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Publishable summary 

Blue Nodules and testing of mining components 
Blue Nodules is a Horizon2020 research and innovation project running from February 2016 to July 

2020. The project involves 14 leading industry and research partners from 9 countries in Europe. The 

main aim of the Blue Nodules project is to develop and prove the concept and feasibility of technology 

for environmentally responsible and industrially viable mining of deep-sea polymetallic nodules. 

During the Blue Nodules project, a nodule collection system, propulsion system and umbilical are being 

developed to a level that they can be tested in a realistic marine environment. After initial design and 

laboratory testing of various system components in 2016 and 2017, the developed systems were 

integrated in 2018 in Apollo II, a pre-prototype nodule collection vehicle assembled for the purpose of 

testing the systems in a relevant marine environment. Following two field tests with Apollo II in 

summer 2018 and 2019 in Málaga Bight, offshore southern Spain, the next step would be to test the 

systems integrated into Apollo II in the operational environment of the Clarion Clipperton Zone (CCZ) 

in the Central Pacific Ocean.  

Regulatory requirements for testing of mining components 
Testing of mining components within the CCZ is subject to the regulation of the International Seabed 

Authority. The International Seabed Authority (the Authority, also known as the ISA) is an autonomous 

international organization established under the 1982 United Nations Convention on the Law of the 

Sea (UNCLOS) and the 1994 Agreement relating to the Implementation of Part XI of the United Nations 

Convention on the Law of the Sea (Implementation Agreement). The Authority has a responsibility to, 

inter alia, ensure effective protection for the marine environment from harmful effects which may 

arise from activities in the Area, and to adopt appropriate rules, regulations and procedures to that 

end (UNCLOS, article 145). Testing of mining components in the CCZ can only be conducted within the 

exploration area of a contractor that holds a current exploration contract with the ISA. Prior to testing 

of mining components, entities wishing to undertake these activities need to submit an Environmental 

Impact Statement (EIS) summarising the results of the Environmental Impact Assessment (EIA) 

conducted to determine the impact of the proposed testing of mining components 

(ISBA/25/LTC/6/Rev.1). This EIS is assessed during a formal review process conducted by the Legal and 

Technical Commission (LTC) of the ISA. Following their review, the LTC may recommend incorporation 

of the EIS into the contractor’s programme of work, which is broadly equivalent of granting ‘approval’ 

for the proposed testing activities.  

Testing of mining components and Environmental Impact Statement preparation 
To aid proponents in the preparation of an EIS for testing activities conducted during an exploration 

contract, the LTC has recently revised their ‘Recommendations for the guidance of contractor for the 

assessment of the possible environmental impacts arising from exploration for marine minerals in the 

Area’ (ISBA/25/LTC/6/Rev.1, issued 30 March 2020). Within this revised document, the LTC provide an 

EIS template for reporting an EIA undertaken during exploration (ISBA/25/LTC/6/Rev.1, Annex III) and 

detailed recommendations for EIA during exploration (ISBA/25/LTC/6/Rev.1, Part VI). The EIS for 

testing of the pre-prototype nodule collection vehicle Apollo II presented here primarily follows the 
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EIS template provided by the ISA, although some sections could not be completely addressed given 

that a CCZ test site and time period has not yet been identified for Apollo II. Where appropriate, this 

EIS also draws on the structure of the two EIS documents that have been approved by the ISA to date.   

Environmental characteristics of the CCZ test environment 
The CCZ is located in the eastern part of the eastern central Pacific, between the Hawaiian Islands and 

Mexico, beyond national jurisdiction. The region lays between the Clarion and Clipperton Fracture 

Zones, which gives the region its name. The pelagic (surface and midwater) environment of the CCZ is 

typical of the open ocean conditions of the Eastern Tropical Pacific. The waters are strongly stratified 

both in terms of temperature and salinity, with a shallow thermocline and halocline and the occurrence 

of a thick and strong sub-thermocline oxygen minimum layer. The mesoscale current conditions are 

largely forced by atmospheric conditions and there is an influence of the Intertropical Convergence 

Zones and El Niño-Southern Oscillation. The pelagic environment experiences oligotrophic conditions 

with nutrient limitation of iron and nitrate resulting in a low vertical flux of carbon to the seafloor. 

Ocean current magnitude decreases with increasing depth, with current speeds at the seafloor being 

only a few cm s-1. The benthic environment of the CCZ is characteristic of abyssal plains. The seafloor 

is dominated by soft substrata including fine grained sediments and organic material. The homogeneity 

of these soft sediment plains is punctuated by islands of hard substrata, including polymetallic nodules 

and the occasional seamount.  

The biological communities of the CCZ surface and midwater environments are generally not well 

known. There is more information on the biological communities of the CCZ benthic environment, 

which is typical of an abyssal plains ecosystem. The benthic environment has low physical energy, with 

typically slow currents and limited background turbulence. Low productivity in the surface waters 

means than only small amounts of organic matter reaches the seafloor, which is reflected in the low 

natural sedimentation rates. As a result of low productivity in the surface waters and food source 

degradation through the water column, biomass and biological rates of benthic organisms are low. 

Despite the low biomass in the benthic environment, biodiversity is relatively high. Although the CCZ 

has been described as a large and continuous habitat, there are regional patterns in productivity and 

local habitat heterogeneity. The distribution and abundance of nodules, as the main source of hard 

substratum for benthic organisms, is a significant contributor to seafloor habitat heterogeneity. 

Apollo II test plan 
The proposed test plan for Apollo II in the CCZ would comprise moving along a series of parallel 

trajectories in a square area of maximum 415 m x 485 m, during which different operational settings 

would be tested. A maximum of 150 consecutive straight swaths of 2.5 m wide and 375 m long would 

be covered with average speed of 0.5 m s-1. At the end of every swath, the vehicle would take 

approximately 20 minutes to turn around. While turning, the collector head would be lifted off the 

seabed to allow flushing of the system. Nodules and sediment picked up by the hydraulic collector 

from a 1 m wide strip in the middle of each swath would pass through the nodule separator, after 

which the separate flows of nodules and sediment would be returned via, respectively, the nodule fall 

pipe and the diffuser of Apollo II. Within the total 0.20 km2 area where Apollo II would be active, the 

actual testing of the hydraulic nodule collector would cover a 0.14 km2 area. The turning of the vehicle 



 

D1.7 – EIA components for test mining up to prototype level – 6 July 2020  
          5 / 151  

Blue Nodules    

on both ends of the collector test area would cover a total of 0.04 km2. The plume generated by 

sediment discharge through the diffuser would affect a larger area, which is anticipated to extend 

beyond the boundaries of the test area. 

Potential environmental impacts of Apollo II testing 
The anticipated physicochemical impacts from the proposed testing of Apollo II have the potential to 

be numerous and varied. Testing activities would be limited to a seafloor area measuring 

approximately 0.2 km2 and at this localised site scale, the seafloor environment would be highly 

modified by testing activities. Some physical and biogeochemical modifications to the seafloor 

environment would have longer duration than others, and the severity and extent of many of these 

impacts is not well known. Impacts from plumes may well extend beyond the boundaries of the test 

site. It is possible that the seafloor environment within the test site may not return to its pre-disturbed 

state on human timescales, depending on the degree of seafloor modification. However, at the 

regional scale of the CCZ, the physical and biogeochemical impacts from within the 0.2 km2 test site 

are unlikely to be felt. A well-designed monitoring plan would be needed to measure the impacts on 

the physicochemical environment from Apollo II testing. 

Impacts on the surface and midwater biological communities from testing of Apollo II are likely to be 

small and of short duration. However, impacts within the 0.2 km2 test site may be severe for the 

biological communities in the benthic environment. Some impacts on the biota in the benthic 

environment would have longer duration than others, although the severity and extent of many 

impacts is not well known. Some biotic groups within the benthic environment may be more severely 

impacted than others and some taxa may not recover on human timescales, depending on the degree 

of habitat modification and the potential for recolonization. At the regional level, the biological impacts 

from activities within the 0.2 km2 test site are unlikely to be felt, however recovery of the biota at the 

test site would depend on biological connections to the wider region. A well-designed monitoring plan 

would be needed to fully quantify the impacts on the biological environment from testing Apollo II. 

Events that may affect testing activities 
The potential for extreme weather, natural hazards and accidental events to impact Apollo II testing 

has also been considered. The weather and sea state conditions in the CCZ are not favourable year-

round for testing Apollo II and to reduce the likelihood of extreme weather impacting testing activities, 

the vehicle test expedition should ideally be scheduled during the months of March to May. Monitoring 

the weather forecast would allow the ship’s command to make a timely decision to abandon the test 

area and sail to a safe place in the case of extreme weather arising whilst on station. There are no 

natural hazards in the CCZ that pose risk to the safety of the surface support vessel, however 

volcanism, seismic activity or benthic storms on the seafloor could affect the proposed Apollo II test. 

Volcanism and earthquakes are unlikely to occur in the CCZ and seismic activity only poses a potential 

risk on or near steep slopes where it may trigger landslides or gravity flows. Although there has been 

some suggestion that benthic storms may occur in the CCZ, instrumental records of near-bottom 

turbidity have so far not provided evidence of resuspension and dispersion of sediments. 

It is assumed that the entity conducting the testing of Apollo II would ensure that all applicable national 

and international safety standards were met throughout the testing expedition. A detailed account of 
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the potential accidental events and mitigation measures that would need to be put in place to address 

these is not provided. However, a list of the potential accidental events is provided based on the 

detailed treatment that these have been given in prior EIS documents. 

Environmental management, monitoring and reporting 
Environmental management, monitoring and reporting will be key to measuring, quantifying and 

assessing the impacts of testing mining components. In the event that Apollo II is tested within the 

CCZ, it would be anticipated that there would need to be a detailed environmental management, 

monitoring and reporting section within the EIS, in line with the current ISA recommendations 

(ISBA/25/LTC/6/Rev.1). A key component of this section would be the identification of the Impact 

Reference Zone (IRZ) and Preservation Reference Zone (PRZ) for the proposed testing activities, and 

the creation of a robust sampling and monitoring plan using these sites to assess the impacts of testing 

Apollo II. Given that PRZs and IRZs and the associated monitoring plan will be highly site-specific, 

environmental management, monitoring and reporting is not discussed in detail. Instead, a list of 

current ISA recommendations and scientific considerations are provided to address this in the event 

that Apollo II is tested in the CCZ in the future. 

Public consultation 
In the event that Apollo II is tested within the CCZ, it is anticipated that the testing activities would be 

subject to a public consultation process in line with the current ISA recommendations 

(ISBA/25/LTC/6/Rev.1). The proponent for testing Apollo II would be expected to detail the 

consultation that had been undertaken or was planned as part of the EIA process, including 

consultation methods, stakeholders and public consultation and disclosure. The two contractors who 

have had their proposal to conduct testing of mining components in the CCZ approved have both 

undertaken national public consultation processes regarding their proposed testing activities. Given 

that the proposed Apollo II testing activity does not have a confirmed test site within a CCZ exploration 

area, and by inference a sponsoring State, it was not considered appropriate to conduct any form of 

national public consultation as part of this EIA. However, In the event that Apollo II is tested within the 

CCZ, it would be anticipated that these activities would involve a public consultation phase, in 

accordance with ISA recommendations (ISBA/25/LTC/6/Rev.1) and the appropriate national 

legislation. 
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Executive Summary 

Blue Nodules and testing of mining components 
Blue Nodules is a Horizon2020 research and innovation project running from February 2016 to July 

2020. The project involves 14 leading industry and research partners from 9 countries in Europe. The 

main aim of the Blue Nodules project is to develop and prove the concept and feasibility of technology 

for environmentally responsible and industrially viable mining of deep-sea polymetallic nodules. 

During the Blue Nodules project, a nodule collection system, propulsion system and umbilical are being 

developed to a level that they can be tested in a realistic marine environment. After initial design and 

laboratory testing of various system components in 2016 and 2017, the developed systems were 

integrated in 2018 in Apollo II, a pre-prototype nodule collection vehicle assembled for the purpose of 

testing the systems in a relevant marine environment. Following two field tests with Apollo II in 

summer 2018 and 2019 in Málaga Bight, offshore southern Spain, the next step would be to test the 

systems integrated into Apollo II in the operational environment of the Clarion Clipperton Zone (CCZ) 

in the Central Pacific Ocean.  

Regulatory requirements for testing of mining components 
Testing of mining components within the CCZ is subject to the regulation of the International Seabed 

Authority. The International Seabed Authority (the Authority, also known as the ISA) is an autonomous 

international organization established under the 1982 United Nations Convention on the Law of the 

Sea (UNCLOS) and the 1994 Agreement relating to the Implementation of Part XI of the United Nations 

Convention on the Law of the Sea (Implementation Agreement). The Authority has a responsibility to, 

inter alia, ensure effective protection for the marine environment from harmful effects which may 

arise from activities in the Area, and to adopt appropriate rules, regulations and procedures to that 

end (UNCLOS, article 145). Testing of mining components in the CCZ can only be conducted within the 

exploration area of a contractor that holds a current exploration contract with the ISA. Prior to testing 

of mining components, entities wishing to undertake these activities need to submit an Environmental 

Impact Statement (EIS) summarising the results of the Environmental Impact Assessment (EIA) 

conducted to determine the impact of the proposed testing of mining components 

(ISBA/25/LTC/6/Rev.1). This EIS is assessed during a formal review process conducted by the Legal and 

Technical Commission (LTC) of the ISA. Following their review, the LTC may recommend incorporation 

of the EIS into the contractor’s programme of work, which is broadly equivalent of granting ‘approval’ 

for the proposed testing activities.  

Testing of mining components and Environmental Impact Statement preparation 
To aid proponents in the preparation of an EIS for testing activities conducted during an exploration 

contract, the LTC has recently revised their ‘Recommendations for the guidance of contractor for the 

assessment of the possible environmental impacts arising from exploration for marine minerals in the 

Area’ (ISBA/25/LTC/6/Rev.1, issued 30 March 2020). Within this revised document, the LTC provide an 

EIS template for reporting an EIA undertaken during exploration (ISBA/25/LTC/6/Rev.1, Annex III) and 

detailed recommendations for EIA during exploration (ISBA/25/LTC/6/Rev.1, Part VI). The EIS for 

testing of the pre-prototype nodule collection vehicle Apollo II presented here primarily follows the 
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EIS template provided by the ISA, although some sections could not be completely addressed given 

that a CCZ test site and time period has not yet been identified for Apollo II. Where appropriate, this 

EIS also draws on the structure of the two EIS documents that have been approved by the ISA to date.   

Environmental characteristics of the CCZ test environment 
The CCZ is located in the eastern part of the eastern central Pacific, between the Hawaiian Islands and 

Mexico, beyond national jurisdiction. The region lays between the Clarion and Clipperton Fracture 

Zones, which gives the region its name. The pelagic (surface and midwater) environment of the CCZ is 

typical of the open ocean conditions of the Eastern Tropical Pacific. The waters are strongly stratified 

both in terms of temperature and salinity, with a shallow thermocline and halocline and the occurrence 

of a thick and strong sub-thermocline oxygen minimum layer. The mesoscale current conditions are 

largely forced by atmospheric conditions and there is an influence of the Intertropical Convergence 

Zones and El Niño-Southern Oscillation. The pelagic environment experiences oligotrophic conditions 

with nutrient limitation of iron and nitrate resulting in a low vertical flux of carbon to the seafloor. 

Ocean current magnitude decreases with increasing depth, with current speeds at the seafloor being 

only a few cm s-1. The benthic environment of the CCZ is characteristic of abyssal plains. The seafloor 

is dominated by soft substrata including fine grained sediments and organic material. The homogeneity 

of these soft sediment plains is punctuated by islands of hard substrata, including polymetallic nodules 

and the occasional seamount.  

The biological communities of the CCZ surface and midwater environments are generally not well 

known. There is more information on the biological communities of the CCZ benthic environment, 

which is typical of an abyssal plains ecosystem. The benthic environment has low physical energy, with 

typically slow currents and limited background turbulence. Low productivity in the surface waters 

means than only small amounts of organic matter reaches the seafloor, which is reflected in the low 

natural sedimentation rates. As a result of low productivity in the surface waters and food source 

degradation through the water column, biomass and biological rates of benthic organisms are low. 

Despite the low biomass in the benthic environment, biodiversity is relatively high. Although the CCZ 

has been described as a large and continuous habitat, there are regional patterns in productivity and 

local habitat heterogeneity. The distribution and abundance of nodules, as the main source of hard 

substratum for benthic organisms, is a significant contributor to seafloor habitat heterogeneity. 

Apollo II test plan 
The proposed test plan for Apollo II in the CCZ would comprise moving along a series of parallel 

trajectories in a square area of maximum 415 m x 485 m, during which different operational settings 

would be tested. A maximum of 150 consecutive straight swaths of 2.5 m wide and 375 m long would 

be covered with average speed of 0.5 m s-1. At the end of every swath, the vehicle would take 

approximately 20 minutes to turn around. While turning, the collector head would be lifted off the 

seabed to allow flushing of the system. Nodules and sediment picked up by the hydraulic collector 

from a 1 m wide strip in the middle of each swath would pass through the nodule separator, after 

which the separate flows of nodules and sediment would be returned via, respectively, the nodule fall 

pipe and the diffuser of Apollo II. Within the total 0.20 km2 area where Apollo II would be active, the 

actual testing of the hydraulic nodule collector would cover a 0.14 km2 area. The turning of the vehicle 
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on both ends of the collector test area would cover a total of 0.04 km2. The plume generated by 

sediment discharge through the diffuser would affect a larger area, which is anticipated to extend 

beyond the boundaries of the test area. 

Potential environmental impacts of Apollo II testing 
The anticipated physicochemical impacts from the proposed testing of Apollo II have the potential to 

be numerous and varied. Testing activities would be limited to a seafloor area measuring 

approximately 0.2 km2 and at this localised site scale, the seafloor environment would be highly 

modified by testing activities. Some physical and biogeochemical modifications to the seafloor 

environment would have longer duration than others, and the severity and extent of many of these 

impacts is not well known. Impacts from plumes may well extend beyond the boundaries of the test 

site. It is possible that the seafloor environment within the test site may not return to its pre-disturbed 

state on human timescales, depending on the degree of seafloor modification. However, at the 

regional scale of the CCZ, the physical and biogeochemical impacts from within the 0.2 km2 test site 

are unlikely to be felt. A well-designed monitoring plan would be needed to measure the impacts on 

the physicochemical environment from Apollo II testing. 

Impacts on the surface and midwater biological communities from testing of Apollo II are likely to be 

small and of short duration. However, impacts within the 0.2 km2 test site may be severe for the 

biological communities in the benthic environment. Some impacts on the biota in the benthic 

environment would have longer duration than others, although the severity and extent of many 

impacts is not well known. Some biotic groups within the benthic environment may be more severely 

impacted than others and some taxa may not recover on human timescales, depending on the degree 

of habitat modification and the potential for recolonization. At the regional level, the biological impacts 

from activities within the 0.2 km2 test site are unlikely to be felt, however recovery of the biota at the 

test site would depend on biological connections to the wider region. A well-designed monitoring plan 

would be needed to fully quantify the impacts on the biological environment from testing Apollo II. 

Events that may affect testing activities 
The potential for extreme weather, natural hazards and accidental events to impact Apollo II testing 

has also been considered. The weather and sea state conditions in the CCZ are not favourable year-

round for testing Apollo II and to reduce the likelihood of extreme weather impacting testing activities, 

the vehicle test expedition should ideally be scheduled during the months of March to May. Monitoring 

the weather forecast would allow the ship’s command to make a timely decision to abandon the test 

area and sail to a safe place in the case of extreme weather arising whilst on station. There are no 

natural hazards in the CCZ that pose risk to the safety of the surface support vessel, however 

volcanism, seismic activity or benthic storms on the seafloor could affect the proposed Apollo II test. 

Volcanism and earthquakes are unlikely to occur in the CCZ and seismic activity only poses a potential 

risk on or near steep slopes where it may trigger landslides or gravity flows. Although there has been 

some suggestion that benthic storms may occur in the CCZ, instrumental records of near-bottom 

turbidity have so far not provided evidence of resuspension and dispersion of sediments. 

It is assumed that the entity conducting the testing of Apollo II would ensure that all applicable national 

and international safety standards were met throughout the testing expedition. A detailed account of 
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the potential accidental events and mitigation measures that would need to be put in place to address 

these is not provided. However, a list of the potential accidental events is provided based on the 

detailed treatment that these have been given in prior EIS documents. 

Environmental management, monitoring and reporting 
Environmental management, monitoring and reporting will be key to measuring, quantifying and 

assessing the impacts of testing mining components. In the event that Apollo II is tested within the 

CCZ, it would be anticipated that there would need to be a detailed environmental management, 

monitoring and reporting section within the EIS, in line with the current ISA recommendations 

(ISBA/25/LTC/6/Rev.1). A key component of this section would be the identification of the Impact 

Reference Zone (IRZ) and Preservation Reference Zone (PRZ) for the proposed testing activities, and 

the creation of a robust sampling and monitoring plan using these sites to assess the impacts of testing 

Apollo II. Given that PRZs and IRZs and the associated monitoring plan will be highly site-specific, 

environmental management, monitoring and reporting is not discussed in detail. Instead, a list of 

current ISA recommendations and scientific considerations are provided to address this in the event 

that Apollo II is tested in the CCZ in the future. 

Public consultation 
In the event that Apollo II is tested within the CCZ, it is anticipated that the testing activities would be 

subject to a public consultation process in line with the current ISA recommendations 

(ISBA/25/LTC/6/Rev.1). The proponent for testing Apollo II would be expected to detail the 

consultation that had been undertaken or was planned as part of the EIA process, including 

consultation methods, stakeholders and public consultation and disclosure. The two contractors who 

have had their proposal to conduct testing of mining components in the CCZ approved have both 

undertaken national public consultation processes regarding their proposed testing activities. Given 

that the proposed Apollo II testing activity does not have a confirmed test site within a CCZ exploration 

area, and by inference a sponsoring State, it was not considered appropriate to conduct any form of 

national public consultation as part of this EIA. However, In the event that Apollo II is tested within the 

CCZ, it would be anticipated that these activities would involve a public consultation phase, in 

accordance with ISA recommendations (ISBA/25/LTC/6/Rev.1) and the appropriate national 

legislation. 
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1 Introduction 

1.1 The Blue Nodules Project 
Blue Nodules is a Horizon2020 research and innovation project running from February 2016 to July 

2020. The project involves 14 leading industry and research partners from 9 countries in Europe. The 

main aim of the Blue Nodules project is to develop and prove the concept and feasibility of technology 

for environmentally responsible and industrially viable mining of deep-sea polymetallic nodules. 

1.2 Rationale for the proposed testing activities 
During the Blue Nodules project, a nodule collection system, propulsion system and umbilical are being 

developed to a level that they can be tested in a realistic marine environment. After initial design and 

laboratory testing of various system components in 2016 and 2017, the developed systems were 

integrated in 2018 in Apollo II, a pre-prototype nodule collection vehicle assembled for the purpose of 

testing the systems in a relevant marine environment. Following two field tests with Apollo II in 

summer 2018 and 2019 in Málaga Bight, offshore southern Spain, the next step would be to test the 

systems integrated into Apollo II in the operational environment of the Clarion Clipperton Zone (CCZ) 

in the Central Pacific Ocean.  

1.3 Blue Nodules task 1.7: Environmental Impact Assessment components for 
test mining up to prototype level (TRL 6) 

This report has been prepared to meet the requirements of Blue Nodules Task 1.7: Environmental 

Impact Assessment (EIA) components for test mining up to prototype level (TRL6). The original task 

objective was to create a model EIA for partner GSR’s contract area in the CCZ taking into account the 

mining system for polymetallic nodules developed within the Blue Nodules project. This EIA would: 

- Use data relating to an actual contract area in the CCZ 

- Serve as reference for future Rules, Regulations and Legislation 

The objectives and activities for task 1.7 were written before partner GSR developed their pre-

prototype vehicle Patania II and conducted an EIA to test Patania II within their exploration contract 

area in the CCZ. As a result of these developments, determining the suitability and consistency of data 

from the GSR exploration area was no longer necessary. Equally, using a specific site within the GSR 

contract area as a basis for the Apollo II EIA was not deemed appropriate, given that testing activities 

were already scheduled within the GSR contract area using the Patania II pre-prototype vehicle. To 

address this, the EIS that is presented here utilises more general environmental information from the 

CCZ, making the EIS more broadly applicable for multiple CCZ locations. 

At the time task 1.7 was envisaged, the ISA had provided recommendations for conducting an EIA for 

test mining activities (ISBA/19/LTC/8) but had not issued recommendations on how to structure this 

in an EIS. It was not until 30 March 2020 that the template for an EIS prepared to summarise the results 

of an EIA conducted prior to testing activities under the exploration regulations was issued by the ISA 

(ISBA/25/LTC/6/Rev.1). The same document provides the first clarification for the difference between 

‘test mining’ and ‘testing of mining components’ (ISBA/25/LTC/6/Rev.1). Given that the ISA has 

recently revised their recommendations for EIA prior to testing activities; provided a structure for EIS; 

and approved two EIS for testing of mining components in the CCZ (GSR, 2018; BGR, 2018); it was 
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deemed that providing recommendations for revising procedures for future EIAs and future rules, 

regulations or legislation was not appropriate. Instead, the EIS that is presented here closely follows 

the current ISA recommendations (ISBA/25/LTC/6/Rev.1), providing additional details and information 

where possible and appropriate. As such, this EIS could be considered a hypothetical ‘best practice’ 

approach with wider utility as this EIS also happens to be the first to be produced using the new ISA 

recommendations.   

One of the original sub-tasks for task 1.7 envisioned that the results of the EIA would be analysed and 

discussed during a workshop that would include invited experts. Given that the EIS presented here is 

for a future test of mining components that does not have an identified test site or time period, very 

few quantitative results are presented here for discussion. Ultimately the unforeseen impacts of the 

COVID-19 pandemic, including travel restrictions and social distancing measures, have meant that 

holding this workshop was not possible. Instead, the ISA recommendations for national public 

consultation on proposed testing activities (ISBA/25/LTC/6/Rev.1) are presented in Section 10.   

1.4 Report scope and structure 
For the pre-prototype nodule collection vehicle Apollo II to be tested in an exploration contract area 

within the CCZ, the entity wishing to undertake testing activities needs to submit an EIS to the ISA. This 

EIS summarises the results of the prior EIA conducted to determine the impact of the proposed testing 

activities (ISBA/25/LTC/6/Rev.1).  

To aid proponents in the preparation of an EIS for testing activities conducted during an exploration 

contract, the LTC has recently revised their ‘Recommendations for the guidance of contractor for the 

assessment of the possible environmental impacts arising from exploration for marine minerals in the 

Area’ (ISBA/25/LTC/6/Rev.1, issued 30 March 2020). Within this revised document, the LTC provide an 

EIS template for reporting an EIA undertaken during exploration (ISBA/25/LTC/6/Rev.1, Annex III) and 

detailed recommendations for EIA during exploration (ISBA/25/LTC/6/Rev.1, Part VI). The EIS for 

testing of the pre-prototype nodule collection vehicle Apollo II presented here primarily follows the 

EIS template provided by the ISA. Some sections of the EIS template could not be completely addressed 

given the nature of the proposed testing activities and that a CCZ test site and time period have not 

yet been identified for Apollo II. Where this is the case, explanation is given at the beginning of the 

relevant section. Where appropriate, this EIS also draws on the structure of the two EIS documents 

that have been approved by the ISA to date (GSR, 2018; BGR, 2018).   
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2 Policy, legal and administrative context 

2.1 Applicable mining and environmental legislation, policy and agreements 

2.1.1 UNCLOS 1982 and the 1994 Implementation Agreement 
The International Seabed Authority (the Authority, also known as the ISA) is an autonomous 

international organization established under the 1982 United Nations Convention on the Law of the 

Sea (UNCLOS) and the 1994 Agreement relating to the Implementation of Part XI of the United Nations 

Convention on the Law of the Sea (Implementation Agreement). The Authority came into existence on 

16 November 1994, upon the entry into force of UNCLOS. According to UNCLOS, “The Authority is the 

organization through which States Parties shall… organize and control activities in the Area, particularly 

with a view to administering the resources of the Area” (UNCLOS, article 157).  The ‘Area’ is defined as 

“the seabed and ocean floor and subsoil thereof, beyond the limits of national jurisdiction” (UNCLOS, 

article 1).  

The Authority has a responsibility to, inter alia, ensure effective protection for the marine environment 

from harmful effects which may arise from activities in the Area, and to adopt appropriate rules, 

regulations and procedures to that end (UNCLOS, article 145). The Authority also has the responsibility 

to “…promote and encourage the conduct of marine scientific research in the Area” (UNCLOS, article 

143) and has a role in the protection of underwater cultural heritage, “All objects of an archaeological 

and historical nature found in the Area shall be preserved or disposed of for the benefit of mankind as 

a whole…” (UNCLOS, article 149).  

2.1.2 Regulations for the exploration of polymetallic nodules 
The set of regulations and recommendations issued by the Authority to organize and control activities 

in the Area, and to ensure effective protection for the marine environment from these activities, 

constitute the Mining Code of the Authority. To date, regulations have only been issued by the 

Authority for the prospecting and exploration phase, and are currently under development for the 

exploitation phase. The regulations on prospecting and exploration for polymetallic nodules in the 

Area are provided in the text issued by Authority dated July 2000 and corresponding amendments 

dated July 2013. The list of documents pertaining to the prospecting and exploration regulations issued 

to date includes:  

- Decision of the Assembly of the International Seabed Authority relating to the Regulations on 

Prospecting and Exploration for Polymetallic Nodules in the Area, ISBA/6/A/18, July 2000;  

- Decision of the Assembly of the International Seabed Authority regarding the amendments to the 

Regulations on Prospecting and Exploration for Polymetallic Nodules in the Area, ISBA/19/A/9, July 

2013; 

- Decision of the Council of the International Seabed Authority relating to amendments to the 

Regulations on Prospecting and Exploration for Polymetallic Nodules in the Area and related 

matters, ISBA/19/C/17, July 2013; 

- Decision of the Assembly of the International Seabed Authority concerning overhead charges for 

the administration and supervision of exploration, ISBA/19/A/12, July 2013. 
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2.1.3 Recommendations for the exploration of polymetallic nodules 
Several documents in the form of recommendations have been issued by the Legal and Technical 

Commission (LTC) of the Authority for the guidance of contractors regarding the exploration for 

polymetallic nodules. Amongst these documents, those pertaining to the collection of environmental 

information and assessment of environmental aspects include: 

- Recommendations for the guidance of contractors on the content, format and structure of annual 

reports, ISBA/21/LTC/15, 4 August 2015; 

- Recommendations for the guidance of contractors for the assessment of the possible 

environmental impacts arising from exploration for marine minerals in the Area, 

ISBA/25/LTC/6/Rev.1, 30 March 2020. [This document replaces the earlier versions of the same 

name: ISBA/25/LTC/6 issued 18 April 2019; ISBA/19/LTC/8 issued 1 March 2013]. 

As part of ISBA/25/LTC/6/Rev.1, the Authority provides details on which activities require a prior 

Environmental Impact Assessment (EIA), as well as an environmental monitoring programme to be 

carried out during and after the specific activity. These activities include ‘testing of mining 

components’ and ‘test-mining’, which are defined within ISBA/25/LTC/6/Rev.1 as follows:  

“Test mining The use and testing of a fully-integrated and functional mining 

system including collection systems and water discharge systems 

Testing of mining components The use and testing of recovery systems and equipment and the 

component parts of a mining system, including sea-floor 

collectors, riser systems and equipment and discharge systems 

and equipment” 

Given these new definitions, the proposed testing of Apollo II would be considered ‘testing of mining 

components’ and not ‘test-mining’. 

The Authority also provides recommendations on the information and measurements to be provided 

by a contractor performing an activity requiring an EIA during exploration (ISBA/25/LTC/6/Rev.1, para 

38 & 39) and observations and measurements to be made after undertaking an activity that requires 

an EIA during exploration (ISBA/25/LTC/6/Rev.1, para 40). 

The revised version of ISBA/25/LTC/6 (issued 30 March 2020) also provides a template for 

Environmental Impact Statements (EIS) prepared to summarise the findings of an EIA conducted during 

exploration. The revised set of recommendations within ISBA/25/LTC/6/Rev.1 was not available at the 

time the three EIS documents submitted to the Authority to date were prepared (BGR, 2018; GSR, 

2018; MoES, 2020), with the result that each EIS utilizes a slightly different structure. The present 

report for the EIA of the Apollo II pre-prototype nodule collection vehicle was initially prepared using 

a modified version of the structure used in EIS documents submitted by contractors in 2018 (GSR, 

2018; BGR, 2018). Following the issue of the recommended template for the structure of an EIS for 

testing of mining components by the Authority (ISBA/25/LTC/6/Rev.1, Annex III; issued 30 March 

2020), the present document was updated to ensure that it aligned with these recommendations. 

2.1.4 Draft regulations for the exploitation of polymetallic nodules 
The regulations for the exploitation of polymetallic nodules are still under development by the 

Authority through consultation with stakeholders. There is currently no document that has been 



 

D1.7 – EIA components for test mining up to prototype level – 6 July 2020  
          22 / 151  

Blue Nodules    

officially adopted by the Authority which provides regulations for activities during the exploitation of 

polymetallic nodules or any other seabed resource. 

Since March 2015, the Authority has issued a series of consultation documents and several revisions 

to the working draft of the Exploitation Regulations. The latest document issued by the Authority in 

July 2019 is a new draft revision of the Regulations on Exploitation of Mineral Resources in the Area, 

ISBA/25/C/WP.1. This draft will continue to be updated until its full adoption. According to the 

Roadmap for the delivery of the draft Exploitation Regulations and further development of the 

regulatory framework, the Exploitation Regulations are timetabled for adoption and operationalization 

in 2020 (https://www.isa.org.jm/legal-instruments/ongoing-development-regulations-exploitation-

mineral-resources-area accessed 26 May 2020). However, it is widely anticipated that this may be 

delayed. The development of standards and guidelines for activities in the Area is also underway in 

parallel to the development of the Exploitation Regulations, with recommendations for a multi-phase 

process for the development of standards and guidelines outlined in ISBA/25/C/19/Add.1.  

