
History
The awareness that the deep sea can 
provide mankind with a wealth of 
minerals dawned in 1868 with the 
discovery of polymetallic nodules in the 
Kara Sea. In 1872-76, the HMS 
CHALLENGER, a Bri•sh naval corve•e 
crammed with o•cers, crew and 
scien•sts, set out on a scien••c 
expedi•on. It discovered that vast areas 
of the sea •oor were li•ered with these 
nodules at high concentra•ons on vast 
plains at depths of over 4,000 metres. 
In 1981, they were thought to total 500 
billion tons, with economically viable 
concentra•ons in the Paci•c and the 
Indian Ocean and the most promising 
deposits between Hawaii and Central 
America. The nodules contain 
signi•cant concentra•ons of, for 
example, manganese, copper, cobalt, 
iron, silicon and aluminium.

In the 1960s and 1970s – spurred on by 
the Club of Rome’s report on limits to 
resources – mul•na•onal consor•a 
commi•ed themselves to extensive 
research and huge investments, and 
succeeded in collec•ng large amounts 
of manganese nodules, and extrac•ng 
signi•cant quan••es of nickel, copper 
and cobalt from them in complicated 
processes. With the excep•on of the 
development of mining equipment and 
the towed side-scan sonar, the projects 
were failures as a whole because of the 
investments required, the simultaneous 
•ourishing of ‘dry’ mineral produc•on, 
the immature technology, the economic 
recession and most of all because of the 
lack of appropriate legisla•on about 
these resources, leading to heated 
poli•cal discussions and high taxes on 
mining concessions. So interest in deep 
sea mining declined in the late 1980s 

and it was not expected that 
commercial extrac•on of polymetallic 
nodules would resume before decades 
had passed. Of course, the Dutch, 
including IHC Merwede’s predecessors 
and dredging contractor Boskalis, were 
involved in these •rst mul•na•onal 
ventures.

Over the course of the twen•eth century, 
it was found that there were extensive 
deposits of minerals and commodi•es in 
the alluvial layers surrounding the Earth’s 
con•nents or concealed below other 
strata on the con•nents themselves. For 
example, aggregates such as sand and 
gravel can be found almost everywhere; 
•n is located around Indonesia; 
diamonds and ru•le (TiO2) are present in 
and around Africa and Australia; and the 
Red Sea is rich in metalliferous 
sediments. So wet mining opera•ons at 
the •me concentrated on these strata at 
depths of over 40 metres, and they 
con•nue to do so. The technology for 
these opera•ons is not exactly the same 
as for dredging opera•ons, but it is 
analogous, and it is no surprise that IHC 
Merwede’s predecessors were involved. 
They built, for example, •n mining 
dredgers for Indonesia (•gure 2), and 
fully automated mining dredgers for 
South Africa, developing a splendid “wet 
mining” dredging wheel (•gure 3). There 
were even advanced design studies of 
deep sea mining equipment as early as 
the 1970s (•gure 4). Recently, the 
company joined the South African De 
Beers Mining Company in developing 
sea-•oor diamond mining equipment 
(•gure 5, see also Ports and Dredging 
170). So it is fair to say that the people of 
IHC Merwede are not just passionate 
about dredging, but also about wet 
mining.

The revival of an old passion
IHC Merwede moves into Deep Sea Mining
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1  Ar•st’s impression of Deep Sea Mining gear on 
the sea •oor
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Meanwhile, on the deep-sea front, 
things haven’t stood s•ll. Between 1973 
and 1983, the United Na•ons organised 
conferences dealing with the Law of the 
Sea. Gradually, na•ons’ rights and 
responsibili•es with respect to the use 
of oceans and the exploita•on of 
natural resources were hammered out. 
The United Na•ons Conven•on of the 
Law of the Sea (UNCLOS) concluded its 
work with a treaty, which came into 
force in 1994 and has been accepted by 
156 countries and the European 
Community as a whole. It de•nes 
Exclusive Economic Zones (EEZs) 
extending 200 nau•cal miles from 
coastal baselines. Na•ons have 
exclusive rights to exploit all natural 
resources in their EEZ – without 
interfering with other na•ons’ freedom 
of naviga•on, over•ight, and 
submerged cable- and pipeline laying. 
In short, UNCLOS displays a genuine 
concern for all stakeholders. The treaty 
brought an end to the heated clashes 
over •shing rights, oil and gas 
concessions and other issues, and 
sparked a boom of new explora•on in 
the EEZs. Aggregates, polymetallic 
deposits, phosphorites and gas hydrates 
are the targets. For our purposes, it is 
worthwhile remembering that EEZs can 
extend to areas with water depths of 
over 4000 metres and that mining 
opera•ons in such areas involve 

technology that is s•ll feeling its way 
towards full maturity.

