reports, data and the associated metadata have been 
submitted to the ISA as required and will be made publicly available by the ISA. Furthermore, 
GSR aims to have all this information available before the Integrated System trials.  

 
24. Throughout the physico-chemical environment section there is reference to winter and 

summer. Given its tropical location (and potential southern hemisphere readership) 
month references may be better. 

  Comment taken into consideration.  
 

25. Reference is made to “research is described in GSR's annual reports to the ISA”. 
These are not public documents. It is recommended that they are either made public, 
or pertinent sections are made public, or the EIS includes an annex describing the 
results.  

We appreciate the comment. GSR will make sure to refer only to published/available data. 

26. It would be useful if some of the contours were labelled 

 This remark is noted.  

27. Do currents get strong enough to “prevent deposition of sediments”? Evidence is that 
this was not the case on the abyssal seafloor. This interpretation is reinforced by the 
discussion on p 111-112, which concludes that “Current speeds of maximally 20 cm/s 
could lie around or above anticipated thresholds for natural resuspension of deep-sea 
muds according to McCave and Hall (2006) – but there is no evidence for it.”  
 

Currents above 15 cm/s do sporadically occur in the GSR contract Area. Monitoring of current 
and related sediment deposition is ongoing. 

28. Should refer to and discuss research included here (appears to be referred to but not 
referenced):  
Aleynik, D., Inall, M.E., Dale, A., Vink, A., 2017. Impact of remotely generated eddies 
on plume dispersion at abyssal mining sites in the Pacific. Scientific Reports 7, 16959.  

The article of Aleynik et al, 2017 was used for its demonstration of eddies in the CCFZ but 

reference is indeed lacking in the text body of page 66 and only referred to on page 76 of the 

document and referenced to page 204 of the document).  

29. Why was HYCOM expt_19.1 used? This run limited the temporal domain of the results 
(expt 19.1 is August 1, 1995 to December 31, 2012). Today it is possible to access 
HYCOM expt_91.2 with all the same parameters, which covers the same period as the 
data (Apr-18-2016 to Present). There may be a reason for this, but it should be 
documented.  

At time of initial model setup and scenario simulations, we did not yet dispose of the 19.2 data. 

In the meantime, further validation works on the model is being undertaken using the expt 19.2 

data. 

30. It is not clear what the model time series is. I can’t find mention of the start and end 
times. It is a shame that the model run does not coincide with any of the data (it says 
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this is because no global HYCOM hindcast data were available for the May-June 2017 
period, but see comment above).  
It is further not clear why the periods shown for the model data (March, April and May 

2009) in Figure 37, 38 and 39 were chosen. They seem a strange choice as they are 

for different months and 8 years previously?  

Please refer to caption of figure 37: “ … measurements (Top for the deployment …) and model 

(bottom …)”. As mentioned above, at the time of performing simulations, the expt. 19.2 had 

just become available, and time was too short to repeat the simulations for a different period. 

Shortly afterwards, model simulations have been performed with 19.2 HYCOM forcing data of 

year 2017. Therefore, indeed, comparisons are unfortunately qualitative only. 

31. The methods of the oceanographic sampling are generally fairly poorly described. This 
would be OK if there was a reference where the detailed information could be obtained, 
but there does not appear to be. For example, which sensor model and make was 
used for the various measurements. The FTU measurements may be near the 
detection limit of the instrument, although this is not possible to ascertain  

The complete methodology of oceanographic sampling is included in the Annual Report of 
2017 as required by the ISA. GSR indeed seems to have omitted this citation. Regarding the 
availability of the Annual Report content, please refer to GSR’s response to Remark 23.  

32. Munsell colour codes are used with no reference to the Munsell system or “normal” 
descriptions of the colour (e.g. “yellowish brown”). This may complicate interpretation.  

This remark was well-noted and will be considered for the next core description.  

Should include grain size distributions for the sediments.  

This remark was well-noted and will be considered for the next core description. All the 

detailed grain size distribution are part of the Annual report. Please refer to remark 23 for this.  