In the context of an EIA for testing of mining components during exploration, the draft regulatory 

aspects specific to exploitation activities are not directly applicable. However, until very recently there 

was not a template for an Environmental Impact Statement (EIS) to summarise the findings of an EIA 

for testing activities. To address this, previous EIS documents submitted in advance of testing activities 

in the CCZ voluntarily applied a modified version of the EIS template provided in earlier drafts of the 

Exploitation Regulations (ISBA/23/LTC/CRP.3, Annex V1). The EIS template in Annex V was applied with 

a modified structure to the EIS reports for testing of the pre-prototype vehicle Patania II prepared by 

the German Federal Institute for Geosciences and Natural Resources (Bundesanstalt für 

Geowissenschaften und Rohstoffe – BGR) (BGR, 2018) and Global Sea Mineral Resources (GSR) (GSR, 

2018). The Government of India - Ministry of Earth Sciences (MoES) EIS for testing of a nodule 

collection system in the Indian Ocean applies a modified version of the ISBA/25/C/WP.1, Annex IV EIS 

template (MoES, 2020). 

2.1.5 Review of Environmental Impact Assessments by the Authority 
The EIS documents for testing of the pre-prototype vehicle Patania II prepared by BGR (BGR, 2018) and 

GSR (GSR, 2018) were submitted for review by the LTC one year prior to the proposed activity taking 

place, as envisioned within ISBA/19/LTC/82. At that time, the Authority did not have a formalized 

process for the review of EIAs conducted during exploration. The process that was applied to the 

review of the BGR and GSR EIS documents is detailed in a note by the ISA Secretariat (ISBA/25/LTC/4) 

and forms the basis for the Authority’s process for reviewing future EIS documents prepared in relation 

to the testing of mining components. 

The Authority’s formalized process for reviewing EIAs conducted during exploration is provided in the 

30th March 2020 revision of ISBA/25/LTC/6, and is summarized below: 

- Environmental Impact Statements (EIS) are submitted to the Authority a year in advance of the 

proposed testing activity 

 
1 ISBA/25/C/WP.1, Annex IV was released in 2019, after the BGR and GSR EIS reports were submitted 
in 2018 
2 ISBA/25/LTC/6 was released in 2019, after the BGR and GSR EIS reports were submitted in 2018 

http://bit.ly/2wIr9MT
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- An initial review is undertaken by the Secretary-General to ensure the EIS is complete, with 

reference to the recommended EIS template. Additional information may be sought from the 

contractor following this initial review 

- The LTC initiates review of the EIS for completeness, accuracy and statistical reliability. This process 

may include commissioned review of the EIS by recognized external experts 

- The sponsoring State may be encouraged to undertake stakeholder consultation and to share the 

results of this consultation with the Secretary-General, who would share these comments with the 

contractor. Any information regarding stakeholder consultation is made publicly available on the 

ISA website 

- If the sponsoring State does not conduct stakeholder consultation, then the ISA Secretariat 

publishes the EIS on the ISA website and invites public comments for a period of 30 days 

- Following public consultation, through the sponsoring State or the ISA website, the Secretary-

General forwards the comments by the LTC and any received stakeholder comments to the 

contractor 

- The contractor responds to the Secretary-General and the contractor’s response is forwarded to 

the LTC. The LTC continues and finalizes its review and provides recommendations to the Secretary-

General as to whether the EIS should be incorporated into the contractor’s programme of activities. 

The Secretary-General informs the contractor accordingly 

- If the LTC does not recommend incorporation of the EIS into the contractor’s programme of 

activities, the contractor may provide additional information or re-submit the EIS. If the EIS is re-

submitted the review process starts from the beginning 

- The LTC Chair reports on any EIS reviewing activities at the next session of the ISA Council. 

2.1.6 Regional environmental management for polymetallic nodules 
Alongside the regulations and recommendations pertaining to the prospecting and exploration for 

polymetallic nodules, the Authority has also established an Environmental Management Plan (EMP) 

for the nodule environment of the Clarion Clipperton Zone (CCZ). The two following documents issued 

by the LTC and adopted by the Council of the Authority define the objectives and criteria for 

environmental management during the activities of prospecting, exploration and exploitation of 

polymetallic nodules in the CCZ: 

- Environmental Management Plan for the Clarion-Clipperton Zone, ISBA/17/LTC/7, July 2011; 

- Decision of the Council relating to an environmental management plan for the Clarion-Clipperton 

Zone, ISBA/18/C/22, July 2012. 

The concept of prior EIA is one of six guiding principles within the CCZ-EMP (ISBA/17/LTC/7, para 13), 

demonstrating the importance of site-level EIA in the context of regional environmental management. 

The link between site-level EIA and regional environmental management is also expressed in the 

operational objectives of the CCZ-EMP for contract areas, which include the objective to “Assemble 

and disseminate the environmental data collected by contractors for the purposes of impact 

assessment” (ISBA/17/LTC/7, para 38). The scientific and technical information obtained through 

testing of mining components would also form an important contribution towards understanding the 

potential environmental impacts that may arise from full-scale commercial mining operations. One of 

the management objectives for the entire CCZ is also to “Collate information from environmental 
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impact assessments produced by contractors and supplemented by other sources” (ISBA/17/LTC/7, 

para 40). Thus, the information contained within site-level EIAs also supports the regional scale 

management objectives for the CCZ. 

It was originally intended that the CCZ-EMP would be reviewed every two – five years (ISBA/17/LTC/7, 

para 46). The most recent review activities for the CCZ-EMP include the ‘Deep CCZ Biodiversity 

Synthesis’ workshop, held in Friday Harbour, Washington, USA in October 2019 

(https://www.isa.org.jm/workshop/deep-ccz-biodiversity-synthesis-workshop accessed 26 May 

2020). The aim of the workshop was to review and analyse seafloor ecosystem data from the CCZ and 

to assess the representativity of the nine current Areas of Particular Environmental Interest (APEIs) 

relative to exploration contract areas.  

2.2 Other applicable legislation, policies and regulations 
The sponsoring State for an exploration contract within which testing of mining components are 

proposed would also have national deep-sea mining and environmental legislation and would likely be 

a party to regional and international agreements and conventions. These additional pieces of 

legislation, policy and agreements would be State-specific and may place additional stipulations on the 

contractor with respect to Environmental Impact Assessment prior to testing activities. Given that the 

Apollo II pre-prototype nodule collection vehicle is not currently scheduled for testing by a State or 

entity holding a contract with the Authority for polymetallic nodules, a description of State-specific 

additional legislation, policy and agreements is not provided here. For a comprehensive review of the 

rules and regulations that may be pertinent to the testing of mining components, see Blue Nodules 

Deliverable 1.5. 

 

  

https://www.isa.org.jm/workshop/deep-ccz-biodiversity-synthesis-workshop
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3 Project description 
This section is structured so as to provide the information and measurements detailed within section 

VI: C of the ‘Recommendations for the guidance of contractors for the assessment of the possible 

environmental impacts arising from exploration for marine minerals in the Area’ 

(ISBA/25/LTC/6/Rev.1). However, given that a specific site has not been identified for the proposed 

testing activities, some of the recommended aspects within ISBA/25/LTC/6/Rev.1 cannot be reported 

within Section 3. These aspects include: the specific location of the testing activity; provision of 

baseline maps; delineation of Impact Reference Zones and Preservation Reference Zones; and site-

specific plume modelling for movement of the vehicle on the seafloor or activity of the collector head. 

The proposed testing activities only relate to the operation of a pre-prototype nodule collection vehicle 

on the seafloor, without the use of a riser pipe, processing at the surface, or the return of water 

following surface processing. There would also not be any processing or crushing of nodules at the 

seafloor. As a result, Section 3 does not provide information on these activities. 

3.1 Purpose of the proposed project 
During the Blue Nodules project, multiple nodule mining components have been developed to various 

degrees of Technical Readiness Level (TRL). It was anticipated that the pre-prototype nodule collection 

vehicle, which incorporates technology developed within the Blue Nodules project, would eventually 

be tested in the operational environment for which this technology is being developed. In the case of 

the Blue Nodules project, the future operational environment is the Clarion-Clipperton Zone (CCZ) 

nodule region in the eastern equatorial Pacific Ocean. This Environmental Impact Statement (EIS) gives 

an overview of the proposed activities associated with testing the pre-prototype nodule collection 

vehicle, Apollo II, developed within the Blue Nodules project. Given that a specific site has not yet been 

identified within the CCZ for testing Apollo II, potential impacts on the marine environment from the 

proposed testing activities are discussed in a broader sense, and are applicable to the CCZ exploration 

areas in general.  

3.2 Location 
In the Blue Nodules project, the Global Sea Mineral Resources (GSR) contract area in the CCZ serves as 

principal reference for development of the project business case. The description of the 

physicochemical environment for this EIS (Section 4) refers to the CCZ region in general for weather 

characteristics, sea state workability and water column and seafloor conditions. Accordingly, Section 

3 refers primarily to the GSR contract area, and where appropriate, to the CCZ region more generally. 

The area designated in the exploration contract signed between the International Seabed Authority 

(ISA) and GSR in 2013 is located in the eastern part of the CCZ (Figure 3.1). The exploration area of 

75,000 km² is divided into three domains (B2, B4 and B6) located between 122°W and 128°W and 

between 13°N and 15°N. Water depths in the GSR contract area range between 3300 and 5000 m. 

 

 

 



 

D1.7 – EIA components for test mining up to prototype level – 6 July 2020  
          26 / 151  

Blue Nodules    

 

Figure 3.1. Polymetallic nodule exploration areas in the CCZ. Note that the GSR contract area blocks are in dark green in the 
eastern part of the CCZ. Reproduced with permission from the ISA website: https://www.isa.org.jm/maps accessed 6 May, 
2020.  

3.3 Mineral resource estimation 
Mineral resource estimation for polymetallic nodules is increasingly conducted based on ship-based 

multibeam data (bathymetry, slope, roughness, acoustic backscatter) and seabed photo surveys. Ship-

based multibeam data are gathered covering the entire prospecting area in relatively low-resolution, 

whilst seabed photo surveys are conducted covering representative sections across the prospecting 

area in sufficiently high resolution to resolve individual nodules. Photo surveys may be carried out with 

an Autonomous Underwater Vehicle (AUV), Remotely Operated Vehicle (ROV) or towed camera. From 

the multibeam and photo data an initial nodule distribution model is built, which is subsequently 

calibrated and validated with nodule abundance data (areal coverage in kg m-2, size in cm) obtained 

from boxcores. In order to obtain better fits with ground-truthing data, the model is fine-tuned 

separately for different parts of the prospecting area with narrower depth ranges. In the resource 

estimation, certain areas are excluded as technically not minable, because of excessive slope, 

roughness of the terrain, or limited spatial extent of high nodule density. As a field example, for the 

B4S03 sub-zone of the GSR contract area, nodule abundance in the minable area was estimated to 

range between 12 and 24 kg m-2 (GSR, 2018). For the Blue Nodules business case development and 

mining flow estimations, an average of 18 kg m-2 is assumed.  

https://www.isa.org.jm/maps
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3.4 Description of the pre-prototype nodule collection vehicle and testing 
design 

3.4.1 General remarks and background 
The Blue Nodules project (https://blue-nodules.eu/ accessed 26 May 2020) aims to develop and prove 

the concept and feasibility of technology for environmentally responsible and industrially viable mining 

of deep-sea polymetallic nodules. Amongst the different components of the polymetallic nodule value 

chain addressed in this project, the nodule collection system, propulsion system and umbilical are 

being developed to a level that they can be tested in a realistic marine environment. After initial design 

and laboratory testing of various system components in 2016 and 2017, the developed systems were 

integrated in 2018 in Apollo II, a pre-prototype nodule collection vehicle assembled for the purpose of 

testing the systems in a relevant marine environment. Two field tests with Apollo II were carried out 

in summer 2018 and 2019 in Málaga Bight, offshore southern Spain, onboard the Spanish research 

vessel Sarmiento de Gamboa. During these field tests, undertaken in 300 m water depth, the technical 

and environmental performance of the developed systems were assessed.  

3.4.2 Description of the Apollo II collection vehicle 
Apollo II has length - width - height dimensions of 5.6 m x 2.5 m x 2.3 m and weighs 3800 kg in air and 

850 kg in water (Figure 3.2). It is equipped with a hydraulic nodule collector head with 1 m swath width. 

In the current configuration, nodules, sediment and water picked up by the collector do not pass 

through a nodule separator but are directly transferred to the diffuser at the back of the vehicle for 

return to the seabed. For the proposed future testing activities within the CCZ, Apollo II would also be 

fitted with a nodule separator (see Section 3.4.2.4). For propulsion, the vehicle is equipped with four 

tracks driven by an electric motor. To allow steering the rear tracks can rotate around the vertical axis 

by means of a steering arm.  

A custom-built lifting umbilical manufactured by DeRegt Marine Cables serves for hoisting the vehicle 

from the support vessel and provides the vehicle with electrical power and allows data transfer 

between the vehicle and the operation control room on board the support vessel. A subsea compass 

gives feedback on the operational heading of the vehicle. Automatic heading control software enables 

the vehicle to drive a straight line without interference from the operator. Acoustic transponders 

mounted on the vehicle and on the umbilical communicate with the USBL positioning system of the 

support vessel, providing feedback on the actual position of vehicle and umbilical during operation. 

Video cameras and lights on the vehicle allow on-line visual control during operation of the vehicle.  

https://blue-nodules.eu/
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Figure 3.2. Launch of Apollo II during the Blue Nodules field test of 2019 in Málaga Bight. Photo Alberto Serrano. 

3.4.2.1 Mineral collection technique 

For collection of nodules from the seabed, Apollo II is equipped with a 1 m wide hydraulic collector 

unit. It is a half-width scale model of one of eight equally sized collector units with which a future full-

scale seabed mining tool would be equipped. All eight full-size collector units combined would cover a 

total swath width of 16 m (Figure 3.3). Seawater that is taken in through a duct on top of the collector 

unit is pumped through a row of nozzles located in the front part of the collector. This produces a 

powerful jet sheet of water which follows the contour of the curved base plate of the collector towards 

the collector ramp leading to the nodule separator. The water flow, confined between the seabed and 

the base plate of the collector, exerts a lift force, and drag force on the nodules, by which the nodules 

are lifted from the seabed and transported towards the collector ramp. By the scouring action of the 

water flow, surface sediment would inevitably be eroded and entrained along with the nodules. The 

collector ramp forms an enclosed duct through which nodules and sediment are transported to the 

nodule separator. Laboratory observations indicate that due to the turbulence of the water jets and 

flow inside the duct, the nodules are generally cleaned of sediment before they reach the top of the 

duct. 
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Figure 3.3. Artist impression of full-scale hydraulic collector, composed of 8 separate 2 m wide units. The pre-prototype nodule 
collection vehicle Apollo II is equipped with one half-scale unit. Reproduced from Blue Nodules Deliverable 2.2. 

An initial design of the hydraulic collector was developed within the Blue Nodules project based on 

theoretical calculations of the physical principles of the collector. Computational Fluid Dynamics (CFD) 

simulations were then performed to validate the calculations and to optimise the design of the 

collector. The design is considered to be optimal when all nodules are lifted with the lowest possible 

jet flow. A true scale model of the hydraulic collector was tested in the Deltares test facility in Delft, 

The Netherlands. For the tests, a test bed was prepared using lava stones to represent polymetallic 

nodules and fine sand to represent the underlying seabed sediment (Figure 3.4).  

During the nodule collector tests at Deltares, nodule pickup efficiencies of 79 % and up to 99 % were 

achieved (Blue Nodules Deliverable 3.5). Nodules which the collector failed to pick up in the tests were 

generally found to have been pushed into the underlying sediment substratum. Further testing in the 

field is needed to confirm this. The two Blue Nodules field tests conducted in Málaga Bight in 2018 and 

2019 did not involve nodule pickup tests, as nodules do not naturally occur in that area and creation 

of an artificial nodule bed was not technically feasible within the framework of these tests. Such tests 

are foreseen, however, in the framework of the Blue Harvesting project (https://blueharvesting-

project.eu/ accessed 26 May 2020). 

 

 
 

 

https://blueharvesting-project.eu/
https://blueharvesting-project.eu/
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Figure 3.4. Full-scale lab testing of the hydraulic nodule collector at the Deltares test facility in Delft, The Netherlands. a: The 
prepared test bed, made of lava stones on fine sand, with the collector in the background; b: the test bed after the collector 
has passed over it. Photo Henko de Stigter. 

3.4.2.2 Depth of penetration into the seabed 

The hydraulic collector unit on Apollo II can be mechanically adjusted in height, to achieve maximal 

recovery of nodules with as little as possible mobilisation of surface sediment. To gain insight into the 

amount of sediment that would be eroded during nodule pickup, lab tests were performed for various 

concepts and jet speeds. Figure 3.5 shows a comparison of CFD simulation results and results from lab 

tests carried out under similar conditions. Based on the various tests it is estimated that the upper 5 

cm of the sediment would be eroded by any type of hydraulic collector. In the Blue Nodules dynamic 

flow calculation, it is assumed that the upper 6 cm of sediment would be mobilised by the collector. 

The two Blue Nodules field tests conducted in Málaga Bight in 2018 and 2019 did not produce 

conclusive results regarding erosion depth. 

Figure 3.5. a: CFD simulation of flow velocity field generated by the collector around a nodule; colour scale blue to red for low 
to high values. b: CFD simulation of erosion of a sandy bed below the collector, compared to experimentally determined bed 
profiles; colours blue and red for water and sediment, respectively. a reproduced from Blue Nodules Deliverable 3.5, b from 
Blue Nodules Deliverable 2.2 
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3.4.2.3 Running gear which contacts the seabed 

For propulsion over the seabed, Apollo II is equipped with 4 light-weight tracks, each with a length of 

2.5 m and a width of 0.3 m, driven by an electric motor. To avoid slippage of the tracks on soft muddy 

seabed, the track shackles have grouser plates with a height of 5 cm (Figure 3.6). These tracks should 

provide sufficient bearing capacity for the vehicle to drive on very soft sediment with undrained shear 

strengths as low as 1 kPa without sinking too deep into the sediment. The tracks should also provide 

sufficient tractive effort to enable driving with an average forward velocity of 0.5 m s-1 on seabed with 

up to 3 degrees inclination. For driving turns, Apollo II has axle articulated steering, in which the rear 

tracks can rotate around the vertical axis by means of a steering arm. Pivoting of the rear track beam 

around the longitudinal axis and limited rotation of all tracks maximizes the contact surface between 

vehicle and sediment. Given the dimensions of the tracks and the total submerged weight and 

dimensions of Apollo II, the tracks exert an average pressure of 2.8 kPa on the seabed and affect 24 % 

of the total width of the path of the vehicle in straight sections, with a few % more in turns. 

Figure 3.6. Light-weight track as designed for the scaled mining vehicle Apollo II, and forces exerted on the track by the seabed 
sediment. Illustration reproduced from Blue Nodules Deliverable 2.4. 

The two Blue Nodules field tests conducted in Málaga Bight provided insight into the overall driving 

performance of Apollo II, and the deformation of the seabed sediment under the tracks of the vehicle 

(Blue Nodules Deliverable 2.9 and Blue Nodules Deliverable D2.13). Cameras mounted on the test 

vehicle provided video footage of the interaction of the tracks with the seabed (Figure 3.7). During the 

tests, a maximum forward velocity of 0.7 m s-1 was achieved in straight sections whilst turns were made 

with less than half that speed. The effective minimum turning radius was < 19 m. 

With the ROV Genesis of the Flanders Marine Institute (VLIZ), video footage and BlueView scanning 

sonar imagery were collected of the imprint of the tracks in the seabed (Figure 3.8). From video images, 

a sinkage depth of approximately 5 cm was estimated. The images also showed how the sediment in 

the imprints made by the tracks had been cut up by the grouser plates, thereby increasing the surface 

area of compressed sediment in contact with the overlying water. With the BlueView scanning sonar 

imagery the sinkage depth could be more accurately quantified as 2.5 ± 0.5 cm relative to the adjacent 

undisturbed seabed (Figure 3.8 e and f).  
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Figure 3.7. a: The seabed as seen with a camera mounted on the undercarriage of Apollo II, view in driving direction. The 
hydraulic collector is lifted from the seabed, offering an open view on the seabed ahead of the vehicle, with characteristic pit 
and mound relief produced by burrowing crustaceans. Note the very limited sinkage of the front right track which is visible on 
the right. b: Same as a, but with Apollo II driving, and the track shrouded in clouds of stirred-up sediment. Note flatfish in 
lower right corner. Photos by IHC. 

The seabed sediment characteristics of the test area within Málaga Bight were determined through a 

series of box cores, which are summarised in Table 3.1. The sediment consisted of silty clay with foram-

glauconite sand. The average particle size distribution at the surface was described by the D10, D50 

and D90 particle size values of, respectively, 3, 18 and 137 μm. Wet bulk density measured in cores 

from sites undisturbed by Apollo II was on the order of 1.35-1.45 g cm-3 at the surface, increasing to 

values of 1.45-1.55 g cm-3 below 10 cm depth (Figure 3.9). Sediment porosity showed an opposite 

trend, decreasing from 75-80 % at the surface to 70-75 % below 10 cm depth. Undrained shear strength 

determined with a vane shear gauge increased from 0-4 kPa in the top 5 cm of the sediment to 7-14 

kPa below 20 cm depth. Box coring targeting the path of Apollo II yielded a few cores in which the 

imprint of the track was visible in the core surface. In the imprints of the tracks, the sediment appeared 

to have increased in wet bulk density and undrained shear strength, and decreased porosity, compared 

to cores from sites undisturbed by Apollo II (see Figure 3.9). 
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Figure 3.8. ROV Genesis of the Flanders Marine Institute (VLIZ) in action during the field test of 2019 in Málaga Bight. a: Launch 
of the ROV. Photo by Alberto Serrano. b: ROV control room. Photo by Henko de Stigter. c: Close up video image of the imprint 
of the track of Apollo II on the seabed, showing break up of sediment below the track. d: Video image of the imprint of the 
hydraulic collector of Apollo II on the seabed. e: BlueView scanning sonar image of a strip of seabed of approximately 8 m 
wide, showing two parallel imprints left by the tracks of Apollo II. A 4 m long cross section of the path of Apollo II is shown in 
the lower left, location of the section is indicated by blue line in the BlueView image. Image VLIZ. f: Compilation of 16 BlueView 
sections of the path of Apollo II, with average elevation and standard deviation indicated by, respectively, blue line and grey 
shading. 
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Figure 3.9. Geotechnical characteristics of Málaga Bight sediment cores collected during the Blue Nodules field tests of 2018 
and 2019. a and b: Wet bulk density and porosity in box core subsamples from the 2019 field test, determined by gamma-ray 
densitometer at the Flanders Marine Institute (VLIZ). c and d: Undrained shear strength and bearing strength in box cores 
from both 2018 and 2019 field tests, determined on board. 
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Particle size distribution, wet bulk density and undrained shear strength of surface sediments from the 

Málaga Bight field test area appear generally higher than average values reported from the B4S03 

substation of the GSR contract area in the CCZ, yet do not exceed the range of CCZ values (Table 3.1). 

Undrained shear strength increases to higher values with depth in Málaga Bight sediments than in the 

CCZ, which may be due to the loss of finer-grained sediment in the deeper sediment layers. We may 

therefore expect that the tracks of Apollo II would sink deeper in CCZ sediment than observed in 

Málaga Bight.  

 
Table 3.1 Characteristics of surface sediment at the Blue Nodules field test site in Málaga Bight, compared to CCZ sediment 
characteristics. 

Characteristic Bay of Málaga CCZ, GSR area 

Sediment type Silty clay with foram-glauconite sand  Siliceous ooze 

Small scale surface 

topography 

Pits and mounds produced by 

crustaceans, no nodules  

Nodules half-embedded in sediment 

D10, D50, D90 3 μm, 18 μm, 137 μm at 0-1 cm 

4 μm, 29 μm, 145 μm at 40-41 cm 

2 μm, 9 μm, 66 μm 

 

Wet bulk density 1.35-1.45 g cm-3 at 0-1 cm 

1.45-1.55 g cm-3 below 10 cm 

1.25-1.45 g cm-3 

Porosity 75-80 vol % at 0-1 cm 

70-75 vol % below 10 cm 

71-85 vol % 

Undrained shear 

strength 

0-4 kPa at 0-5 cm 

7-14 kPa below 20 cm 

0-6.0 kPa at 0-10 cm 

2.5-7.0 kPa at 10-25 cm 

 

3.4.2.4 Methods for separation of the mineral resource and the sediment  

In a future full-scale seabed mining tool, the nodules picked up from the seabed should be separated 

as much as possible from the unwanted sediment, before the nodules are transported from the seabed 

to the production support vessel at the sea surface. Within Blue Nodules, RWTH developed a 

demonstration model of a nodule separator, which it is anticipated would be implemented in Apollo II 

in a further developed form as part of the Blue Harvesting project. Details of the separator can be 

found in Blue Nodules Deliverable 3.6. The sediment separation unit consists of a rotating cleaning 

drum of which the rotation axis is tilted relative to the horizontal (Figure 3.10). Nodules, sediment, and 

water picked up by the hydraulic collector are introduced at the upper end of the drum, below the 

rotation axis. By rotation of the drum and under the force of gravity, the nodules and sediment would 

tumble and slide towards the lower end of the drum, where the nodule outlet is located. A vigorous 

counter current of clean water introduced at the lower end of the drum helps to wash sediment from 

the nodules and drives the dispersed fine sediment upwards towards the sediment outlet which is 

located at the upper end of the drum above the rotation axis. Nodules through their much higher 

sinking speed keep on rolling towards the nodule outlet.  
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Figure 3.10 Schematic representation of the concept of the nodule separator developed by RWTH. Reproduced from Blue 
Nodules Deliverable 3.6. 

The nodule separator demonstration model was tested with both artificial and real nodules and 

sediment, the latter provided by GSR. The average sediment separation efficiency, expressed as the 

percentage of sediment reaching the sediment outlet, was 80 %. The best test result had an efficiency 

of 94 %. Measurement of particle size distribution of nodules before and after the test found no 

evidence that nodules were breaking during the separation process. However, sieving the material 

collected at the sediment outlet over a screen with 63 μm mesh size produced nodule grit equivalent 

to 1 - 3 % of the original nodule mass introduced in the separator, with the largest nodule particles 

being 250 μm. Although these lab test results are far from conclusive, they are the basis for the current 

estimate of separator efficiency in the process flow calculation, taken as 98 % for nodules (i.e. the 

fraction of nodules leaving through the nodule outlet) and 90 % for sediment (i.e. the fraction of 

sediment transferred to the sediment outlet). Since the separation is based on differences in sinking 

speed of particles introduced into the separator, it is likely that a certain degree of size fractionation 

of the sediment would occur during the separation process. However, this size fractionation effect has 

not been quantified in the separator tests.  

The proposed test activities within the CCZ would utilise a configuration of Apollo II that would include 

an appropriately sized version of this nodule separator. However, without provisions on Apollo II for 

vertical transport of the collected nodules, or for temporary storage in a hopper, nodules exiting 

through the nodule outlet of the separator would be returned via the shortest possible way to the 

seabed. Sediment leaving through the sediment outlet would be discharged through the diffuser at 

the rear of Apollo II.  

3.4.2.5 Return systems for sediment and nodules  

Sediment and water leaving the sediment outlet of the nodule separator unit of Apollo II would be 

discharged through a diffuser located at the rear of the vehicle (Figure 3.11). The diffuser comprises 

two ducts with rectangular cross section, each with constant width of 0.9 m but with height increasing 

from 0.15 m at the entry to 1.2 m at the exit. The top and side walls of the ducts are oriented parallel 

to the long axis of the vehicle, but the bottom walls curve down in the direction of the exit, so as to 
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make the ducts widen towards the exit. The widening of the diffuser results in a strong reduction in 

outflow velocity of discharged water and sediment, so that the outflow speed is approximately equal 

to the forward speed of the vehicle but in the opposite direction. Thus, during operation of the vehicle, 

the outflow from the diffuser effectively has zero velocity relative to the seabed, which favours local  

settling of the discharged sediment load. Local settling is also favoured by the downward curvature of 

the diffuser, deflecting the outflow towards the seabed. Split vanes in the diffuser duct further ensure 

optimal flow guidance and prevent flow separation. The diffuser used on Apollo II was the outcome of 

iterative design optimisation for a full-scale diffuser 16 m wide, discharging from 4.5 m height. For 

different discharge scenarios and different diffuser designs, numerical model simulations of near-field 

and far-field plume dispersion were performed to assess the effectiveness in reducing lateral spreading 

of the plume. In the far-field plume simulations, it was found that the coarse sediments settle within 

the mining area. The fines can spread up to 80 km, although in very small concentrations, resulting in 

deposition in the order of 1 g m-2. This amount of deposition is approximately equivalent to background 

annual sediment deposition in the CCZ. Within the scope of Blue Nodules, the model simulations have 

not been downscaled for the diffuser of Apollo II, nor have model simulations been validated and 

calibrated with field experiments. 

In its current design, Apollo II has no provisions for vertical transport of collected nodules, or for 

temporary storage in a hopper. The nodules exiting through the nodule outlet of the separator would 

therefore be returned via the shortest possible way to the seabed, presumably via a short fall pipe. 

Nodules picked up from a 1 m wide swath of seabed would thus be returned in a confined flow, 

potentially producing a narrow band of piled up nodules in the path of the vehicle. 
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Figure 3.11 Rear view of Apollo II showing the diffuser. Photo Laurens de Jonge. 

3.4.2.6 Underwater noise 

Apollo II has various components which during operation of the vehicle would generate underwater 

noise with potential impacts on marine life: 

- Electric motor driving the tracks 

- Moving parts of the tracks 

- Pump of the hydraulic collector 

- Bouncing of nodules through collector duct 

- Acoustic transponders for underwater navigation 

- Thruster for heading control during launch and recovery  

The support vessel from which Apollo II is operated would also generate underwater noise: 

- Ship engines and pumps 

- Propellers 

- Echosounders 

- Acoustic transducers for underwater navigation 

- Ship Acoustic Doppler Current Profiler (ADCP) 

Measurements of underwater sound produced by the hydraulic collector were performed during 

collector testing at the Deltares test facility in Delft, The Netherlands. These measurements showed 

maxima at frequencies around 100 Hz and 1 kHz which can be attributed to nodule collection. 

Measurements of underwater sound produced by Apollo II and the support vessel were performed 

during the second field test of Apollo II in Málaga Bight in 2019. A measurement of an Apollo II pass 

with the collector engaged is shown in Figure 3.12. The conspicuous sound pressure level peak around 
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8.7 h on the right-hand chart is produced by the combination of the ship and Apollo II. This 

measurement provides an indication of maximum sound levels for the vehicle, bearing in mind that 

this measurement is probably dominated by the radiated noise from the ship. At frequencies where 

Deltares tests showed higher sound levels (e.g. 125 Hz, 1 kHz) the recordings are likely dominated by 

sound from the surface ship. At lower frequencies, 20 – 50 Hz, the measurements seem to be high 

compared to other ship operations. The maximum third octave band measurements were used as 

source levels for Apollo II operations to obtain maximum levels, but on the understanding that the true 

levels for this scaled-down version of the nodule collection vehicle are lower in most of the bands. It is 

expected that the sound of the Apollo pre-prototype nodule collection vehicle may influence benthic 

life within tens of metres of the vehicle. 

 

 
Figure 3.12 Left: distance between a moored hydrophone recording underwater sound and Apollo II (blue) and the ship (red). 
Right: Received sound pressure level measurement in the third octave band centred on 63 Hz. Recorded on August 20, 2019. 
Reproduced from Blue Nodules Deliverable D5.9. 

3.4.2.7 Light 

To ensure safe working conditions on board the support vessel during 24/7 operations at sea, bright 

deck lighting would be on during most of the night on the working decks of the ship. The ship’s lights 

may attract seabirds, fish and squids. Whilst certain birds like storm petrels can be disoriented by ship 

lights, some of the attracted fish and squid species are predators that take advantage of the 

aggregation of smaller prey species attracted by the light. 

Apollo II is equipped with lights illuminating the seabed ahead of the vehicle and certain critical 

components like the tracks, to support monitoring with video cameras during operation. Lights can be 

individually switched off when not in use. 

3.4.2.8 Harmful substances 

During development of Apollo II, special attention was paid to minimizing the use of hydraulic fluids, 

i.e. oil, to decrease the risk for environmental impacts in the event of leakages. All motor and power 

consumers are electric and oil is only used for pressure compensation where absolutely necessary. A 

further minimisation of oil was achieved by implementing an oil-free, water-filled and water-cooled 

Permanent Magnet (PM) motor in the hydraulic collector system. 
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3.4.2.9 Launch and recovery 

Apollo II is operated via a single umbilical, manufactured by DeRegt Marine Cables. The umbilical 

serves for hoisting the vehicle from the support vessel, provides the vehicle with electrical power, and 

allows data transfer between the vehicle and the operation control room on board the support vessel. 

To avoid fatal damage by kinking, the umbilical is permanently held under tension during launch, 

seabed operation and recovery of the vehicle. Wave compensation of the umbilical winch prevents 

occurrence of excessive mechanical tension whilst the vehicle is suspended in the water. Loss of 

control on umbilical management may occur in emergency situations resulting from failure of the 

umbilical winch or loss of navigation control of the supporting vessel. A small thruster would be 

mounted on Apollo II which would allow control on the heading of the vehicle at the moment of 

touchdown on the seabed and during recovery when the vehicle is hoisted back on board. To ensure 

safe launch and recovery of the vehicle, a catcher would be added to the ship’s A-frame which would 

stabilise the vehicle whilst it is lifted off and placed back on deck. 

3.4.3 Collector test design 

3.4.3.1 Probable duration of the test 

For the assessment of potential environmental impacts, we assume that the Apollo II pre-prototype 

collection vehicle trial would comprise 7 days of testing in the CCZ, with on average 12 hours per day 

continuous operation of Apollo II on the seabed, and the remaining time spent in launch and recovery 

of the vehicle and repairs and maintenance. 

