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• Promote for full-scale deep sea nodules recovery; 

• Environmental friendly design.  

Motivations and Objective 



Figure Captions refer to the book 

Case Study 

Source: www.isa.org.jm 
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Figure 3: Manganese nodules 

 

2.1.1 Chemical Composition 

The chemical composition of these nodules varies according to the location, size and 

characteristics of the core. The general composition is provided in Table 1. 

 

Table 1: The chemical composition of manganese nodules (ISA 2008a) 

The constituents of nodules Composition  

Manganese ~29.0% 

Iron ~6.0% 

Silicon ~5.0% 

Aluminium 3.0% 

Nickel* 1.4% 

Copper* 1.3% 

Cobalt* 0.3% 

Oxygen 1.5% 

Hydrogen 1.5% 

Sodium 1.5% 

Calcium 1.5% 

Magnesium 0.5% 

Potassium 0.5% 

Titanium 0.2% 

Barium 0.2% 

*nickel, copper, and cobalt are the most valuable 

 

 

 

• Manganese Nodules 

• Clarion-Clipperton Zone (CCZ) 

• China Ocean Mineral Resource and    
Development Association (COMRA) 

 

source: Charles D. Winters 
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 Source: BHP Billiton 

 Source: OceanflORE 

Land Mining vs. Mn Nodules Recovery 
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Existing System for Nodule Recovery 
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Figure 36: Proposed nodule recovery concept 

 

Above multiple collector units, a buffer system named the Black Box (BB) is introduced. 

Flexible risers are used to connect this component to the collector units. The BB is a simple 

box type of submersible structure added to the whole system to perform several specific 

functions. The main function is to perform nodule – sediment separation so as to clean 

nodules. With the BB, sediments collected can be possibly discharged at a much deeper 

water depth compared to the existing nodule recovery concept, thus limiting the impacts on 

the environment to a local scale. The riser system cannot distinguish between the types of 

solids that it is carrying. For any amount of nodules and water it transports, it would also 

have to transport a certain amount of sediments. By making the slurry free from sediments, 

the power required to pump it to the PSV can be reduced. 

Other functions of the black box include: optimising the waste treatment system, controlling 

the slurry concentration before transferring it to the PSV, and regulating mass flow when 

one of the collectors is down for maintenance or an extra collector is used to boost 

productivity. More details on the black box and its functions are presented in section 5.1.3. 

A further improvement is on the utilisation of wastewater. The suggested engineering 

system uses the BB to separate sediments from nodules and water. Therefore, only nodules 

and water will be pumped to the PSV, and the wastewater from the on-board pre-processing 
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Our System for Nodule Recovery 
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is used for cleaning nodules inside the black box, before discharging the whole mixture at a 

much lower water depth. The remaining portion of wastewater will be pumped up together 

with clean nodules and subsequently forms part of the next wastewater return cycle after on-

board pre-processing. It is important to mention that the return wastewater from the PSV 

will be comparatively clean as sediments have already been separated from nodules. 

The following presents in detail the core subsystems of the proposed engineering system. 

 

5.1.1 Collector 

This subsection provides a detailed design of a collector unit and its propulsion mechanism.  

A schematic representation of a collector unit is illustrated in Figure 37. 

 

 

Figure 37: Representation of a collector unit  

 

The main components of the collector unit are the crusher, pump, crawler, collection 

mechanism and the port for the lift system. The key dimensions and design parameters of 

the collector unit are as follows: 

 

Speed while collecting nodules:   0.2 m/s 

Speed while traversing without collecting: 0.5 m/s 

Collecting width/maximum width:  1.0 

Assumed downtime:     35 days per year 
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• Number of Collectors (mother ship): 3 working + 1 buffer 

• Productivity  274,000 wet tons/year  180,000 dry tons /year 

 

• Collector Speed: 0.20 m/s 

• Collecting width/ Maximum width = 1 

 

• Dome type forward shape 

• Long & Narrow Collectors 

High Efficiency 

Less Sediment 
Disturbance 

Collector 



Recent Studies 
Daily Production of 

Dry Nodules 

Estimated Suspended 

Sediments from Seafloor 

Sediments/Dry 

Nodules 

Herrouin (1999) 6,000 t (dry) 
~ a19,155 t 3.19 

~ b54,519 t 9.09 

Morgan et al. (1999) 5,500 t (dry) ~ 54,000 t 9.82 

The Proposed System 1,636 t (dry) ~ 3,266 t 2.00 

• Crawler aided movement 

• Multiple small units 

• Streamlined body 

(a = 2 cm penetration of the collector; b = 5 cm penetration of the collector) 

HYDRAULIC: 

• Water Jets 

• Forward dome shape  
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Sediment Disturbance 



• Washing process; 

• In-situ waste discharge; 

• Waste water utilization; 

• Mass flow rate regulation; 

• Reduce power/cost for vertical transfer   

• 2% saving in Power Consumption 

 

• <2% sediment in the waste water 
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The Black Box 



11 

The Black Box 

“This is definitely a good method to reduce quantity of mud/clay 

from being lifted to the surface and again discharge it back into the 

system, as this will create a bigger environmental impact in the entire 

water column … … By doing this, you will also conserve the energy by 

raising selected material instead of all the mud from the seafloor.” 