33. The paragraph on light is weak and not very convincing.  

GSR does not have or have access to or is aware of any relevant data related to 

bioluminescence (the only background light existing at these depths) at the seabed of the 

CCFZ.  

34. Another reference to data that are not possible for the public to obtain (the GSR annual 

reports to the ISA). 

Please refer to our response earlier on this matter (e.g., 23).  

35. The sentence “During GSRNOD14A, GSRNOD15A, GSRNOD17, and also during the 
JPI Oceans campaigns in the GSR contract area, for birds mainly boobies (masked, 
brown and red-footed) were identified.” does not make sense. Did they mean 4 birds, 
if so is that species or individuals?  

This sentence was indeed unclear and confusing. What was meant was that we encountered 

4 families of birds (Albatross, Tern, Petrel and Boobies) and that among the possible 

identifications, mainly boobies were described. It must be however noted that no ornithologist 

was on board during the campaigns, except the 2015 campaign.  

36. It is not clear if these are sightings of fish and whales that were made during transit on 
the GSR cruises or more general information on the area from the literature.  
I think this section needs to be bolstered by more literature information. For example, 

no mention is made of the threatened beaked whales that inhabit the area.  
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The sightings were conducted during transits from, to and while on site (dedicated surveys 

were conducted in 2014). However, the paper of Marsh et al. (2018) was published in August 

2018. As this prior EIS was submitted in March 2018, reference to this paper was not possible.  

37. The midwater section appears inadequate. There are no data at all on any 
zooplankton. Even generalities for the area would be useful (there may be no 
specific information). Suprabenthic pelagic fauna are likely to be impacted by 
the tests, as such more information is required on what might be present.  

The pelagic realm is indeed much less understood/studied currently. The focus of GSR was 

first at the seabed, because this is where the major effects are expected. Research on the 

pelagic ecosystem is foreseen during the 2019 and/or 2020 campaigns. Regarding the benthic 

boundary layer, the planktonic assemblage will be sampled prior to the impact, and the 

resuspended/redeposited organisms (in the benthic boundary layer and the sediment, 

respectively) will be estimated.  

38. The lack of temporal differences in meiofauna and macrofauna may be related to the 
small samples and limited number of replicates. This is not possible to judge from the 
information contained within the EIS (and should be).  

Meiofauna was sampled with a multiple corer with 10 cm diameter, and macrofauna with a 

boxcorer with a 50 x 50 cm surface area. These are standard sampling devices in abyssal 

systems also used by international research campaigns such as SO239 and 2424 to CCZ and 

DISCOL area during the JPIO project, and for comparability between studies it is important to 

use standardized sampling equipment. Replication is indeed limited. We are considering 

increasing the number of replicates for the upcoming expeditions. 

39. The methods of the biological part is generally lacking. The EIS is somewhere 
between the results and discussion section of a scientific paper. This EIS needs 
to be supported by detailed methods (or links to publically-available full text 
studies that contain them) and the report would be stronger with more 
background data, even if they are for the region as a whole, to try and interpret 
the significance of the results.  

The complete methodology of biological sampling is included in the Annual Reports of 2014, 
2015 and 2017. The complete methodology, results and discussions are included. Please 
refer to GSR’s response to remark 25.  

40. The EIS says that the density of megafauna is higher than other studies in the area, 
but does not mention the studies or their densities. Another example of poor reporting 
in this document.  
I believe (although do not know and cannot find out from this report) that the 

megafaunal density in the GSR data are likely to be underestimated (or at least only 

larger organisms could be enumerated) because of the altitude of the AUV 

photographs. Therefore, it is an interesting result if the densities are still higher than in 

other areas nearby.  

These data are summarized in fig 48 page 111 of the 2017 report. Please also refer to GSR’s 

response to remark 23.  

41. There is no indication of either megafaunal or macrofaunal diversity in the GSR area. 
I expect this is because of limited taxonomic resolution. However, it would be useful to 
say how many unique forms were distinguished and why no diversity metrics were 
reported.  
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A detailed list of present taxa at lows taxonomic level (family, genus or species) can be found 

in the previous annual reports of GSR to the ISA. Please refer to GSR’s response to remark 

23. 