3.4.3.2 Test plan 

During the 7 days that Apollo II would be on the seabed, it would move along a series of parallel 

trajectories in a square area of maximum 415 m x 485 m, during which different operational settings 

would be tested. A maximum of 150 consecutive straight swaths of 2.5 m wide and 375 m long would 

be covered with average speed of 0.5 m s-1. At the end of every swath, the vehicle would take 

approximately 20 minutes to turn around as illustrated in Figure 3.13. While turning, the collector head 

would be lifted off the seabed to allow flushing of the system. The turning radius of 20 m was verified 

in the field during the two Blue Nodules field tests of 2018 and 2019. Nodules and sediment picked up 

by the hydraulic collector from a 1 m wide strip in the middle of each swath would pass through the 

nodule separator, after which the separate flows of nodules and sediment would be returned via, 

respectively, the nodule fall pipe and the diffuser of Apollo II. Within the total 0.20 km2 area where 

Apollo II would be active, the actual testing of the hydraulic nodule collector would cover a 0.14 km2 

area. The turning of the vehicle on both ends of the collector test area would cover a total of 0.04 km2. 

The plume generated by sediment discharge through the diffuser would affect a much larger area, 

anticipated to extend far beyond the boundaries of the test area. 
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Figure 3.13. Proposed driving pattern of Apollo II, with area where the hydraulic collector would be tested and area where the 
vehicle is turning with the collector off the seabed indicated in different shades. Note that dimensions are not to scale. 

3.5 Events that could cause suspension or modification of the planned activities 
In the preparation phase of the field trial, necessary efforts would be made to ensure that Apollo II and 

its supporting equipment and personnel, the support vessel and its crew, technically and legally fulfil 

all the requirements for the intended test. Given the short duration and small scale of the test, no 

suspension or modification of the planned activities is expected to occur due to serious environmental 

harm. The only aspects that could potentially cause suspension, delay or modification of the proposed 

testing activities would be unforeseen accidental events during Apollo II deployment, or when weather 

or sea state conditions in the test area are so poor, e.g. due to the passage of hurricanes, that testing 

cannot occur (see Section 8). 
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4 Description of the existing physicochemical environment 
The text within Section 4 provides a description of the existing physicochemical environment for the 

Clarion Clipperton Zone (CCZ) region. Description of the physicochemical environment is not provided 

for a specific site because a site for testing the Apollo II pre-prototype nodule collection vehicle has 

not yet been identified. To reflect this, the description of the physicochemical environment is at the 

regional scale instead of for a specific site.  

The revised version of ISBA/25/LTC/6 (issued 30 March 2020) provides a template for Environmental 

Impact Statements (EIS) prepared to summarise the findings of an EIA conducted during exploration. 

However, this template for EIS (ISBA/25/LTC/6/Rev.1, Annex III) does not provide a detailed structure 

for Section 4. As a result, the structure of Section 4 is loosely based on the structure presented in Annex 

IV of the ISA Draft Regulations for Exploitation (ISBA/25/C/WP.1). It should be noted that the EIS 

template in Annex IV was provided to report the results of an EIA conducted for a full mining system 

to be used for exploitation. As a result, not all subsections within the ‘Description of the existing 

physicochemical environment’ section of Annex IV are applicable to a small-scale test of mining 

components, which is reflected in the modified structure of Section 4 within this report. The structure 

utilised for Section 4 closely follows the structure of the two approved EIS documents for testing of 

mining components within the CCZ (GSR, 2018; BGR, 2018), which were considered to be the best 

current indicators of the structure and content required by the ISA in Section 4 of an EIS for testing 

activities. 

4.1 Key messages 
The CCZ is located in the eastern part of the eastern central Pacific, between the Hawaiian Islands and 

Mexico, beyond national jurisdiction. The zone lays between the Clarion and Clipperton Fracture 

Zones, which gives the region its name (ISA, 2010). The pelagic environment in the CCZ is typical of the 

open ocean conditions of the Eastern Tropical Pacific (Fiedler & Lavin, 2006): 

- Strongly stratified waters (both temperature and salinity) with a shallow thermocline/halocline; 

- The occurrence of a thick and strong sub-thermocline oxygen minimum layer;  

- Mesoscale current conditions forced mainly by atmospheric conditions; 

- Influence of the Intertropical Convergence zones; 

- Influence of the El Niño-Southern Oscillation (ENSO); 

- Oligotrophic conditions due to nutrient limitation (mainly iron and nitrate) resulting in a low 

vertical flux of carbon to the seafloor; 

- Decreasing ocean currents with increasing depth, with speeds of only a few cm s-1 at the seafloor. 

The benthic environment of the CCZ is characteristic of abyssal plains, being dominated by soft 

substrata including fine grained sediments and organic material. The homogeny of the soft sediment 

plains is punctuated by islands of hard substrata, such as seamounts and the presence of polymetallic 

nodules (Wedding et al., 2013; Cuvelier et al., 2020). Polymetallic nodules in the CCZ form widespread 

hard substratum areas in a sea of soft sediments (Kersten et al., 2019; Stratmann et al., 2018), making 

this ecosystem unique in the context of other abyssal seafloor habitats.  
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4.2 Studies completed 
A significant body of information has been acquired during the past 45 years on the baseline 

environmental conditions and on the environmental impacts of harvesting nodules from the seafloor.  

The majority of studies conducted are multi-disciplinary, gathering baseline information on the 

physicochemical environment, biological environment, and potential impacts. A summary of the key 

studies is provided in Table 4.1. 

Table 4.1. Summary of some key Environmental Impact Assessment work carried out in nodule provinces in the deep sea. 
Abbreviations: CCZ = Clarion-Clipperton Zone; DOMES = Deep Ocean Mining Environmental Study; EIA = Environmental Impact 
Assessment; OMA = Ocean Mining Associates; BIE = Benthic Impact Experiment; IOM = Interoceanmetal Joint Organization; 
MPA = Marine Protected Area; COMRA = China Ocean Mineral Resources Research and Development Association; CIOB = 
Central Indian Ocean Basin; OMCO = Ocean Minerals Company. 

Study Name (location, year) Entity Key focus areas 

DOMES (CCZ, 1970s)  USA  Baseline studies, impact prediction  

ECHO-1 (CCZ, 1983) USA Revisited DOMES Site C post-test 
mining in 1978  

Acute Mortality Experiment (CCZ, late 
1980s?) 

USA Studied impacts of sedimentation 
on fauna  

Quagmire II Expedition (CCZ, 1990) USA Revisited DOMES Site C post-test 
mining in 1978  

DIS-turbance and re-COL-onization 
experiment; DISCOL (Peru Basin, 1989 
to 2015) 

Germany Large-scale disturbance-
recolonization experiment 

Benthic Impact Experiment; BIE (CCZ, 
1993) 

Russia, USA, 
and   Japan 

Studied the effects of sediment re-
deposition on benthic fauna 

Japan Deep-Sea Impact Experiment; JET 
(CCZ, 1993) 

Japan Studied the effects of sediment re-
deposition on benthic fauna 

Interocean-metal Joint Organization 
Benthic Impact Experiment; IOM-BIE 
(CCZ,1995, 1997, 2000)  

IOM, COMRA 
(China) 

Studied the effects of sediment re-
deposition on benthic fauna 

Indian Deepsea Experiment; INDEX 
Central Indian Ocean Basin - CIOB, 1997 
to 2007)  

India Studied the effects of sediment re-
deposition on benthic fauna  

Kaplan Study (CCZ, 2002 to 2007) USA, UK, Japan, 
France 

Baseline studies (biological) 

EqPac (JGOFS EqPac) (CCZ, 1992) USA Equatorial Pacific Process Study; 
Baseline studies 

NIXO/NIXO 47 (CCZ, 2004)  France  Studied long-term effects of physical 
disturbance made by a dredge 
(OMCO) in 1978  

NaVaBa Program (CCZ, 1996 to present) China Natural variability baseline studies 

JPIO, MiningImpact 1 (CCZ) EU Long term study of disturbance 

DeepCCZ (CCZ) International  Regional scale of the CCZ 

ABYSSLINE (CCZ: UK-1 contract area) UK Baseline study & variability  
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4.3 Meteorology and air quality 
The climate in the CCZ region is largely warm equatorial, transitioning to lower temperate zones 

moving northwards. An environmental review for the historic Ocean Minerals Consortia (OMCO) 

(NOAA, 1984) and recent climatic information (http://www.metocean-on-demand.com/ accessed 27 

April 2020, using data of Saha et al., 2014) indicated that prevailing winds are easterly all year round, 

with a predominant swell direction from the east to northeast due to trade-wind influence. Recent 

climatic information also identifies seasonal changes in the prevailing currents, which are further 

influenced by El Niño – La Niña events, although these influences tend to be small 

(http://www.hycom.org/ accessed 27 April 2020, using data of Cummings & Smedstad, 2013).  

Based on the European Centre for Medium-Range Weather Forecast Re-Analysis (ECMWF) (Dee et al., 

2011), the climatology of the CCZ region is typical of tropical climates. The workability on site is mostly 

driven by the climate and sea state.  

4.3.1 Wind 
At ten meters above the ocean surface, the wind blows mainly from the North-East sector over the 

CCZ. Figure 4.1 below presents average wind speed measured at 125°W, 8°N South of the CCZ, for 12 

months between March 2012 and March 2013. The average wind speed varies between 2 and 8 m s-1 

(3.5 to 15.5 knots) with a yearly average of 5 m s-1 (9.5 knots). The stronger winds appear from January 

to April with weaker winds occurring between May and July. More frequent stronger winds mean that 

the most difficult workability period for marine operations is from December to March (Figure 4.1). 

Table 4.2 displays the probability of occurrence of wind speed ranges in the various wind sectors.  

Three intense wind jets (Tehuantepec, Papagayo and Panama jets) are produced by the passage of 

prevailing north-easterly trade winds and cold front incursions from North America through three 

major gaps in the Sierra Madre and Central American Cordillera mountain ranges on the Central 

American Isthmus.  The most intense jet, the Tehuantepec, can reach wind speeds of 25 m s-1, but all 

the jets vary seasonally and are generally weaker in summer.  The influence of these jets extends into 

the Eastern Pacific Ocean, affecting ocean surface circulation and sea surface height.  Fluctuations in 

intensity of the jets appears to be involved in the formation of ocean eddies that can travel for 

thousands of kilometres westward into the Pacific and into the CCZ (Chang et al., 2012). More recently, 

Purkiani et al. (2020) described occurrence of eddies across the Eastern Pacific Ocean and suggested 

that the eastern part of the CCZ is more likely to see eddies passing by than the western part.  

 
Figure 4.1. Average wind speed over a period of one year at station 51307 (8°N 125°W), deduced from 37 years‐data provided 
by BMT ARGOSS (2015). 

http://www.metocean-on-demand.com/
http://www.hycom.org/
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Table 4.2. Annual wind direction (°) and speed (knot) at station 51307 (8°N‐125°W) deduced from 37 years‐data provided by 
BMT ARGOSS (2015). 

 Wind Direction (degree) 

SUM 345 - 15 15 - 45 45 - 75 75 - 105 105 - 135  135 - 165  165 - 195  195 - 225  225 - 255  255 - 285  285 - 315  315 - 345  

W
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d
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ee

d
 (
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t)
 

0 - 2 0.2% 0.2% 0.2% 0.2% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 1.6% 

2 - 4 1.1% 1.8% 1.7% 0.9% 0.5% 0.2% 0.2% 0.2% 0.2% 0.2% 0.3% 0.5% 7.9% 

4 - 6 1.8% 6.9% 8.4% 2.7% 0.7% 0.2% 0.2% 0.2% 0.2% 0.2% 0.3% 0.6% 22.4% 

6 - 8 0.8% 9.4% 22.0% 3.6% 0.4% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.2% 37.0% 

8 - 10 0.2% 4.2% 18.5% 1.5% 0.1% 0.1% 0.1% 0.1% 0.1% 0.1% 0.0% 0.1% 24.9% 

10 - 12 0.0% 0.8% 4.2% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 5.5% 

12 - 14 0.0% 0.1% 0.3% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.5% 

14 - 16 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 

16 - 18 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

18 - 20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

> 20 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

SUM 4.1% 23.5% 55.2% 9.1% 1.8% 0.9% 0.7% 0.7% 0.7% 0.7% 0.9% 1.6% 100.0% 

4.3.2 Precipitation 
Seasonality is less marked for precipitation than for the wind. There are two different regimes, one 

long dry season and one relatively short wet season. The CCZ is located above and across the 

Intertropical Convergence Zone (ITCZ), which is characterized by substantial precipitation. The latitude 

of the ITCZ fluctuates between 5 and 10 °N, moving northwards during July-September period resulting 

in wet weather in the south of the CCZ. The season-averaged total precipitation in the CZZ region rises 

to ~5 mm day-1 in summer but it is close to 0 – 2 mm day-1 during the rest of the year. 

4.3.3 El Niño-Southern Oscillation (ENSO)  
The CCZ is located in the zone of El Niño influence. The El Niño-Southern Oscillation (ENSO) consists of 

a set of interannual variations in regional climate patterns caused by fluctuating winds and ocean 

temperatures. Initially, El Niño refers to a weaker warmer ocean current (due to a weakening of the 

easterly Trade winds), which flows along the coast of Peru and Ecuador ending up at Cape Horn in Chile 

towards the end of December. Subsequently, the CCZ enters the negative phase of the ENSO, inducing 

an increase in Sea Surface Temperature (SST) within the central and eastern tropical Pacific Ocean. 

This warming results in modified atmospheric circulation with increased rainfall and tropical cyclone 

formation in the tropical Pacific Ocean. The contrasting cooling phase is called La Niña oscillation, 

which results in reduced SST in the CCZ region (GSR, 2018). 

4.4 Geological setting 
The Clarion-Clipperton Zone (CCZ) spans an area of seabed approximately 4.5 x 106 km²  in the northern 

part of the Central Pacific, between the Clarion Fracture Zone in the north, the Clipperton Fracture 

Zone in the south (~5°N - 15°N), the Mathematician Ridge in the east and the Line Islands Ridge in the 

west (~ 116°W - 155°W). The geomorphological and tectonic structure of the CCZ is typical for mid-

ocean ridges and adjacent depressions and is directly related to seafloor spreading from the East 

Pacific Rise (ISA, 2010).  
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4.4.1 Topography of the CCZ 
Water depth in the CCZ varies between 3 800 and 4 200 m in the eastern region to 5 400 and 5 600 m 

in the western region. A system of ridges and valleys with crest-to-crest distances of 1-10 km and 

elevation extremes spanning tens to hundreds of metres is aligned approximately perpendicular to 

these fracture zones. Volcanic structures (single volcanoes and seamount chains) are primarily 

concentrated in the western and eastern sector, ranging from hundreds of metres to a few kilometres 

high (ISA, 2010). 

The seabed topography is formed of abyssal hills, elongated north to south conforming with scars on 

the ocean crust. These scars correspond to fracturing of cooling basalt lava as the crust spreads out 

from mid-ocean ridges. As it moves away from the ridge, the crust is progressively covered by 

sediments. In the north Pacific, the sediment thickness increases westward from 50 to 150 m between 

120 ° and 155 °W longitude. The crests of abyssal hills, spaced about 2–5 km apart, rise 100–300 m 

above the lowest areas. Vertical cliffs of calcareous clay up to 40 m high occur on the flanks of the hills 

and large potholes have been found on the crests. 

4.4.2 Tectonic activity of the CCZ 
The Pacific is the oldest of the existing ocean basins, with its oldest rocks dated at about 200 million 

years. The major features of the basin have been shaped by phenomena associated with plate 

tectonics, which can be seen in the large number of fracture zones in the region (Figure 4.2). 

The coastal shelf, which extends to depths of approximately 180 m (600 feet), is narrow along North 

and South America, but is relatively wide along the borders of Asia and Australia. The East Pacific Rise, 

a mid-ocean ridge, extends from the Gulf of California to a point west of the southern tip of South 

America, and rises an average of 2 130 m (7 000 feet) above the ocean floor. Along the East Pacific 

Rise, molten rock (magma) upwells from Earth's mantle, adding crust to the oceanic plates on each 

side of the rise as the plates move apart. Where the oceanic plates converge with continental plates, 

the denser oceanic plate is forced down under the leading edge of the continental plate, forming a 

subduction zone. Under the tremendous pressure, sediments accumulated on the oceanic plate and 

fragments of oceanic and continental plate fold into mountain ranges, flanked by deep trenches on 

the seaward side of the subduction zone. The build-up of stresses at these areas of subduction and 

volcanic eruption of magma formed by melting of subducting material are responsible for the 

earthquakes and volcanoes that give the Pacific basin margin the name "Ring of Fire." 

The general physiographic structure, perpendicular to the displacement axis of the oceanic crust, is 

the result of a cooling and collapse of the sub-stratum by fault formation. The release amplitude of 

these faults, the distance between them and their recent activity determine the resulting relief. On 

top of the basaltic rocks, sedimentation smooths the abrupt relief caused by tectonic activities.  
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Figure 4.2. Eastern Pacific basin map with the outlines the main fracture zones (FZ). Reproduced with permission from 
Wright et al. (2015). 

4.4.3 Mineral resources in the CCZ 
Mineral deposits found on the ocean floor can generally be placed into three different types; 

polymetallic nodules, polymetallic sulphides and cobalt-rich ferromanganese crusts. In the CCZ, the 

mineral of interest are polymetallic nodules. Polymetallic nodules in the CCZ are generally between 

five and 10 cm in diameter and are formed by the slow accretion of manganese and iron hydroxides 

over the course of millions of years, often half buried by a few centimetres of sediment and extending 

as a thin nodule skin over large areas. Nodule growth is either hydrogenetic using metals and metal 

compounds from near-bottom seawater, or diagenetic using metals and metal compounds from pore 

water in the sediments. Metal compounds and sediments are supplied to the CCZ region through the 

following process:  

- Sources of metals are from the land & East Pacific Rise, carried in suspended sediments to the open 

ocean 

- Sediment containing the metals are consumed by zooplankton and converted to large pellets that 

sink  

- Fecal pellets are metabolized by benthic communities, releasing reduced metals  

- Reduced metals are scavenged by Mn oxides surfaces  
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Unlike most land mineral deposits, seafloor nodule deposits are characterised in terms of nodule 

abundance, measured in units of wet kg m-2 (wkg m-2). This is because both the primary exploration 

and recovery methods (surface sampling and surface collectors or rakes, respectively) are unlikely to 

work at any significant depth below the sea-floor; i.e. only from 0 to 30 cm depth. Nodule abundances 

are typically reported as wet weights due to the practicalities of handling the nodule samples, the wet 

weight density of studied nodules is approximately 2 t m-3, irrespective of the nodule size.  

Nodule abundance varies greatly across the CCZ, with some locations having nodule coverage of more 

than 70% of the seafloor, with the nodules touching one another. To be of economic interest, the 

consensus is that nodule abundance should exceed 8 wkg m-2 with an average of 15 wkg m-2 over areas 

of several tenths of a square kilometre. Polymetallic nodules can occur at any depth but the highest 

concentrations have been found between 4 200 and 5 500 m. Geostatistical simulation based on 

historical samples reveals nodule fields within the CCZ that have the prospect of being mineable.  

The evaluation of the available nodule resource in the CCZ is evolving. In 1965, Mero estimated the 

total wet quantity of nodules in the world to be 1.5 x 1012 tons (+/‐ 50%) (Mero, 1965). More recent 

estimations of the global nodule quantity present on the oceanic seabed are less optimistic. For 

example, the ISA estimated the wet quantity of polymetallic nodules, as inferred resources, within the 

entire CCZ covering an area of 12.57 million km² to be 62 x 109 tons. These inferred resources were 

estimated to contain 17.5 billion tons of manganese, 761 million tons of nickel, 669 million tons of 

copper and 134 million tons of cobalt (ISA, 2010). In 2000, Morgan estimated the wet quantity of 

polymetallic nodules in the most abundant zone of the CCZ (an area of 9 million km²) to be 34 x 109 

tons, containing 7.5 billion tons of manganese, 340 million tons of nickel, 265 million tons of copper 

and 78 million tons of cobalt (Morgan, 2000). One of the most recent estimates by Kuhn et al. (2017) 

estimated the total quantity of polymetallic nodules in the CCZ to be approximately 21 billion tons. 

4.5 Physical oceanographic setting 

4.5.1 Waves 
The wave heights in the CCZ are relatively moderate for the open ocean. A major tropical cyclone belt 

covers the southern side of the CCZ and storms are significant for part of the year; approximately one 

cyclone traverses any given area in the CCZ each year between July and September. 

Off-shore wind and wave data have been collected over the past 37 years in the Eastern CCZ using 

altimeters for wave height and scatterometers for wind speed. The frequency of different wave heights 

across different wave directions is presented in Table 4.3.  
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Table 4.3. Annual wave direction (°) and significant wave height (m) at one location in the south of the Clarion-Clipperton Zone 
at station 51307 (8°N‐125°W) deduced from 37 years‐data provided by BMT ARGOSS (2015). 

 
Wave direction (degree) 
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0 - 0.5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

0.5 - 1 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

1 - 1.5 0.5% 0.6% 0.5% 0.6% 0.4% 0.5% 0.2% 0.1% 0.1% 0.1% 0.1% 0.2% 4.0% 

1.5 - 2 5.0% 6.6% 5.6% 5.3% 5.3% 3.4% 1.7% 0.9% 0.5% 0.4% 0.8% 2.3% 37.7% 

2 - 2.5 6.9% 8.5% 6.1% 3.0% 2.0% 1.4% 0.9% 0.5% 0.3% 0.2% 1.0% 3.7% 34.6% 

2.5 - 3 4.3% 5.2% 2.4% 0.5% 0.2% 0.2% 0.2% 0.2% 0.1% 0.0% 0.5% 2.6% 16.3% 

3 - 3.5 1.2% 1.6% 0.6% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.2% 1.0% 4.9% 

3.5 - 4 0.4% 0.5% 0.2% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.4% 1.7% 

4 - 4.5 0.1% 0.1% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.5% 

4.5 - 5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 0.2% 

5 - 5.5 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.1% 

5.5 - 6 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 0.0% 

SUM 18.5% 23.2% 15.5% 9.6% 8.0% 5.5% 3.1% 1.7% 0.9% 0.8% 2.8% 10.4% 100.0% 

4.5.2 Water masses and profiles in the basin  

4.5.2.1 Surface waters  

Most water masses in the Pacific are relatively fresh, with only the upper water masses showing 

salinities above 35 (Emery, 2003). These water masses will be strongly affected by the ENSO cycle. The 

upper 500 m can be divided into three regions: 1) a top layer of weak temperature gradient and a weak 

salinity gradient extending from the surface up to 100 m water depth; 2) a sharp thermocline with 

temperature gradients from 28 to 12°C over a water depth of approximately 100 m; and; 3) a region 

of lower stratification below the thermocline, with a salinity maximum (Wijffels et al., 1996). 

Profiles illustrating the typical water column structure of the CCZ are provided in Figure 4.3.  

According to Emery (2003), several water masses can be distinguished in the Pacific Ocean (Figure 4.4). 

Their characteristics are summarised in Table 4.4. The water masses that comprise the upper layers in 

the Eastern Tropical Pacific Ocean are the Pacific Equatorial Water, strongly linked to the ENSO cycle, 

and the Eastern North Pacific Central Water (Emery, 2003). 
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Table 4.4. Surface water masses of the Pacific Ocean. Reproduced with permission from Emery (2003).  

Water mass Acronym Temperature range (°C) Salinity 

Pacific Subarctic Upper Water PSUW 3.0–15.0 32.6–33.6 

Western North Pacific Central Water  WNPCW  10.0–22.0  34.2–35.2 

Eastern North Pacific Central Water ENPCW 12-20 34.2–35.0 

Eastern North Pacific Transition Water ENPTW 11-20 33.8–34.3 

Pacific Equatorial Water PEW 7-23 34.5–36.0 

Western South Pacific Central Water WSPCW 6-22 34.5–35.8 

Eastern South Pacific Central Water ESPCW 8-24 34.4–36.4 

Eastern South Pacific Transition Water ESPRW 14-20 34.6–35.2 

 

Figure 4.3. Typical vertical profile of the CCZ waters for Temperature, Salinity and density north of the CCZ, 17° 22.88’ N, 
125°W 56.03’ (2017), GSR data. 
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Figure 4.4.  Global distribution of upper waters (0-500m), boundaries are indicated by solid lines. Reproduced with permission 
from Emery (2003).   
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4.5.2.2 Intermediate waters 

Intermediate waters in oceanic basins comprise a range of depths between 550 and 1500 m (Emery, 

2003). Two major intermediate water masses have been identified in the Pacific Ocean based on 

Temperature/Salinity diagrams: North Pacific Intermediate Water – NPIW and Antarctic Intermediate 

Water – AAIW (Figure 4.5; Bostock et al., 2010; Dickson et al., 2001; Talley, 1993). An equatorial 

intermediate depth water has been also proposed by several researchers (Bingham and Lukas, 1995; 

Bostock et al., 2010; Wijffels, 1993), as shown in Figure 4.5.  

 
Figure 4.5. North to South transect along the 140°W Meridian showing the intermediate waters characterizing the Pacific. 
Distribution of different parameters and derived variables with depth (200 - 1500 m): A) Salinity; B) potential density (sigma 
theta), with the salinity contour overlaid from A. Distribution of different parameters with potential density: C) Salinity; and 
D) Oxygen, with the contour overlaid from C. Adapted from Bostock et al. (2010), figure provided courtesy of Helen Bostock. 
The CCZ is located between 0 and 20 °N (red square).  The dashed black line represents the cross section used for Figure 4.7.  

CCZ range 

of latitudes 
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North Pacific Intermediate Water (NPIW) appears from 400 to 800 m and is characterized by a salinity 

minimum (reaching 33.8) with low oxygen content (50–150 mmol kg-1) and low density (26.4– 27.2) 

(Dickson et al., 2001). Antarctic Intermediate Waters (AAIW) present high oxygen content (200–250 

mmol kg-1), a salinity minimum (34.3–34.5) and a temperature range from 3.5 to 10 °C, resulting in an 

average density of 27.1 (Bostock et al., 2010; Tsuchiya & Talley, 1996). The last intermediate water 

mass, the Equatorial Pacific Intermediate Waters (EqPIW) was recognized relatively recently by Wijffels 

(1993) who called it ‘‘Eastern Equatorial Water’’. Bingham and Lukas (1995) further divided the 

equatorial intermediate depth waters into ‘‘North Pacific Tropical Intermediate Water’’ and ‘‘South 

Pacific Tropical Intermediate Water’’. The EqPIW water mass would be formed by the mixing of a range 

of different waters (Bostock et al., 2010). 

4.5.2.3 Deep waters  

The deep North Pacific has been described in terms of two dominant influences: North Pacific Deep 

Water (NPDW) and Lower Circumpolar Water (LCPW) (Johnson & Toole, 1993; Wijffels et al., 1996).  

The deep North Pacific is only ventilated by a system of deep western boundary currents importing 

dense LCPW from the Antarctic (Warren, 1983; Wijffels et al., 1996). The abyssal North Pacific is not 

ventilated by local deep waters as the NPDW is the end product of the slow warming and freshening 

of cold dense waters of Antarctic origin.  

The lack of deep ventilation from local deep waters is caused by the configuration of the North Pacific 

basin that can be largely considered a landlocked basin, except for the small outflow to the Arctic via 

the Bering Strait. Although this outflow helps to relieve the excess of precipitation over evaporation in 

the North Pacific, no inflow from the evaporative North Atlantic compensates the low salinity of the 

subpolar surface waters and ultimately leads to the lack of formation of local dense bottom waters in 

the basin (Warren, 1983; Wijffels et al., 1996).  

LCPW is a mixture of North Atlantic Deep Water (NADW) formed in the northern North Atlantic, older 

LCPW and AAIW (Johnson & Toole, 1993; Mantyla & Reid, 1983). In the low latitude Pacific, LCPW is 

defined by cold waters with higher salinity and oxygen concentrations, and lower silica concentrations 

than the NPDW (Johnson & Toole, 1993). The characteristics of NPDW result from its poor ventilation, 

weak advection, and great age. These characteristics include low oxygen concentrations, and high 

dissolved silica concentrations acquired from in situ dissolution in the water column as well as long 

contact with sediments (Talley & Joyce, 1992; Wijffels et al., 1996. The silica maximum of this water 

mass is expected to be flowing southwards (Wijffels et al., 1996) through the CCZ.  

4.5.2.4 Vertical stratification  

Vertical stratification of temperature, salinity and dissolved oxygen gradients with water depth is a 

common feature of the CCZ. As detailed in the previous section, the thermal structure of the water 

body is vertically divided into an upper mixed layer that overlies a strong permanent (although with 

some variability in depth) thermocline and a deep layer:  

- The upper mixed layer is influenced by wind and waves. The thickness of this upper layer varies 

seasonally and can be related to seasonal variations in wind (and thus wave) conditions. The 

surface layer in the CCZ is relatively homogeneous in terms of temperature, salinity and dissolved 

oxygen. The average values are: temperature of ~26°C, mean salinity of ~34.3 and a dissolved 



 

D1.7 – EIA components for test mining up to prototype level – 6 July 2020  
          54 / 151  

Blue Nodules    

oxygen concentration near saturation of 400-500 μg l-1 (Ozturgut, 1981; Halpern, 1980). Very little 

seasonal variation is observed in this upper layer.  

- The strong permanent thermocline separating the surface and intermediate waters exhibits 

seasonal variability. The rapid change in salinity with depth indicates the presence of a halocline. 

Because seawater density varies inversely with temperature and directly with salinity, a rapid 

increase in density coincides closely with the thermocline and the halocline, creating a pycnocline. 

The pycnocline/halocline/thermocline is a crucial intermediate water layer, impeding vertical 

diffusion and slowing the sinking of particles through it.  

- Near bottom stratification is weak in the CCZ region (Hayes, 1979). At the seafloor of the abyssal 

plains (4 000 to 5 000 m), seawater temperature is considered isothermal (~ 1.5°C). Salinity is also 

remarkably constant throughout the deep-sea environment. Dissolved oxygen concentration tends 

to increase near the seafloor. 

4.5.3 Circulation in the basin and currents  
The Eastern Tropical Pacific Ocean comprises the region west of Central and South America, between 

the tip of the Baja California Peninsula to the north (23°N) and Peru to the south (10°S), and as far west 

as 150°W, close to the Hawaii archipelago. The eastern boundary is marked by two Eastern boundary 

currents: the California Current in the north and the Peru Current in the south. These boundary 

currents influence many of the coastal and open ocean patterns, dynamics, and processes observed in 

the Eastern Tropical Pacific Ocean (Fiedler & Lavín, 2006).  

4.5.3.1 Surface circulation  

Surficial circulation in the Pacific can be broadly described as two large gyres (anticyclonic in the 

northern hemisphere, cyclonic in the southern hemisphere) with two westward equatorial currents 

(North Equatorial Current – NEC, and South Equatorial Current –SEC) and a subsurface counter-current 

(North Subsurface Counter-Current – NSCC) flowing eastward (Figure 4.6; Yu et al., 2000). 

The Pacific NEC undergoes an annual cycle and is known to be stronger during El Niño events when 

surface waters in the eastern and central Pacific are warmer (Yu et al., 2000). The important jets (see 

Section 4.3.1) induce the creation of meso-scale eddies which can propagate into the Eastern part of 

the CCZ (Amador et al., 2006). 
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Figure 4.6. Scheme showing the main surface currents characterizing the Pacific Basin 
(https://www.aoml.noaa.gov/phod/gdp/index.php, accessed 27 April 2020). 

4.5.3.2 Midwater circulation 

The AAIW circulation in the South Pacific follows the wind-driven subtropical gyre of the upper surface 

waters (Bostock et al., 2010). There is a broad region of northward transport of AAIW in the southeast 

Pacific Ocean balanced by an intense southward flow along the western boundary of the basin (Bostock 

et al., 2010; Sloyan & Rintoul, 2001). NPIW is bounded by the subarctic front to the north (40°N) (Talley, 

1988) and a steep potential vorticity gradient to the south at 15–20°N, the position of which varies 

seasonally (Talley, 1993). The NPIW water mass shows a complex circulation pattern with eddies 

present throughout the subtropical gyre (Talley, 1988). In the east, NPIW is restricted to the subtropical 

gyre by the broad Californian Current (Bostock et al., 2010; Talley, 1993). 

Maps of net transport and circulation from 500 to 1500 m in the equatorial Pacific exhibit two almost 

symmetrical cyclonic gyres between 15°S and 15°N for the EqIW (Bostock et al., 2010; Reid, 1997). The 

location of the different intermediate waters, their formation area and probable source and circulation 

patterns are displayed in Figure 4.7. 

https://www.aoml.noaa.gov/phod/gdp/index.php
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Figure 4.7. Map view of the (a) salinity and (b) oxygen concentration (mmol l-1) at the Pacific basin scale (along the potential 
density (sigma theta) of 27.1 kg m-³, back dashed line of figure 4.5) highlighting the different water masses. The possible 
midwater circulation is depicted by the grey arrows. Formation regions of North Pacific Intermediate Water (NPIW) and 
Antarctic Intermediate Water (AAIW) are represented in blue circles. Intermediate waters are shaded in light grey (NEqPIW—
North Equatorial Pacific Intermediate Water; SEqPIW—South Equatorial Pacific Intermediate Water), separated by regions of 
mixing. The CCZ is framed by the red box. Adapted from (Bostock et al., 2010), figure provided courtesy of Helen Bostock. 
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4.5.3.3 Bottom water circulation 

The irregular bathymetry and complex near equatorial deep flow complicates the determination of the 

path of bottom water in Pacific in the vicinity of the Equator (Johnson & Toole, 1993). Sediment 

distribution in the deep basin is mainly controlled by the LCPW, which is characterized by low bottom 

current velocities and high oxygen concentrations (Hayes, 1980; Johnson, 1972; Mewes et al., 2014). 

The LCPW flow pattern shows a mainstream on the western boundary of the Pacific Basin, splitting 

into several branches with an eastward gyre in the northern equatorial area (Mantyla & Reid, 1983; 

Tsuchiya & Talley, 1996). 

Water mass conversion from LCPW to NPDW takes place in the North Pacific as the LCPW warms and 

gains silica. The northward flow of LCPW is balanced by a southward flow of NPDW (Figure 4.8). The 

large area influenced by NPDW and the low shear means that transport estimates are very sensitive to 

the velocity used as a reference (Johnson & Toole, 1993). NPDW moves in a strong southward flow 

over the western flank of the East Pacific Rise in the Northeast Pacific Basin, although a small 

northward flow has also been detected in the Guatemala Basin. In the Central Pacific Basin, the NPDW 

transport estimates are small, suggesting that the flow of NPDW in the Central Pacific Basin is very 

sluggish (Johnson & Toole, 1993). 

