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Executive summary 

In April 2019, an in situ technical test of a pre-prototype nodule collector vehicle (Patania-II) currently 

being developed by the Belgian company DEME-GSR is planned to occur in the eastern part of the 

German contract area for the exploration of polymetallic nodules in the Clarion-Clipperton Zone (NE 

Pacific). During the test, nodules will be collected from a limited ca. 100 x 900 m (~0.1 km2) area of 

seafloor at a water depth of ~4100 m over a time period of maximally 4 days. From a scientific point of 

view, the DEME-GSR pre-prototype collector trial offers unique opportunities to realistically and 

independently assess the environmental impact arising from a potential future nodule mining operation 

on the seafloor for the first time. This assessment is planned to take place in the framework of the 

European ñJoint Programming Initiative ï Oceansò project ñMiningImpact 2ò, which has been positively 

evaluated and is set to start on the 1st August 2018 for a time period of 3.5 years. The consortium of 30 

partners from scientific institutions and industry, spread out through 9 European countries, and the ISA, 

aims at delivering new and relevant state of the art information and knowledge on future deep-sea nodule 

mining by (1) developing, standardising and testing monitoring concepts and strategies, (2) investigating 

the presently poorly-known short and intermediate-term environmental impacts of nodule collection, that 

in turn feed into the proposition of potential mitigation measures and the development of spatial 

management plans, and (3) developing sound methodologies to assess risks and uncertainties that can 

be implemented in future regulations and guidelines. These goals, together with the sheer small size of 

the activity involved, show that the framework of the environmental impact assessment presented here is 

conceptually different to that of a full-scale, long-term industrial mining activity (in the framework of 

exploitation). It is important to note that the results of the proposed activity presented here are likely to be 

the primary inputs to Environmental Impact Statements and Assessments for system integration tests 

and eventually commercial-scale mining at a later stage.  

From a technological point of view, the testing of DEME-GSRs 4-m wide vehicle (one-quarter the size of 

a foreseen future prototype) equipped with hydraulic collector head components focusses on testing its 

manoeuvrability, reliability and nodule pick-up efficiency as part of an overall mining system, as well as 

analysing the anticipated environmental impacts in order to inform and improve system design. From a 

scientific point of view, the JPI-O MiningImpact 2 consortium will set up and evaluate a comprehensive 

monitoring programme that, amongst others, focusses on three major research topics associated with the 

test and future nodule mining: (1) the scale of environmental impact caused by a suspended sediment 

plume, (2) the regional connectivity of species and the biodiversity of biological assemblages and their 

resilience to impacts, and (3) the integrated effects of disturbance on ecosystem functions, such as the 

benthic food web and biogeochemical processes.  

Due to the small spatial and temporal scale of the testing activity, no serious harm will be caused to the 

marine environment at any depth within the water column. Moderate, small-scale impacts on faunal 

communities are expected to occur due to (1) habitat/nodule removal, (2) sediment disturbance and 

plume formation/deposition, (3) biogeochemical alteration of the sediment (i.e. change of habitat integrity), 

and (4) noise and light pollution. Toxicity of sediments that are released into the lower water column during 

nodule collection is very unlikely but will be evaluated. Using an integrated 3D hydrodynamic and 

sediment transport model developed by the University of Bremen, the distance that the suspended plume 

in the water column is likely to have spread after 4 days of testing is predicted to vary between 2.5 and 8 

km (cut-off value 10 mg/L), depending near-bottom current conditions. Direct sediment fallout from the 

plume reaches to maximally 2 km from the source (deposition Ó 0.1 mm). Boundaries of zero deposition 
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are set at 3.5 km and 8 km from the source, depending on the bottom current dynamics at the time of 

testing (mean flow versus enhanced flow during eddy passage, respectively). For the determination of 

geographical scale / sampling scale of the monitoring survey and the definition of impact zones in the 

Environment Monitoring Plan, these modelled results have been used as orientation, but may be adapted 

and/or refined prior to testing if necessary (e.g. due to refinement of models or collection of new baseline 

data shortly before the test takes place). Dedicated monitoring surveys will take place in the area of direct 

impact (nodule removal), the area of plume deposition surrounding the impact area (transects up to zero 

impact), and in a close-by, ecologically similar, non-impact reference site. 

The project is committed to organising, facilitating and effectively managing the archival of generated data 

and samples in databases with established structures and capabilities, such as PANGAEA and European 

museum collections, based on established protocols and best practices for research expeditions, the 

specific code of conduct for marine sciences, and ISAôs and the EUôs principles of data and knowledge 

sharing. Due to the independent nature of the scientific consortium analysing and monitoring the impacts 

created by the collector vehicle, the project offers a transparent, collaborative, adaptive and effective 

approach to the development and testing of mining technology. This should promote a greater 

understanding and comprehensive assessment of the environmental effects of future mining activities, 

the design of fit-for-purpose monitoring programmes, and environmentally and commercially responsible 

standard development.  

 

 



1. Introduction 

1.1 Background and rationale 

There has been a steady increase of interest in mining of deep-sea minerals during the last decade, as 

documented, for example, by the growing number of exploration contracts issued by the International 

Seabed Authority (ISA) and the ñBlue Growthò strategy of the EUôs Horizon2020 program funding marine 

mining technology projects, i.e. Blue Mining, Blue Atlantis, and Blue Nodules. In this context, the ISA is 

presently tasked with the drafting of Regulations on Exploitation of Mineral Resources in the Area (the 

most recent version being ISBA/23/LTC/CRP.3*), which are anticipated to be ratified by the Council and 

the Assembly by 2020. The current draft contains basic environmental regulations as an integral part of 

the exploitation regulations, but for most procedural steps more detailed requirements still need to be 

developed, e.g. specific environmental assessment criteria including quantitative thresholds (e.g. for 

harmful effects) that will ultimately ensure a level playing field for all contractors involved. Examples where 

thresholds are needed are impacted seabed habitat and sediment plumes (operational plume at the 

seafloor; discharge plume at mid-water depths or deeper). Furthermore, the draft exploitation regulations 

lack a concept of the ISA to foster the development of Best Available Technology for mining activities, 

specific requirements regarding environmental data to be provided and common standards for 

environmental surveys and monitoring plans (e.g. guidelines as in ISBA/19/LTC/8 for exploration 

activities). Acknowledging that, according to the Convention, all natural resources of the seabed and 

ocean floor and the subsoil of the Area belong to the common heritage of humankind, and considering 