42. The section on vertical distribution of meiofauna within the sediments seems out of 
place in a section on nodule-associated fauna. To avoid confusion, a new subsection 
should be created.  

This remark is noted.  

43. The connectivity section is poorly reported. It is lacking a lot of detail, which is a shame 
as it is an interesting and relevant result.  

This connectivity study is still under development. For example, the metabarcoding approach 

requires more samples, which we plan to obtain. Also the Plenaster craigi approach remains 

challenging, because the likelihood of finding a particular species in such a big area is low. 

We will continue looking for P. craigi during the upcoming expedition.  

44. Not clear why there is more detail on JET and the other studies aren’t mentioned. I 
expect it is because more plume information is available, but the EIS doesn’t say.  

The JET experiment seemed a bit more comparable to the current project. All of the other 

benthic experiments were reviewed and studied, and all the conclusions were taken into 

account for this benthic experiment. Nevertheless, none of the historical experiments are really 

relevant as the scale and execution method is hardly comparable. The review of all the benthic 

experiments by Jones & al (2017) was most useful and very carefully studied.  

45. Some interesting results from SO-242/2 but not enough information. In general, a direct 
comparison with the estimates for the test referred to in the EIS would be beneficial to 
improve decision making (i.e. is this test going to make a plume much bigger than the 
experimental assessments).  

GSR tried to be as concise as possible and rely solely on useful results. Except for the 

estimates of plume extent, the comparison between the SO-242/2 results and the estimates 

of the coming PPV impacts would be difficult. Unfortunately, predicting the loss of habitat 

and/or the loss of biodiversity, if any, is still impossible due to a lack of data. But the suggestion 

will be taken into account regarding the plume. 

46. The simulation period is only 21 days, which includes a 15-day period after the 
Patania II trial. I would be interested to see if the results get appreciably worse 
(in terms of extent of amount of sediment deposited after this time. One way of 
presenting this would be to demonstrate the amount of material still in 
suspension at the end of the experiment. It is likely that these will be very slow 
sinking fine particulates that may travel long distances.  

Please refer to plot in annex on page 242. It shows that after 9 days all SSC<0.1 mg/l. After 

10-11 days, all SSC<0.01 mg/L and no 0.01 mg/l contour was visible any longer. 

47. I also think that the fate of the plume should be tracked until all suspended 
sediment is thought to have been deposited. This may take some time, but it 
would be a useful result for decision makers.  

See above. From the modelling, if we consider a measurable deposition of 1mm, this will be 

achieved after 4 days. Two possible approach are foreseen to address the fate of the plume: 

(1) part of the sensors will stay on site for a longer period; (2) inert tracers will be mixed with 
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sediment and laid down on the seafloor before the PPV drives across it, to be sucked up and 

blown behind the Patania II. This tracer will remain detectable for a long  period (years) and 

the total extent will thus be known. Relating this information to the current data would allow 

GSR to estimate how long the particles did persist in a suspended state. Please refer to the 

remark 2 about thresholds.  

48. It would have been good to include a worst case scenario that is as extreme as possible 
(e.g. with continuous sediment release) within the technical constraints. There are a 
lot of assumptions that could be pushed to the limits to get a feel for how bad it could 
be, which is the question many people will be asking.  
I also think that the worst scenario (i.e. 2) results should be presented in the figures 
rather than the “average” scenario.  

All the proposed cases are already highly conservative. For instance, a theoretical sediment 
layer of 12 cm was used to estimate the sediment load, whereas only the topmost water-
saturated layer of sediment will be removed (3-5 cm in B4S03). Furthermore, no technical 
downtime was considered, a highly optimistic assumption, which is also unlikely to happen 
given the technical challenges of driving an remotely operated crawler at 4500 m depth. This 
particular scenario was chosen because it is the most likely to occur (driving along the width 
rather than along the length of the direct impact area). However, the remark is taken into 
account.  