Using a net based on N-S and E-W transects across all the Pacific Basin, Macdonald et al. (2009) 

modelled the transport at different water depths corresponding to different water masses, obtaining 

a complex pattern of net transports across the whole basin. According to the Macdonald et al. (2009) 

model, transport of NPDW towards the south occurs at the Central Pacific Basin and east of 110°W.  

 
Figure 4.8. Scheme of the flow of the LCPW in the near equatorial Pacific with the 4000 m isobaths (dark grey, based on 
Johnson and Toole (1993) and Rintoul (2013)). The thickness of the arrows indicating the current pathway offers an 
approximation to the distribution of major and minor branches of the bottom flow, but it is not proportional to their actual 
intensity (Juan et al., 2018). Reproduced with permission from GSR.  
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4.5.4 Circulation in the CCZ 
Currents in the CCZ include surface currents and deep-water currents, which characterise the 

circulation in the CCZ. Surface currents are dominated by the North Equatorial Current that flows from 

East to West between 9°N and 20°N with an average speed of 10 cm s-1. Deep waters are fed by calm, 

slow currents, generally around 5 cm s-1.  

Hayes (1979) found average speeds typical of weak benthic currents, showing high variability in speed 

and direction. These bottom currents are the results of a slow movement to the North, initially 

generated in Antarctica (Antarctic Bottom Water, or AABW). The temperature of these deep waters 

usually increases to the North and to the East. Variations in speed and direction of these benthic 

currents suggest that they are effective in sediment transport along the abyssal valleys, which enable 

local accelerations of flow caused by the morphology of the seabed, lifting and transporting fine 

grained materials. Periods of low speed currents facilitate (re)deposition of sediment particles on the 

seafloor, facilitating re-working of sediments from the seabed over seasonal cycles. 

4.5.5 Water turbidity and sedimentation rate  
The water column in the Central North Pacific Ocean is recognized as an oligotrophic environment, 

with low primary productivity and fewer primary and secondary consumers. The nutrient-limited low-

productivity environment means these waters typically have little suspended material and low 

turbidity.  

The prevailing natural sedimentation rate is thought to be only few millimetres per 1000 years in the 

abyssal habitat (Halbach et al., 1988; Kuhn et al., 2017). From sedimentation rates measured across 

multiple contractor areas and one APEI in the CCZ, Volz et al. (2018) estimated sedimentation rates for 

the CCZ to be between 0.2 and 1.15 cm per thousand years (Figure 4.9).  

 

 

Figure 4.9.  230Th/231Pa-derived sedimentation rates for the uppermost 50 cm of the sediments of the APEI3, IFREMER, GSR 
and IOM sites. Reproduced with permission from Volz et al. (2018). 

4.6 Chemical oceanographic setting 
The World Ocean Circulation Experiment (WOCE) was an internationally coordinated oceanographic 

program providing global ocean observations from 1988 until 1998. Data are combined in global and 

basin wide datasets and can be downloaded from http://www.ewoce.org/ (Schlitzer, 2000). The maps 

of the WOCE gallery used within this section were produced using the Ocean Data View software, and 

also display the GEBCO bathymetry. The WOCE gallery includes section plots of temperature, salinity, 

oxygen, nutrients and other tracers for the Atlantic, Pacific, Indian, and Southern Ocean.  

http://www.ewoce.org/
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Around the CCZ region, there are four distinct WOCE transects, the properties of which are discussed 

within this section. These four transects are P03: North of the CCZ; P04: crossing the CCZ E-W; P17: 

crossing the CCZ N-S; and P18: East of the CCZ (Figure 4.10).  

 
Figure 4.10.  Position of all the WOCE transects. The selected transects are P03 (North of the CCZ), P04 (Crossing the CCZ E-
W), P17 (Crossing the CCZ N-S) and P18 (East of the CCZ) (https://www.ewoce.org/gallery/Map_Pacific.html, accessed 27 
April 2020). Reproduced with permission from Schlitzer. 

Within these four WOCE transects (Figure 4.11 A-D), tracers of the water masses reveal a highly 

stratified vertical structure in the first 2000 m. The thermocline is located at 500 m deep, and stable 

temperatures are reached below 2000 m. According to these transects, waters sweeping the CCZ range 

between 1.12 and 1.25°C (potential temperature). 

Salinity values at the surface in P03, P04 and P18 are very low (below 34), probably due to proximity 

to the continents and high precipitation rates. Salinity values quickly stabilize below 500-750 m, and 

most of the water column is characterized by salinities ranging from 34.5 –  34.75.  

The water column shows an oxygen minimum ranging from 250 to 2250 m, with the lowest values at 

500-750 m. Most of the water column has a relatively low oxygen content. The seafloor in the study 

area shows oxygen values of 120-180 μmol kg-1. Waters with higher oxygen content sweep deeper 

areas of the central Pacific basin (P03, P17, P18). The water column in the Eastern Pacific Ocean is 

characterised by a strong oxygen minimum zone (Lavín et al., 2006). 

The CCZ region is considered oligotrophic, with low nutrient concentrations limiting primary 

productivity (Berger et al., 1987). Within the selected WOCE transects, the maximum concentration of 

some nutrients, such as nitrate and phosphate, coincides with the oxygen minimum depth (centred at 

1000 m water depth), with lower concentrations of nitrate and phosphate in the deep water column. 

Silicate content is a very important tracer, since it can be used to distinguish between deep water 

masses. The P03 and P18 transects exhibit very high values in silicate content, ranging from 155 to 175 

μmol kg-1, suggesting that the CCZ might be swept by NPDW. On the other hand, P04 and P17 suggest 

that waters with low silicate concentrations sweep the southern portion of the CCZ. 

https://www.ewoce.org/gallery/Map_Pacific.html
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Within the CCZ region generally, nitrate concentrations are low in the upper layer due to uptake by 

photosynthesizing organisms. A nutrient maximum appears in the intermediate layer where there are 

high rates of decomposition and low rates of photosynthesis, followed by a decrease in nitrate 

concentration with increasing depth. Phosphate shows the same trend as nitrate throughout the water 

column caused by the same mechanisms. Dissolved silica concentrations are low in the upper mixed 

layer due to uptake by phytoplankton, with dissolved silica concentrations increasing with increasing 

water column depth. 

 
Following four pages: Figure 4.11. eWOCE profiles of Potential temperature [°C], Salinity [PSU], Oxygen [µmol kg-1], Silicate 
[µmol kg-1], Nitrate [µmol kg-1] and Phosphate [µmol kg-1] along the (A) P03 transect, (B) P04 transect, (c) P17 transect, and 
(D) P18 transect (https://www.ewoce.org/gallery/Map_Pacific.html, accessed 27 April 2020). The black box represents the 
location of the CCZ. Reproduced with permission from Schlitzer. 
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4.7 Seabed substrate characteristics 

4.7.1 Sedimentary geology in the CCZ  
According to Divins (2003), the distribution of sediments in the oceans is controlled by five primary 

factors: the age of the crust underlying the sedimentary sequences; the tectonic history of the crust; 

structural trends in basement; location of sediment source and nature of the sediments; and the 

sedimentary processes transporting the sediments. An overview of the sedimentary geology of the 

CCZ, including these five factors, is provided in the following sections. These sections were written with 

reference to the comprehensive overview of the geological conditions in the CCZ provided within the 

ISA Technical Note n°6 (ISA, 2010). 

4.7.1.1 Lithology  

Seafloor isochrones illustrating crustal age can be reconstructed based on magnetic anomaly 

identifications and fracture zones identified from marine gravity anomalies (Müller et al., 2008; 

Sandwell and Smith, 1997). Isochrones make it possible to track the location and geometry of mid 

ocean ridges through time and provide key information to understand the basin evolution and plate 

drift. The CCZ presents crustal age estimations corresponding to the Late Cretaceous to Miocene 

Epochs (Walker et al., 2012). The increase in water depth going from East to West in the CCZ is 

analogous to a timeline of formation of the seabed, with the seafloor in the West having cooled for a 

longer period of time (Figure 4.12). More recent tectonic activity to the East influences the local 

seafloor geomorphology, which is further altered by deep-sea water circulation impacts on the sea-

bed relief, generating re-sedimentation in some places and in other places exposing the substratum 

through erosion processes. 

 
Figure 4.12. Tectonic sketch of the CCZ (Modified from ISA, 2010). 

The increasing depth going from East to West also influences the rate of sedimentation, which is lower 

in the West than in the East. There is also an inverse correlation between sedimentation rates and 

distance from the Equator, reflecting the fact that biogenic production is highest at the Equator and 

decreases with increasing latitude, resulting in lower sedimentation rates at higher latitudes (ISA, 

2010). 

The superficial layer of sediment (from 30 to 100 m thick) consists of Pleistocene and Holocene 

deposits made up of siliceous silty clay and ooze (facies I) underlain by Miocene to Pliocene deposits 
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of pelagic clay, zeolitic clay and crust (facies II). The superficial sediment layer is topped by siliceous 

silty clay (1‐15 cm), which comprises the geochemically active layer and is also the environment where 

polymetallic nodules form (ISA, 2010).  

In terms of lithology, the sediments of the CCZ contain two end members: carbonates (e.g. carbonate 

silts, clays, and oozes) and siliceous sediments (e.g. red clays, siliceous silts, clays and oozes). Carbonate 

sediments are predominantly found in the southeast, whereas siliceous red clay is predominantly 

found in the west-northwest. This trend is caused by two factors, decreasing primary productivity to 

the west, and a tectonically controlled increase in water depth to the west. Greater water depths 

favour the occurrence of siliceous sediments in the central and western part due to a higher solubility 

of carbonate minerals with increasing hydrostatic pressure (ISA, 2010). The higher concentrations of 

carbonates in the south-eastern area reflects higher sedimentation rates overcoming dissolution rates. 

The transition between carbonate-dominated and silica-dominated sediments happens at the depth 

of the calcite compensation depth (CCD), which occurs at 4 200 m depth. The composition of the 

superficial sediment is mostly controlled by the position of the CCD, with a transition between 

carbonate and siliceous sediment facies clearly identified on seismic profiles (ISA, 2010). The formation 

of siliceous ooze below the CCD provides the necessary metal content and the physical properties, 

such as permeability for the mobility of metal in pore water, for the growth of large diagenetic 

polymetallic nodules. 

The importance of non-biogenic detrital input, particularly clay minerals, may be indicated by the 

aluminium (Al) content of the sediment. The silica (Si) content of sediment depends on the share of 

the siliceous biogenic fraction and aluminium content depends on the proportion of clay minerals 

(alumino-silicates). The variation of the Si: Al ratio permits observation of North – South oriented 

regional differences in non-biogenic and biogenic inputs to the sediment. The sediment composition 

of the CCZ is further defined by its share of the biogenic fraction, especially radiolarian material.  

4.7.2 Biogeochemical processes and element fluxes  
Volz et al. (2018) provided the first biogeochemical baseline study of the CCZ region covering six study 

sites within the CCZ; five of these sites were within exploration contract areas, and one was within the 

Area of Particular Environmental Interest 3. The profiles of total organic carbon (TOC) measured in the 

Eastern part of the CCZ are detailed within Figure 4.13, and depict a decrease in TOC with increasing 

depth, as expected.  The lowest TOC level in the surface sediment was found in the APEI samples (~0.2 

w%). TOC content also tends to decrease faster with depth at locations close to seamounts (BGR site). 

Variability in benthic terrain (for example, ridges, seamounts) can induce more variability in bottom 

current, resulting in greater heterogeneity in measured TOC content at a local scale (~km) (Mewes et 

al., 2014). 
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Figure 4.13. Solid-phase profiles of TOC of the APEI3, IFREMER, GSR, IOM and BGR sites. Reproduced with permission from 
Volz et al. (2018). 
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4.8 Natural hazards 
Natural hazards such as volcanism and earthquakes are very unlikely to occur in the CCZ. The natural 

hazard of most concern relates to tropical cyclones (storms and hurricanes), which could cause damage 

to surface vessels.  

Tropical cyclones are difficult to integrate into a climate or hydrodynamic model, due to their erratic 

nature (extreme intensity, small time scale, local effect). Most hurricanes are predictable in that they 

follow a similar cycle of development, called the hurricane life cycle. These life cycles may run their 

course in as little as a day or last as long as a month. Past and present data about tropical storms and 

hurricanes can be found at the National Hurricane Centre, developed by NOAA. Since 1998, NOAA has 

kept track of all storms and hurricanes, by ocean (Atlantic and Pacific) and by region (Central and 

Northeast Pacific). From January 2002 to December 2012 (10 years), 164 tropical cyclones have been 

identified in the Eastern Pacific Basin, with an average of 16 storms or hurricanes per year. There were 

a similar number of tropical cyclones during the 30-year period from 1966 to 1996, with 56 % classified 

as hurricanes and 25 % classified as tropical storm category 3 or more 

(https://coast.noaa.gov/hurricanes/#map=4/32/-80, accessed 27 April 2020). Tropical cyclones in the 

CCZ region are usually concentrated between July and December.  

The spatial distribution and individual tracks of tropical cyclones (storms and hurricanes) in the NE 

Pacific Ocean from 1980 to 2005 are shown in Figure 4.14. There is a prevailing East-West trajectory, 

with a higher concentration of cyclones along the Central American coasts (data from 

https://coast.noaa.gov/hurricanes/#map=4/32/-80, accessed 27 April 2020).  

 

 

Figure 4.14. Storms recorded by the NOAA Hurricane Center between 1949 and 2019 for the months February, March, April 
and May. Hurricane wind categories are as follows: category 5 (> 135 knots), category 4 (114–135 knots), category 3 (96–113 
knots), category 2 (83–95 knots), category 1 (64–82 knots), tropical or subtropical storm (34–63 knots), tropical depression (< 
34 knots), and extra-tropical storm (variable wind strength). Source: NOAA, Coastal Zone Management. 2017, accessed March 
21, 2018. Reproduced with permission from GSR. 

https://coast.noaa.gov/hurricanes/#map=4/32/-80
https://coast.noaa.gov/hurricanes/#map=4/32/-80
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4.9 Noise and light 

4.9.1 Ambient noise  
The ocean is full of sound, with all underwater activities producing sounds. These include abiotic 

sources of sound coming from the natural environment; biotic sources of sound produced by marine 

organisms; and anthropogenic sources of sound. This multitude of sources produces the ambient 

sound scape of the marine environment, which can vary according to region and over multiple time 

scales (Figure 4.15). Sounds can also be heard in the deep ocean (Bradley et al., 2008), including those 

from anthropogenic sources. For example, at 10 910 m depth in the Marina trench, ambient sound 

frequencies were recorded between 10 and 32 000 Hz (Dziak, et al., 2017).  

Natural abiotic sources of sound encompass all sounds produced by environmental processes affecting 

the ocean, such as rain, seismic disturbances, underwater volcanoes and/or wind. These sounds span 

a broad range of frequencies (1 Hz to 100 kHz) and have a very varied spectral content. These natural 

abiotic sources produce a continuous sound scape, which is distributed over the global ocean 

(Convention on Biological Diversity, 2014). Natural biotic sounds are generated by living organisms (i.e. 

fish, marine mammals). The spectral content and frequency range of natural biotic sounds is large (10 

Hz to 100 kHz), due to the diverse range of sounds that different species can produce (National 

Research Council, 2003). Biotic sounds are not continuous and can be spatially limited, largely because 

these sounds are generated by individual organisms that have a small size compared to the vast ocean 

environment. Anthropogenic sound sources come from human activities, in particular shipping 

(Richardson et al., 1995) but also from dredging, pile driving and military activities. These 

anthropogenic sounds span a broad frequency range (1Hz to 100kHz), with different vessels emitting 

different frequencies of sound. Anthropogenic sound can be specific to an environment, and can be 

either intermittent or continuous. 

The properties of ambient sound also changes with water depth. Within the North-East Pacific, Morris 

et al. (1978) described the vertical distribution of ambient sound using hydrophones deployed at 

different depths. Using frequencies between 15 and 800 Hz, Morris et al. (1978) demonstrated that 

the ambient sound level decreases with increasing depth, and that wind and shipping activity were the 

major components of ambient sound (Morris et al., 1978). Farrokhrooz et al. (2017) confirmed that 

ambient sound within the water column is depth-dependent, demonstrating that at 50 Hz, the sound 

level decreased at a rate of -9.9 dB km-1 during descent through the water column and that the 

frequency band of the ambient sound within the water column is between 20 and 500 Hz.  

At the SPICEX location (33°N, 137.7° W, North of the CCZ), ambient sound within the water column 

was recorded over a year, describing seasonal changes. Farrokhrooz et al. (2017) discovered that whale 

vocalization and wind-derived sound fluctuates during the year, with sound levels peaking in Autumn 

(October to December), corresponding to the windier months of the year.  
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Figure 4.15. Acoustic ambient sound in the ocean: Spectra and sources with shipping activities. 100 dB corresponds to five 
orders of magnitude (based on Wenz 1962). Reproduced with permission from Bradley et al. (2008). 
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4.9.2 Ambient light 
There are two main sources of natural light in the open ocean: from celestial bodies (the sun, moon 

and stars); and from the bioluminescence of marine organisms. There is very little physical light (from 

celestial bodies) below 1000 m water depth (Davis, 1991). In the open ocean generally, only the surface 

200 m offers enough light to sustain photosynthesis of primary producers, such as phytoplankton.  

Below these depths, where there is very little physical light, many deep-sea organisms have developed 

bioluminescent capabilities for counter-illumination camouflage, mate attraction, defence, warning, 

communication, and mimicry. Some deep-sea organisms have even developed “super-eyes’ to detect 

the dim light of bioluminescence (Haddock et al., 2009). To our knowledge, there are no background 

records of light available for the CCZ.  

During the lowering from the surface vessel of the Track Soil Testing Device Patania in 2017 through 

the water column, three distinct organism behaviours were observed (GSR, 2018). Organisms were 

either attracted towards the artificial light source; fled from the light; or displayed no observed change 

in behaviour. In general, behavioural responses to artificial light introduced into the deep ocean 

appears to be species-dependent (Van Rhee et al., 2014). 

4.10 Greenhouse gas emissions and climate change 
The only background source of greenhouse gas emission in the CCZ region would be emissions from 

ships in the region involved with, for example, cargo transport, fisheries, tourism, submarine cables or 

scientific research. To our knowledge, there are no field data available that relate to air quality and 

greenhouse gas levels within the CCZ. 
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5 Description of the existing biological environment 
The text within Section 5 provides a description of the existing biological environment for the Clarion 

Clipperton Zone (CCZ) region. Description of the biological environment is not provided for a specific 

site because a site for testing the Blue Nodules pre-prototype nodule collection vehicle has not yet 

been identified. To reflect this, the description of the biological environment is at the regional scale 

instead of for a specific site.  

The revised version of ISBA/25/LTC/6 (issued 30 March 2020) provides a template for Environmental 

Impact Statements (EIS) prepared to summarise the findings of an EIA conducted during exploration. 

However, this template for EIS (ISBA/25/LTC/6/Rev.1, Annex III) does not provide a detailed structure 

for Section 5. As a result, the structure of Section 5 is loosely based on the structure presented in Annex 

IV of the ISA Draft Regulations for Exploitation (ISBA/25/C/WP.1). It should be noted that the EIS 

template in Annex IV was provided to report the results of an EIA conducted for a full mining system 

to be used for exploitation. As a result, not all subsections within the ‘Description of the existing 

biological environment’ section of Annex IV are applicable to a small-scale mining test, which is 

reflected in the modified structure of Section 5 within this report. The structure utilised for Section 5 

closely follows the structure of the two approved EIS documents for testing of mining components in 

the CCZ (GSR, 2018; BGR, 2018), which were considered to be the best current indicators of the 

structure and content required by the ISA in Section 5 of an EIS for testing activities. 

5.1 Key messages 
The CCZ is typical of an abyssal plains ecosystem, characterized by four distinct features that need to 

be considered when developing environmental management for this ecosystem (Smith, 1999):  

- Low physical energy: Currents are typically slow in the CCZ, and background turbulence is limited. 

- Low productivity: The CCZ is within an oligotrophic ocean region, where low concentrations of 

nutrients limit primary productivity in the surface waters. The only source of food to the seafloor 

comes from the surface, and degrades as it falls through the water column. It is estimated that only 

1 % of the organic matter from the surface reaches the seafloor (Lutz et al., 2007). As a result of 

low productivity in the surface waters and food source degradation through the water column, 

biomass and biological rates (e.g. animal growth and rates of recolonization following disturbance) 

of seafloor organisms are low. This was demonstrated by the DISCOL experiment, where a seafloor 

disturbance track was revisited after 26 years, and was still found to have lower biomass and 

abundance than the surrounding seafloor (Simon-Lledó et al., 2019).  

- High biodiversity: Seafloor species diversity is high for this relatively low biomass environment. 

Protection of high species diversity is provided through areas where no mining activities are 

allowed to take place. These include Areas of Particular Environmental Interest (APEIs), as detailed 

within the of ISA Environmental Management Plan for the CCZ (ISA, 2011), and the Preservation 

Reference Zones of each contractor.  

- Large and continuous habitat: The CCZ is a large and continuous habitat, although some variation 

has been described across multiple spatial and temporal scales.  



 

D1.7 – EIA components for test mining up to prototype level – 6 July 2020  
          73 / 151  

Blue Nodules    

5.2 Studies completed 
A significant body of information has been acquired during the past 45 years on the baseline 

environmental conditions and the potential environmental impacts of harvesting nodules from the 

seafloor. The majority of studies conducted are multi-disciplinary, gathering baseline information on 

the physicochemical environment, biological environment, and potential impacts. For a summary of 

these multi-disciplinary studies see Table 4.1 in Section 4.2.  

5.3 Biological environment 
This section is divided by depth regime into a description of the various biological components and 

communities that are present in or utilize the surface (0 – 200 m), midwater (200 m – 50 m above 

seafloor) and benthic (seafloor and 50 m above seafloor) environment in the CCZ region. Many of the 

species discussed within the surface environment (Section 5.3.1) also occur within the midwater 

environment (Section 5.3.2) and/or migrate between the various layers of the water column. To avoid 

repetition, species occurring within both the surface and midwater environments are only discussed 

in detail within the surface environment (Section 5.3.1). 

5.3.1 Surface 
The CCZ is located in the pelagic bioregion of the Eastern Tropical Pacific or ETP (UNESCO, 2009). The 

entire ETP is defined by a strong, shallow thermocline, a pronounced oxygen minimum zone (OMZ), 

and decadal El Niño Southern Oscillation (ENSO) variability (Lavín et al., 2006). There is an important 

knowledge gap regarding pelagic biota across the CCZ, as the majority of pelagic studies in the Pacific 

Ocean are focussed on the equatorial Pacific waters or the offshore Northern Pacific, including the 

region of the North Pacific Subtropical Gyre.  

5.3.1.1 Phytoplankton  

The non-zooplanktonic fraction of the plankton includes bacteria, viruses, archaea, protists and some 

eukaryotes. Most of the phytoplankton, small floating photosynthesising organisms, belong to the 

Chromista, including the most common groups of phytoplankton: diatoms and dinoflagellates 

(Cavalier-Smith, 2018). Bacteria and protists can also belong to the phytoplankton, with cyanobacteria 

in particular providing an important contribution to primary productivity in nutrient-limited systems 

(Kirchman, 2008). 

Phytoplankton are essential to the productivity of marine ecosystems, being the basis of the food web 

in the vast majority of marine ecosystems (Zheng et al., 2017; Siegel et al., 2013; Not et al., 2012; 

Falkowski, 2012). Primary production of phytoplankton is dominant in the open ocean and comprises 

nearly half of the annual global net primary production (Field et al., 1998; Falkowski, 2012). The organic 

matter produced by phytoplankton through photosynthesis fuels the metabolic demands of marine 

ecosystems and controls the growth of marine organisms (Siegel et al., 2013; Falkowski, 2012). As a 

major group of primary producers, the phytoplankton also has an important regulatory function in the 

global carbon cycle (Zheng et al., 2017; Siegel et al., 2013; Not et al., 2012; Falkowski, 2012). Carbon in 

the atmosphere is fixed by phytoplankton through photosynthesis and subsequently stored within the 

ocean as organic matter or sequestered in the deep ocean floor for hundreds of years (Falkowski, 

2012). This process acts as a biological pump sending carbon dioxide to the deep ocean, the Earth’s 

largest carbon reservoir (Zheng et al., 2017; Falkowski, 2012). Without the fixation of phytoplankton, 
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carbon dioxide concentration in the ocean and atmosphere, would be considerably higher and 

potentially unfavourable for life on Earth (Falkowski, 2012).  

Phytoplankton production is sensitive to environmental changes. Changes in temperature, irradiance, 

nutrient and physical circulation of the atmosphere and ocean will affect phytoplankton production 

(Falkowski, 2012; Not et al., 2012; Siegel et al., 2013). Observation of phytoplankton dynamics on a 

large scale and over long time series is important to monitor the status of the marine environment and 

to detect oceanographic anomalies, for example any algal blooms associated with the El Niño Southern 

Oscillation (Chen et al., 2017).  

Primary productivity in the CCZ is limited and spatially patchy, with significant temporal variability 

(Pennington et al., 2006). Chlorophyll-a (proxy for the phytoplankton biomass) reaches 0.5 mg m-³ at 

the surface (0-5 m) and productivity averages around 2.6 mg of Carbon m-³d-1. Nutrient limitation in 

the surface water is common, with the deep thermocline preventing the mixing of deeper nutrient-

rich water with the surface water where photosynthesis occurs (Peña et al., 1990; Pennington et al., 

2006). This nutrient limitation is reflected in the high abundance of picoplankton (drifting organisms 

of size < 1 μm), which account for more than 50 % of the total plankton biomass in stations located 

North of the CCZ (Peña et al., 1990).  

Productivity of the Northern Equatorial Current (NEC) region fluctuates relatively little throughout the 

year, a pattern which is also observed in most of the open ocean ETP area. On longer time scales, El 

Niño (warm period of the inter-annual ENSO) and El Viejo (warm period of the multi-decadal Pacific 

Decadal Oscillation - PDO) lead to a reduction in primary productivity rates (Pennington et al., 2006; 

Wang & Fiedler, 2006).  

The phytoplankton dynamics of the marine environment can be estimated from measurements of 

chlorophyll-a concentration using ocean colour remote sensing. When solar radiation transmits into 

sea water, it is reflected, scattered and absorbed by constituents of the water, including chlorophyll-

a. Each of these components influence the spectral radiation differently which collectively determine 

the colour of the ocean (Chen et al., 2017). This principle is utilized by ocean colour remote sensing to 

retrieve information on chlorophyll-a, and so infer the relative abundance of phytoplankton (See 

Figure 5.1). However, the detectable radiance from phytoplankton is confined in the upper layer of the 

ocean (30-40m), meaning that satellite images are not able to provide information on the vertical 

distribution of phytoplankton in the water column below these depths (Falkowski, 1994; Blondeau-

Patissier et al., 2013). 
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Figure 5.1. Example of spatial variability of sea surface chlorophyll a concentration over the area during the spring bloom 
months of (a) February 2011, (b) March 2011 and (c) April 2011. Figure composed by GSR using MODIS data (NASA, 2014). 

Recent field studies of phytoplankton communities in the CCZ appear to be lacking. However, a general 

summary of phytoplankton ecology within the region can be provided from earlier studies. The vertical 

distribution of phytoplankton is characterised by a peak in abundance within the mixed layer (first 50 

m) of the water column. At this depth, there is ample light available for photosynthesis and the flux of 

organic matter (also called particulate organic carbon – POC) is maximal (Kirchman, 2008). Analyses 

conducted in the CCZ during the US American Deep Ocean Mining Environmental Study in the 1970s 

reported average phytoplankton concentrations of approximately 20 000 cells l-1, dominated by 

diatoms, dinoflagellates and coccolithophorids (Fryxell et al., 1979). Generally, the phytoplankton 

community was dominated by coccolithophorids, although this pattern changed with water column 

depth (Fryxell et al., 1979). Overall, nanoplankton dominated the total chlorophyll-a concentration in 

the upper water column (~85%), with the coccolithophorid Emiliania huxleyi being the principal species 

(El-Sayed and Taguchi, 1979). Many of the oceanic phytoplankton species are widely distributed 

(Pennington et al., 2014) although small-scale horizontal patterns in distribution do occur, and diversity 

indices reveal the complexity of phytoplankton communities within the CCZ (Fryxell et al., 1979). 

5.3.1.2 Water column bacteria 

Landry and Kirchman (2002) provide a review of the composition and spatial variability of microbial 

populations in the ETP, with a focus on the Equator and the Hawaiian Ocean Time series (HOT) station. 

The composition and spatial variability of microbial populations in the ETP appear to be relatively 

homogenous across the area, suggesting significant grazing (Landry & Kirchman, 2002). Within the 

North Equatorial Current (NEC), which crosses the CCZ, the microbial community is dominated by 
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cyanobacterial Prochlorococcus spp. (Landry & Kirchman, 2002; Pennington et al., 2006). The 

abundance of heterotrophic bacteria within the Eastern Tropical Pacific is regulated by phytoplankton 

abundance, as heterotrophic bacteria consume dissolved organic matter (DOM) released by the 

phytoplankton, and by inorganic nutrient concentration (e.g. phosphorus, nitrogen, iron) (Kirchman, 

2008). 

5.3.1.3 Zooplankton 

The phyto- and bacterioplankton described in previous sections form the basis of the food web in the 

CCZ, and are subsequently eaten by zooplankton. This heterogeneous group of primary and secondary 

consumers spans a considerable size range from µm to m, with a very broad taxonomic composition, 

including fish larvae (ichthyoplankton), coelenterates (such as jellyfish), copepods, and chaetognaths 

(arrow worms). Within the Eastern Tropical Pacific including the CCZ, copepods and krill (euphausiid 

crustaceans) are the most important zooplankton groups in term of biomass (Brinton, 1979). 

Zooplankton biomass in the CCZ is regulated by the abundance of primary producers, such as 

phytoplankton, phosphate concentration and thermocline depth. Certain zooplankton groups prefer 

particular surface water masses and circulation patterns, so that large scale oceanographic features 

play an important role in community structure (Fernández Álamo & Färber Lorda, 2006). The vertical 

distribution of zooplankton is forced by the strong thermocline at 250 m below surface and the oxygen 

minimum zone (OMZ), which occurs directly below the thermocline and extends down to 600-800 m 

beneath the surface (Fernández Álamo & Färber Lorda, 2006). Zooplankton community composition 

changes with water depth and many species migrate vertically (Fernández Álamo & Färber Lorda, 

2006). These vertical migrations occur inter-zonally with migration to the surface at night and to 

deeper waters during the day, or zonally over short vertical distances (Fernández Álamo & Färber 

Lorda, 2006). The abundance of zooplankton in the CCZ fluctuates relatively little throughout the year, 

as is the case for most of open ocean ETP area (Fernández Álamo & Färber Lorda, 2006). 

At DOMES-C, a historical station central within the CCZ, the highest concentration of zooplankton was 

found in the upper 100 meters. The most dominant taxonomic groups, in descending order, were 

copepods, chaetognaths, euphausids, siphonophores, larvaceans and amphipods (Hirota, 1977). The 

abundance of some zooplankton groups in the CCZ, such as the gelatinous zooplankton, may have been 

historically under-estimated, with net sampling potentially damaging these delicate organisms so 

severely as to make identification challenging (Hoving et al., 2019; Drazen et al., 2019).  

5.3.1.4 Invertebrate nekton 

Invertebrate nekton in the CCZ predominantly belong to the cephalopods (phylum Mollusca) or 

crustaceans (phylum Arthropoda). The pelagic red crab Pleurocodon planipes and some pelagic shrimp 

species found within the ETP can also occur in offshore regions overlying the continental shelf 

(Hendrickx & Estrada Navarrete, 1989). Pelagic cephalopods, including squids, form the intermediate 

step between the micronekton and top pelagic predators such as mammals, seabirds and sharks 

(Young et al., 2013). The ecology of invertebrate nekton species is generally not well known, in part 

because fragile bodies and potential avoidance mechanisms for some species may mean that they are 

not adequately sampled using standard nets. 
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5.3.1.5 Fishes 

Fisheries production information for the CCZ region comes from the Food and Agricultural 

Organization (FAO) statistical area 77, Eastern Central Pacific. Most of the fisheries information for 

statistical area 77 relates to the capture of large predatory fish, such as tuna species, alongside small 

pelagic fish (FAO, 2011). The ecology of many midwater fish species is generally not well known, in 

part because avoidance mechanisms mean that they may not be adequately sampled using standard 

nets (Kaartvedt et al., 2012).  

The main fisheries in the ETP are the purse seine and longline fisheries targeting tunas and billfishes 

(IATTC, 2014). Yellowfin tuna (Thunnus albacares), skipjack (Katsuwomis pelamis) and Bigeye tuna 

(Thunnus obesus) are the most frequently caught tunas within the ETP (IATTC, 2014). 

Tuna are predators with high energy consumption and often exhibit migratory behaviours in response 

to shifting prey distribution (Minte Vera et al., 2013). For example, seasonal North-South migration of 

tagged yellowfin tuna off Baja California, west of the CCZ, seems to be triggered by changes in sea 

surface temperature. Vertically, tuna move within the mixed layer during daytime, but descend below 

the mixed layer at night (Schaefer et al., 2007). Swordfish (family Xiphiidae) have a similar vertical 

migration, discovered through a tagging study of approximately 100 individuals (Dewar et al., 2011). 

According to Dewar et al. (2011), during the day swordfish vertical movements were driven by food 

availability, whereas at night, vertical movements were influenced by temperature. Tuna and billfishes 

are considered key predators within the food web models of the ETP (Kitchell et al., 2002).  

5.3.1.6 Sharks & rays 

Information on the biology of pelagic sharks and rays is very limited, with the majority being obtained 

from bycatch data of purse seine and longline fisheries (IATTC, 2014; Mollet, 2002; Strasburg, 1958). 

Within the North-East Pacific, one of the most studied places for sharks is ‘Shark Café’ located between 

32 and 16°N and 128° and 142°W, 1 000 km northwest of the CCZ. Great white sharks (Carcharodon 

carcharias) gather at the site in large numbers, where they routinely make deep dives (> 980 m).  

Similar to tuna, sharks typically have a large predation area, which could be basin wide or even global 

(IATTC, 2014). Pelagic sharks are opportunistic feeders, with the main prey items being squids and 

small nekton (Kitchell et al., 2002). Some pelagic shark species are known to approach or even follow 

passing ships to consume edible discarded items (Strasburg, 1958). Within the food web models of the 

ETP, sharks are not seen as key predators due to their low biomass, modest feeding rates and slow 

population turnover (Kitchell et al., 2002).  