(1) the extremely slow geological formation of the mineral resources, (2) the slow recovery of biological 

communities impacted by mining, and (3) the uniqueness of the deep-sea environment and its 

biodiversity, including the rareness of many species, the ISA is burdened with a high responsibility to meet 

the provisions of Article 145 of the United Nations Convention of the Law of the Sea (UNCLOS). Hence, 

it is necessary and timely to scientifically investigate the expected environmental impacts of deep-sea 

mining. 

Impacts from mining activities on the marine environment will differ between resource types, but two 

consequences appear to be common for all currently discussed mining technologies: the removal of the 

surface of the seafloor, including its epifauna, and the creation of a plume consisting of mineral debris 

and/or sediment that will spread and blanket untouched seafloor beyond the boundaries of the mined 

area. A first phase of the three-year European JPI-Oceans-funded project MiningImpact (www.JPI-

Ominingimpact.geomar.de), coordinated by Dr. Matthias Haeckel (GEOMAR, Kiel) between 2015 and 

2017 and involving 25 partner institutions from 11 countries, focused on impacts related to the harvesting 

of polymetallic nodules in the Pacific Ocean, particularly the longer-term (decadal) consequences. A 

second project phase of the MiningImpact project has now been positively evaluated by the JPI-O board, 

and is expected to run from 1st August 2018 until 28th February 2022. The consortium with 30 partner 

institutions from 9 countries and the ISA will extend its previous work towards three major research 

interests concerning deep-sea polymetallic nodule mining: (1) the large-scale environmental impact 

caused by a suspended sediment plume, (2) the regional connectivity of species and the biodiversity of 

biological assemblages and their resilience to impacts, and (3) the integrated effects on ecosystem 

functions, such as the benthic food web and biogeochemical processes. In this context, key objectives of 

the project are:  

¶ to develop and test monitoring concepts and strategies for deep-sea mining operations; 

http://www.jpiominingimpact/
http://www.jpiominingimpact/
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¶ to develop standardisation procedures for monitoring and definitions for indicators of a good 

environmental status;  

¶ to investigate potential mitigation measures, such as spatial management plans of mining operations 

and means to facilitate ecosystem recovery; 

¶ to develop sound methodologies to assess the environmental risks and estimate benefits, costs and 

risks; 

¶ to explore how uncertainties in the knowledge of impacts can be implemented into appropriate 

regulatory frameworks. 

Whereas the first project phase could only target, sample and investigate previous small-scale, 

discontinuously created disturbance/impact sites of the deep sea that were several decades to several 

weeks old, such as the DISCOL (Thiel and Schriever, 1990; Thiel et al., 2001) and IOM BIE experimental 

impact sites (Kotlinski and Stoyanova 1998; Radziejewska 2002), the second phase will focus strongly 

on setting up and evaluating a comprehensive monitoring program that will accompany an in situ test of 

a pre-prototype nodule collector vehicle (Patania-II) equipped with launch and recovery system that is 

currently being developed by the Belgian contractor DEME-GSR. During the test, polymetallic nodules 

will be harvested in two approx. 100 x 900 m (~0.1 km2) small, continuous test areas of the seabed in the 

Belgian and the German exploration contract areas of the Clarion Clipperton Zone (CCZ) in the NE Pacific 

Ocean. The pre-prototype mining collector vehicle consists of a 4-m wide collector head (one-quarter the 

size of a planned future collector) that harvests nodules hydraulically at a speed of 0.2-0.5 m/s. DEME-

GSR estimates that it will require 4 consecutive days to remove the nodules in each planned test area, 

assuming a track width of less than 4 m (i.e., allowing for some overlap). The nodules will be stored in a 

recipient box inside the collector, which will need to be emptied at the seafloor regularly (anticipated to 

happen at the end of each 40 to 100-m-long track, depending on the nodule abundance). There is no 

riser pipe attached to the collector vehicle during the trial, and no nodules will be transported to the sea 

surface. Besides the directly created footprint on the seafloor (nodule removal, compaction), the 

propulsion system of the vehicle and the hydraulic collector head mechanism will create an operational 

sediment plume that will spread outside of the mined area. The associated disturbance will be created in 

a controlled manner as foreseen for the future industrial exploitation phase. Hence, from a scientific point 

of view, the DEME-GSR pre-prototype collector trial offers unique opportunities to realistically and 

independently assess the environmental impact arising from a nodule mining operation at the seafloor for 

the first time. This is a critical step forward, as upscaling of the ñsmall-scaledò experiments as they have 

been undertaken in the past, such as the Benthic Impact Experiment II (BIE II: Brockett and Richards, 

1994; Tsurusaki, 1997), the Japan Deep-Sea Impact Experiment (JET: Barnett and Suzuki, 1997) and the 

IOM BIE, is a very difficult if not impossible task.  