49. There is no information on the potential toxicity of metals etc. released from the 
nodules being collected. There should be reference to the later section on this 5.2.4.5  

This remark is noted regarding reference. It is foreseen to monitor closely the O2 

concentration, the pH, the chelator concentration as these variables will influence the 

bioavailability of the metals (naturally occurring in the pore waters of the seafloor).   

50. The EIS is not very convincing on the potential toxicity of the hydraulic oil or other 
chemicals/substances used. This is particularly important as chemical behaviour and 
toxicity may be appreciably different in the deep sea.  

Section 6.2.2.1 clearly mentions the use of biodegradable oil, including type and Safety Data 

Sheets.  

51. The accidents section is not very extreme. What happens if Patania 2 is lost. The ship 
sinks, etc. Reference should be made to section 6, which has more detail on some of 
the potential scenarios.  

This reference is included at the first line of the first paragraph of the section 5.1.3.3.2. In this 

section, only the potential chemicals artificially introduced are addressed.  

52. I don’t think the impact of the collector needs to be downplayed here. It is a small 
impact. The last sentence should be removed or altered to make sure it is not 
misconstrued.  

This remark is noted.  

53. The document has several topics discussed across multiple sections. Better 
referencing of the other relevant sections should be made throughout. Rather careful 
reading of the (large) document is required to gather all the information on each aspect.  

This remark is noted. GSR did try to do the referencing with special attention to this.  
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54. think the EMMP should be future looking and talk about the planned monitoring 
scheme. At the moment it is filled with detailed comparison between the test and 
control sites, which is useful, but should have been in the environmental description 
section. This would make the EMMP much clearer  

The detailed comparison of the IRZ and the PRZ was to demonstrate that the use of this 

particular site would help to evaluate change over time. In our opinion, this was part of a 

monitoring plan rather than the description of the environment.  

The monitoring scheme is developed step by step to maximize the usefulness of the results 

of this unique experiment.  The focus of this disturbance experiment is on monitoring of impact 

and effect as explained in the document. For the MI2 experiment, sampling (Multicore and 

boxcore deployment in quintuplicates, dedicated ROV sampling, video/AUV surveys) along a 

transects away from the direct Impact Zone in order to assess the gradient of plume and its 

impacts. To monitor the plume itself, around 60 sensors and 20 platforms will be deployed.  

GSR is committed to responsible environmental management. From GSR's point of view, this 

experiment is essential to be able to build up a robust Environmental Management and 

Monitoring Plan informed by the envisaged monitoring strategy carried out in 2019. A robust 

environmental management strategy requires knowledge of the quantitative 

impact/effect/threshold relationships 

.  

55. Comparability between impacted and control zones.  
I am not convinced by the evidence that the control and impact sites are 
comparable (they may be, but not well demonstrated). It has already been 
pointed out that there is geomorphological variation between sites.  
There are quite a few differences (non-overlapping confidence intervals) in many 
of the parameters physical parameters between the control and impacted site, 
particularly in the most biologically active surface layers (only sand content 
appears to overlap between sites).  
Figure 103 shows some departure in some of the control sites and this is backed 
up by the PERMANOVA testing. This is dismissed in the report  
Part of the problem is that only three cores have been taken. These probably 

only contain a few tens of macrofaunal individuals.  

Interpretations are made more complicated by an incorrect y-axis on Figure 105 
(it is copied from figure 104, but I believe it refers to macrofauna).  
It would be expected from what we know about ecology that the meiofaunal 
results should be more robust than the macrofaunal results just because more 
individuals would be encountered.  
Even then the analysis is only performed at a higher taxon level, presumably 
either because time-consuming species- (or genus-level analysis was not done 
or it was omitted because it showed differences between the sites.  
It is unfortunate that densities are lower at the planned control site. This will 
permit more negative change to happen before a statistically significant 
difference is found. Careful selection of the statistical approach will be required 
to ensure that these differences are considered.  
It is recommended that more data are obtained in the control and impacted site 

immediately prior to the investigation both to reduce potential temporal 

differences and to increase the replication.  