Some shark and ray species undergo seasonal migrations between coastal and offshore regions (Block 

et al., 2011; Carlisle et al., 2012; Mollet, 2002; Strasburg, 1958). The distribution of migratory apex 

predators, such as sharks, seems to be primarily driven by sea surface temperature and primary 

productivity (Block et al., 2011), presumably through determining availability of their prey.  

5.3.1.7 Sea turtles 

Of the seven sea turtle species occurring globally, five are found in the ETP. The olive ridley 

(Lepidochelys olivacea) is the most abundant and wide-spread marine turtle globally and within the 

CCZ (Pitman, 1993). Loggerhead (Caretta caretta) and leatherback (Dermochelys coriacea) marine 

turtles migrate across the Pacific Basin, swimming through the ETP surface waters (Block et al., 2011). 

Except the green turtle (Chelonia mydas), all of the turtle species occurring within the CCZ region have 
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carnivorous diets (Levinton, 2011). All sea turtles are long lived and reach sexual maturity at a late age 

(Townsend, 2012). The majority of sea turtles are considered threatened according to the Red List of 

IUCN (Polidoro et al., 2012), owing to multiple threats such as bycatch, targeted fisheries and egg 

predation (Polidoro et al., 2012). 

5.3.1.8 Marine mammals 

The marine mammals within the CCZ consist of cetaceans (whales and dolphins) and pinnipeds (true 

seals and sealions). The delphinids (dolphins within the Delphinidae family) are the most studied 

marine mammals within the ETP, with less information available for the other cetaceans within this 

region (Wade & Gerrodette, 1993). Pinnipeds (seals and sealions) need to come ashore to breed and 

have their pups, as a result, pinnipeds tend to be more common in the North of the CCZ region and 

along the Californian and central American coastal zones (Wade & Gerrodette, 1993). Data extracted 

from the OBIS database (Table 5.1) displays the diversity of mammals in the basin (OBIS, 2019).  

North of the Equator, delphinid communities are dominated by pantropical spotted (Stenella 

attenuata) and spinner (Stenella longirostris) dolphins, which are often associated with tunas (Au and 

Perryman, 1985). South of the Equator, delphinid communities are dominated by common (Delphinus 

delphis) and striped (Stenella coeruleoalba) dolphins (Au and Perryman, 1985). Although dolphins were 

frequently recorded as bycatch from targeting yellowfin tuna, particularly in the 1960s and 1970s, 

(Hall, 1998), changes to fishing practices means that some dolphin populations now seem to be 

increasing again (IATTC, 2014). 

 
Table 5.1. Marine mammals observed or which may be present in the CCZ. Source: (A) OBIS only CCFZ (B) Todd et al. 2015 
North Pacific Ocean (C) Jefferson et al. 1994 north east Pacific Ocean (D) OBIS-zone 77 (E) total reference (with the sum of 
the time cited: 1, 2 3 or 4 times). 

Order Clade Family Species name 
Common 
name A B C D E 

Carnivora Pinnipedia Mustelidae Enhydra lutris 
Eastern sea 
otter   x x x 3 

Carnivora Pinnipedia Odobenidae Odobentus rosmarus Pacific walrus  x   1 

Carnivora Pinnipedia Otariidae 
Arctocephalus 
galapagoenis 

Juan 
Fernandez fur 
seal  x  x 2 

Carnivora Pinnipedia Otariidae 
Arctocephalus 
philippii 

Guadalupe fur 
seal  x  x 2 

Carnivora Pinnipedia Otariidae 
Arctocephalus 
townsendi 

Guadalupe fur 
seal   x x 2 

Carnivora Pinnipedia Otariidae Callorhinus ursinus 
Northern fur 
seal  x x x 3 

Carnivora Pinnipedia Otariidae Eumetopia jubatus 

Western 
Steller sea 
lion  x  x 2 

Carnivora Pinnipedia Otariidae 
Zalophus 
californianus 

California sea 
lion   x x x 3 

Carnivora Pinnipedia Otariidae Zalophus wollebaeki 
Galapagos sea 
lion  x  x 2 

Carnivora Pinnipedia Phocidae Erignathus barbatus 
Pacific 
bearded seal   x   1 
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Carnivora Pinnipedia Phocidae 
Histriophoca 
fascinata Ribbon seal  x   1 

Carnivora Pinnipedia Phocidae 
Monachus 
angustirostris 

Northern 
elephant seal   x x x 3 

Carnivora Pinnipedia Phocidae 
Monachus 
schauinslandi 

Hawaiian 
monk seal  x x x 3 

Carnivora Pinnipedia Phocidae Phoca Largha  
spotted/ 
largha seal   x   1 

Carnivora Pinnipedia Phocidae Phoca vitulina Harbor seal   x x 2 

Carnivora Pinnipedia Phocoenidae Phocoena phocoena 

Pacific 
harbour 
porpoise  x x x 3 

Carnivora Pinnipedia Phocoenidae Phocoena sinus Vaquita  x x x 3 

Carnivora Pinnipedia Phocoenidae Phocoenoides dalli 
Dalli-type 
porpoise  x x x 3 

Cetacean - Monodontidae 
Delphinapterus 
leucas Beluga  x   1 

Cetacean - Monodontidae Monodon monoceros  Narwhal  x   1 

Cetacean Mysticeti Balaenidae Balaena mysticetus 
Bowhead 
whale  x   1 

Cetacean Mysticeti Balaenidae Eubalaena glacialis 
N. Atlantic 
right whale   x  1 

Cetacean Mysticeti Balaenidae Eubalaena japonica 
North pacific 
right whale  x  x 2 

Cetacean Mysticeti Balaenoperidae 
Balaenoptera 
acutorostrata 

N. Pa. Com. 
minke whale  x x x 3 

Cetacean Mysticeti Balaenoperidae 
Balaenoptera 
borealis 

Northern sei 
whale  x x x 3 

Cetacean Mysticeti Balaenoperidae Balaenoptera brydei Bryde's whale    x 1 

Cetacean Mysticeti Balaenoperidae Balaenoptera edeni Eden's Whale x x x x 4 

Cetacean Mysticeti Balaenoperidae 
Balaenoptera 
musculus 

Northern 
pygmy   x x x 3 

Cetacean Mysticeti Balaenoperidae Balaenoptera omurai 
Omura's 
whale  x   1 

Cetacean Mysticeti Balaenoperidae 
Balaenoptera 
physalus Fin Whale x x x x 4 

Cetacean Mysticeti Balaenoperidae 
Megaptera 
novaeangliae 

Humpback 
whale  x x x 3 

Cetacean Mysticeti Eschrichtiidae Eschrichtius robustus Gray whale  x  x 2 

Cetacean Odontoceti Delphinidae Delphinus capensis 
Long-beaked 
C. dolphin  x  x 2 

Cetacean Odontoceti Delphinidae Delphinus delphis 
Short-beaked 
C. Dolphin x x x x 4 

Cetacean Odontoceti Delphinidae Feresa attenuata 
Pygmy Killer 
Whale x x x x 4 

Cetacean Odontoceti Delphinidae 
Globicephala 
macorhynchus 

Short-finned 
Pilot Whale x x x x 4 

Cetacean Odontoceti Delphinidae Globicephala melas 
Long-finned 
pilot whale    x 1 

Cetacean Odontoceti Delphinidae Grampus griseus 
Risso's 
Dolphin x x x x 4 
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Cetacean Odontoceti Delphinidae Lagenodelphis hosei 
Fraser's 
Dolphin x x x x 4 

Cetacean Odontoceti Delphinidae 
Lagenorhynchus 
australis 

Peale's 
dolphin   x x 2 

Cetacean Odontoceti Delphinidae 
Lagenorhynchus 
obliquens 

Pac. White-
sided dolphin  x x  2 

Cetacean Odontoceti Delphinidae Lissodelphis borealis 
N. right whale 
dolphin  x x x 3 

Cetacean Odontoceti Delphinidae Orcinus orca Killer Whale x x x x 4 

Cetacean Odontoceti Delphinidae 
Peponocephala 
electra 

Melon-
headed Whale x x x x 4 

Cetacean Odontoceti Delphinidae Pseudorca crassidens 
False Killer 
Whale x x x x 4 

Cetacean Odontoceti Delphinidae Sousa chinensis 
Pa. humpback 
dolphin  x   1 

Cetacean Odontoceti Delphinidae Stenella attenuata 
Pantropical 
Spotted Do. x x x x 4 

Cetacean Odontoceti Delphinidae Stenella coeruleoalba 
Striped 
Dolphin x x x x 4 

Cetacean Odontoceti Delphinidae Stenella longoris 
Spinner 
Dolphin x x x x 4 

Cetacean Odontoceti Delphinidae Steno bredanensis 

Rough-
toothed 
Dolphin x x x x 4 

Cetacean Odontoceti Delphinidae Tursiops aduncus 

Indo-Pa. 
bottlenose 
Do.  x   1 

Cetacean Odontoceti Delphinidae Tursiops truncatus 
Bottlenose 
Dolphin x x x x 4 

Cetacean Odontoceti Kogiidae Kogia breviceps 
Pygmy sperm 
whale  x x x 3 

Cetacean Odontoceti Kogiidae Kogia sima 
Dwarf Sperm 
Whale  x x x x 4 

Cetacean Odontoceti Physeteridae 
Physeter 
macrocephalus Sperm Whale x x x x 4 

Cetacean Odontoceti Ziphiidae Berardius bairdii 
Baird's 
beaked whale  x x x 3 

Cetacean Odontoceti Ziphiidae Indopacetus pacificus 
Longman's 
beaked whale  x  x 2 

Cetacean Odontoceti Ziphiidae 
Mesoplodon 
carlhubbsi 

Hubbs' 
beaked whale  x x  2 

Cetacean Odontoceti Ziphiidae 
Mesoplodon 
densirotris 

Blainville's 
Beaked Whale x x x x 4 

Cetacean Odontoceti Ziphiidae 
Mesoplodon 
ginkgodens 

Ginkgo-
toothed 
beaked w.  x x  2 

Cetacean Odontoceti Ziphiidae Mesoplodon grayi 
Gray's beaked 
whale   x  1 

Cetacean Odontoceti Ziphiidae Mesoplodon hectori 

Hector's 
beaked 
whales   x  1 
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Cetacean Odontoceti Ziphiidae Mesoplodon hotaula 
Deraniyagala's 
beaked w  x   1 

Cetacean Odontoceti Ziphiidae Mesoplodon mirus 
True's beaked 
whale  x   1 

Cetacean Odontoceti Ziphiidae Mesoplodon perrin 
Perrin's 
beaked whale  x   1 

Cetacean Odontoceti Ziphiidae 
Mesoplodon 
Peruvianus 

Pygmy beaked 
whale  x X x 3 

Cetacean Odontoceti Ziphiidae 
Mesoplodon 
stejnegeri 

Stejner's 
beaked whale  x x  2 

Cetacean Odontoceti Ziphiidae Ziphius cavirostris 
Cuvier's 
Beaked Whale x x x x 4 

Sirenia - Dugongidae Dugong dugon  Dugong  x   1 

 

With respect to other cetaceans, pilot whales and sperm whales were the most frequently observed 

small and large whales respectively in the ETP (Wade & Gerrodette, 1993). Some whale species that are 

thought to occur within the CCZ region are deep-divers, such as the beaked whale Cuvier’s whale 

(Ziphius cavirostris), which can dive to depths of nearly 3000 m (Schorr et al., 2014). It has even been 

suggested that some deep-diving beaked whales may interact with, and potentially feed at, the seabed 

of the CCZ (Marsh et al., 2018), however these proposed behaviours have not yet been observed in 

situ. 

Many whale species migrate polewards during the summer to feed, driven by surface water 

temperature and primary productivity, similarly to migrating sharks (Block et al., 2011). The seasonal 

migration routes of most cetacean species are unknown, as are the locations of feeding and breeding 

grounds for many species. The Migratory Connectivity In The Ocean (MICO) System synthesises data 

on migratory species, and at the time of writing, there are no records within MICO of tracked 

mammals, fishes, seabirds or sea turtles crossing the CCZ (https://www.mico.eco accessed 27 April 

2020). To date, MICO has not described any nodes, such as aggregated areas of non-migratory 

behaviour (wintering, breeding, foraging), or migratory corridors, in the broader CCZ region between 

Hawai’i and Mexico. 

5.3.1.9 Seabirds 

A list of abundant seabirds within the ETP region is provided by Balance et al. (2006), who suggest that 

more than 60 % of encountered species are only present to feed, with the distribution of some species 

indicating that they may follow oceanographic features. The “tuna-dolphin-seabird” interaction has 

also been described in the ETP region (Au & Pitman, 1986). Spotted and spinner dolphins are often 

associated with yellowfin tuna schools. As the tuna and dolphins drive their prey towards the surface, 

seabirds forage on prey that comes within diving range from the surface. Boobies (Sula spp.), Wedge-

tailed Shearwaters (Puffinus pacificus), Jaegers (Stercorarius spp.), Sooty Terns (Sterna fuscata) and 

Frigatebirds (Fregata spp.) are also found in this type of association between 5 and 30°N (Au & Pitman, 

1986). Some seabirds, such as Boobies (Sula dactylatra, Sula sula, Sula leucogaster), Black Terns 

(Chlidonias niger), Wedge-tailed Shearwaters, Frigatebirds and Sooty Terns also rest on the shells of 

Olive Ridley turtles to reduce the chance of shark attacks, to rest, and to feed on fish associated with 

the turtle (Pitman, 1993).  

http://www.mico.eco/
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5.3.2 Midwater 
The midwater environment of the CCZ, extending from 200 m beneath the surface down to 50 m above 

the seafloor (ISBA/25/C/WP1), is the least studied part of the ecosystem. A detailed review of the 

midwater biota is not provided here, as the impacts from a small-scale pre-prototype collection vehicle 

trial are likely to be concentrated in the benthic environment, where the collector would operate, and 

in the surface environment, where support vessel activities would occur. Some of the species occurring 

within the midwater environment also occur within the surface environment and/or migrate between 

the various layers of the water column. These species are discussed in more detail within the surface 

environment (see Section 5.3.1). 

The midwater environment is characterized by little to no light and low temperature (Webb, 2019). 

There is little mixing between the nutrient-rich, cold waters at depth and the nutrient-depleted, warm 

water at the surface, with the strong pycnocline impeding potential vertical mixing in the Eastern 

Pacific Ocean (Webb, 2019). Some parts of the midwater environment are also oxygen limited, with a 

thick OMZ occurring in the CCZ, down to 600 – 800 m (Lavín et al., 2006). The only source of food for 

the midwater biota comes from the surface, with consumption and decomposition in the upper-

midwater resulting in less food being available as you descend to the deeper parts of the midwater 

environment. Closer to the seafloor, the biomass and abundance of organisms tends to increase as a 

result of the higher abundance of food at the seafloor – water column interface, compared to the 

lower water column. 

As a result of the reduction in available food with increasing depth, the biomass and the abundance of 

fauna in the CCZ tend to decline with depth. Some species are capable of handling large pressure 

changes, and are capable of vertical migration to follow migrating prey species. Other species remain 

at one depth layer and move horizontally to hunt or escape from predators. Due to limited food 

availability, the fauna in the deeper parts of the midwater environment typically have lower metabolic 

rates, soft skeletons, reduced protein levels, and slow swimming ability (Mladenov, 2013). 

Bioluminescence is also a key feature for the midwater fauna, acting as a tool for communication, 

mating, finding prey or escaping predators (Haddock et al, 2009).  

5.3.3 Benthic 
Life in the abyssal sediments depend on the flux of organic matter produced by photosynthesis in the 

surface layer of the oceans (Gage, 2003). Particulate Organic Matter (POM) flux is the main driver of 

benthic standing stocks in the deep-sea (Wei et al., 2010), including in the abyssal Pacific (Smith et al., 

1997). The sediments underlying the North Pacific Central Gyre are oligotrophic, whilst the abyssal 

sediments around the Equator are eutrophic. The abyssal sediments of the CCZ, lying between these 

two bands, are typical of a mesotrophic Pacific abyssal ecosystem (Hannides & Smith, 2003). In general, 

hard substrata are rare in the abyssal benthic environment, and within the CCZ, the hard substratum 

provided by polymetallic nodules is often colonised by organisms which would be otherwise unable to 

live on sedimented abyssal plains (Vanreusel et al., 2016; Amon et al., 2016).  

The productivity gradient between the eastern and western parts of the CCZ also influences the 

abundance and biomass of the benthic fauna. The abundance and biomass of all benthic faunal size 

classes (meio, macro- and megafauna) typically decreases along the productivity gradient from the 

eutrophic eastern CCZ to the oligotrophic western CCZ (Martínez-Arbizu & Haeckel, 2015). In addition 
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to the longitudinal productivity gradient, occasional whale falls can provide a rare feast for the benthic 

community (Smith & Baco, 2003).  

5.3.3.1 Microbial community  

The biomass of deep-sea sediment is typically dominated by bacteria (Rex et al., 2006). High bacterial 

biomass also occurs within the CCZ, where microbial biomass can be approximately ten times higher 

than macrofaunal biomass (Smith et al., 1997; Sweetman et al., 2019; Figure 5.2). Bacteria live in 

various microhabitats on the seabed of the CCZ: in the sediments where polymetallic nodules lie (Wang 

et al., 2010; Wu et al., 2013; Xu et al., 2005); at surfaces of nodules (Burnett & Nealson, 1981); and 

within the nodules themselves (Wang et al., 2009; Wu et al., 2013). Based on microscopic and 

spectroscopic study of polymetallic nodules from the COMRA area, Wang et al. (2009) even 

hypothesized that bacteria are involved in the formation of polymetallic nodules in the CCZ. 

The main influence on bacterial community composition seems to be the substrata (nodule or 

sediment) rather than geographical distances (Wu et al., 2013). Within the COMRA exploration 

contract area, bacterial populations in both sediment and nodule habitats are dominated by 

proteobacteria (Wang et al., 2010; Wu et al., 2013; Xu et al., 2007, 2005). Bacterial diversity is 

significantly higher in sediments than in nodules, conversely, Archaea diversity is higher in nodules 

than in sediments, although archaeal communities are rather similar between both substrata (Wang 

et al., 2010; Wu et al., 2013; Xu et al., 2005). Archaeal communities are less diverse than bacteria, but 

both community compositions exhibit spatial variation within the COMRA exploration contract area 

(Wang et al., 2010; Wu et al., 2013; Xu et al., 2005). Some of the bacteria detected from the CCZ benthic 

environment may have important functions in element cycles of metals, sulphur or nitrogen (Wang et 

al., 2010; Xu et al., 2005). The respiration rate of the benthic biotic community is also largely driven by 

bacteria (Heip et al., 2001).  

Figure 5.2. Mean bacterial and metazoan macrofaunal biomass (mg C m−2) in the 0–5 cm sediment layer of sediments collected 
during the AB01 and AB02 cruises. Different letters denote significant differences (p < 0.05) between means. Error bars denote 
±1 SEM (n = 4 for AB01 and n = 6 for AB02). Reproduced with permission from Sweetman et al. (2019). 

5.3.3.2 Meiofauna community 

Despite high local species richness, regional meiofauna diversity is estimated to be low (Lambshead et 

al., 2003). Deposit-feeding nematodes and copepods typically dominate (>60 % and 0-10 % of 

abundance respectively) metazoan meiofauna in the CCZ (Pape et al., 2017), which is a pattern that 

has often been described in other deep-sea regions (Radziejewska, 2014, 2002; Radziejewska et al., 
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2001b; Renaud Mornant & Gourbault, 1990). At some sites, such as the DOMES-C area, Ostracoda 

(instead of Copepoda) was found to be the second most abundant taxon (Hecker & Paul, 1979). In the 

nodule-bearing MPG I site, half of total meiofaunal abundance and biomass was Foraminifera (Snider 

et al., 1984). The majority of protozoan Foraminifera found in the sediments belong to the meiofauna, 

although some groups such as Monothalamea (xenophyophores) and Komokioidea have sizes within 

the macro- or megafauna ranges (Gooday et al., 1992).  

Densities of meiofauna in nodule-bearing sediments were reported to be lower than in nodule-free 

sediments in the eastern Ifremer contract area (i.e. OMCO site) (Mahatma, 2009). Differences in the 

composition of the copepod community between nodule-free sediment and nodule-bearing sediments 

have also been reported (Mahatma, 2009) and there seem to be differences between nematode 

assemblages in nodule-free and nodule-bearing sediments. In the Ifremer exploration contract area, 

nematode densities were higher in nodule-free sediments compared to nematode densities in nodule-

bearing sediments (Miljutina et al., 2010). As well as being the dominant meiofauna phylum in the CCZ, 

the Nematoda is also the most studied benthic group, with several publications describing new species 

discovered from this region (Decraemer & Gourbault, 1997; Miljutina & Miljutin, 2012; Miljutin & 

Miljutina, 2009a, 2009b).  

Studies on the distributional patterns of nematodes at the genus and family levels appear to have 

conflicting findings. Lambshead et al. (2003) reported similarities in the dominant and subdominant 

nematode families and genera between the Central Pacific (eqPac stations and HOT 23°N) and the 

Atlantic abyssal stations. Conversely, Vanreusel et al. (2010) reported significant segregation between 

nodule samples from the CCZ and abyssal nodule-free sediment samples from the Pacific and other 

oceans. This latter finding appears to be supported by work within the Ifremer contract area, which 

determined that nodule-free and nodule-bearing sediments had distinct species compositions 

(Miljutina et al., 2010).  

5.3.3.3 Macrofauna community 

At the nodule bearing CLIMAX II sites and at the MPG I site, several 1000’s km northwest of the CCZ, 

the macrofauna were reported to significantly outnumber the meiofauna (Hessler & Jumars 1974; 

Snider et al., 1984). The macrofauna at these sites included both metazoan and protozoan taxa sized 

between 1 mm and 2 cm (Tendal & Hessler, 1977). Of the metazoan macrofaunal taxa, Polychaeta 

dominated at both sites (Hessler & Jumars, 1974; Snider et al., 1984), and is also one of the best-

studied macrofaunal groups in the CCZ. Tanaidacea, Isopoda and Amphipoda are also present in CCZ 

sediments (Trueblood & Ozturgut, 1997).  

Positive correlations between polychaete abundances and levels of primary productivity have been 

described within the CCZ. Higher polychaete abundances were found at the PRA station compared to 

the ECHO station (Glover et al., 2002; Paterson et al., 1998), which was thought to result from 

differences in productivity between the more productive waters of the PRA location and the less 

productive waters of the ECHO location (Glover et al., 2002; Paterson et al., 1998). The westward 

gradient of polychaete abundances has since been aligned with the longitudinal gradient of surface 

primary productivity within the CCZ (Smith et al., 2008). 

There also appear to be differences in polychaete community composition between the eastern and 

western CCZ, with the eastern Kaplan site diverging from the central and western Kaplan sites (Smith 
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et al., 2008). It was suggested that the prevalence of polychaetes feeding at higher trophic levels in the 

eastern Kaplan site was due to higher productivity at this site (Smith et al., 2008). Glover et al. (2002) 

reported a Pacific site which was dominated by a core group of relatively few ubiquitous, abundant 

polychaete species, alongside many rare species in low abundance which were not present at all sites. 

A high degree of endemism has also been reported following molecular analysis of selected abundant 

polychaetes from the Kaplan sites (Smith et al., 2008).  

5.3.3.4 Megafauna community 

The megafauna (> 2 cm) in the CCZ are often dominated by protozoans, such as within the Russia 

exploration contract area, where xenophyophores was reported to be the most abundant megafaunal 

organisms (Kamenskaya et al., 2013). Xenophyophores recorded from the CCZ are considered to be 

exceptionally diverse, with recent surveys suggesting that the CCZ is a focal area for xenophyophore 

diversity (Gooday et al., 2015). Many of these xenophyophores have only been found growing on 

polymetallic nodules, with their fragile tests making them particularly vulnerable to impacts from 

mining activities (Gooday et al., 2015).  

Megafaunal assemblages have been studied at several sites within the CCZ, although differences in 

video survey methods and sampling effort complicates the comparison between studies (Tilot, 2006). 

At the IOM BIE site, the presence of nodules seemed to influence megafaunal assemblage structure 

(Radziejewska & Stoyanova, 2000), with higher megafaunal abundances described in nodule-bearing 

sediments (>50% of coverage) compared to nodule-free sediments. Community composition also 

differs, with mobile deposit feeders, such as holothurians, dominating the megafauna in nodule-free 

sediments, and sessile suspension feeders, primarily sponges, dominating in the nodule-bearing 

sediments (Radziejewska & Stoyanova, 2000).  

More recently, Vanreusel et al. (2016) used video surveys to compare megafaunal epifauna from sites 

with contrasting nodule coverage in four exploration contract areas. Vanreusel et al. (2016) found that 

epifaunal densities were more than two times higher at sites with dense nodule coverage, and that 

some megafaunal taxa, such as alcyonacean and antipatharian corals are virtually absent from nodule-

free areas. The same study found that 37 years after experimental mining or trawling these tracks were 

almost devoid of megafaunal epifauna, and that full recovery of these sites would be slow. The detailed 

results from Vanreusel et al. (2016) determined that within nodule areas, overall densities of sessile 

taxa were 14 – 30 ind. 100 m-2. In nodule-bearing areas, anthozoans, such as Alcyonacea and Actiniaria, 

were the most abundant sessile group comprising 63 – 91 % of the observations within each transect, 

followed by Porifera (sponges), which made up 6 – 36 % of observations. Many of these sessile species 

were growing directly on the polymetallic nodules. According to Vanreusel et al. (2016), the mobile 

epifauna in both nodule-rich and nodule-free areas were represented by Holothuroidea (sea 

cucumbers), Ophiuroidea (brittle stars), Echinoidea (sea urchins) and Asteroidea (sea stars). At nodule-

rich sites, the densities of these four echinoderm groups varied between 4–15 ind. 100 m-2, whilst 

densities at nodule-free sites were less than half those at nodule-rich sites. 

Within the UK-1 exploration area and at a site 250 km to the East, Amon et al. (2016) determined the 

average megafaunal abundance to be 1.48 ind. m-2, which is comparable to the megafaunal 

abundances recorded by Vanreusel et al. (2016). Approximately half of the morphotypes identified by 
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Amon et al. (2016) only occurred on polymetallic nodules, with weak yet statistically positive 

correlations between nodule and megafaunal abundances. 

Amon et al. (2016) suggested that megafaunal diversity within the CCZ is driven in part by habitat 

heterogeneity. It has also been suggested that megafaunal abundance in the CCZ may be related to 

patterns in primary productivity in the surface waters, with declining biomass following a concomitant 

gradient in primary productivity (Tilot et al., 2006). Based on further megafaunal observations, Tilot 

(2010) reported that abundance and community composition of the megafauna in the CCZ is related 

to productivity, nodule coverage and local hydrodynamic conditions (related to topography). 

Megafauna also contribute to ecosystem functions within the CCZ, such as reworking the surface of 

the sediments. Bioturbation in the CCZ is mainly caused by the megafauna, with tracks of sea urchins 

and sea cucumber movements, sea cucumber faecal mounds, and resting traces of sea stars described 

from seafloor imagery within the CCZ (Tilot et al., 2006). Examples of the megafauna found within the 

CCZ are provided in Figure 5.3. 
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Figure 5.3. Typical megafaunal organisms observed by video sledge during cruise SO-240 from the Eastern CCZ. a,d: Porifera; 
b-c, e-f: Cnidara, Hexacorallia; g: Cnidara, Octocorallia; h: Mollusca, Cephalopoda; i,j: Echinodermata, Asteroidea; k: 
Echinodermata, Ophiuroidea, l-n, q-r: Echinodermata, Holothuridea; o: Echinodermata, Echinoidea; p: Crustacea, Mysida; s: 
Pisces, Actinopterygii. Reproduced with permission from BGR (2018). 
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5.3.4 Ecosystem/community level description 

5.3.4.1 POC fluxes, sediment rates and bioturbation 

Volz et al. (2018) provided the first biogeochemical baseline study for the region, covering six study 

sites within the CCZ, five in contract areas, and one in the Area of Particular Environmental Interest 3. 

It is well known that the main driver of the abyssal plain ecosystem is the Particulate Organic Carbon 

(POC) flux, which is the only source of food to the seafloor. The POC flux to the seafloor (1–2 mg Corg 

m-2d-1) and sedimentation rates (0.2–1.15 cm kyr-1) vary across the CCZ (see Section 4). By contrast, 

bioturbation depth within the CCZ is more consistent amongst sites and is limited to the upper 7 cm of 

the sediment (Volz et al., 2018). 

5.3.4.2 Community respiration and biogeochemical processes 

Focussing on the Carbon cycle, Sweetman et al. (2019) determined through pulse-chase experiments 

across the CCZ that bacteria dominated the consumption of phytodetritus over short time scales (36 

h), with consumption by metazoan macrofauna being secondary. Bacterial assimilation of tracer 

organic matter was clear both in surface and subsurface sediments, highlighting active microbial 

populations in the top 5 cm of the sediments. The results from Sweetman et al. (2019) demonstrate 

that organic matter reaching the seafloor within the CCZ is rapidly assimilated and respired, with 

bacteria playing a key role in this system (Figure 5.4). 
 

Figure 5.4. Mean daily bacterial and macrofaunal algal C-assimilation rates (mg C -2d-1) in the 0–5 cm sediment layer of benthic 
chamber sediment samples collected during the AB01 and AB02 cruises. Different letters denote significant differences (p < 
0.05) between medians. Error bars denote _ 1 SEM (n = 4). Note: Different y-axes for bacteria and metazoan macrofauna algal 
C-assimilation rates. Reproduced with permission from Sweetman et al. (2019). 

Table 5.2 and Figure 5.5 below display the results of the diagenetic model developed by Volz et al. 

(2018), and the variability across the CCZ for the various biogeochemical processes studied. In each of 

the exploration contract areas and within APEI 3, biogeochemical processes for organic matter 

degradation are dominated by aerobic respiration (~ 90 %). The remaining refractory organic matter is 

degraded by Mn (IV) reduction (< 1 %) and denitrification (< 1 %). The modelled respiration rate at the 

APEI 3 is approximately half of that in the studied contract areas because of a lower POC flux (~1 mg C 

m-² d-1) to the seafloor (Volz et al., 2018). 
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Table 5.2. Fluxes of POC and oxygen into the sediment and depth-integrated rates of the predominant biogeochemical 
processes derived from the diagenetic model. Reproduced with permission from Volz et al. (2018). 

Process Unit BGR IOM GSR IFRE-1 IFRE-2 APEI-3 

POC flux [mg C m−2 d−1] 1.99 1.54 1.51 1.47 1.5 1.07 

O2 flux top [mg O2 m−2 d−1] 5.18  4.24 3.61 4.3 4.37 2.58 

O2 reduction [mg C m−2 d−1] 1.92 1.44 1.38 1.3 1.45 0.93 

NO3
- reduction [mg C m−2 d−1] 1.5E−03 1.7E−03 3.3E−02 5.5E−03 5.0E−03 8.7E−04 

Mn(IV) reduction [mg C m−2 d−1] 1.5E−03 6.1E−04 1.6E−02 5.7E−04 4.6E−03 1.4E−03 

Nitrification [mg N m−2 d−1] 0.01 0.13 0.14 0.10 0.14 0.03 

Mn2+ oxidation [mg O2 m−2 d−1] 0.062 0.026 0.06 0.025 0.029 0.016 

Mn-annamox [mg Mn m−2 d−1] 0.14 0.005 0 0 0 0 

 
Figure 5.5. Model results for all sites including the biogeochemical processes of aerobic respiration, Mn(IV) reduction, 
denitrification, Mn2+ oxidation, nitrification and Mn-annamox (R1-R6). Reproduced with permission from Volz et al. (2018). 
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6 Assessment of impacts on the physicochemical environment 
and proposed mitigation 

This section provides an overview of the potential impacts that the Blue Nodules pre-prototype nodule 

collection vehicle Apollo II may have on the physicochemical environment. Given that a specific testing 

site has not been identified for Apollo II, the discussion of potential impacts is provided in a more 

general context based on the testing plan detailed in Section 3. 

Potential impacts from the proposed small-scale testing of Apollo II are presented in a descriptive form 

based on the best scientific information available at the time of writing. Although two modern tests of 

mining components were planned for the CCZ in 2019 (GSR, 2018; BGR 2018), these have not yet 

occurred due to unexpected technical complications. Some of the historical seabed disturbance 

experiments conducted within the CCZ and other abyssal nodule provinces provide useful context for 

Section 6. To support the text within this section, a Risk Register is provided as an Appendix to this 

document (Appendix A). This Risk Register details the potential risks from the proposed activity, 

alongside proposed mitigation options where appropriate. 

The revised version of ISBA/25/LTC/6 (issued 30 March 2020) provides a template for Environmental 

Impact Statements (EIS) prepared to summarise the findings of an EIA conducted during exploration. 

However, this template for EIS (ISBA/25/LTC/6/Rev.1, Annex III) does not provide a detailed structure 

for Section 6. As a result, the structure of Section 6 is loosely based on the structure presented in Annex 

IV of the ISA Draft Regulations for Exploitation (ISBA/25/C/WP.1). It should be noted that the EIS 

template in Annex IV was provided to report the results of an EIA conducted for a full mining system 

to be used for exploitation. As a result, not all subsections within the ‘Assessment of impacts on the 

physicochemical environment and proposed mitigation’ section of Annex IV are applicable to a small-

scale mining component test, which is reflected in the modified structure of Section 6 within this 

report. The structure utilised for Section 6 closely follows the structure of the two approved EIS 

documents for testing mining components in the CCZ (GSR, 2018; BGR, 2018), which were considered 

to be the best current indicators of the structure and content required by the ISA in Section 6 of an EIS 

for testing activities. 