The extreme environmental conditions within the salt water environment of the deep sea, with pressures 

of ca. 500 bar and temperatures of ca. 2ÁC, necessitate the development of an extremely resistant 

technology for the future mining of manganese nodules. The general aim is to develop a system that is 

both economically viable and that exerts an as low as possible impact on the environment (Best Available 

Technology). From a technological point of view, the testing of DEME-GSRs collector vehicle equipped 

with hydraulic collector head components in the forefront of any larger test-mining activity focusses on 

testing its manoeuvrability, reliability and nodule pick-up efficiency as part of an overall mining system, as 

well as analysing the anticipated environmental impacts in order to inform and improve engineering 

design. Due to the independent nature of the scientific consortium analysing and monitoring the impacts 

created by the collector vehicle, the project offers a transparent, collaborative, adaptive and effective 

approach to the development and testing of mining technology. This should promote a greater 
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understanding and comprehensive assessment of the environmental effects of future mining activities, 

the design of fit-for-purpose monitoring programmes, and industry-led standard development. 

1.2 Project proponent and history: German license area 

The ISA and the Federal Institute for Geosciences and Natural Resources (BGR) in Hannover, Germany 

signed an agreement regarding the exploration of polymetallic nodules in the CCZ on 19th July 2006, for 

a contract period of 15 years. The German exploration license area encompasses a total area of 75,000 

km2, divided into two regions with an area of 15,000 km2 in the central part and an area of 60,000 km2 in 

the eastern part of the manganese nodule belt within the CCZ (FIGURE 1.1). This deep-sea area located 

between Hawaii and Mexico is characterised by water depths between 4000 and 6000 meters and is 

densely covered with polymetallic nodules, also called manganese nodules. They on average contain 

30% manganese and about 3% of copper, nickel and cobalt. Especially these last three metals form an 

important future source of raw material. Further trace metals occurring in economically significant 

concentrations in the nodules are titanium, molybdenum, lithium and neodymium. The manganese nodule 

resource in the German license area comprises ca. 900 million tons wet weight, which translates to ca. 

600 million tons dry weight. 

 

 

Figure 1.1: Manganese nodule exploration contract areas in the CCZ, NE Pacific Ocean (status July 2014). 
Location of the German (BGR) license area (two sub-regions) is indicated in orange. Source: International 
Seabed Authority (ISA).  

The regulations on prospecting and exploration of manganese nodules adopted by the ISA require each 

contractor to gather environmental baseline data during the 15 years exploration phase (see CHAPTER 2.1). 
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Based on such data, the likely effects of possible future mining can be estimated and assessed before 

intervention within the deep-sea realm actually takes place. Studies of benthic species composition, 

population densities and connectivity form the most important component of these environmental 

analyses. In addition to the collection of biological data, detailed analyses of the oceanographic and 

sedimentological characteristics of the license area must be carried out (e.g. current strengths and 

directions; particle concentrations and fluxes in the water column; shear strengths, composition and grain 

size of the sediment; seafloor topography). The BGR has carried out a total of eight exploration cruises 

to the German license area between 2008 and 2016. Five of these cruises focussed primarily on detailed 

analyses of the manganese nodule resource potential and its economic value as well as environmental 

baseline conditions and biodiversity (Wiedicke-Hombach et al., 2009, 2010; R¿hlemann et al., 2014, 

2015, 2017). A joint French-German cruise (BIONOD) was dedicated to the detailed analysis of benthic 

communities (R¿hlemann et al., 2012), and two cruises (SO-205, SO-240) financed by the German 

Federal Ministry of Education and Research (BMBF) focussed on processes involved in manganese 

nodule formation (R¿hlemann et al., 2010; Kuhn et al., 2015). The CCZ cruise of the first JPI-O 

MiningImpact project phase also visited the eastern German license area (Mart²nez Arbizu and Haeckel, 

2015). Biologists from the German Centre for Marine Biodiversity Research (DZMB Senckenberg) in 

Wilhelmshaven, Germany have accompanied all BGR cruises since 2010 and have, in addition to 

standard morphological analyses, collected a total of ca. 50,000 individual specimens of benthic fauna for 

the analysis of deep-sea biodiversity in the German license area based on molecular-genetic techniques. 

The samples which have been analysed so far generally reflect a high faunal abundance and diversity. In 

general terms, the German license area can be considered to be one of the best studied areas of the 

CCZ, particularly when considering the quality and availability of baseline environmental data at and close 

to the seafloor (as outlined in CHAPTER 4 and CHAPTER 5). It is thus seen to be an extremely suitable site for 

the testing and environmental monitoring of mining components as outlined in CHAPTER 1.1 above. 

Furthermore, a ninth exploration cruise to the eastern German license area with the German research 

vessel SONNE in April/May 2018 will dedicate much of its ship time to the high-resolution analysis of 

baseline sedimentological, geochemical, oceanographic and biological conditions in the area envisaged 

for collector vehicle testing in the forefront of the start of the MiningImpact 2 project in August 2018, 

including the deployment of moorings to measure background current, turbidity and sediment flux 

conditions in the time period from April 2018 to shortly before the test occurs in April 2019.   

1.3 Objectives and structure of the proposed project 

The main goal of the JPI-O MiningImpact 2 project is to reduce existing knowledge gaps and uncertainties 

concerning the potential environmental impacts of deep-sea polymetallic nodule mining as set out in 

CHAPTER 6 and CHAPTER 7. The overall aims of the project are reflected in the project structure (see FIGURE 

1.2): three work packages (WPs) address the biodiversity, connectivity and resilience of biological 

assemblages (WP1), the impact and behaviour of the sediment plume (WP2), and benthic ecosystem 

functions and processes (WP3), while WP4 facilitates data exchange and archival storage in the project. 

Furthermore, three cross-cutting themes (CCTs) ensure integration of the different aspects into a coherent 

work flow at sea to accomplish an effective monitoring of the collector trial (CCT1), to synthesize scientific 

results into a comprehensive assessment of environmental impacts (CCT2), and to develop joint policy 

recommendations on risks and best practices of deep-sea mining operations (CCT3). WP5 will coordinate 

the project activities and communicate and disseminate project results. 
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Figure 1.2: Structure of the JPI-O MiningImpact 2 project. 