The error bars in the figures of this section denote standard deviation as indicated in the 

caption. If 95% confidence intervals are plotted, there is an overlap in all variables and depth 

layers except for TOM in the 7-10 cm layers, porosity in the 7-8 cm layer and median grain 

size in the 0-1 cm layer.  
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The samples of one MUC deployment (MUC14), which were also characterized by very low 

meiofauna densities (2 ind/10cm²), were responsible for the deviating points in the PCA plot. 

However, when taking this MUC out of the analysis, Permanova still indicates significant 

differences due to %TOM and nitrite content.   

A higher number of replicates would indeed be beneficial for the comparison. 

Figure 105 is not copied, but the y-axis is indeed labelled wrong and should state “Macrofauna 

abundance [ind./m²]”. The data, however, is derived from the macrofauna analysis. 

Meiofauna analysis was only conducted at higher taxon level because lower taxon level data 

were not available at the time of writing. They are now, i.e. nematode genus and copepod 

species identifications were finalized. As mentioned earlier, meiofauna densities are also 

influenced by one sample (MUC14) with very low densities and including only nematodes.  

During the upcoming experiment, we are indeed planning to collect 5 replicate samples in the 

impact and reference site prior to disturbance. 

56. How will megafaunal ecophysiology be assessed?  

This aspect, including a definition of megafaunal ecophysiology (which is not included in the 

LTC recommendation) is still under development.  

 
57. I would like to see more detail on how the experiments conducted as part of JPI-O2 

will be integrated with the modelling results to better predict the thresholds or extent of 
impact. At the moment it is not clear to me that the experiments will enable this to be 
carried out.  

The Patania II trial is only a - so far - unique, in situ opportunity for the independent consortium 
to answer these types of unknowns. This question was forwarded to Dr. Matthias Haeckel, 
coordinator of the MiningImpact 2 project. Here is his answer :  
 
MI2 will conduct different types of numerical modelling:  
a) Biogeochemical and food web modelling will integrate information from microbially 
mediated diagenetic processes with faunal and in situ experiments (e.g. biogeochemical 
fluxes, respiration rates, bioturbation activity, foodweb analyses, toxicity) to assess impacts 
from sediment + nodule removal and smothering by deposited sediment plume material. The 
monitoring sensor grid will add data on thickness and spread of the sediment blanket, 
sediment tracers will also provide data on removed sediment layers. Model simulations will 
analyze degrees of impact resulting from different quantities of impact. The methodology 
builds on its successful application in the first project phase and previous DISCOL studies. 
 
b) Plume dispersal modelling has 2 tasks, (i) predictive modelling of the dispersal in space 
and time to assist in the layout of the plume monitoring sensor grid and (ii) interpreting the 
sensor data from the collector trials. The latter will be used also to improve plume model 
parameterizations. Comparison with biological (benthic, pelagic, microbial) ecotoxicological, 
in situ experimental and biogeochemical results will attempt to address definition of threshold 
values, such as for particle concentrations and deposition thickness.   
 
c) In addition, risk assessment models, i.e. DNVGL’s ENVID and the weight-of-evidence 
method, are applied. These tools have been applied successfully in coastal waters and shelf 
seas and we will now use (and if necessary adapt) them for the deep-sea mining problem. 
Both methods will be fed by the results on impacts from the different scientific disciplines. 
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58. I think the monitoring sample plan should be estimated and simulated using 
existing data. This would allow statistical power analysis to be used to determine 
the magnitude of effects that can be detected. It would also clarify how the data 
will be analysed from the experimental design. My guess is that the power 
analysis will show that only large changes could be detected. This whole 
process would greatly inform the quick decision making that will have to happen 
on the ship during the JPI-O 2 cruises. The section where this is notionally done 
(7.2.3.2 Environmental monitoring program) starts off relatively well (for the 
plume modelling) but becomes rapidly vague.  
Specifically regarding p190 paragraph 2: This multi-scale analysis would be 

good. However, it is not easy to do in a way that is scientifically acceptable in 

the deep-sea. More detail on the specific approach would be useful to be able to 

judge its efficacy.  