6.1 Key messages 
This section provides consideration of the types of impacts on the physicochemical environment that 

may occur as a result of the proposed Apollo II testing activities. Based on the available scientific 

literature and studies conducted under the Blue Nodules Project, the following key points are raised:  

- At the site scale (approximately 0.2 km2) the seafloor environment would be highly modified 

- Some physical and biogeochemical modifications to the seafloor environment would have longer 

duration than others, and the severity and extent of many of these impacts are not well known 

- The seafloor environment within the test site may not return to its pre-disturbed state on human 

timescales, depending on the degree of seafloor modification 

- At the regional level of the CCZ, the physical and biogeochemical impacts from Apollo II testing are 

unlikely to be felt  

A well-designed monitoring plan would be needed to measure the impacts from Apollo II testing. 
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6.2 Description of potential impact categories 
The major types of physicochemical environmental impacts that may potentially occur from testing of 

the Apollo II pre-prototype nodule collection vehicle on the seafloor of the CCZ are detailed in the 

following sections. The majority of impacts are expected to occur within the benthic environment, such 

as nodule removal or displacement; physical sediment disturbance and plume creation; and potential 

biogeochemical alteration of the sediment. Some impacts, such as plumes consisting of suspended 

sediment and/or potentially toxic substances, may extend to the midwater environment if plume 

height extends beyond 50 m above the seafloor. Artificial noise and light are expected to be introduced 

to the surface, midwater and benthic environments from Apollo II testing, although impacts from 

introduced light and noise are expected to be concentrated within the benthic environment. There 

may be the potential for localised air quality impacts from support vessel emissions, which would be 

limited to the surface environment. There may also be potential additional impacts from natural 

hazards, such as large weather systems. Most of these impact categories would also affect the 

biological environment, as detailed in Section 7. 

6.3 Meteorology and air quality 
The support vessels that would be used during an Apollo II test in the CCZ have not yet been identified. 

However, any support vessel engaged in testing activities would be expected to strictly follow the 

standards set by the International Maritime Organisation (IMO). The IMO is a specialized agency of the 

United Nations and is considered to be the global standard setting authority for the safety, security 

and environmental performance of international shipping. The IMO is responsible for more than 50 

international conventions and agreements, including the 1973 International Convention for the 

Prevention of Pollution from Ships (MARPOL), as modified by the Protocols of 1978 and 1997. The 1997 

Protocol is particularly applicable to air quality impacts from testing of mining components, as it 

includes Annex VI: Prevention of Air Pollution from Ships (entered into force 19 May 2005). Amongst 

other measures, Annex VI sets limits on sulphur dioxide and nitrogen oxide emissions from ship 

exhausts and prohibits deliberate emissions of ozone depleting substances. A further chapter to Annex 

VI adopted in 2011 provides mandatory technical and operational energy efficiency measures which 

aim to reduce greenhouse gas emissions from vessels. 

6.4 Geological setting 
Polymetallic nodules in the CCZ are found at the surface of a sequence of deep-sea sediment which 

has been deposited on top of oceanic basement rock since late Mesozoic (western CCZ) to Cenozoic 

(eastern CCZ) time (Müller et al., 2008). The sediment package has an average thickness on the order 

of 100 m (northern CCZ) to 500 m (southern CCZ) (Divins, 2003). Volcanic rocks are exposed locally 

along fault scarps and in submarine volcanoes protruding through the sediment cover. Apart from 

isolated or clustered seamounts, some of which rise a kilometre or more above the surrounding 

seabed, the abyssal seabed is generally characterised by a gently undulating topography with irregular 

successions of crests and valleys, produced by sediment draping over an uneven basement dissected 

by extensional faults. During the proposed test, Apollo II would skim off nodules and the top 6 cm of 

the sediment, and lacking provisions to bring any material to the surface, would immediately return 

both nodules and sediment to the seabed. Whereas on a local scale this disturbance would 
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substantially change physical and geochemical characteristics of the seabed and would impact benthic 

life, the changes would not affect the geological setting. 

6.4.1 Nodule removal 
In the 415 x 485 m Apollo II test area, the hydraulic collector would be employed to lift nodules from 

the seabed in a square measuring 375 x 375 m. In that process, the upper 6 cm of surface sediment in 

which the nodules lie embedded would also be mobilised and taken up by the hydraulic collector. 

However, after passing through the nodule separator, nodules and sediment would be discharged in 

separate flows from the back of the vehicle, the nodules through a nodule fall pipe and sediment 

through the diffuser. Nodules would land directly in the middle of the 1 m wide strip of seabed which 

the collector has cleared of nodules and surface sediment. Depending on the number of nodules 

discharged and continuity of the flow, the nodules may spread out irregularly and locally pile up. On 

both sides of the 1 m swath stripped by the collector, the seabed would be compressed under the 

weight of the tracks, leaving two parallel impressions each 30 cm wide and approximately 5 cm deep. 

Nodules present at the surface would be pushed down by the tracks into the soft surface sediment, 

with laboratory test results suggesting that any nodules not entrained by the collector would generally 

be pushed into the underlying sediment. 

Although nodules would not strictly be removed from the seabed during the test, they are likely to be 

rapidly buried under a thick blanket of sediment settling out from the plume discharged from the 

diffuser of Apollo II. The redeposited sediment, with initially a much higher water content than the 

original sediment that was mobilised, would likely completely fill the imprints made by the tracks and 

the shallow trench produced by the collector. Only where returned nodules lie piled up may they 

protrude from the otherwise uniform blanket of unconsolidated sediment. Given the limited extent of 

the test area, however, the proposed activity would have negligible effects from a regional perspective.  

6.4.2 Sediment disturbance and plume creation 
As Apollo II drives over the sediment-covered seabed (See Section 3.4.3.2), taking up nodules and the 

upper 6 cm of sediment through the hydraulic collector, sediment would be mobilised and dispersed 

in the ambient bottom water. Through the action of Apollo II in 150 swaths, each 375 m long and 1 m 

wide, a total of 1603 ton dry weight of sediment would be mobilised and dispersed in the ambient 

bottom water, not counting the sediment stirred up by the action of the tracks. Divided over the total 

duration of the test, this is on average 2.65 kg s-1. Part of the mobilised sediment would rapidly settle 

back within the actual test area, but part would also be dispersed by bottom currents and under the 

force of gravity to surrounding areas. There, seabed undisturbed by the action of the vehicle may 

become blanketed under sediment settling out from sediment plumes. The replacement of 

consolidated surface sediment with well-defined biogeochemical gradients by a homogeneous layer 

of unconsolidated, watery sediment, or the blanketing of otherwise undisturbed sediment with 

nodules with a new layer of unconsolidated material, would change the physical and biogeochemical 

characteristics of the seabed sediment. During the period that the mobilised sediment takes to settle 

out onto the seafloor, enhanced concentrations of fine-grained suspended solids would remain in the 

benthopelagic and may affect the biota in the near-bottom water. 
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6.4.2.1 Assessments from benthic impact experiments 

Whilst a number of benthic disturbance experiments have been conducted to determine the nature 

and scale of impacts that may occur from nodule mining (reviewed by Jones et al., 2017), the 

differences in methodologies employed makes it difficult to generalise in terms of the impacts that 

these may have on the seafloor environment. Different equipment will have different impacts on the 

physicochemical environment and many of these impacts, such as the extent of plumes, will be highly 

site specific, depending on the local sedimentary environment and physical oceanography. Given that 

a specific test site or testing period has not been identified for the proposed testing of the Apollo II 

pre-prototype nodule collection vehicle, a detailed discussion of prior benthic impact experiments is 

not provided here. Benthic impact experiments and the implications for impacts on the biological 

environment are considered in more detail in Section 7. 

6.4.2.2 Sediment transport modelling 

Spreading and settling behaviour of sediment plumes generated by testing of mining components 

would be controlled by different factors: 

- Amount, grain properties (shape) and size distribution of the sedimentary material released by the 

mining vehicle on the seafloor 

- Sediment release characteristics including flow rate, mining intensity, height above seabed, 

diffuser design and other design specific characteristics 

- Dynamics and variability of water currents in the release area and beyond 

In the absence of larger scale in-situ surveys of sediment plumes and baseline studies, coupled 3D 

hydrodynamic and sediment transport models can help to predict sediment plume distribution, 

resuspension and sediment deposition across a wide range of spatial and temporal scales. The accuracy 

of these models would depend on realistic boundary conditions from the immediate near-field as well 

as the far field. Given that a specific test site or test period has not yet been defined for the proposed 

testing of Apollo II, these site-specific data are not available for this report. To illustrate the order of 

magnitude size of seabed area which may be impacted by the activity, we refer here to plume 

dispersion scenarios developed within the Blue Nodules project for a full-scale mining vehicle 

operating in the CCZ. 

The total initial input and vertical distribution of sediment mobilised by the mining vehicle was 

provided by a near field, high-resolution CFD (computational fluid dynamics) model developed by 

project partner Royal IHC (Blue Nodules Deliverable 2.8). The total initial sediment input was taken as 

69.25 kg s-1. Subsequent dispersion of the sediment by bottom currents was simulated with a model 

developed by project partner Aarhus University, comprising a hydrodynamic model coupled with a 

sediment transport model (Blue Nodules Deliverables 2.8 & 5.5). The model was set up for an area of 

approximately 150 x 150 km centred around 14.7°N 125.4°W in the B4 block of the GSR contract area 

in the CCZ. Water depth in the area varies between 4300 m and 4700 m. A model bathymetry was 

constructed by combining on-site multi-beam measurements acquired by GSR, and the 30 arc-second 

Smith and Sandwell bathymetry. The model had 40 vertical layers, which varied in thickness from 500 

m to 10 m around the abyssal depths where the sediment was released. Along the open boundary 

circumventing the model domain, the model was forced by currents, water level, temperature and 

salinity provided by the Copernicus Marine Environment Monitoring Service (CMEMS). Sediment 
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fractions and grain sizes were obtained using data from box cores collected on site by GSR. Particle 

size distribution of the sediment is summarised by D10, D50 and D90 values of 2 μm, 9 μm and 66 μm 

respectively. The far field sediment model implemented measured settling velocities for different grain 

size fractions and simulated a period of 30 days from 1 to 30 July 2017, matching time series of ocean 

currents collected by GSR. Of a number of different mining scenarios which were simulated, the one 

with a continuous mining activity over 7 days within a 375 x 375 m mining area matches best with the 

proposed test of Apollo II. The results demonstrate that the coarse sediment fraction (66 μm) settles 

within a few kilometres from the initial mining area (Figure 6.1a). The fine sediment fractions (2 μm, 9 

μm) also settle mostly within a few kilometres distance from the mining area, but for a certain part are 

also transported over much larger distances, up to 100 km from the source (Figure 6.1b). Although 

these results qualitatively illustrate that mobilised fine sediments may potentially be dispersed over 

long distances, it should be taken into account that the initial sediment input by Apollo II is a factor of 

26 less than the input assumed in the model for the full-scale mining vehicle, hence deposition 

following the Apollo II test would also be a factor of 26 less than illustrated in Figure 6.1. 

 
Figure 6.1. Cumulative sediment deposition (kg m-2) at the seabed during 30 days of model simulation, for 7 days mining in 
375 x 375 m mining area by a full-scale mining vehicle. a: 66 μm fraction; b: < 9 μm fraction. Deposition of 1 kg m-2 is about 
equivalent to a layer thickness of 5 mm of unconsolidated sediment. Note different geographical scale in a and b. Reproduced 
from Figures 5.2a and 5.3a in Blue Nodules Deliverable 5.5. 

In terms of the large extent of predicted sediment dispersion, the Blue Nodules plume modelling 

results agree well with previous modelling studies by Aleynik et al. (2017) and as reported in the 

Environmental Impact Statement of GSR (2018). It is important to note, however, that all models 

assumed that particle size of the suspended sediment remained unchanged over the simulation period. 

In reality this may not be the case. With laboratory experiments using suspensions of CCZ sediment, 

Gillard et al. (2019) demonstrated that elevated sediment discharge concentration (500 g m-3) and 

elevated turbulence may lead to rapid sediment flocculation and high settling velocities of aggregated 

plume particles. This could potentially lead to a smaller fall-out area. Other important processes not 

included at this stage are density flows of settled material over areas of sloping seabed, and 

resuspension of the plume deposits laid down in the previous mining swath. Such deposits could 
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potentially increase the volume of the plume and might cause underestimation of plume 

characteristics if not considered. Monitoring efforts during mining operations are needed to accurately 

evaluate mining impact inside the mining area and beyond (the plume reach area), in comparison to 

the undisturbed state.  

6.4.2.3 Impact on biogeochemical setting 

The operation of Apollo II on the CCZ seabed would induce relatively small changes in concentration 

of certain dissolved constituents in the bottom layer of the water column, due to a mixture of sediment 

pore water released during mobilisation of sediment by the collector and expelled from sediment 

compressed under the tracks of the vehicle. In CCZ surface sediments, porewater concentrations of 

major dissolved sea salts as well as of many of the minor and trace elements are essentially equal to 

concentrations in the overlying bottom waters, hence the mixing of porewater and bottom water 

would not result in any change in concentration of these constituents. Concentrations are notably 

different for those constituents which are consumed or released during degradation of labile organic 

matter in the surface sediment layer (Paul et al., 2018; Volz et al., 2018). Thus, dissolved oxygen has 

substantially lower concentration in the surface sediment than in the overlying bottom water, whilst 

nitrate (NO3
-), copper (Cu), vanadium (V), and dissolved organic carbon (DOC) have higher 

concentrations. Silicate (SiO4
4-) also occurs in higher concentration in the porewater, due to dissolution 

of biogenic silica in the surface sediment. Due to the high proportion of bottom water taken in by the 

hydraulic collector, as compared to the amount of porewater released from the sediment, estimated 

as 15 : 1, the resulting mixture would not differ much in dissolved concentrations from the ambient 

bottom water. Any differences in concentration between process water and ambient bottom water 

would start to level out as soon as the process water is released through the diffuser of the mining 

vehicle and mixes with the ambient bottom water. The effective changes in concentration are probably 

too short-lived and too low to produce a measurable effect. For copper, for example, significant lethal 

effects on benthic fauna were observed only for concentrations in μM range (Mevenkamp et al., 2017), 

orders of magnitude more than the nM concentrations typically encountered in surface sediment 

porewater. 

Concerns that dispersion of sediment solids and nodule fines in the bottom water may lead to release 

of toxic substances seem unfounded. In the oxic sediment layer, which in the CCZ typically extends to 

more than 1 m depth below the sediment surface, potentially toxic metals like manganese, cobalt, 

nickel, copper and zinc, are immobilised in solid manganese and iron (oxyhydr)oxides (Paul et al., 

2018). In solid form under oxic conditions, these metals occur in relatively high concentration (% 

range), but in dissolved form only in very low, non-toxic, concentrations (nM range). Experimental 

results reported by Koschinsky et al. (2003) demonstrated that under oxic conditions fine-grained 

manganese oxide dispersed in seawater is very effective in adsorbing dissolved trace metals. Thus, 

even in the unlikely case that porewater from deeper, anoxic sediment layers containing higher 

concentrations of dissolved trace metals would be expelled from the sediment, the metals would be 

rapidly immobilised by adsorption to solid manganese and iron (oxyhydr)oxides. Labile organic 

material contained in the surface sediment may start to degrade faster when dispersed in the bottom 

water and exposed to higher concentrations of dissolved oxygen, but this is not anticipated to produce 

harmful effects.   
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Whilst instantaneous changes in bottom water chemistry would thus be minimal, the disturbance of 

the surface sediment by its mobilisation and subsequent redeposition would certainly induce changes 

in geochemical gradients. Whereas in the undisturbed deep-sea sediment bioreactive organic matter 

is concentrated near the sediment surface, rapidly decreasing with depth in sediment, this material 

would be distributed homogeneously and in lower concentration in the redeposited sediment. 

Porewater oxygen, in the undisturbed sediment decreasing from the surface of the sediment 

downward, would increase in concentration in the redeposited sediment due to the mixing of 

sediment with oxygen-rich bottom water. With time, as fresh organic matter settles out from the 

overlying water column, the gradients of organic matter and oxygen and of associated redox-sensitive 

constituents would gradually return to their pre-disturbance state. Geochemical model simulations by 

Haffert et al. (2020) predict that as long as the sediment with bioreactive organic matter is merely 

mixed but not lost, geochemical gradients may be restored to near their pre-disturbance state in 

relatively short time of about one year. Where the bioreactive surface layer is removed by mining, 

however, recovery is predicted to take on the order of hundreds to thousands of years (Volz et al., 

2020).  

The geochemical changes in the surface sediment would be most notable in the immediate vicinity of 

the test site where there is substantial redeposition of mobilised sediment. Within a kilometre distance 

from the test site, the redeposited sediment layer would diminish to a thin veneer of submillimetre 

dimension. It seems unlikely that such limited deposition would have a long-lasting effect on benthic 

life, but threshold values above which harmful effects may be expected have so far not been 

established. 

6.5 Noise and light 

6.5.1 Impact on natural sound levels 
As described within Section 3.4.2.6, both Apollo II and the support vessel would generate underwater 

sound. Measurements of underwater sound during lab tests of the hydraulic collector and during field 

tests with both Apollo II and the support vessel showed maxima in sound level at frequencies around 

100 Hz and 1 kHz. Based on recorded sound levels it is expected that the sound of the Apollo II pre-

prototype nodule collection vehicle may have an effect on benthic life within tens of metres from the 

vehicle. Frequencies used by marine organisms range from less than 10 Hz to more than 200 Hz, thus 

overlapping with the sound spectrum produced by Apollo II and the support vessel. Artificial sound 

may disturb animals and inhibit their communication, however, for most animals and especially for 

those in the benthic and midwater environments the direct effect of increased sound is unknown (see 

Section 7). Baseline data on ambient underwater sound are not available for the CCZ, although the 

March 2020 revision of ISBA/25/LTC/6 indicates that the impacts of noise on the fauna need to be 

determined, which implies the need to determine the natural soundscape as part of the establishment 

of environmental baselines.  

6.5.2 Impact on natural light levels 
As described within Section 3.4.2.7, bright deck lighting would be on during most of the night on the 

working decks of the support vessel, to ensure safe working conditions during 24/7 operations at sea. 
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The ship’s lights may attract seabirds, fish and squids. Apollo II would have lights while driving on the 

seabed, to illuminate the seabed ahead of the vehicle and certain critical components like the tracks 

which are continuously being monitored with video cameras.  

In general, both the support ship and Apollo II cannot do without light. However, given the short 

duration of the test and limited area affected by the test, the impact is considered to be relatively 

small. The potential impacts of this introduced light on the biota are discussed in Section 7.  

6.6 Natural hazards 
Weather and sea state conditions in the CCZ which are favourable for a complex operation such as a 

mining vehicle test generally occur in the months March to May. The storm season, when tropical 

storms may pass over the area, only starts in mid-May. Weather forecasts, issued every twelve hours 

by BMT ARGOSS Operational Client Weather and Ocean Information Support Centre, allow the ship’s 

command to make a timely decision to abandon the test area and sail to a safe place. Natural hazards 

that pose no risk for the safety of the ship but which could affect the Apollo II test include volcanism, 

seismic activity and the occurrence of benthic storms on the seafloor. However, there are no records 

of recent volcanic activity in the area and seismic activity would only pose a risk on and near steep 

submarine slopes where it might trigger landslides or gravity flows. With regards to the benthic storms 

alleged to by Kontar & Sokov (1994), there is evidence of intermittent increases in bottom current 

speed in association with the passage of mesoscale eddies at the ocean surface (Aleynik et al., 2017). 

However, instrumental records of near-bottom turbidity so far have not provided evidence of 

resuspension and dispersion of surface sediment during these events. 
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7 Assessment of impacts on the biological environment and 
proposed mitigation 

This section provides an overview of the potential impacts that the Blue Nodules pre-prototype nodule 

collection vehicle Apollo II may have on the biological environment. Given that a specific test site has 

not been identified for Apollo II, the discussion of potential impacts is provided in a more general 

context based on the test plan detailed in Section 3. 

Potential impacts from the proposed small-scale testing of mining components are presented in a 

descriptive form based on the best scientific information available at the time of writing. Although two 

modern mining component testing activities were planned for the CCZ in 2019 (GSR, 2018; BGR 2018), 

these have not yet occurred due to unexpected technical complications. Some of the historical seabed 

disturbance experiments conducted within the CCZ and other abyssal nodule provinces provide useful 

context for Section 7. To support the text within this section, a Risk Register is provided as an Appendix 

to this document (Appendix A). This Risk Register details the potential risks from the proposed activity, 

alongside potential mitigation options.  

The revised version of ISBA/25/LTC/6 (issued 30 March 2020) provides a template for Environmental 

Impact Statements (EIS) prepared to summarise the findings of an EIA conducted during exploration. 

However, this template for EIS (ISBA/25/LTC/6/Rev.1, Annex III) does not provide a detailed structure 

for Section 7. To address this, the structure of Section 7 is loosely based on the structure presented in 

Annex IV of the ISA Draft Regulations for Exploitation (ISBA/25/C/WP.1). It should be noted that the 

EIS template in Annex IV was provided to report the results of an EIA conducted for a full mining system 

to be used for exploitation. As a result, not all subsections within the ‘Assessment of impacts on the 

biological environment and proposed mitigation’ section of Annex IV are applicable to small-scale 

testing of mining components, which is reflected in the modified structure of Section 7 within this 

report. The structure of Section 7 closely follows the structure used in the two approved EIS documents 

for testing activities in the CCZ (GSR, 2018; BGR, 2018), which were considered to be the best current 

indicators of the structure and content required by the ISA in Section 7 of an EIS for testing activities. 

7.1 Key messages 
This section provides consideration of the types of impacts on the biological environment that may 

occur as a result of the proposed Apollo II testing activities. Based on the available scientific literature 

and studies conducted under the Blue Nodules Project, the following key points are raised:  

- At the site scale (approximately 0.2 km2) there would be severe impacts for the biota, particularly 

the biological community within the benthic environment 

- Impacts on the surface and midwater biological communities are likely to be small and short-lived 

- Some impacts on the biota in the benthic environment would have longer duration than others, 

and the severity and extent of many impacts is not well known 

- Some biotic groups within the benthic environment may be more severely impacted than others 

and some taxa may not recover on human timescales, depending on the degree of habitat 

modification and the potential for recolonization 

- At the regional level, the biological impacts from Apollo II testing are unlikely to be felt, however 

recovery of biota at the test site would depend on biological connections to the wider region  

A well-designed monitoring plan would be needed to measure the impacts from Apollo II testing. 
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7.2 Description of potential impact categories 
The major types of biological environment impact that may potentially occur from testing of Apollo II 

on the seafloor of the CCZ are detailed in the following sections. The majority of impacts are expected 

to occur within the benthic environment, such as nodule displacement effects on epifauna; sediment 

disturbance and plume deposition effects on nodule and sediment fauna; plume effects on scavengers 

and benthopelagic zooplankton and nekton; biogeochemical alterations, and effects on benthic 

ecosystem processes and microbial activities; toxic discharge effects; light pollution; and noise 

pollution. Some impacts, such as those relating to plumes consisting of suspended sediment, may 

extend to the biological communities within the midwater environment if plume height extends 

beyond 50 m above the seafloor. Other impacts may occur in the surface, midwater and benthic 

environments, such as potential disruption to natural behaviours from introduced light and noise.    

7.3 Surface environment 
The potential impacts which may occur within the surface environment (surface – 200 m water depth: 

ISBA/25/C/WP.1) would mostly arise from the activities of the surface support vessel. As collected 

nodules and sediment would not be transported to the surface or be treated on the surface vessel, 

there would be no nodule-processing related discharges within the surface environment. The potential 

impacts on the biological communities in the surface environment considered within this document 

are thus restricted to those relating to introduced light and noise. 

7.3.1 Light pollution 
Light would be introduced to the surface environment from overnight operations where bright deck 

lighting is needed to ensure safe working conditions during 24/7 operations at sea. Light pollution in 

the surface environment has the potential to alter the behaviour of seabirds and pelagic organisms, as 

discussed below. 

7.3.1.1 Scale and nature of light pollution impacts 

Introduced light can alter the behaviour of seabirds and pelagic organisms, with the four most common 

patterns being phototaxis (movement towards or away from light); photokinesis (the movement or 

lack of movement in response to light); aggregation (clustering of individuals in response to light); and 

for pelagic organisms, diurnal migration (Nguyen & Winger, 2018). The type and magnitude of 

response is different for different groups, and will depend on the colour (wavelength) of the 

introduced light and its illumination intensity (Nguyen & Winger, 2018), which together determine 

how the light is detected by the individual.  

Many seabirds are disorientated by night light and have been observed colliding with offshore 

platforms or vessels emitting light, becoming injured or dazed in the process (Montevecchi, 2006). 

Some fish and shrimp species may be attracted to the light, thus becoming prey to visual predators 

such as squid and larger fishes who are attracted to this greater abundance of their prey species. A 

wide variety of pelagic species are attracted to artificial light, which is reflected in the increasingly 

common fisheries practice of using artificial light to enhance fisheries capture (Nguyen & Winger, 

2018). Other species that vertically migrate downwards during the day may travel to deeper depths to 

avoid the light source, affecting their feeding behaviours and potentially individual fitness. Where 

artificial light has the potential to disrupt vertical migration, this may even alter the productivity and 
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cycling of carbon and nutrients in the ecosystem (Davies et al., 2014). If light from surface vessels were 

to alter the vertical migration patterns of pelagic species, resultant changes in species distributions 

and behaviours may extend into the midwater environment. Within the CCZ region, the sound 

scattering layer (SSL) created by migrating individuals indicates that daytime migrations extend as deep 

as 450 m (Bianchi & Mislan, 2015).  

7.3.1.2 Potential mitigation 

Some regional conventions, such as the OSPAR Convention in the Northeast Atlantic, have issued 

guidelines to reduce the impact of artificial light on birds in offshore environments. The OSPAR 

Commission recommends that, where possible without compromising safe operations, lighting on 

offshore installations should be limited, including reducing the number and intensity of lights or even 

adapting the spectrum of lights to bird-friendly lighting systems (OSPAR, 2015). Further 

recommendations include positioning, aligning or even shielding lights so as to minimise emissions to 

the environment wherever possible (OSPAR, 2015). These guidelines were produced for the use of 

OSPAR Contracting Parties in the context of reducing the impact of offshore installation lighting on 

birds within the OSPAR maritime area. However, the principles expressed in these guidelines could be 

applied to help reduce the introduction of artificial light into the surface environment during testing 

of Apollo II in the CCZ. Given that bright deck lights would be needed for safe operation at night during 

testing of Apollo II, introduction of artificial light cannot be completely avoided. However, any 

disturbance from deck-lighting would be periodic (i.e. during night activities only) and of limited 

duration (i.e. throughout the testing period, which is constrained to 7 consecutive days).  

7.3.2 Noise pollution 
Introduced sound can alter the behaviour of pelagic organisms, although the impact of introduced 

sounds on the pelagic fauna within the CCZ is poorly understood. Noise would be introduced to the 

surface environment from the activities of the surface support vessel. The type and magnitude of 

response would depend on the sound properties and the ability for this sound to be perceived by the 

pelagic biota.   

7.3.2.1 Scale and nature of noise pollution impacts 

Noise would be introduced to the surface environment from the activities of the surface support 

vessel, including sound from vessel engines, pumps, propellers, echosounders, acoustic transducers 

for underwater navigation, and Acoustic Doppler Current Profilers (ADCPs). These sounds operate 

across a wide range of frequencies and levels, with typical engine, propeller and cavitation sounds 

between 50 – 500 Hz and echosounders typically in the range of tens of kilohertz (Blue Nodules 

Deliverable 5.6). Introduced sound can alter the behaviour of pelagic organisms, with a range of 

possible responses. Although the responses of marine mammals to noise are complex and poorly 

understood (Richardson et al., 1995), recorded responses typically fall into three main categories: 

behavioural, acoustic and physiological (Nowacek et al., 2007). All fish species studied to date are able 

to detect sound, with different types of fish, squid and crustaceans all having different hearing 

thresholds (Carroll et al., 2017). The impacts of introduced sounds on the pelagic fauna in the surface 

environment of the CCZ are poorly understood, with no dedicated studies undertaken to address this 

to date. However, the type and magnitude of response to noise in the surface environment is expected 
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to be species-specific, with different organisms having the ability to receive and emit sounds at 

different frequencies. 

Generally speaking, the noise emitted from the support vessel during the time on-station at the test 

site is not expected to differ significantly from the typical noise emitted by research vessels used in the 

CCZ for the purpose of determining environmental baselines.  

7.3.2.2 Potential mitigation 

The only potential control for noise introduced into the surface environment from vessels supporting 

Apollo II testing could be the choice of vessel, as different vessels will produce different magnitudes 

and frequencies of sound. Other than the choice of vessel, there are no practical controls for noise 

introduced to the surface environment, as all of the noise-creating systems are needed for the safe 

operation of the support vessel, and by association, the successful testing of Apollo II. Although a near-

constant array of sounds would be emitted by the surface vessel, concentrated at the location of the 

test site, this would only occur for the duration of the testing activities, which are restricted to a seven-

day period.  

7.4 Midwater environment 
The midwater environment is defined as the water column between 200m below the sea surface and 

50 m above the seafloor (ISBA/25/C/WP.1). The majority of potential impacts from testing the Apollo 

II pre-prototype nodule collection vehicle in the CCZ are anticipated to occur within the benthic 

environment. However, if plumes generated on the seafloor extend greater than 50 m above the 

seafloor, then this could introduce environmental consequences into the midwater environment. The 

other potential impacts which may occur within the midwater environment would mostly arise from 

the descent and ascent of Apollo II, which would introduce light and noise, and there is the potential 

that some biota may interact with the umbilical cable. Impacts from sound generated by Apollo II on 

the seafloor, and the support vessel at the surface, may also extend to the midwater biota. 

7.4.1 Plume 
To appreciate the potential for plume impacts to occur in the midwater, detailed site-specific plume 

modelling would need to be undertaken. Given that a specific site for testing Apollo II has not been 

identified, it is not possible to discuss this level of plume modelling here (See Section 6). Plume 

modelling for testing the Patania II pre-prototype vehicle in the CCZ by BGR indicated that under 

normal flow conditions, the maximum height for operational plume dispersion was 30 m above the 

seafloor, which would place plume impacts within the benthic environment (BGR, 2018). However, the 

same modelling exercise also indicated that under abnormal flow conditions, such as if an eddy passed 

through the testing area, very fine particles in low concentrations (< 10 mg l-1) could reach a height of 

300 m above the seafloor potentially introducing plume impacts into the midwater environment. 

Preliminary modelling for testing Patania II within the GSR contract area suggests that sediment 

concentrations of 0.1 mg l-1 could occur up to 25 m above the seafloor, within the benthic environment, 

whereas concentrations of 0.01 mg l-1 may reach 140 m above the seafloor, extending into the 

midwater environment (GSR, 2018). The threshold above which sediment concentrations have a 

measureable impact on CCZ biota has not yet been established, as such it is unknown whether 

concentrations as low as 0.01 mg l-1 would have a measurable impact.  
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Assuming that the extent of the plume generated by Apollo II would be similar to the plume extent 

modelled for Patania II, it is possible that some plume impacts may extend to the biological 

communities within the midwater. If plume impacts did occur within the lower 100 m of the midwater 

environment, these would be expected to be similar to the impacts on the benthopelagic zooplankton 

and nekton, detailed within Section 7.5.3. 

7.4.2 Interaction with the umbilical cable 
It is possible that some midwater organisms, such as sharks, squid or cetaceans, may approach the 

umbilical cable or electromagnetic field of Apollo II. This behaviour has been anecdotally reported by 

some users of Remotely Operated Vehicles (ROV) during scientific expeditions and industry operations. 

However, the likelihood of entanglement with the umbilical and subsequent injury to these organisms 

is very low. It is not anticipated that the likelihood of entanglement with the Apollo II umbilical would 

be any greater than the likelihood of entanglement with the umbilical of ROVs used in the CCZ for the 

purpose of determining environmental baselines. Use of an umbilical management system to minimise 

slack would reduce the likelihood that fauna become entangled with the umbilical. 

7.4.3 Light pollution 
During the descent and ascent of Apollo II, pelagic organisms in the midwater environment would be 

exposed to introduced light from the passage of the vehicle through the water column. There is very 

little natural light in this environment (See Section 4) and many midwater organisms have evolved 

specialised eyes or light-detection organs to detect the low levels of light from the surface or the 

biochemically-produced light (bioluminescence) of other organisms. Light pollution has the potential 

to mask bioluminescence and alter midwater organism behaviour, as discussed below. 

7.4.3.1 Scale and nature of light pollution impacts 

The midwater environment is practically devoid of natural light and many organisms, such as midwater 

fishes, have evolved specialised eyes to utilise the low-level irradiance from surface waters or to detect 

bioluminescence (Douglas et al., 1995; Warrant & Locket, 2007). Bioluminescence is very common in 

the marine environment, with biochemical illumination being produced by bacteria, dinoflagellate and 

radiolarian phytoplankton, ostracods, hydromedusa jellyfish, siphonophores, pelagic polychaetes, 

chaetognath arrow worms, shrimp, krill and many squid and fish species (Haddock et al., 2010). 

Bioluminescence can have multiple functions, even for the same organism, which have been broadly 

grouped into defence, offence and intra-specific communication (Haddock et al., 2010). The most 

common wavelengths of bioluminescence are typically blue-green, centred around 470 nm (Haddock 

et al., 2010). Introduced light that overlaps these wavelengths could have a greater probability of 

masking bioluminescence. By masking bioluminescence, introduced light could disrupt individual’s 

ability to startle or avoid predators, illuminate or lure prey, or to find a mate, amongst other functions 

(Haddock et al., 2010).  

As discussed within Section 7.3.1, the four most common patterns for pelagic organisms in response 

to light are phototaxis (attraction or avoidance), photokinesis (movement or lack thereof), 

aggregation, and diurnal migration (Nguyen & Winger, 2018). The response is likely to be group-

dependent, although there have not been any dedicated studies on the responses of CCZ pelagic 

species to artificial light in the midwater environment. Experiments with species from other parts of 
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the Pacific Ocean have shown that some species flee the approaching light source, whilst others seem 

relatively unaffected (Ryer et al., 2009). Another in situ study in the Pacific Ocean indicated that the 

behavioural response of deep-sea fish species is species–specific and can depend on the spectrum of 

light used, with white light causing a greater avoidance response than red and far-red light sources 

(Raymond & Widder, 2007). Whilst there are occasional reports of squid and even cetaceans 

approaching artificial light from Remotely Operated Vehicles (ROVs) or Human-Occupied Vehicles 

(HOVs), there are currently no studies addressing the response of cephalopods or cetaceans to artificial 

light in the midwater environment of the CCZ region.  