1.3.1 BIODIVERSITY, CONNECTIVITY, RESILIENCE (WP1) 

The primary goal of WP1 is to understand the regional distribution patterns and biodiversity of biological 

assemblages, i.e. microbes, meiofauna, macrofauna and megafauna, and their resilience to disturbances 

arising from mining operations. 

Specific objectives to be addressed are: 

¶ to assess standing stocks, biodiversity as well as taxonomical and trophic composition of the 

biota in relation to environmental spatial variability; 

¶ to increase knowledge on taxonomical and functional biodiversity, biogeography and connectivity 

by applying integrated molecular and morphological approaches; 

¶ to determine biodiversity indicators of ñGood Environmental Statusò and to assess the short-term 

impact of nodule collector trial on benthic assemblages as a function of disturbance intensity and 

habitat variability; 

¶ to assess the resilience of biological assemblages and individual species at various spatial and 

temporal scales; 

¶ to develop and test molecular methods and protocols for biodiversity assessment and 

environmental monitoring. 

1.3.2 FATE AND TOXICITY OF THE SEDIMENT PLUME (WP2) 

The primary goal of WP2 is to understand the dispersion, fate and toxicity of the operational sediment 

plume arising from mining operations. 

Specific objectives to be addressed are: 

¶ to monitor sediment plume dispersal, plume sediment redeposition, and numerical modelling of 

near-field and far-field plume dynamics including particle aggregation processes; 
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¶ to characterise the physical and chemical properties of the plume in space and time using both 

field data and ex situ experiments (particle aggregation processes and fate, trace metal 

dynamics); 

¶ to quantify the spatial and temporal ecological effects of the sediment plume on benthic and 

planktonic fauna: tolerance to increased suspended particle concentration, physiological and 

eco-toxicological effects (e.g. bioaccumulation, biomarkers, toxicity bioassays), epigenetic 

alterations, shifts in coral and deep-water microbial assemblages, reproductive aspects and 

larvae viability. 

1.3.3 BIOGEOCHEMISTRY AND ECOSYSTEM FUNCTIONING (WP3) 

The primary goal of WP3 is to understand the changes in local spatial variability of sediment physical 

characteristics and biogeochemical processes in the study area induced by mining operations. 

Specific objectives to be addressed are: 

¶ to investigate the local spatial variability of sediment physical characteristics and biogeochemical 

processes in the study area; 

¶ to quantify the changes induced by the collector trial with respect to the spatial extent of direct 

(e.g., surface sediment and nodule removal, sediment compaction, pore water release) and 

indirect mining impacts (sediment blanketing) on physical sediment properties (e.g., shear 

strength, water content), redox zonation, diagenetic fluxes (e.g., oxygen, nutrients, Mn, Fe, trace 

metals) and biogeochemical processes including particulate and dissolved organic matter 

degradation and trace metal reactions; 

¶ to investigate the effects of mining activities on microbial ecology and functions with a focus on 

organic matter remineralization, productivity, and mortality (microbiological and molecular tools, 

tracer incubations); 

¶ to investigate the effects of suspended and resettled sediment plumes and differences in nodule 

coverage on organic matter remineralisation by benthic communities, including microorganisms, 

meio-, macro- and megafauna (in situ experiments and food web models). 

1.3.4 DATA AND SAMPLE MANAGEMENT (WP4) 

The primary objectives of WP4 are: 

¶ to organise long-term storage of the generated data and collected samples; 

¶ to facilitate sharing of data and knowledge between project partners as well as distribution of 

sample material to partners not able to join the cruises; 

¶ to develop and implement new video annotation and geospatial browsing capabilities for the 

BIIGLE 2.0 software; 

¶ to develop and implement a central global BIIGLE server to improve collaboration support and 

knowledge exchange. 
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1.3.5 PROJECT DISSEMINATION AND COORDINATION (WP5) 

Building on the experiences and the established contact network of the first project phase, WP 5 will: 

¶ organise workshops with policymakers, NGOs, ISA contractors and interested industry as well 

as countries planning offshore mining operations in their EEZ to communicate project results and 

discuss implications; 

¶ communicate the project results to inform the public about the topic of deep-sea mining; 

¶ organise sessions on deep-sea mining at international scientific conferences such as EGU, 

Goldschmidt, AGU, UMC. 

1.3.6 PLUME MONITORING AND HABITAT/DISTURBANCE 
CHARACTERISATION (CCT1) 

The project will investigate the dispersal of a mining plume in great detail, complemented by in situ and 

ex situ sediment exposure studies. All onsite data will be fed into a near-field plume model which will be 

used both for ground-truthing of the model and to carry out prognostic plume dispersal simulations under 

varying hydrodynamic conditions. In this context, CCT1 focuses its efforts on the planning and execution 

of the monitoring of the sediment plume created by the nodule collector trial. This requires a combination 

of in situ real-time measurements with on-board experiments and shore-based numerical sediment plume 

simulations (WP2) as well as site selection for baseline and impact sampling (WP1 and WP3). Thus, 

CCT1 has the following objectives: 

¶ planning of the monitoring cruise, also with regards to an Environmental Impact Monitoring Plan 

layout: planning of habitat mapping, preparation of the plume monitoring program advised by 

numerical oceanographic and sediment plume dispersal modelling prior and during the cruise; 

¶ coordination of calibration of sensors and agreement on joint data processing techniques and 

best practices; 

¶ pre-impact assessment of the habitat distribution by high resolution mapping (hydroacoustic and 

optical mapping using AUV and ROV) during the cruise; 

¶ coordination of the overall in situ monitoring plan of the plume induced by the nodule collector as 

well as the post-impact assessment; 

¶ coordination and verification of in situ and ex situ experiments prior to and during the cruise with 

regards to particle behaviour; 

¶ evaluation of the usefulness and efficiency of employed monitoring technologies and sensors 

and provide respective recommendations for best practices. 