MI’s work at DISCOL detected and quantified not only the big changes, but also levels of 

gradual disturbance. This was at least possible from the biogeochemical and microbial data. 

This, we will also attempt during the SO268 cruise. The total available ship time allows the 

biological sampling of the standard 5 replicates in the collector trial area and the plume impact 

area (the latter possibly at 2 sampling sites to realize the analysis of a gradual impact by plume 

deposition). A few more sites will be possible for biogeochemical and microbial studies. The 

latter investigations are processes driven and hence allow for extrapolation of results and 

prognostic simulations. In addition, we will try to correlate the sediment biogeochemical data 

with data from the monitoring sensors and visual inspections by the ROV dives. 

Our approach aims at integrating the different data sets and consequently does not purely rely 

on statistical robustness of the biological sampling strategy. 

59. It appears that five samples will be taken for each parameter in the control site 
(RA), impacted site (IRZ) and Plume impacted site (PIRZ). The numbers are 
tentative (p 169). Assuming that the data will be analysed by some sort of 
ANOVA design (the EIS doesn’t say) then statistical theory allows us to predict 
the effect size (measured as number of standard deviations the mean of the 
impacted site is away from the mean of the control site). The graph below shows 
this relationship:  

 

 
For 5 samples it means that over 2 standard deviation differences in the 
parameter of interest are needed to detect an effect (at 95% confidence level, 
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which is normal for these tests). This is an enormous difference. According to 
Cohen 1988 (Statistical Power Analysis for the Behavioural Sciences) 
differences of > 0.5 are large.  
We strongly recommend that the EMMP attempts similar calculations and 

commits to a sampling plan that can be theoretically tested prior to 

implementation to ensure that it is sufficient to detect the sort of effects of 

interest.  

This only refers to biological sampling. However, our impact assessment does also include 
biogeochemical and microbial studies that are process driven and hence does not depend 
only on statistical approaches.  

60. The EIS presents 4 scenarios on pp 141-142, with a predicted maximum extent of the 
1mm deposition zone of 1-2.5 km (though p 3 says 500-750m) and a predicted 
maximum of 2-6km for the 0.1mm deposition zone across the scenarios. Throughout 
the EIA, there are assertions that the model will be validated through data collection. I 
would think you would want to validate this by having sampling arrays within, at the 
edge of, and outside of the predicted impact areas to verify your predictions. However, 
page 192 seems to suggest that the plume sampling will be happening is a 2-5km2 
array. This doesn’t seem sufficient to test the assumptions above. At minimum, the EIS 
should provide more information on the sampling protocol planned and how it will be 
designed to test the model assumptions, including testing at various points both inside 
and outside the predicted impact zones. Also, there’s a comment on p. 148 that 
suggests the worst-case scenario for plume suspension in the water column is 25m: is 
this going to be tested/validated as well?  

The layout of the sensor grid is currently updated based on numerical simulations of the 
sediment plume behaviour addressing varying bottom current strengths and directions, 
different plume concentrations and latest results of particle aggregation experiments as well 
as the bathymetry of the trial area. The sensor grid consists of 20 different platforms equipped 
with 60 different sensors (acoustic and optical). These will be placed according to the most 
likely predicted plume behaviour. Some of the sensors will also be placed outside the model 
predicted plume impact area. Upward looking ADCPs and 40-m long moorings will address 
the plume height question. 
 

61. It is good that this EIS includes detailed provisions for data and sample management.  

Thank you.  
 

62. What is the plan for continued monitoring? At present the EMMP presents the 
plan for immediate post cruise monitoring and some further short term 
assessment. I don’t see a plan for longer-term monitoring.  
It is recommended that a longer-term plan for monitoring should be developed.  

GSR is committed to longer term monitoring as per contract with the ISA and the monitoring 
plan will be design accordingly. 
 

 