Unlike the bright overnight deck lights on the surface vessel, the small lights mounted on Apollo II are 

unlikely to cause changes to vertical migration patterns. Light emitted by Apollo II within the water 

column may travel relatively short distances and as a result attraction or avoidance behaviours in 

response to this light are expected to be localised. Such behaviours would also be relatively short lived, 

as the vehicle moves vertically though the water column and does not remain in a single fixed position 

in the water column. Whilst it may be possible that exposure to artificial light from Apollo II could cause 

damage to the specialised eyes of the midwater fauna, it is highly unlikely that permanent damage 

would result from exposure to the lights of Apollo II during ascent or descent.  

7.4.3.2 Potential mitigation 

To mitigate the impacts of artificial light on the midwater biota as far as possible, light emitted by 

Apollo II would be minimised during descent and ascent. The lights on Apollo II can be individually 

switched off when not required and most lights would be off for descent and ascent of the vehicle. 

Assuming that the vehicle does not need to be retrieved for repair or changes to equipment 

configuration, the number of Apollo deployments (and so descent and ascent events) would be very 

limited within the seven-day testing period. 

7.4.4 Noise pollution 
As discussed within Section 7.3.2, introduced sound can alter the behaviour of pelagic organisms, 

although the impact of introduced sounds on the pelagic fauna within the midwater environment of 

the CCZ is poorly understood. The type and magnitude of response is expected to be species-specific, 

as different organisms will have the ability to receive and emit sounds at different frequencies. 

7.4.4.1 Scale and nature of noise pollution impacts 

It is possible that some of the sound produced during surface vessel activity may travel to the midwater 

environment. As detailed within Section 7.3.2, there are no practical controls for the noise introduced 

into the surface environment from vessels supporting Apollo II testing, although this would only impact 

the midwater environment during the seven-day test period. Any impacts on the midwater biota are 

expected to be comparable to those from the positioning of a scientific research vessel at a single 

station for the same duration.  

It is possible that noise created by the activity of Apollo II on the seafloor could extend beyond the 

benthic environment into the midwater environment, although modelling of Apollo II sound on the 

seafloor indicates that there would be low acoustic risk from the vehicle (Blue Nodules Deliverable 

5.6). Although the sound produced by the Apollo II may be within the hearing range of midwater 
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organisms, this noise is expected to attenuate rapidly over short distances and shouldn’t be loud 

enough to cause permanent damage to hearing apparatus. 

Very little sound would be emitted by Apollo II during descent to and ascent from the seafloor. No 

thrusters would be employed during descent or ascent, apart from immediately prior to landing on the 

seafloor and at the sea surface when the vehicle is being hauled on board. The sound of this small 

thruster is not anticipated to be particularly loud, and when used prior to ascent, is not expected to 

travel outside of the benthic environment. Thus, introduced noise from Apollo II within the midwater 

environment would be minimal, and impacts on the midwater biota are expected to be equally small. 

Any sound introduced from the movement of Apollo II through the water column is expected to be 

less than is produced by an ROV or HOV following a similar path that uses thrusters to ‘power-down’ 

to the seafloor. 

Collected nodules would not be transported to the surface vessel using a Vertical Transport System 

(VTS), which would require pumps to be installed approximately every 1000 m. The absence of a VTS 

for the testing activities means that there would not be any pumps located within the midwater 

environment. As such, the risk of introduced noise propagating for considerable distances within the 

Sound Fixing And Ranging (SOFAR) channel, which in the CCZ is located at approximately 900 m water 

depth (Blue Nodules Deliverable 5.6), is extremely low. There have been suggestions that some 

cetaceans use this channel for long distance communication, however the testing activities would not 

produce a sound source within this depth and so are unlikely to impact long-range cetacean 

communication, if it occurs. 

7.4.4.2 Potential mitigation 

During vertical movement through the water column, use of moving parts would be very minimal, 

meaning that very little noise would be emitted. There are no further practical controls to address 

potential impacts from introduced noise within the midwater environment. 

7.5 Benthic environment 
The benthic environment of the CCZ is typically low-energy with low sedimentation rates and few 

natural disturbances to seafloor habitats (see Sections 4 and 5). Unlike within the surface and 

midwater environments, where organisms are often mobile and impacts associated with testing 

activities would typically be short-lived, the test-mining impacts on the biological communities within 

the benthic environment have the potential to be long-lived with limited mitigation potential.  

The following sections discuss the main impacts within the benthic environment that may result from 

Apollo II testing. The potential impacts include nodule displacement effects on nodule epifauna; 

sediment disturbance and plume deposition effects on nodule and sediment fauna; plume effects on 

scavengers and benthopelagic zooplankton and nekton; biogeochemical alterations, benthic 

ecosystem processes and microbial activities; toxic discharge effects; light pollution; and noise 

pollution.  
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7.5.1 Nodule displacement effects on nodule epifauna 
Polymetallic nodules in the CCZ are formed by the slow accretion of manganese and iron hydroxides 

over the course of millions of years (see Section 4). As a result, sections of seafloor where nodules are 

removed would remain devoid of nodules on human timescales, unless artificial nodules are 

introduced. Loss or degradation of nodule habitat would impede the recovery of biota that are reliant 

on nodule habitat. 

7.5.1.1 Importance of nodule habitat 

Many of the benthic invertebrates in the CCZ are found in greater abundances in nodule-rich areas 

(see Section 5). For example, epifaunal densities were more than two times higher at sites with dense 

nodule coverage across four exploration contract areas and APEI sites (Vanreusel et al., 2016). 

Approximately half of the megafauna morphotypes within the UK-1 exploration area appear to be 

restricted to polymetallic nodules (Amon et al., 2016), with almost 60 % of the collected 

xenophyophores being attached to nodules (Gooday et al., 2017). Some sessile megafaunal types, such 

alcyonaceans and antipatharian corals, are virtually absent from nodule-free areas in multiple 

exploration contract areas (Vanreusel et al., 2016). Even the more mobile epifauna, such as 

Holothuroidea (sea cucumbers), Ophiuroidea (brittle stars), Echinoidea (sea urchins) and Asteroidea 

(sea stars) are more than twice as dense at nodule-rich sites compared to nodule-free sites (Vanreusel 

et al., 2016). Many of these nodule epifauna are sessile (for example, corals and sponges) or have 

limited mobility (for example brittle stars and sea urchins) and would be unable to escape the path of 

Apollo II. These organisms are also physically fragile and would be damaged or even destroyed by 

nodule collection.  

7.5.1.2 Scale and nature of nodule removal impacts 

In the case of the proposed testing of the Apollo II pre-prototype nodule collection vehicle within the 

CCZ, testing activities would be confined to a small area of seabed (375 x 375 m for collector 

operations), which would limit the spatial extent where nodule redistribution occurs. The test vehicle 

does not attach to a riser pipe, or have a hopper as was envisioned for Patania II (GSR, 2018; BGR 

2018). This means that nodules collected by the vehicle are continuously returned to the seabed, once 

they have passed through the nodule and sediment separator. Nodules collected from the 1 m-wide 

swath of the collector would fall back to the seabed in the centre of this swath (see Section 3). The 

redistribution of nodules means that nodules are not strictly ‘lost’ from the environment but are 

returned to the seafloor forming a new habitat consisting of nodules and unconsolidated sediment. 

Some redeposited nodules would probably sink into the newly deposited sediment but where returned 

nodules form piles, some nodules may protrude and potentially provide habitat for nodule fauna to 

recolonise.  

Nodule epifauna immediately in the path of the 0.3 m-wide tracks of Apollo II would be crushed and 

potentially killed as Apollo II crawls along the seafloor. It is expected that the vast majority of fauna 

attached to nodules that are entrained by the hydraulic collector and subsequently pass through the 

separator to be redeposited on the seafloor would be macerated and killed. The nodules are not 

actively crushed and nodule integrity is generally maintained during passage through the separator 

(Blue Nodules Deliverable 3.6). Given this, it is possible that if there are organisms living within the 
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nodule itself, as has been found for nodules in the southeast Pacific Ocean (Thiel et al., 1993), then 

some of these organisms may survive.  

7.5.1.3 Recolonisation potential 

If some of the re-deposited nodules protrude above the sediment surface, these may be available for 

recolonization by nodule fauna. Recolonisation of redeposited nodules by these organisms would rely 

either on the movement of adults from nearby un-impacted habitat or on larval supply. Larval 

assemblages within the benthic boundary layer of the CCZ are highly diverse, exhibiting spatial 

patchiness at scales of 10s of km (Kersten et al., 2019). The vertical flux of these larvae also shows high 

temporal variability over timescales of weeks to months, with high accumulation or retention within 

the benthic boundary layer (BBL) (Kersten et al. 2017). The results from these studies present a 

complicated picture for recolonization of impacted areas from larval supply (Kersten et al. 2017). The 

nodule epifauna not entrained by the collector could also be impacted by the plume generated from 

collector testing (see Section 7.5.2) and it remains to be seen whether adequate local populations of 

nodule fauna with sufficient reproductive fitness would be retained to provide larval recruits to 

facilitate recovery of redeposited nodules. 

The success of potential larval recruits would also be dependent on the redeposited nodules providing 

suitable habitat for recolonization. If these redeposited nodules remain buried or are in any way 

unsuitable for larval recruits or adults moving from un-impacted habitat, then nodule fauna would not 

recover at the test site on human timescales. New nodules are expected to take millions of years to 

reform before they can provide additional hard substratum for nodule fauna (see Section 4).  

7.5.1.4 Potential mitigation 

The spatial extent of testing activities would be limited to as small an area as possible to adequately 

test the Apollo II pre-prototype nodule collection vehicle. Within the scope of the proposed testing 

activity, there are no other practical controls to address the potential impact of nodule displacement 

on nodule epifauna. Monitoring of the site before, during and after testing would provide important 

information on the recolonization of redistributed nodules. 

7.5.2 Sediment disturbance and plume deposition effects on sediment fauna and 
nodule epifauna 

The CCZ is a low-energy environment, with very little natural disturbance to the seafloor and low 

sedimentation rates (see Section 4). Given the low natural disturbance regime of this environment, 

there is the potential that impacts on the nodule and sediment fauna from testing of mining 

components could be long-lived, particularly as these organisms may not have adaptions to cope with 

disturbances. 

7.5.2.1 Scale and nature of sediment disturbance and plume deposition impacts from Apollo II 

The sediment habitat would be disturbed and modified by multiple aspects of test-mining activities 

(see Section 6). The movement of Apollo II across the seafloor would lead to compaction of the 

sediment and nodules immediately beneath the 0.3 m-wide tracks. Within the 1 m-wide swath where 

nodules are entrained by the hydraulic collector, 6 cm of the overlying sediment would also be 

mobilised and sucked into the collector, separated from nodules in the separator, and then ejected 

through the diffuser. Unconsolidated sediment would settle behind the vehicle, overlying the centre 1 
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m where nodules have been collected and redeposited, the 0.45 m of swath either side of the collector 

path where nodules have not been collected, and the 0.3 m of swath beyond this where the tracks 

have passed. The plume from the diffuser is expected to deposit the coarse sediment fraction (66 μm) 

within a few kms of the testing site and the fine sediment fractions (2 μm, 9 μm) would also settle 

mostly within a few kilometres although some particles may be transported over much larger 

distances, up to 100 km from the source (see Section 6). 

If most of the sediment settles locally, there may be no net loss of organic matter, although organic 

matter would be redistributed by the mixing of the top few mm of sediment containing more organic 

matter with deeper sediment containing much less organic matter (Haffert et al., 2020). If the top 6 

cm of sediment were to be completely removed, this would lead to the loss of the reactive labile total 

organic carbon (TOC) fraction, as has been observed in some small-scale disturbances within the CCZ 

(Volz et al., 2020). The top 5 cm of the sediment is also where highly active microbial populations reside 

(Sweetman et al., 2019) and roughly coincides with the bioturbation depth within the CCZ sediments, 

which ranges from approximately 5 cm to 13 cm amongst CCZ exploration areas (Volz et al., 2018; 

Mogollón et al., 2016). Thus, disturbance to the top 6 cm of sediment through Apollo II testing would 

remove or redistribute the TOC fraction, microbial communities, and the majority of bioturbating 

fauna, alongside any sediment epifauna that are unable to escape the hydraulic collector. It is expected 

that most of the fauna (especially the megafauna and larger macrofauna) sucked into the collector 

would be macerated and killed by the action of the collector and separator. Sediment epifauna and 

infauna and nodule epifauna that are not crushed by the tracks or entrained by the collector would be 

blanketed by the returned sediment and sediment which settles from plumes generated by the 

diffuser. Whilst deposition of unconsolidated sediment may be restricted largely to where the vehicle 

has passed, the majority of the plume generated by the diffuser could extend for a few kms, potentially 

burying individuals, their food supply, or feeding apparatus beyond the immediate footprint of the 

testing activities. The sessile nodule epifauna are unlikely to be able to clean themselves of plume 

material, with burial and starvation potentially leading to reduced individual fitness or even mortality.  

7.5.2.2 Scale and nature of impacts from benthic disturbance experiments 

Whilst a number of studies have assessed the impact of benthic disturbance experiments, the 

differences in methodologies employed makes it difficult to generalise the observed biological effects 

(Jones et al., 2017). It is not always clear which disturbances these benthic communities are responding 

to and over what time scales. Using meta-analyses, Jones et al. (2017) evaluated changes in faunal 

densities and diversity of benthic communities in response to 11 simulated or test nodule mining 

disturbances. In general, the immediate impacts post-disturbance were often severe with most faunal 

groups experiencing major negative changes in density and diversity. In some cases, less negative 

impacts were experienced by the mobile fauna and small-sized fauna over the longer term, with almost 

all studies showing some recovery in faunal density and diversity for meiofauna and mobile 

megafauna, often within as little as one year. However, very few faunal groups returned to baseline or 

control conditions after two decades and sensitivity varied amongst organisms of different sizes and 

functional groups. Similar conclusions were reached by Gollner et al. (2017), who analysed datasets 

from disturbance and test-mining experiments in the Peru Basin, CCZ and Indian Ocean. These authors 

determined that absolute recovery and percentage density and diversity recovery varied greatly 
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amongst taxa. Small and mobile species were also found to recover faster than large and sessile 

species. 

One of the few disturbance experiments where impacts relating to different levels of sediment 

disturbance have been investigated is the DISCOL experiment in the Peru Basin. Given the complex 

patchwork of disturbed habitats that are expected to occur in the wake of Apollo II, the impacts from 

the DISCOL disturbance experiment are discussed in more detail below, as they may provide some 

insight into the potential impact of the proposed testing activities. Examination of the DISCOL site 

demonstrated that metazoan megafauna numerical density and total taxon richness were dramatically 

reduced in the ploughed areas immediately after disturbance and remained depressed 7 years 

afterwards, with the most pronounced effects for nodule-attached fauna (Bluhm, 2001). Revisiting the 

DISCOL site 26 years later, the effects of simulated deep-sea mining were still evident in the physical 

character of the seabed and the associated megafaunal assemblage (Simon-Lledó et al., 2019). 

Statistically significant differences in faunal composition were detected amongst the original plough 

tracks; where sediment was redeposited; and in the reference site. Even 26-years post disturbance, 

the area of sediment re-deposition (outside of the plough tracks) remains ecologically distinct from 

the reference site, in terms of standing stock, biological diversity, and faunal composition. Some of the 

key impacts remaining after 26 years were the significant variation in suspension-feeder abundance, 

particularly the Porifera (sponges) and Anthozoa (corals), with substantially reduced abundances of 

these within the disturbance plough tracks. It was considered that burial of nodules during the DISCOL 

experiment made this hard substratum unavailable to sessile suspension feeders, limiting the potential 

for recolonization within the plough tracks. Conversely, standing stocks of deposit feeders, predators 

and scavengers were enhanced within the wider DISCOL site compared to the reference site. This has 

been interpreted as either reflecting underlying differences between the two sites, or potentially a 

broad-scale effect of the original disturbance, resulting from organic enrichment of surficial sediments 

through various mechanisms (Simon-Lledó et al., 2019). These authors concluded that the reduction 

in diversity resulting from simulated mining disturbance can be long lasting (> 26 years), however 

detecting such patterns is dependent on the faunal groups studied (i.e. meio-, macro-, or megafauna) 

and the parameters used to investigate biological diversity.  

If similar patterns of recovery as those recorded by Simon-Lledó et al. (2019) occur within the CCZ, the 

impact of sediment disturbance and plume deposition on the nodule and sediment fauna from Apollo 

II testing could be on the scale of multiple decades, although certain faunal groups may recover quicker 

than others. However, the Apollo II testing activities would occur over a much smaller spatial scale 

(0.14 km2 for collector operations within a wider 0.2 km2 area) than the DISCOL disturbance (11 km2 

area for plough tracks), and some faunal groups have recovered more quickly from smaller-scale 

disturbances in the CCZ than the larger scale disturbance at DISCOL (Gollner et al., 2017). 

7.5.2.3 Recolonisation potential 

Recolonisation of sediments and nodules disturbed or blanketed by testing of mining components 

would rely either on the movement of adults from nearby un-impacted habitat or on larval supply. As 

discussed within Section 7.5.1.3, larval assemblages in the benthic environment of the CCZ are diverse, 

with complex spatio-temporal distribution patterns (Kersten et al., 2017, 2019). There is also high 

accumulation or retention of larvae within the benthic boundary layer (BBL) (Kersten et al. 2017). 
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These results complicate the picture for recolonization of impacted areas from larval supply, and 

suggest that operational plumes that occur in the BBL from testing activities could impact the dispersal 

and recruitment abilities of abyssal benthos, with potential impacts for benthic community recovery 

post-disturbance (Kersten et al. 2017).  The success of potential larval recruits would also be 

dependent on the disturbed sediment and nodule environment left by testing activities providing 

suitable habitat for recolonization. If the sediments underneath the tracks of Apollo II are compacted 

it may be difficult for infauna to burrow into the sediment. Where unconsolidated sediment exists, this 

may not have the stability to enable infauna to burrow, or for the microbial community to establish on 

the sediment surface.  

7.5.2.4 Potential mitigation 

The hydraulic collector has been designed to have maximum nodule pick-up efficiency, limiting 

sediment penetration and mobilisation as far as possible, without compromising the efficacy of nodule 

collection. This design principle was considered important moving towards full-size prototypes and 

commercial-scale mining, as maximising nodule pick-up efficiency means smaller areas of the seabed 

need to be traversed for the same nodule yield, reducing the spatial extent of collector operation and 

associated impacts. Any potential plume generated by the hydraulic collector jets is anticipated to be 

small, with the biggest potential plume impacts anticipated to occur from the diffuser. The diffuser is 

designed to reduce the velocity of the outflow and direct the flow downwards to encourage particle 

settling. This design should reduce the spatial extent of plume spread, concentrating plume impacts 

closer to the vehicle path and reducing the extent to which plumes impact seafloor habitat beyond the 

test area. Concentrating the impacts from sediment deposition and plume settling within the test area 

could complicate recovery of the site post-testing through burying organisms to greater depths. 

However, high prior mortality is anticipated as many of the fauna (especially the megafauna and larger 

macrofauna) in the vehicle path would have already been crushed by the vehicle tracks or macerated 

by the collector and separator. Reducing the impacts from plumes on organisms beyond the test site 

should help to preserve these populations to provide recruits for recolonization of the test site, if 

suitable habitat exists after testing activities have ceased. 

The spatial extent of testing activities would be limited to as small an area as possible to adequately 

test the Apollo II vehicle, thus reducing the spatial extent of impacts from testing. Within the scope of 

the proposed testing activity, other than the design of the diffuser as detailed above, there are no 

further practical controls to address the potential impact of sediment disturbance and plume 

deposition on the sediment fauna. Monitoring of the site before, during and after testing would 

provide important information on the recolonization of the disturbed and modified sediment habitats. 

7.5.3 Plume effects on scavengers and benthopelagic zooplankton and nekton 
The sediment plumes created during testing of Apollo II have the potential to impact scavengers and 

the benthopelagic zooplankton and nekton through multiple mechanisms. Increased turbidity from 

plumes could obscure bioluminescence, whilst suspended particles could clog the feeding or 

respiration apparatus of zooplankton and nekton. Scavengers and nekton are mobile and may be able 

to escape plume impacts, whereas zooplankton do not have the same potential for avoidance. For 

scavengers, there may even be a temporary benefit from increased carrion availability. These potential 

impacts are discussed in further detail below. 
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7.5.3.1 Scale and nature of plume impacts 

Sediment plumes created during testing of mining components have the potential to attenuate light 

and mask bioluminescence produced by the biota in the benthic environment. Bioluminescence is 

produced by a wide variety of marine organisms, and can contribute to a range of functions including 

defence, offense and intra-specific communication (Haddock et al., 2010). Any of the benthopelagic 

zooplankton or nekton that are reliant on bioluminescence, such as some crustaceans, squid and 

octopus, and fishes, could exhibit altered behaviours as the plume from testing activities may obscure 

bioluminescence (see Sections 7.3.1 & 7.4.3 for more detailed discussion of bioluminescence). 

Plumes are anticipated to have the greatest impact on those organisms that cannot escape, such as 

the benthopelagic zooplankton. Plumes could impair respiration through the clogging of gills and 

feeding through clogging the filtration apparatus with unpalatable particles (Christiansen et al., 2020). 

The mucus nets in flux feeders such as pteropods could be clogged by plume material, increasing their 

weight and sinking speed and reducing availability of suitable food items (Christiansen et al., 2020). 

The competition between unpalatable particles and organic food particles or the ingestion of particles 

with reduced nutritional value could increase energy expenditure for near-bottom zooplankton 

(Christiansen et al., 2020). Ultimately if organisms are unable to free themselves of plume material 

they may die from suffocation or starvation. The gelatinous benthopelagic zooplankton, many of which 

are also filter-feeders, are very physically fragile (Hoving et al., 2019) and would be macerated if they 

were sucked into the hydraulic collector.  

Organisms that can potentially escape the path of Apollo II or even move away from areas impacted 

by the plume, such as mobile scavengers and benthopelagic nekton, may be able to avoid some 

stressors. Highly mobile and scavenging animals may be the first to repopulate the test site, as has 

been observed following the large-scale DISCOL disturbance experiment conducted on nodule fields in 

the Peru Basin (Bluhm, 2001). Some mobile scavengers, such as certain crustacean and fish species, 

may even experience temporary benefits from testing of mining components if they are able to feed 

on the animals that are killed or injured by testing activities, although these benefits may be short lived 

(Christiansen et al., 2020).  

Whilst a number of studies have assessed the impact of benthic disturbance experiments, the 

differences in methodologies employed makes it difficult to generalise the observed biological effects 

(Jones et al., 2017). The focus of these experiments has also been on the benthic fauna, with very little 

attention directed to the potential impacts of plumes on benthopelagic zooplankton and nekton. This 

makes it challenging to predict the impacts of plumes created from Apollo II testing on scavengers and 

benthopelagic zooplankton and nekton. 

7.5.3.2 Potential mitigation 

The largest plume during Apollo II testing is expected to be generated by the diffuser, where sediment 

is expelled following the separation of nodules and sediment within the separator. The diffuser is 

designed to reduce the velocity of the outflow and direct the flow downwards to encourage particle 

settling, which in turn should reduce the spatial extent of the associated plume and concentrate 

impacts closer to the path of the vehicle. Restricting the spatial extent of plumes should reduce the 

plume impacts on the benthopelagic zooplankton in neighbouring habitat. Constraining plume spread 
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as far as possible would also make it more likely that mobile fauna, such as benthopelagic nekton, are 

able to escape plume impacts. 

The spatial extent of testing activities would be limited to as small an area as possible to adequately 

test the Apollo II pre-prototype nodule collection vehicle and to reduce impacts from these activities, 

such as plumes. Within the scope of the proposed testing activity, other than the design of the diffuser 

as detailed above, there are no further practical controls to address the potential impact of plumes on 

scavengers and benthopelagic zooplankton and nekton. Monitoring of the site before, during and after 

testing would provide valuable information on the spatial extent of plume impacts, and the potential 

for biotic recovery from such impacts.  

7.5.4 Microbial activities, benthic ecosystem processes and biogeochemical 
alterations 

The small-scale pre-prototype nodule collection test would probably impact the microbial activities, 

benthic ecosystem processes and biogeochemistry at the site scale. If the habitat is substantially 

altered biogeochemically, this could have knock-on effects for recolonization of the site by biota once 

testing activities have ceased. Disruptions to benthic ecosystem processes and microbial activities 

could also have longer-term impacts through slowing recolonization of the test site. 

7.5.4.1 Impacts on microbial activities 

Microbial activities are essential to nutrient cycling in the benthic environment of the CCZ, with benthic 

bacteria being particularly important in the short-term cycling of carbon within the CCZ (Sweetman et 

al., 2019). Microbial activity is concentrated in the bioactive top layer of CCZ sediments, and if this is 

removed, microbial activities would be drastically reduced, with potential impacts for local nutrient 

cycling and trophic linkages. Within the Peru Basin in southeast Pacific Ocean, 26 years after 

disturbance experiments microbial activity was reduced up to fourfold in the affected areas with 

microbial cell numbers reduced by approximately 30 % in the oldest tracks (Vonnahme et al., 2020). It 

has been suggested that microbially mediated biogeochemical functions may need more than 50 years 

to return to undisturbed levels at these sites (Vonnahme et al., 2020).  

7.5.4.2 Benthic ecosystem processes 

Small-scale disturbances conducted in multiple exploration areas within the CCZ demonstrated that 

removal of the top 5 – 15 cm of the sediments was associated with the loss of the reactive labile total 

organic carbon (TOC) fraction (Volz et al., 2020). Studies conducted within the Peru Basin in the 

southeast Pacific Ocean indicated that important ecosystem functions, such as organic matter 

processing, have not fully recovered 26 years post disturbance, with less carbon taken up by bacteria, 

nematodes and holothurians inside disturbance tracks compared to outside of disturbance tracks 

(Stratmann et al., 2018a). Total faunal carbon stock also remained higher outside of the disturbance 

tracks than inside, with carbon cycling within the faunal components of this abyssal plain ecosystem 

remaining reduced 26 years post disturbance (Stratmann et al., 2018b). Given these studies, it is 

possible that the benthic ecosystem processes within the test site could take multiple decades to fully 

recover after testing activities have ceased. Despite the considerable disturbance to the local, short-

term carbon cycling from testing of mining components, it has been suggested that the resuspension 
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of particles and organic matter in nodule-bearing sediments may have a minor impact on the 

ecosystem service of carbon sequestration (Orcutt et al., 2020). 

7.5.4.3 Biogeochemical alterations 

If most of the sediment entrained by the nodule collection vehicle settles locally, organic matter would 

be redistributed by the mixing of the top few mm of sediment containing more organic matter with 

deeper sediment containing much less organic matter (Haffert et al., 2020). If the top 6 cm of sediment 

were to be completely removed, as has been observed in some small-scale disturbances within the 

CCZ, loss of the TOC layer may result in significant reduction of oxygen consumption rates (Volz et al., 

2020). This was found to enable oxygen to penetrate up to 10-fold deeper into the sediments, 

inhibiting denitrification and Mn(IV) reduction (Volz et al., 2020). Where the TOC layer has been 

removed, until the reactive labile TOC fraction is partially re-established, Volz et al. (2020) indicate that 

a return to steady-state geochemical conditions would be controlled by diffusion. It was suggested 

that, under the low natural deposition rates of the CCZ, new steady-state geochemical conditions in 

CCZ sediments may only be reached on a millennium scale post disturbance (Volz et al., 2020). 

However, where the bioactive organic matter is not lost through disturbance but mixed in with the 

returned sediment, geochemical gradients may be restored to near their pre-disturbance state in 

approximately one year (Haffert et al., 2020). Given that the bioturbation depth ranges from 

approximately 5 cm to 13 cm amongst CCZ exploration areas (Volz et al., 2018; Mogollón et al., 2016), 

removal and subsequent re-distribution of the top 6 cm of sediment through the proposed testing of 

Apollo II could potentially remove the vast majority of bioturbating organisms in the test site, which 

may result in further biogeochemical alterations to the sediment.   

Oxygen penetration depths can vary considerably amongst sites within the CCZ from 2 m to more than 

7 m (Volz et al., 2018; Mewes et al.,2014; Mogollón et al., 2016). There also appears to be a relationship 

between nodule size and oxygen penetration, with a larger oxygen penetration depth where larger 

nodules occur (Mewes et al., 2014). Given that the hydraulic collector on Apollo II is only anticipated 

to mobilise or remove the top 6 cm of sediment, it is highly unlikely that deeper potentially anoxic 

sediment layers would be disturbed. Subsequently, it is very unlikely that reduced substances would 

be released to scavenge oxygen from the benthic environment to create a localised oxygen minimum 

zone (OMZ). No negative impacts related to low oxygen concentrations are currently anticipated for 

the biota in the benthic environment as a result of testing activities. 

7.5.4.4 Potential mitigation 

There are no practical controls possible within the scope of the proposed testing activities to address 

potential alterations to local microbial activities, benthic ecosystem processes or biogeochemistry. 

Monitoring of the site before, during and after testing would provide valuable information on the 

extent and severity of such impacts, and the potential for biotic recovery from these impacts.  

7.5.5 Toxic discharge effects 
Many of the metals contained within polymetallic nodules, in their bioavailable form and at high-

enough concentrations, can be toxic to marine biota. In situ, the surface of nodules is weathered and 

present minimal toxic risk, however there have been some concerns that if nodules are crushed or 

otherwise disaggregated, this could release toxic concentrations of metals into the marine 
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environment (Hauton et al., 2017). There has also been concern expressed about the potential for toxic 

impacts from the release of anoxic porewater in deeper CCZ sediments.  

7.5.5.1 Potential for toxicity impacts 

Toxicity impacts on deep-sea fauna are in general not well known, partially due to the complexities of 

performing dose experiments on biota that need to be maintained at high pressure and in darkness, if 

their tolerances under natural conditions are to be determined (Hauton et al., 2017). The results from 

toxicity tests can be greatly influenced by pressure, with the higher pressures that would be 

encountered in the CCZ benthic environment potentially leading to greater toxic effects than have 

been recorded under ambient pressures (Brown et al., 2017a; Mevenkamp et al., 2017). 

As discussed in Section 7.5.4.3, oxygen penetration depths in the CCZ are typically between 2 m and 7 

m (Volz et al., 2018; Mewes et al.,2014; Mogollón et al., 2016). Within the oxidised sediment layer 

within the CCZ, potentially toxic metals like manganese, cobalt, nickel, copper and zinc, are 

immobilised in solid manganese and iron (oxyhydr)oxides (Paul et al., 2018). Experimental results 

demonstrated that under oxidised conditions fine-grained manganese oxide dispersed in seawater is 

very effective in adsorbing potentially toxic dissolved trace metals (Koschinsky et al., 2003). Given that 

testing of Apollo II would only remove the top 6 cm of sediment, mobilisation of deeper anoxic 

sediments is highly unlikely. Even in the unlikely case that porewater from deeper, anoxic sediment 

layers containing higher concentrations of dissolved trace metals is released from the sediment during 

testing of Apollo II, these metals would be rapidly immobilised by adsorption to solid manganese and 

iron (oxyhydr)oxides. 

There have been few studies on the potential toxicity of nodule mining activities, and to date there 

have not been any in situ studies within the CCZ on the potential for toxic impacts on the benthic fauna 

from nodule mining activities. An in-situ study conducted in the Peru Basin of the south-east Pacific 

Ocean determined the potential for the abyssal meiobenthic community to be impacted by crushed 

polymetallic nodules (Mevenkamp et al., 2019). In this study, abyssal soft sediment was covered with 

approximately 2 cm of crushed nodule particles and incubated for 11 days at 4200 m water depth. 

Nematode tissue did not demonstrate an elevated copper burden over the short time scale 

investigated. However, introduction of crushed nodules did induce changes in the vertical structure of 

the meiobenthos inside the sediment and alter the proportions of different nematode feeding types. 

The study by Mevenkamp et al. (2019) suggests that, at least over short timescales, introduction of 

nodule fragments to the sediment does not have a measurable toxic impact on the meiofauna. This 

study also supports the findings of Koschinsky et al. (2003), where manganese oxide was demonstrated 

to be an effective scavenger of dissolved metals rather than a source. Further studies conducted within 

the CCZ would be needed over longer time periods and with different size classes of fauna to determine 

if this apparent lack of impact from toxicity applies more widely to the benthic fauna of the CCZ. 

During the testing of Apollo II, nodule integrity is generally expected to be maintained, with minimal 

breaking-up of nodules during the separation of sediments and nodules in the separator (Blue Nodules 

Deliverable 3.6). This would mean limited exposure of the benthic fauna to nodule fragments.  

Risks from toxicity are further reduced as the testing activity would not transfer the nodules to the 

surface for additional processing, meaning there would not be discharge of potentially toxic return 

water into the environment of the CCZ at any depth. Given that the hydraulic collector on Apollo II is 
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only anticipated to mobilise or remove the top 6 cm of sediment, the anticipated sediment disturbance 

and displacement from testing activities is not expected to release potentially toxic compounds from 

the sediment. 

7.5.5.2 Potential mitigation 

Other than limiting the spatial extent of testing activities as far as possible to reduce impacts from 

testing Apollo II, there are no practical controls possible within the scope of the proposed testing 

activities to address potential impacts from toxicity. However, the likelihood of impacts from toxicity 

is considered to be low. Monitoring of the site before, during and after testing would provide valuable 

information on any potential impacts from toxicity. 

7.5.6 Light pollution 
Whilst Apollo II is operating at the seafloor, organisms in the benthic environment would be exposed 

to introduced light from lights mounted on the Apollo II vehicle. The benthic environment of the CCZ 

is devoid of celestial light from the surface, although some organisms have evolved specialised eyes to 

detect bioluminescence within this environment. There are no studies on the impact of light on benthic 

biota in the CCZ region. As discussed in Section 7.4.3, bioluminescence is prevalent in marine species 

and has a key role in many organisms’ behaviours (Haddock et al., 2010). If introduced light overlaps 

the wavelengths used for bioluminescence, this artificial light could have a masking effect on 

bioluminescence disrupting the behaviour of benthic biota. 

7.5.6.1 Scale and nature of light pollution impacts 

The four most common patterns for marine organisms in response to light are phototaxis (attraction 

or avoidance), photokinesis (movement or lack thereof), aggregation and diurnal migration (reviewed 

by Nguyen & Winger, 2018) (see Sections 7.3.1 & 7.4.3). The response to introduced light is likely to 

be group-dependent, although there have not been any dedicated studies on the response of 

organisms in the benthic environment of the CCZ to artificial light. Many of the sessile benthic species 

in the deep sea are non-visual (Kochevar, 1998) and so may not be impacted by introduced light. For 

those species that do have visual receptors, it is probable that they would display a similar range of 

responses as the midwater fauna. If organisms are attracted to the vehicle lights, they may be sucked 

into the collector, and subsequently macerated and killed by the action of the collector and separator.  