1.3.7 DISTURBANCE EFFECTS IN TIME AND SPACE (CCT2) 

Given the interactions of multiple stressors and pressures, an integrated assessment of cumulative and 

interactive impacts is required, reflecting different biological, biogeochemical and physical data, and 

identifying the sensitivity of different ecosystem components. Furthermore, potential mitigation 

mechanisms will be investigated by initiating restoration experiments. Specific objectives to be addressed 

by CCT2 are: 
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¶ identification of the scale and magnitude of integrated changes in biological communities and 

ecosystem function in relation to different disturbance effects; 

¶ development of tools for integrated (cumulative) environmental impact assessment; 

¶ testing of tools and concepts for recovery facilitation. 

1.3.8 ENVIRONMENTAL RISK ASSESSMENT AND POLICY 
RECOMMENDATIONS (CCT3) 

One overarching goal of the project is to investigate how the knowledge on environmental impacts and 

risks as well as concepts for monitoring and spatial management of deep-sea mining operations can be 

implemented into appropriate legal frameworks of the ISA, the EU and individual countries. 

Specific topics to be addressed are: 

¶ identification of pathways towards developing a sound methodology of risk assessment for the 

utilisation of marine resources that takes into consideration the current state of knowledge on 

marine ecosystems; 

¶ proposition of methodologies for the risk assessment of the environmental hazard of plumes, 

such as Weight of Evidence (WOE) and Environmental Hazard and Impact Identification 

(ENVID); 

¶ development of concepts for minimising harmful impacts on the environment arising from mining, 

such as: spatial management planning of mining operations; defining criteria for Preservation 

Reference Zones, conservation areas, marine protected areas; applying the concept of ógood 

environmental statusô from environmental management; 

¶ establishment of non-compliance procedures and a legal framework for a liability regime for 

environmental damage; 

¶ information exchange with the ISA and their contractors, EU, countries with marine mineral 

resources, mining-interested industry, NGOs; 

¶ establishment of a systematic approach for estimating the overall benefits, costs and risks 

stemming from seabed operations, implying undertaking cost-benefit and risk-benefit analysis. 

1.4 This report 

The most important element of the environmental impact assessment (EIA) presented here is the 

description of the collector vehicle test in the framework of a scientific project (JPI-O MiningImpact 2) that 

in itself aims at delivering new and relevant scientific information and knowledge on deep-sea polymetallic 

nodule mining by (1) developing, standardising and testing monitoring concepts and strategies, (2) 

investigating the presently poorly-known short and intermediate-term environmental impacts of nodule 

collection that in turn feed into the proposition of potential mitigation measures and the development of 

spatial management plans, and (3) developing sound methodologies to assess risks, benefits and 

uncertainties that can be implemented in future regulations and guidelines. These goals, together with 

the sheer small size of the activity involved, which is comparable in spatial extent and severity to those of 

the benthic impact experiments (BIEs) that were carried out in the CCZ in the eighties and nineties (JET 

BIE, IOM BIE, NOAA BIE), show that the framework of the EIA presented here is conceptually different 

to that of a full-scale, long-term industrial mining activity (in the framework of exploitation). It is important 
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to note that the results of the proposed activity presented here are likely to be the primary inputs to 

Environmental Impact Statements and Assessments for system integration tests and commercial-scale 

mining at a later stage. 

There are no distinct ISA regulations and guidelines for environmental impact assessment during the 

exploration phase. According to 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/19/LTC/8), each contractor is obliged to submit an impact assessment to the ISA when activities 

such as those listed in Section IV B of the above-mentioned document are undertaken. Such activities 

include (1) the use of systems to create artificial disturbances on the seafloor (paragraph 19(b)), and (2) 

if any one sampling activity by epibenthic sled, dredge or trawl, or a similar technique, exceeds 10,000 

m2 (paragraph 31). The planned activities of testing a collector vehicle on 90,000 m2 of seafloor (900 x 

100 m) in the German license area as outlined in CHAPTER 1.1 above meet both of these requirements for 

the submission of an impact assessment to the Secretary-General of the ISA. A similar obligation for 

environmental impact assessment of the collector trial in the Belgian license area exists and will be 

formulated and submitted to the ISA by the Belgian contractor. There is no obligation for public 

consultation at this stage of the process (communication with the Secretary-General of the ISA), neither 

are there any guidelines or templates available that go beyond Section IV C of ISBA/19/LTC/8 (information 

to be provided by the contractor) to guide contractors in developing impact assessments during the 

exploration phase. This means that specific requirements regarding the environmental data to be 

provided and common standards for impact-related environmental surveys and monitoring plans are not 

available at this point in time.  

On the whole, the structure and content of this EIA report has sought guidance from the draft template for 

an Environmental Impact Statement as laid out in Annex V of the Draft Regulations on Exploitation of 

Mineral Resources in the Area of August 2017 (ISBA/23/LTC/CRP.3*) and indeed from many of the ISA-

related preceding EIA documents (ISA 2012, 2017; Clark et al., 2017), but has some essential differences. 

Due to the fact that environmental impacts of the collector vehicle test will be greatly limited to the direct 

vicinity of a small area of seafloor (0.1 km2) for a very short period of time (4 days per test area), socio-

economic considerations are not included here. The scale of the environmental impact caused by the 

collector test is in fact well within limits of that which could be considered to be scientifically acceptable 

for the conduct of marine scientific research in the Area (Article 256 UNCLOS). Also, as nodules will not 

be transported to the sea surface for commercial purpose there is no developmental context to this EIA 

(e.g., no transport / materials handling, on-site processing, commissioning and decommissioning, product 

stewardship, closure plan). Furthermore, as collector vehicle testing ceases in the planned area after 4 

days of activity, an ongoing Environmental Management System that follows a clear environmental policy 

is obsolete and a relatively simple Environmental Impact Monitoring Plan is presented that, for example, 

does not include long-term conservation goals. In this project, the benefit for the contractor and 

sponsoring State (Germany) as well as the wider stakeholder community is purely in the form of 

advancement in applied science and policy related to potential future polymetallic nodule mining in the 

CCZ.  