 

Dr R. Sharma, NIO India  

Environment Impact Assessment in-charge for deep sea mining  
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the slurry concentration before transferring it to the PSV, and regulating mass flow when 

one of the collectors is down for maintenance or an extra collector is used to boost 
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A further improvement is on the utilisation of wastewater. The suggested engineering 
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• Pressure & temperature 

• Varying velocity of sound 
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Figure 49: Idealized profiles of pressure, temperature and sound speed (COMET) 

 

This creates a sound channel in which the sound can, under some conditions, propagate for 

thousands of miles. A further important distinction in terms of acoustics is the different 

behaviour of high and low frequency acoustic waves. A high frequency signal, although 

containing conspicuous amounts of information, cannot travel too far compared to a low 

frequency sound, which, although containing very little information, can travel much further 

away. Because of these two simple principles, the criticality of the noise is not confined to 

intensity alone, but many more factors play a role in it. 

Having examined the reasons, the different components can now be discussed. The mother 

ship: because it is the only component of the system on the water surface, noise is 

propagated both in the atmosphere and just below the water level, where the majority of fish 

live and feed. Marine legislation is fairly behind in terms of regulating the maximum 

accepted level of noise that a ship can generate.  

Despite supplying power for the mining, the noise generated by the vessel in this present 

case, is not comparable with much larger ships. It is not considered a critical component. In 

the riser, the major contributor of noise would be the nodules impacting on the inner surface 

of the riser (especially in the case of a rigid riser). This would be a high frequency source 

rapidly damped and lost because of its properties. However, a coating of absorbing material 

can be easily designed in order to minimise any adverse effects.  

The collector unit noise and vibrations, which seem to represent the majority of noise for the 

whole system, can almost be neglected because of the marine environment in which it 

operates (refer to paragraph on environmental challenges). Furthermore, because it works 

considerably below the sound channel, most of the sound will actually reflect back into the 

Sound Channel 

Noise Assessment 

Sound Channel axis 



Power Requirement 

Total power requirement: ~ 16.7 MW  

Power source: diesel generators on PSVs  
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•COMRA - Qingdao Port:~12,000 km 

•Total turnaround time: 37 + 20 d 

•Bulker: Panamax (60,000-80,000 DWT) 

•Operation Strategy: 

C&CO - Charter and Contract Operation; P&CO - Purchase and Contract Operation; OSP – Own Self Perform 

Commercial operation options C&CO P&CO OSP 

Schedule  Acceptable  Acceptable  Acceptable  

Performance risk Low  Moderate High  

Annual cost (million US$/ship) 0.8 – 9.9 2.3 – 9.6 11.0 – 15.0 

 

Logistics 



System Productivity 

Lifting:  

0.822 Mton wet nodules/y 

Pre-processing:  

0.540 Mton Dry nodules/y 

Metallurgical processing:  

0.486 Mton Dry nodules/y 

Transport 
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Commercial Viability 

- 0.5 M dry tons of nodules per year (3 Systems) 

- Three metals of commercial interest: Co, Ni and Cu 

- Averaged cost from past studies:  

–    Capital Cost  : $1,000 M/1 M dry tons 

–    Operating Cost : $220 M/1 M dry tons 

- Costs and revenue priced at 2010 

 



Business Model 
2 Potential Customers 

Direct 

(9 contractors) 

End 

(the public) 

dynamics 

Key risk Key risk 

Environmental 
Impact 

The need for green solution 

+ comprehensive &  
transparent EIA 

Short term 
problem 

The need for deep sea mining: 

Scarcity & uncertainty of land 
based metal supplies 

Long term 
problem 

Solution: 

Proposed green engineering system 

Both commercial and experimental 
purposes in parallel. 

Possible  small production scale 

Direct 

(9 contractors) 

End 

(the public) 

Both short and long term 
problems 

Value proposition of our business 
model 

Benefit: Industry + Research institutes 



SWOT Analysis and Conclusions 



Questions & Answers 
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