The lights from Apollo II would not cause alterations to vertical migration patterns, as the light emitted 

from Apollo II will travel relatively short distances and the benthic fauna do not vertically migrate. 

Given that this light would travel relatively short distances, any attraction or avoidance behaviours in 

response to this light should be highly localised. Such behaviours would also be relatively short lived, 

as the vehicle moves horizontally along the seafloor and does not remain long in a single fixed position 

on the seafloor. Whilst it may be possible that exposure to artificial light from Apollo II could cause 

damage to the specialised eyes of the benthic fauna it is considered unlikely that permanent damage 

would result from exposure to the lights of Apollo II during testing activities.  

7.5.6.2 Potential mitigation 

There are no practical controls possible within the scope of the proposed testing activities to address 

potential impacts from introduced light at the seafloor, other than limiting the spatial extent of testing 

activities as far as possible, whilst still being able to adequately test the Apollo II pre-prototype nodule 
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collection vehicle. The lights on Apollo II are required for safe collector operation on the seafloor, and 

would need to be switched on during operations on the seafloor. Monitoring of the site before, during 

and after testing would provide valuable information on any impacts on benthic organisms from 

introduced light. 

7.5.7 Noise pollution 
Whilst Apollo II is operating at the seafloor, organisms in the benthic environment would be exposed 

to introduced sound from various sources on the Apollo II vehicle. As discussed within Sections 7.3.2 

& 7.4.4, introduced sound can alter the behaviour of organisms, although the impacts of introduced 

sound on the biota within the benthic environment of the CCZ are poorly understood. The type and 

magnitude of response is expected to be species-specific, as different organisms will have the ability 

to receive and emit sounds at different frequencies. 

7.5.7.1 Scale and nature of noise pollution impacts 

Sounds introduced to the benthic environment would result from the action of a small thruster just 

prior to landing on the seafloor; the electric motor driving the tracks; the movement of the tracks 

themselves; acoustic transponders for underwater navigation; noise from the collector pump; and 

bouncing of nodules through the collector duct and the separator. These different actions all produce 

different sounds, which together form the sound spectrum of Apollo II testing activities within the 

benthic environment (see Sections 3.4.2.6 & 6.5.1.1).  

The acoustic transponders for underwater navigation have a very high frequency and may not overlap 

with the hearing-range of benthic biota. Noise from the small thruster is not anticipated to be loud and 

would be of short duration, as it would only be used immediately prior to landing on the seafloor and 

at the sea surface when the vehicle is being hauled on board. Modelling based on the physical 

properties of the GSR exploration contract area in the CCZ, and the performance of the hydraulic 

collector in laboratory and field tests, suggests that there would be low acoustic risk from Apollo II 

(Blue Nodules Deliverable 5.6). Although the sound produced by the Apollo II may be within the 

hearing range of benthic organisms, it is not anticipated that this noise would travel large distances or 

be loud enough to cause permanent damage to hearing apparatus. Based on recorded sound levels it 

is expected that the sound of Apollo II may have an effect on the benthic environment biota within 

tens of metres from the vehicle. However, very little is known about the hearing abilities or response 

to noise of the organisms within the benthic environment of the CCZ. Although any noise impacts 

within the benthic environment from the activity of Apollo II may be near continuous during seabed 

operations, this noise would be temporally limited to the relatively short testing period of 7 days. 

7.5.7.2 Potential mitigation 

There are no practical controls possible within the scope of the proposed testing activities to address 

potential impacts from introduced sound at the seafloor, other than limiting the spatial extent of 

testing activities as far as possible whilst still being able to adequately test the Apollo II pre-prototype 

nodule collection vehicle. The noise emitted from Apollo II results from the testing activities and is thus 

unavoidable during testing. Monitoring of the site before, during and after testing would provide 

valuable information on any impacts on benthic organisms from introduced sound. 
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7.5.8 Vibration 
Vibrations may be introduced to the benthic environment from the movement of the Apollo II vehicle 

along the seafloor and the bouncing of nodules through the collector duct and separator. The benthic 

environment of the CCZ is not subject to frequent natural disturbances and there is no information on 

how the organisms within benthic environment of the CCZ would respond to vibration disturbance. 

7.5.8.1 Scale and nature of vibration impacts 

Introduced vibration may elicit behavioural, physical or physiological changes in the benthic biota 

although the sensitives to vibration are unknown for the vast majority marine species (Roberts & Elliot, 

2017). There is evidence that some deep-sea benthic species do respond to vibration, such as the deep-

sea scavenger shrimp Pandalus borealis, that may use vibration to detect large falling prey items 

(Klages et al., 2002). It is not known what the impact of vibrations from Apollo II would be on the 

benthic biota of the CCZ, as there have not been any studies addressing vibration impacts in this region. 

7.5.8.2 Potential mitigation 

There are no practical controls within the scope of the proposed testing activities to address potential 

impacts from introduced vibration at the seafloor, other than limiting the spatial extent of testing 

activities as far as possible whilst still being able to adequately test the Apollo II pre-prototype nodule 

collection vehicle. The vibrations caused by the activities of Apollo II result from the testing activities 

and are thus unavoidable during testing. Monitoring of the site before, during and after testing would 

provide information on any impacts on benthic organisms from introduced vibrations. 

7.6 Cumulative impacts 
The majority of disturbance studies conducted to date within the CCZ and other nodule-bearing 

provinces report medium to long-term impacts (years to decades) and not the instantaneous impacts 

that may occur from introduced light, sound, vibrations or plumes. There is also no information on the 

shorter-term impacts (days, weeks and months) that may arise from suspended plumes and plume 

deposition. Given that some sites are only revisited for the first time a year or more after disturbance, 

it is not always clear which aspects of disturbance the biota have responded to in these impact 

experiments. It has yet to be demonstrated what the immediate impacts are from intense, short term 

stressors (light, sound, vibration) compared to medium term (plume generation and settlement) and 

longer term (nodule removal, physical modification of the seafloor topography) stressors. There is also 

very little information to date on the impact of individual stressors, such as suspended sediment, 

sediment deposition and nodule removal, as long-term impact studies are generally only able to assess 

the impact of all of these stressors acting together, over uncertain time scales. In this sense, many of 

the long-term impact studies could be considered ‘cumulative’ as they tend to assess the impacts of 

all stressors concurrently. In the tracks behind the disturbance device or test vehicle, some of the 

seafloor would be subjected to a combination of these stressors, as is anticipated in the wake of the 

Apollo II vehicle. 

In the context of cumulative impacts arising from multiple testing operations occurring within a region, 

there have not been any studies addressing this to date. However, if multiple testing operations were 

to occur within the same contractor area, or in neighbouring contractor areas, there may be the 

potential for plume impacts from one operation to overlap with plume impacts of a neighbouring 
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operation. Given that a test site and time period have not yet been identified for the testing of the pre-

prototype nodule collection vehicle Apollo II, it is not possible within this document to address the 

possibility of cumulative impacts in the context of multiple testing operations. However, the potential 

for cumulative impacts arising from neighbouring operations would be particularly important when 

choosing appropriate Impact Reference Zones (IRZs) and Preservation Reference Zones (PRZs) for 

monitoring purposes. 
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8 Accidental events and natural hazards 
This section provides a brief overview of the extreme weather, natural hazards and accidental events 

that may have the potential to impact Apollo II testing. Given that the surface support vessel for the 

proposed testing activities has not been identified, detailed information on the potential system 

failures and mitigation measures is not provided here. The potential impacts considered here are also 

listed in the Risk Register in the Appendix.  

The revised version of ISBA/25/LTC/6 (issued 30 March 2020) provides a template for Environmental 

Impact Statements (EIS) prepared to summarise the findings of an EIA conducted during exploration. 

However, this template for EIS (ISBA/25/LTC/6/Rev.1, Annex III) does not provide a detailed structure 

for Section 8. To address this, the structure of Section 8 is based on the structure presented in Annex 

IV of the ISA Draft Regulations for Exploitation (ISBA/25/C/WP.1). It should be noted that the EIS 

template in Annex IV was provided to report the results of an EIA conducted for a full mining system 

to be used for exploitation. As a result, not all of the recommended content within the ‘Accidental 

events and natural hazards’ section of Annex IV is applicable to a small-scale test of mining 

components, which is reflected in the modified content of Section 8 within this report.  

8.1 Extreme weather 
The weather and sea state conditions in the CCZ are not favourable year-round for a complex operation 

such as testing of the pre-prototype nodule collection vehicle Apollo II. To reduce the likelihood of 

extreme weather impacting testing activities, the vehicle test expedition should ideally be scheduled 

during the months of March to May. This would avoid the onset of the storm season, which starts in 

mid-May, with tropical cyclones in the CCZ region typically concentrated between July and December, 

although in recent years some cyclones also have occurred in August and September (see Section 4).  

Weather forecasts are issued every twelve hours by BMT ARGOSS Operational Client Weather and 

Ocean Information Support Centre and allow the ship’s command to make a timely decision to 

abandon the test area and sail to a safe place. 

8.2 Natural hazards 
There are no natural hazards in the CCZ that pose risk to the safety of the surface support vessel, 

however volcanism, seismic activity and the occurrence of benthic storms on the seafloor could affect 

the proposed Apollo II test. Volcanism and earthquakes are unlikely to occur in the CCZ (see Sections 

3 & 4), with no records of recent volcanic activity in the region and seismic activity only posing a 

potential risk on or near steep slopes where it may trigger landslides or gravity flows. Although there 

has been some suggestion that benthic storms may occur in the CCZ (Kontar & Sokov, 1994), 

instrumental records of near-bottom turbidity have so far not provided evidence of resuspension and 

dispersion of sediments. There is evidence for intermittent increases in bottom current speed in 

association with the passage of mesoscale eddies (Aleynik et al., 2017), although these would not pose 

a risk to either Apollo II or the surface support vessel. 

8.3 Accidental events 
It is assumed that the entity conducting the testing of Apollo II would ensure that all applicable national 

and international safety standards were met throughout the testing expedition. Given that different 
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entities may have different safety and environmental management systems, and that the proposed 

testing activities do not currently have a sponsoring entity, a detailed account of the potential 

accidental events and mitigation measures in place to address these is not provided here. Instead a list 

of the potential accidental events is provided below, based on the detailed treatment that these have 

been given in prior EIS documents (GSR, 2018; BGR, 2018): 

- Spills of toxic substances from the ship 

- Apollo II hydraulic fluid leak 

- Apollo II hydraulic or electrical failure 

- Failure of the A-frame used to launch and recover Apollo II 

- Lift wire winch failure 

- Umbilical winch failure 

- Cursor system failure 

- Umbilical cable internal failure 

- Severing of the umbilical cable 

- Surface equipment Hydraulic Power Unit (HPU) failure   
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9 Environmental management, monitoring and reporting 
The template for Environmental Impact Statements (EIS) prepared to summarise the findings of an EIA 

conducted during exploration within ISBA/25/LTC/6/Rev.1 includes an environmental management, 

monitoring and reporting section. However, given that there is not currently a site within the CCZ or 

time period identified for the proposed testing of Apollo II, a detailed environmental management, 

monitoring and reporting section is not presented here. Instead, some of the key aspects for 

environmental management, monitoring and reporting are detailed, including the latest ISA 

recommendations and considerations from the scientific community. In the event that Apollo II is 

tested within the CCZ, it would be anticipated that this would involve preparing a detailed 

environmental management, monitoring and reporting section for the EIS, in line with the current ISA 

recommendations (ISBA/25/LTC/6/Rev.1).  

9.1 ISA recommendations for environmental management, monitoring and 
reporting  

An environmental management, monitoring and reporting section is included within the template for 

Environmental Impact Statements (EIS) prepared to summarise the findings of an EIA conducted during 

exploration (ISBA/25/LTC/6/Rev.1, Annex III). There is currently no requirement to prepare a separate 

Environmental Management and Monitoring Plan (EMMP) report for an activity conducted during 

exploration. However, at the exploitation phase, proponents would be expected to provide an EMMP 

report, which would be separate to the EIS. The environmental management, monitoring and reporting 

section within the EIS would provide an opportunity to highlight some of the key issues from the EIS 

that will be addressed in the full EMMP report (ISBA/25/C/WP.1).  

The template for the EIS to be prepared for an activity conducted during exploration does not provide 

detailed subsections for the environmental management, monitoring and reporting section 

(ISBA/25/LTC/6/Rev.1). However, it is anticipated that the content for this section would be similar to 

that in an EIS for exploitation, to include subsections on organizational structure and responsibilities; 

environmental management system; mitigation and management; monitoring plan; closure plan; and 

reporting (ISBA/25/C/WP.1).  

As part of the environmental management, monitoring and reporting section within an EIS for 

exploration, proponents are requested to provide detailed information regarding the identification of 

the Impact Reference Zone (IRZ) and Preservation Reference Zone (PRZ) identified for the proposed 

test activities (ISBA/25/LTC/6/Rev.1, para 38(o)). These details are provided below: 

 “Delineation of the impact reference zone and the preservation reference zone for the impact assessment of test-

mining. The impact reference zone should be the site where the test-mining and related direct impacts are to occur. 

The preservation reference zone should be carefully located and far enough away not to be affected by testing 

activities, including effects from seabed-disturbance and discharge plumes. The implementation of a good 

monitoring programme to detect any disturbance that may occur beyond the impact reference zone as a result of 

testing is crucial to rank the preservation reference zone location. Detection of physico-chemical and biological 

disturbances in the far field from the test-mining site (>10 km) shall be conducted. Preservation reference zones 

will be important in identifying natural variations in environmental conditions against which impacts of the mining 

tests will be assessed. Their species composition should be comparable to that of the impacted areas. Preservation 

reference zones established during an exploration test-mining should be within the contractor’s area if possible” 
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Further information provided within the Explanatory commentary to ISBA/25/LTC/6/Rev.1 suggests 

that the PRZ should be carefully located, that the PRZ needs to be large enough to be representative 

of the local environmental conditions, and that the PRZ should be beyond the range of environmental 

impacts from the testing activities. It is also suggested that whilst the PRZ should be within the 

contractor’s area, it should be sited outside the test area and areas influenced by seabed-disturbance 

(ISBA/25/LTC/6/Rev.1, Annex I, para 67). 

Also within ISBA/25/LTC/6/Rev.1 is a list of recommended measurements to be carried out after the 

testing activities have finished. These are provided below. Given that the proposed testing of Apollo II 

would not involve discharges from processing at the surface, some of these measurements would not 

apply. These are indicated in italics below: 

 “D. Observations and measurements to be made after undertaking an activity that requires an environmental 

impact assessment during exploration 

40. The contractor is to provide the Secretary-General with some or all of the following information, depending on 

the specific activity to be carried out: 

(a) Thickness of redeposited sediment and rock rubble over the area affected by the operational plume caused 

by the mining activity and by the discharge plume and changes in substrate heterogeneity; 

(b) Changes in species composition, diversity and abundance of pelagic (where applicable) and benthic 

communities, including microbes and protozoa, including recolonization, changes in foundation species, three-

dimensional-habitat-forming species, ecosystem engineers, bioturbation rates, chemical effects and changes in 

behaviour of key species (subjected to impacts such as smothering by sedimentation); 

(c) Possible changes in communities, including microbes and protozoa, in adjacent areas not expected to be 

perturbed by the activity, including discharge and seabed-disturbance plumes and food web structure; 

(d) Changes in the characteristics of the water at the level of the discharge plume during the mining test, and 

changes in the behaviour of the biota at and below the discharge plume (see also annex I, para. 13); 

(e) For mineral deposits, post-test-mining maps of the mined area, highlighting changes in geomorphology; 

(f) Levels of metals found in key and representative benthic biota subjected to sediment from the operational 

and discharge plumes; 

(g) Resampling of local environmental baseline data and evaluation of environmental impacts; 

(h) Changes in fluid flux and response of organisms to changes in hydrothermal settings, if relevant; 

(i) Changes in water currents and the response of organisms to changes in circulation.” 

9.2 Environmental management, monitoring and reporting within existing 
Environmental Impact Statements  

The two approved EIS documents for testing of mining components in the CCZ to date include 

extensive sections on environmental management, monitoring and reporting (GSR, 2018; BGR, 2018), 

largely reflecting the close relationship between the planned testing activities and the JPI-O 

MiningImpact2 project. For these testing activities, it was intended that the impacts created by Patania 

II would be analysed and monitored by the JPI-O MiningImpact2 scientific consortium, within both the 

BGR and GSR exploration contract areas (GSR, 2018; BGR, 2018). Both of these EIS documents also 

identify Impact Reference Zones (IRZs) and Preservation Reference Zones (PRZs), as envisioned within 

ISBA/25/LTC/6/Rev.1. 
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9.3 Scientific considerations for environmental management, monitoring and 
reporting 

To date, the ISA has not issued detailed recommendations for how monitoring should be conducted 

before, during and after testing of mining components, or how PRZs and IRZs should be identified for 

testing activities. Environmental considerations for IRZs and PRZs for nodule exploitation are provided 

by Jones et al. (2018), although some of these recommendations may not apply to the monitoring of 

impacts from small-scale testing activities. One of the major criticisms of some of the previous seabed 

disturbance tests conducted in nodule-bearing regions is that they were not designed with rigorous 

quantitative monitoring programmes in mind (Jones et al., 2017; Simon-Lledó et al., 2019). For 

appropriate PRZs and IRZs to be selected and rigorously monitored, as is envisioned within 

ISBA/25/LTC/6/Rev.1, a carefully designed monitoring programme would be needed. Detailed 

recommendations for the robust assessment of the impacts of testing mining components are 

provided by Jones et al. (2017) and are listed below:  

- Integrate plan to collect environmental data into plan for testing of mining components 

- Accurately and precisely quantify the nature and extent of the mining impact in space and time 

- Sampling should follow a predefined sampling design 

- Sufficient sample numbers should be obtained 

- Sufficient sample sizes should be obtained 

- High spatial accuracy in sampling is necessary for reinvestigations of disturbance tracks, and of 

areas with different sedimentation regimes 

- Multiple impacted and control sites should be assessed prior to impacts and during all subsequent 

studies 

- Methodologies should be standardized to improve comparability between sites 

- Provide comprehensive metadata and raw data in an accessible way 
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10 Consultation 
The template for Environmental Impact Statements (EIS) prepared to summarise the findings of an EIA 

conducted during exploration within ISBA/25/LTC/6/Rev.1 includes a consultation section. Within this 

section, it is anticipated that EIA proponents would be expected to detail the consultation that had 

been undertaken or was planned as part of the EIA process, including consultation methods, 

stakeholders and public consultation and disclosure (ISBA/25/C/WP.1). The two EIS documents which 

have been approved by the ISA to date do not feature dedicated sections on consultation (GSR, 2018; 

BGR, 2018) although both GSR and BGR subsequently voluntarily undertook national public 

consultation processes regarding their proposed testing of mining components (ISBA/25/LTC/4). 

It is expected that the proposed test of the Apollo II pre-prototype nodule collection vehicle in the CCZ 

would feature a public consultation process. This recommendation is detailed within the review 

process for an EIS submitted to the ISA with respect to an activity during exploration 

(ISBA/25/LTC/6/Rev.1, para 41). However, given that the proposed Apollo II testing activity does not 

have a confirmed test site within a CCZ exploration area, and by inference a sponsoring State, it was 

not considered appropriate to conduct any form of national public consultation here. However, In the 

event that Apollo II is tested within the CCZ, it would be anticipated that these activities would involve 

a public consultation phase, in accordance with ISA recommendations (ISBA/25/LTC/6/Rev.1) and the 

appropriate national legislation. 
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Appendix A – Risk Register for Potential Physicochemical and Biological Impacts 
 

The following Risk Register provides a descriptive summary of the potential risks from testing the Apollo II pre-prototype nodule collection vehicle in 

the CCZ. A quantitative risk assessment would require a series of measurements and observations to be taken both prior to and following testing of 

Apollo II. Further information on the measurements that would need to be taken before and after testing activities to quantify the impacts within this 

Risk Register is provided in the Legal and Technical Commission of the International Seabed Authority ‘Recommendations for the guidance of contractors 

for the assessment of the potential environmental impacts arising from exploration for marine minerals in the Area’ (ISBA/25/LTC/6/Rev.1). Information 

on specific aspects is provided in the following sections of ISBA/25/LTC/6/Rev.1: 
- Measurements to be taken prior to testing of mining components. Part III Environmental baseline studies, Section A: Information needed for baseline 

studies; Section B: Baseline data requirements. 
- Information to be provided regarding the testing equipment and test plan. Part VI Environmental impact assessment during exploration, Section C: 

Information and measurements to be provided by a contractor performing an activity requiring an environmental impact assessment during 
exploration. 

- Measurements to be provided following a testing activity. Part VI Environmental impact assessment during exploration, Section D: Observations and 
measurements to be made after undertaking an activity that requires an environmental impact assessment during exploration. 

Further details to aid the interpretation of all the above sections, including the methods for taking measurements and the rationale for consideration 

of particular impacts, are available in ISBA/25/LTC/6/Rev.1 Annex I: Explanatory commentary. 

 

Risk Register 

Component Activity/Hazard Event Potential Impact/Effect Mitigation 

Apollo II 

Raising/lowering 

vehicle through 

water column  

Light  
Disturbance of pelagic 

organisms 

Where possible, light emitted by Apollo II is minimised 

during descent/ascent. Apollo II’s lights can be individually 

switched off when not required and most lights would be 

switched off for descent/ascent. 

Noise  
Disturbance of pelagic 

organisms 

No thrusters would be used during the ascent/descent of 

the vehicle through the water column, apart from at the 

seafloor prior to landing and at the surface prior to 

recovery. This would help to minimise any impacts from 
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Risk Register 

Component Activity/Hazard Event Potential Impact/Effect Mitigation 

introduced sound. Where possible, use of moving parts 

during descent/ascent will be minimised to reduce levels of 

introduced sound.  

Contact with umbilical by 

pelagic fauna 

Potential entanglement of 

pelagic fauna 

Use of an umbilical management system to minimise slack 

of the umbilical would reduce the likelihood of pelagic 

fauna becoming entangled.  

Umbilical ‘kinking’ or 

vehicle entanglement 

The umbilical could become 

fatally damaged by ‘kinking’ or 

Apollo II could become 

entangled with the umbilical 

Use of an umbilical management system to minimise slack 

of the umbilical would reduce the likelihood of fatal 

‘kinking’ or Apollo II becoming entangled. 

Settling on seafloor 

and moving 

Localised disturbance of 

seafloor 

Localised changes to seafloor 

topography 

The test track would be clearly defined limiting 

unnecessary movement across the seafloor. The test plan 

would cover the smallest area possible to adequately test 

the equipment.   

Generation of small 

sediment plumes 

Localised smothering, or burial 

of organisms or food supply 

The test track would be clearly defined limiting 

unnecessary movement across the seafloor. The test plan 

would cover the smallest area possible to adequately test 

the equipment.   

Compaction of sediment 
Death of organisms in 

compacted areas 

The pressure exerted on the seafloor has been minimised 

through careful design. The test plan would cover the 

smallest area possible to adequately test the equipment.   

Noise from electric motor 

driving tracks, the tracks, 

and thruster 

Disturbance of benthic or deep-

pelagic organisms 

Use of a small thruster is needed just before the vehicle 

reaches the seafloor to turn the vehicle in the desired 
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Risk Register 

Component Activity/Hazard Event Potential Impact/Effect Mitigation 

driving direction. Thruster operation would be minimal and 

for as short a duration as possible to minimise impacts.  

The test track would be clearly defined limiting 

unnecessary movement across the seafloor and associated 

noise. The test plan would cover the smallest area possible 

to adequately test the equipment.   

Collector head and 

separator operation 

Collection of nodules and 

associated surface 

sediments 

Localised changes to seafloor 

topography 

The nodule collection tests would occur in the smallest 

area possible to adequately test the equipment.   

Changes to seafloor 

biogeochemistry 

The nodule collector has been designed to minimise 

sediment penetration and would only remove the top 6 cm 

of sediment. The nodule collection tests would occur in the 

smallest area possible to adequately test the equipment.   

Loss of surface bioactive layer 

and underlying sediment 

habitat 

The collector is designed to have maximum nodule pick-up 

efficiency, limiting sediment penetration and mobilisation 

as far as possible, without compromising the efficacy of 

nodule collection. Maximising nodule pick-up efficiency 

means smaller areas of the seabed need to be traversed 

for the same nodule yield, reducing the spatial extent of 

collector operation.  

Loss of nodule habitat 

The nodule collection tests would occur in the smallest 

area possible to adequately test the equipment. Allowing 

collected nodules to continuously return to the seabed 

means nodule habitat is not strictly ‘lost’ but re-

distributed. Some nodules would be buried by the 

returned sediment, other nodules may protrude above the 
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Risk Register 

Component Activity/Hazard Event Potential Impact/Effect Mitigation 

returned sediment layer, which may allow recolonization 

of fauna on the re-distributed nodules. 

Injury or death of nodule-

colonising and sediment-

dwelling organisms  

The nodule collection tests would occur in the smallest 

area possible to adequately test the equipment.  

Release of anoxic or toxic 

substances from the sediment 

The nodule collector would only remove the top 6 cm of 

sediment. This sediment layer, and sediments for 2 – 7 m 

below it, are oxygenated with any potentially toxic metals 

immobilised in solid oxyhydroxides.  

Sediment return following 

separation 

Burial of organisms by 

unconsolidated sediment  

Sediment return from the diffuser would blanket the entire 

2.5 m swath of the vehicle path, including the 1 m wide 

swath where nodules are removed, the 0.45 of swath 

either side of the collector where nodules have not been 

collected, and the 0.3 m of swath beyond this where no 

nodules are removed but the seafloor is compressed by 

the vehicle tracks. The nodule collection tests would occur 

in the smallest area possible to adequately test the 

equipment.  

Nodule return following 

separation 

Burial of organisms by 

separated nodules 

Nodules would be collected from a 1 m wide swath and 

deposited in the centre of this swath behind the vehicle 

following separation. Any organisms remaining in the 

sediment following nodule collection over the 1m swath 

would be buried by nodules and sediments in the central 

portion of the swath, and by sediments only in the 0.25 m 

either side of this. The nodule collection tests would occur 
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Risk Register 

Component Activity/Hazard Event Potential Impact/Effect Mitigation 

in the smallest area possible to adequately test the 

equipment. 

Creation of new nodule habitat 

consisting of nodules overlying 

and partially-buried by 

unconsolidated sediment  

Depositing the separated nodules continuously behind the 

vehicle may lead to an uneven distribution of returned 

nodules, potentially including periodic nodule piles. Some 

returned nodules would sink through the unconsolidated 

sediment left behind the vehicle, some nodules may 

protrude above the returned sediment layer. Nodules that 

protrude above the sediment layer may provide suitable 

habitat for recolonization of nodule fauna.  

Exposure to potentially toxic 

substances in crushed nodules 

The separator has been designed to minimise nodule 

disaggregation. Nodules would remain largely intact 

following separation from sediments within the separator. 

Creation of nodule fragments, which would be returned to 

the seafloor environment, is unlikely. 

Plume generation from 

hydraulic collector jets 

Clogging of organisms’ feeding 

apparatus by suspended 

particles 

The nodule collection tests would occur in the smallest 

area possible to adequately test the equipment. The 

potential plume generated by the hydraulic collector jets is 

anticipated to be considerably smaller than the plume 

generated by the diffuser. 

Reduction of bioluminescence 

by suspended plume disrupting 

biotic interactions 

The nodule collection tests would occur in the smallest 

area possible to adequately test the equipment. The 

potential plume generated by the hydraulic collector jets is 

anticipated to be considerably smaller than the plume 

generated by the diffuser. 
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Risk Register 

Component Activity/Hazard Event Potential Impact/Effect Mitigation 

Smothering of organisms by 

settled particles 

The nodule collection tests would occur in the smallest 

area possible to adequately test the equipment. The 

potential plume generated by the hydraulic collector jets is 

anticipated to be considerably smaller than the plume 

generated by the diffuser. 

Burial of organisms by settled 

particles 

The nodule collection tests would occur in the smallest 

area possible to adequately test the equipment. The 

potential plume generated by the hydraulic collector jets is 

anticipated to be considerably smaller than the plume 

generated by the diffuser. 

Burial of food supply by settled 

particles 

The nodule collection tests would occur in the smallest 

area possible to adequately test the equipment. The 

potential plume generated by the hydraulic collector jets is 

anticipated to be considerably smaller than the plume 

generated by the diffuser. 

Plume generation from 

diffuser 

Clogging of organisms’ feeding 

apparatus by suspended 

particles 

The nodule collection tests would occur in the smallest 

area possible to adequately test the equipment. The 

diffuser design reduces the velocity of the outflow and 

directs flow downwards to encourage particle settling, thus 

reducing the generation of sediment plumes. Use of a 

diffuser is expected to reduce the spatial extent of plume 

impacts. 

Reduction of bioluminescence 

by suspended plume disrupting 

biotic interactions 

The nodule collection tests would occur in the smallest 

area possible to adequately test the equipment. The 

diffuser design reduces the velocity of the outflow and 

directs flow downwards to encourage particle settling, thus 
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Risk Register 

Component Activity/Hazard Event Potential Impact/Effect Mitigation 

reducing the generation of sediment plumes. Use of a 

diffuser is expected to reduce the spatial extent of plume 

impacts. 

Smothering of organisms by 

settled particles 

The nodule collection tests would occur in the smallest 

area possible to adequately test the equipment. The 

diffuser design reduces the velocity of the outflow and 

directs flow downwards to encourage particle settling, thus 

reducing the generation of sediment plumes. Use of a 

diffuser is expected to reduce the spatial extent of plume 

impacts. 

Burial of organisms by settled 

particles 

The nodule collection tests would occur in the smallest 

area possible to adequately test the equipment. The 

diffuser design reduces the velocity of the outflow and 

directs flow downwards to encourage particle settling, thus 

reducing the generation of sediment plumes. Use of a 

diffuser is expected to reduce the spatial extent of plume 

impacts. 

Burial of food supply by settled 

particles 

The nodule collection tests would occur in the smallest 

area possible to adequately test the equipment. The 

diffuser design reduces the velocity of the outflow and 

directs flow downwards to encourage particle settling, thus 

reducing the generation of sediment plumes. Use of a 

diffuser is expected to reduce the spatial extent of plume 

impacts. 

Light 
Disturbance of benthic 

organisms 

No practical controls available. The lights on the Apollo II 

are required for safe vehicle operation on the seafloor.  
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Noise from collector pump 

and bouncing of nodules 

through collector duct and 

separator 

Disturbance of benthic 

organisms 

No practical controls available. The collector and separator 

would generate noise whilst they are operational. Nodule 

collection tests would occur in the smallest area possible 

to adequately test the equipment, limiting noise 

generated. 

Vibration from bouncing of 

nodules through separator 

Disturbance of benthic 

organisms 

No practical controls available. The collector and separator 

would generate vibration whilst they are operational. 

Nodule collection tests would occur in the smallest area 

possible to adequately test the equipment, limiting 

vibration generated. 

Organisms sucked into the 

collector 

Injury or death of organisms 

taken up by collector 

No practical controls available. Some nodule-dwelling 

organisms would be injured/killed during nodule collection 

and nodule/sediment separation.  

Hydraulic fluid leaks 
Very small volumes of fluid leak 

into the benthic environment 

Apollo II is designed to use minimal hydraulic fluid. All 

motor and power consumers are electric, and the motor is 

oil-free.  

Acoustic 

transponders 

Noise from acoustic 

transponders for 

underwater navigation 

Disturbance of pelagic 

organisms 

No practical controls available. Acoustic transponders are 

needed for the safe underwater navigation of Apollo II, 

although the sound generated by acoustic transponders is 

expected to be limited. 

Operation of all 

components 

Apollo II stops working/loss 

of power and/or 

communications 

Collector test cut short. Could 

result in the vehicle being left 

on the seafloor 

Design of umbilical load. Multiple component and full-

integration tests prior to on-site deployment. 
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Support 

vessels 

Vessel movement 

and operation to 

launch, follow and 

retrieve Apollo II 

Noise from vessel engines, 

pumps, propellers, 

echosounders, acoustic 

transducers for 

underwater navigation, 

Acoustic Doppler Current 

Profiler (ADCP) 

Disturbance of pelagic 

organisms 

No practical controls available. All vessel components are 

needed for the safe operation of the support vessels and 

Apollo II. 

Overnight light at the 

surface from vessel 

operations 

Disturbance of seabirds and 

pelagic organism 

No practical controls available. Bright deck lighting is 

needed overnight to ensure safe working conditions during 

24/7 operations at sea.  

Dynamic positioning 

fails/Power loss 

Apollo II could be dragged along 

the seafloor, damaging seafloor 

habitat/biota and Apollo II 

Umbilical management systems should prevent dragging 

Collision with other vessels 

Damage to vessels, injury to 

crew, spillage of oil/chemicals 

with sub-lethal/lethal impacts 

on surface biota 

Standard maritime procedures for collision avoidance. 

Consider establishing an exclusion zone around the testing 

site to divert vessel traffic. 

Sinking 

Loss of life, spillage of 

oil/chemicals with sub-

lethal/lethal impacts on 

surface/midwater/benthic biota 

Vessel is maintained according to national and 

international safety standards. Vessel is appropriate for the 

maritime conditions, crew are competent and receive 

appropriate training. Appropriate Emergency Response 

Plans are in place and sufficient life vessels/life support 

equipment are provided and properly maintained. 

Natural 

hazards 

Vessel and Apollo II 

operations 
Tropical storms/hurricanes 

Damage to Apollo II during 

launch/retrieval or inability to 

retrieve Apollo II 

Use of weather and early warning forecast system. Apollo 

II would only be launched during appropriate conditions 

and if these conditions are anticipated to continue for the 
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duration of the test dive. If conditions worsen, Apollo II 

would be retrieved early. 

Damage to ship whilst on 

station/in transit 

Use of weather and early warning forecast system. If the 

vessel has not yet departed, the test voyage may be 

postponed or even cancelled in the case of severe weather 

either current or forecast. If the vessel is already in 

transit/on station, in the case of severe weather the test 

voyage may be curtailed and the vessel may transit to the 

nearest safe harbour.   
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