 

 

 

 



2. Policy, legal and administrative context 

2.1 Applicable mining and environmental legislation, agreements and 
policies 

The activity that is the subject of the present environmental impact assessment (EIA) is being conducted in "the 

Area" as defined by the 1982 United Nations Convention of the Law of the Sea (LOSC), i.e., on the seabed and 

ocean floor and subsoil thereof beyond the limits of national jurisdiction (LOSC Article 1 (1) (1)). It is the 

responsibility of the International Seabed Authority (ISA) to organise and control activities in the Area, particularly 

with a view to administering the resources of the Area (LOSC Article 157), in accordance with the legal regime 

established in Part XI of the Convention (Implementing Agreement) and Part XII of the Convention, respectively. 

The activity will take place in the German contract area for the exploration of polymetallic nodules. An agreement 

on exploration for polymetallic nodules was signed between the ISA and the German Federal Institute for 

Geosciences and Resources (BGR) on 19 July 2006 for a time period of 15 years. Rules, regulations and 

procedures for exploration are set out in the ISA Mining Code for polymetallic nodules (ISBA/19/C/17). The 

testing of collector components planned to take place in the Eastern German license area in April 2019 is part 

of exploration activities under the current exploration contract.  

The activity is governed by the LOSC, its 1994 Implementing Agreement (IA) and the rules, regulations and 

procedures issued by the ISA. Relevant appropriate national requirements by the sponsoring State (in this case 

Germany) must also be observed (see CHAPTER 2.3). The EIA for the activity planned here has been carried out 

in accordance with the requirements set out in the legally binding instruments listed above. Note that the 

International Court of Justice (ICJ) has held that general international law does not ñspecify the scope and 

content of an environmental impact assessmentò (paragraph 205 of the Judgment of 20 April 2010 in Pulp Mills 

on the River Uruguay, Case No. 135). 

Given the absence of specific legally binding ISA regulations, standards, practices and/or guidelines for the 

development of an EIA during the exploration phase, the present EIA has also sought guidance from the 

following as appropriate:  

¶ 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/19/LTC/8);  

¶ the 1 February 2011 Advisory Opinion by the Seabed Disputes Chamber of the International Tribunal 

for the Law of the Sea: RESPONSIBILITIES AND OBLIGATIONS OF STATES SPONSORING 

PERSONS AND ENTITIES WITH RESPECT TO ACTIVITIES IN THE AREA (Case No. 17) (which 

includes guidance relevant here on - in alphabetical order for ease of reference here -: best available 

technology, best environmental practices, due diligence, environmental impact assessment, and the 

precautionary approach; 

¶ ISA Technical Studies No. 10 (ISA, 2012) and No. 16 (ISA, 2017); 

¶ the current version of the ISA Draft Regulations on Exploitation of Mineral Resources in the Area 

(ISBA/23/LTC/CRP.3*).  

According to the procedure set out in the above-mentioned Recommendations (ISBA/19/LTC/8), a contractor 

"is to [submit] an environmental impact assessment to the Secretary-General at least one year before the activity 
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takes place and at least three months in advance of the annual session of the Authority". The planned date of 

submission for this EIA is 31 March 2018. The data output of the collector components test planned here will 

inform equipment design and contribute to the development of an Environmental Impact Statement for eventual 

future exploitation.  

2.2 Relevant international and regional agreements 

International conventions to which Germany is a party that are potentially relevant to the activities planned in this 

EIA have been taken into account. These include: 

 (1) The Conventions administered or hosted by the International Maritime Organization (IMO): The 

activities proposed here require use of vessels at sea. International shipping, safety, and ship-based marine 

pollution prevention obligations apply to this activity. The proponents must and will ensure that all vessels 

involved in the activity proposed here comply with these international obligations.   

(2) The 1992 Convention on Biological Diversity (CBD): The CBD's objectives include in relevant part: "the 

conservation of biological diversity [and] the sustainable use of its components." (Article 1). The CBD is 

sometimes invoked as potentially applicable in the context of activities in the Area. Unfortunately, the CBD's 

relationship to the Law of the Sea Convention with regard to activities in the Area is unclear and has not been 

judicially interpreted. Furthermore, the extensive qualification of the CBD's obligations with the language  "in 

accordance with [the Contracting Party's] particular conditions and capabilities" and "as far as possible and as 

appropriate", whose effect has also not been judicially interpreted, render the actual extent of its obligations on 

Parties unclear with regard to activities in the Area (and in general). In consequence, the applicability of the CBD 

in this context is both unclear and highly questionable. 

2.3 National agreements 

Activities related to the prospecting and exploration of marine mineral resources in the Area are regulated in 

Germany by the Gesetz zur Regelung des Meeresbodenbergbaus (Meeresbodenbergbaugesetz ï MbergG) 

that came into effect on 6 June 1995. The main purpose of the MBergG is to assure compliance of sponsored 

entities with all obligations arising from Part XI and Annex III of the Convention, the Implementing Agreement 

and all Regulations issued by the Authority. Prospection and exploration activities in the Area are solely 

supervised by the State Authority for Mining, Energy and Geology (LBEG) in Clausthal-Zellerfeld (Lower 

Saxony). All German applications for prospecting and exploration activities in the Area require previous approval 

by both the Secretary-General of the ISA and the LBEG. For the approval process, expert opinion on matters 

relating to maritime traffic and environmental protection is obtained from the Federal Maritime and Hydrographic 

Agency (BSH) in Hamburg. The BSH should, in turn, seek for a mutual agreement in opinion on environmental 

matters with the German Environment Agency (UBA) in Dessau. 

The testing of collector components in the Eastern German license area and the associated monitoring of its 

environmental impacts in the framework of the European JPI-O MiningImpact 2 project is an essential step 

towards preparing for a pilot mining test and is covered by the exploration contract with the ISA as per its 

Standard Terms. However, the BGR as contractor is obliged to consult with the LBEG and BSH whether 

additional requirements for the activity are necessary according to Ä 4 Article 9 MBergG.    

 



3. Project description 

3.1 Purpose of the proposed project 

A proposal for a second phase of the European JPI-O MiningImpact project has been positively evaluated 

and is set to start on the 1st August 2018 for a time period of 3.5 years. The consortium of partners from 

science and industry aims at setting up and evaluating a comprehensive monitoring programme that will 

accompany tests of a pre-prototype nodule collector vehicle (ı industrial-scale size) that is currently being 

developed by the Belgian contractor DEME-GSR. During the tests, polymetallic nodules will be harvested 

in two approx. 100 x 900 m small, continuous test areas of the seabed in the Belgian and the German 

exploration contract areas of the CCZ, respectively. This EIA covers the German license test area only; 

the test in the Belgian license area is subject to a separate EIA that will be submitted by the Belgian 

contractor. The background and rationale to the proposed project are provided in CHAPTER 1.1, and the 

objectives of the project are listed in CHAPTER 1.3. 

3.2 Location 

The collector vehicle test will take place in the Eastern German license area, in an economically 

prospective nodule field called ñProspective Area #1ò, or in short PA1 (see FIGURE 1.1 and FIGURE 4.1 for an 

indication of the location of the area in a regional context). The target area is in the western part of PA1 

(FIGURE 3.1), an area that has been subject to detailed resource analyses as well as environmental 

analyses during the last few years (see CHAPTER 4 and CHAPTER 5 for details). Starting in 2013, three BGR 

exploration cruises (R¿hlemann et al., 2014, 2015, 2017) and two research cruises with RV SONNE ï 

the JPI-O MiningImpact cruise (Mart²nez-Arbizu and Haeckel, 2015) and a cruise focussing on the heat 

flow regime in the crust (Kuhn et al., 2015) ï have visited PA1 and carried out detailed investigations and 

sampling schemes there.    
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Figure 3.1: Bathymetric map of the eastern part of the Eastern German license area showing the locations of 
two manganese nodule prospective fields PA1 and PA2 as well as the location of a Preservation Reference 
Zone (PRZ) that was defined in 2013 and has been subject to annual biological investigation. Dots indicate 
positions of box corer stations (status 2015). The area planned for the collector vehicle test lies in the northern 
part of the well-investigated area PA1-West, as shown by the black star in the figure. 

PA1-West is an area with a relatively flat seafloor, a depth of around 4100 m and a size of ca. 250 km2 

(FIGURE 3.2). It is mostly covered with large nodules (> 4 cm diameter), and represents the best-studied 

area within the German license area and perhaps even within the whole CCZ (see FIGURE 4.3). The entire 

German license area has been mapped with 120 m grid size using the Kongsberg 12 kHz multibeam 

echosounding system EM 120 (e.g. FIGURE 4.1), and parts of PA1-West have additionally been mapped 

using an EM 122 system and at a high resolution of ca. 1 m with (i) the BGR-owned deep-towed 

multibeam system HOMESIDE, and (ii) the GEOMAR-owned AUV Abyss. Sediments and nodules of 

PA1-West have been intensively sampled for nodule geochemical and resource evaluation as well as for 

biological and environmental analyses. To date, 93 successful box core samples and 32 multicore 

samples were retrieved from PA1-West (FIGURE 4.3). The average sample distance between box corer 

samples is 1330 m. Furthermore, six several-km-long video tracks were obtained from the area, as well 

as photo footage from the GEOMAR ROV Kiel 6000. Biological material for genetic macrofaunal analyses 

was obtained from 7 epibenthic sled tows. In this regard, the epibenthic sled and the multicorer were 

deployed in the same area and at the same locations in four consecutive years in a predefined Impact 

Reference Zone (IRZ ï see FIGURE 4.1 for location) in order to obtain information on interannual variability 

in macrofaunal and meiofaunal assemblages. Water column oceanographic studies have been carried 

out using 15 CTD casts, and by mooring current meters close to the seafloor (4 positions) over a time 

period of three consecutive years. Further oceanographic information was retrieved by mooring 2 landers 

with current meters and a thermistor chain close to the seafloor during a time period of 9 weeks in spring 

2015 (MiningImpact cruises). Last but not least, surface waters were sampled by plankton net and rosette 

to obtain information on plankton assemblages. 
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Figure 3.2: Bathymetry of PA1-West. The collector vehicle test will take place within the blue rectangular area 
in the northern part of PA1-West, shown here exemplarily by the black rectangle. The green square represents 
an area of intensive previous analysis that will be used as a control reference site for the test (see also FIGURE 

4.3). 

The larger area within which the collector vehicle test will take place lies in the northern part of PA1-West 

(illustrated by the blue rectangle in FIGURE 3.2) so as to make optimal use of all the baseline data that have 

been collected in the area so far, but also to be at a reasonable distance away from the area in which 

yearly samples have been taken and will still be taken in the future for biological time series analyses, 

and which represents an ideal control reference site for the test (represented by the green square in 

FIGURE 3.2 and FIGURE 4.3). The exact location of the ca. 100 x 900 m test area (0.1 km2) within this larger 

blue rectangular area with a size of 20 km2 will to some extent depend on prior habitat mapping efforts 

using ship- and AUV-based bathymetric and optical information (e.g. on nodule coverage, geology) as 

well as geological, sedimentological and biological data that will be obtained (i) during a BGR exploration 

cruise with RV SONNE in April/May 2018, and (ii) shortly before the test (March 2019) during the first 

cruise leg with RV SONNE as part of the MiningImpact 2 project. One possible location for the collector 

test based on the best available information at the moment is indicated by the black rectangle in FIGURE 

3.2 and FIGURE 4.3, but the exact position will be determined when more information, especially on near-

bottom current dynamics and possible direction of plume dispersion, becomes available shortly before 

the test activity starts (see CHAPTER 8.2 for details on the monitoring approach and programme). 
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Figure 3.3: High-resolution deep-towed bathymetry obtained from HOMESIDE (BGR-owned instrument) with a 
resolution of about 1 m superimposed on ship-based EM 120 bathymetry (resolution ca. 100 m) of the northern 
part of PA1-West. The blue rectangle illustrates the larger area that is deemed suitable for the collector vehicle 
test. Black lines represent video sledge tracks from 2016; red dots represent box corer positions. 

The 20 km2-large area that has been chosen as a suitable site for the collector test comprises a flat 

abyssal plain that lies in between two small, ca. 60-m-high hills to the north and the south with relatively 

steep slopes of between 15Á and 25Á (blue rectangle in FIGURE 3.2 and FIGURE 3.3). These elevated features 

dip gently to the east, whereas steep flanks occur to the south and west. Depressions or holes were also 

found at the southern and western flanks of these features, which could be interpreted to be the result of 

scouring due to currents at the lee side of hills. Slopes are < 3Á throughout most of the planned test area 

(FIGURE 3.4), and the area is free of roundish to oval depressions with depths of up to 6 m, slopes of up to 

6Á and a size of up to 450 x 120 m that are typical for the well-sampled abyssal plain a couple of kilometres 

to the south (Mart²nez-Arbizu and Haeckel, 2015; R¿hlemann et al., 2017). Based on acoustic backscatter 

data of the 12 kHz multibeam echosounding system EM 120, and ground-truthed using box corer nodule 

size data (see CHAPTER 4.2.1), the area is partly covered with medium to large-sized nodules (> 4 cm) and 

partly with small nodules (< 4 cm) (FIGURE 3.4). The exact dimensions of the collector test area depends 

on whether it is carried out in an area with predominantly small nodules or in an area with predominantly 

large nodules, as these influence the absolute abundances of nodules per square meter that will be picked 

up by the collector (see CHAPTER 3.3 below), and thus the distance that the collector can drive before tipping 

its nodules and reversing its direction. For the collector test in the German license area, an area with 

predominantly small nodules and abundances varying between 18 and 22 kg/m2 (see FIGURE 4.3, FIGURE 

3.4 and FIGURE 3.5 for details) is envisaged. The resultant pattern of nodule collection and the expected 

dimensions of the collection area (4 days of testing) are described in CHAPTER 3.4. 
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Figure 3.4: Left: Slope angle determined from high-resolution bathymetric data (pixel size 1/1 m) superimposed 
on ship-based EM 120 bathymetry (resolution ca. 100 m) in the northern part of PA1-West. Right: nodule size 
distribution as derived from the EM 120 backscatter signal. Blue areas are dominated by medium- to large-sized 
nodules (> 4 cm) and yellow areas are covered with small-sized nodules (< 4 cm). The blue/red rectangle 
illustrates the larger area that is deemed suitable for the collector vehicle test. Black lines represent video sledge 
tracks from 2016; red dots represent box corer positions. 

3.3 Mineral resource estimation 

The BGR together with Beak Consult GmbH carried out a resource assessment in 2015 based on hydro-

acoustic and box corer data for the entire license area as well as for the prospective nodule field PA1-

West (Knobloch et al., 2017). A neural network approach was used to analyse the entire license area and 

typical geostatistics (variography as well as ordinary and universal kriging) were carried out to analyse 

prospective areas. The average relative prediction error for the neural network approach amounted to 

~35%. A classification of the resource assessment of the entire license area according to international 

standards, such as the JORC code, was not possible mainly because this method can only provide error 

estimates for sample points, and the number of sample points is small compared to the size of the entire 

license area. In contrast, the geostatistical analysis of box corer nodule abundance data in prospective 

areas does provide error estimates even for locations without samples. 

For the analysis of the box core data within PA1-West (93 samples, see FIGURE 4.3 for locations), only the 

geostatistical methods variography and kriging were used. Kriging is a well-known geostatistical method 

for the interpolation of point data. Its advantage compared to other classical interpolation methods is that 

it accounts for the spatial variance of a parameter, which is determined and described by a variogram. 

The variogram model mathematically specifies the spatial variability of the dataset in each geographical 

direction. Scale, range and nugget effect of the variogram model are required, input parameters for kriging 

(Akin and Siemens, 1988). The range of the variogram defines the maximum distance between sample 

points at which samples statistically influence each other. The scale represents the non-random 

component of the variability of the dataset and the nugget effect represents the random component. For 

the prediction of a parameter value at any unknown location, the values from the neighbouring known 

locations are weighted by keeping the estimation error variance low. This error depends on the fitting 

quality of the variogram function. 

For geostatistical analyses, the ArcGISÈ extension Geostatistical AnalystÈ was used. The average 

sampling distance within PA1-West was calculated to be 1330 m based on the Eucledian distance. For 

geostatistical calculations, ordinary kriging was applied with a spherical variogram model. Block kriging 

was applied on the ordinary kriging results in order to estimate the absolute and relative prediction error 

at a constant block size of 1000 m Ĭ 1000 m. No detrending or transformation was applied to the data 










































































































































































































































































































































