A treasure-trove of minerals
Figure 6 shows that there is a virtually 
unbelievable treasure-trove of minerals 
hidden on the beds of the oceans. The 
reserves of minerals on land are limited, 
so that some of them will be exhausted 
within a few decades; but the amazing 
fact is that they cons•tute only a small 
propor•on of nature’s riches. Ocean 
reserves may prove to be as important 
as land-based resources. 
Take, for example, the Sea•oor Massive 
Sulphides (SMS) deposits, which were 
only described in the literature the •rst 
•me in 1981. They were formed – and 
are s!ll being formed today" – by 
volcanic ac•vity along the edges of 
tectonic plates, where openings in the 
sea •oor spew out metal-rich •uids at 
high pressure and at temperatures of 
about 400°C. The super heated water 
doesn’ t boil due to the high water 
pressure. This water then dissolves 
minerals from the neighbouring rocks, 
which se•le as sulphide par•cles when 
they enter the cold surrounding water. 
These deposits form stalagmite-like 
structures: smoke-spewing, rocky 
chimneys known as ‘black smokers’ 
(•gures 7-8). Par•cles from the chimney 
plumes se•le on the sea •oor and form 
layers of metal-rich deposits: SMS. Over 
•me, the weight of the layer and/or the 
tectonic dynamics suppress the volcanic 
•ow, the black smoker comes to rest 
and the volcanic pressure •nds a vent 
somewhere else along the edge of the 
tectonic plate.

SMS deposits can be as large as 10 
million tonnes in any one area and they 
are very rich in common and precious 

metals. A typical example (•gure 9) 
provided by Neptune Minerals, a UK-
registered mining company with links to 
IHC Merwede, lists the mineral 
contents: 2-20g/t for gold; up to 1200g/t 
for silver, 5-15% for copper, up to 50% 
for zinc and 3-23% for lead. These 
•gures represent high metal values as 
compared to land based deposits. 
Against the backdrop of current levels 
of land-based mineral reserves, SMS 
deposits cons•tute a resource that can 
last for many years at current levels of 
consump•on. So, as long term demand 
for metals rises, SMS mining is the next 
challenge for mankind. There are, 
however, some obvious di•cul•es. An 
SMS deposit in the vicinity of an ac•ve 
black smoker cannot be mined because 
of the high levels of acidity in the 
surrounding water: any equipment 
would be melted away within minutes. 
Mining must therefore be con•ned to 
thermally inac•ve SMS deposits – which 
are more di•cult to •nd because of the 
absence of smoke plumes. However, 
mining companies have succeeded in 
iden•fying explora•on sites with 
economic poten•al and they have been 
granted licences from the relevant EEZ 
countries. Incidentally, only a small 
propor•on – roughly 3% of the sea-
•oor – has been fully explored to date. 
The results jus•fy the assump•on that 
current reserves form only the 
proverbial •p of the iceberg.

The challenge of mining SMS resources 
and other sea-•oor deposits such as gas 
hydrates (•gure 10) will, however, need 
to resolve many other limita•ons. 
Opera•ons at the average design depth 
will have to cope with high water 
pressures, large distances for ver•cal 
transporta•on and remote opera•on 

systems. Deep sea mining opera•ons 
will be o!shore opera•ons during 
which the weather, wave heights of up 
to 6 metres, long horizontal transport 
paths and manoeuvrability will 
inevitably restrict economically viable 
up•me. The mining opera•on will also 
be heavily dependent on the possibility 
of iden•fying the right strata for 
excava•on, and the ability to manage 
the sophis•cated processing stages that 
need to be conducted at sea. There is a 
lot of uncertainty about the nature and 
behaviour of rock-like deposits under 
high pressure in terms of the excava•on 
technology and the equipment that is 
appropriate. In addi•on, opera•ons like 
these take place at sea, and ways need 
to be found to comply with current 
safety and sustainability legisla•on. 
Last but not least, serious considera•on 
should be given to the environment 
when designing explora•on equipment. 
The area around deposits at large 
depths is protected because of the 
presence of a peculiar form of life: 
tubular worms which live using a kind 
of chemical engine and are the subject 
of current scien••c research. 

Expressed in terms of the design and 
development of equipment, the 
situa•on calls for people who can work 
at the interface of several disciplines 
(•gure 11). These people will have to be 
thoroughly familiar with, and 
experienced in, dis•nct specialisms 
where the emphasis has tradi•onally 
been on quality and reliability. 
However, they need to be open-minded 
enough to develop and make 
technological innova•ons. Technology 
from neighbouring areas, such as oil & 
gas explora•on, should be considered 
as well. In short, the situa•on calls for a 
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2  PT Timah-owned •n dredger KUNDUR I

3  Underwater mining excava•on wheel

4  Ar•st’s impression of IHC Merwede design study 
of deep sea mining equipment da•ng from the 
1980s

5  De Beers diamond mining crawler, South Africa

6  Mining poten•al in UNCLOS EEZ areas and 
beyond
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high-quality and experienced 
technology innovator.

IHC Deep Sea Dredging & Mining 
(DSDM)
Given the challenges described here, its 
corporate strategy of playing a vital role 
in the stable, economically viable and 
sustainable provision of raw materials 
to the world, and its mission as a 
technology innovator, IHC Merwede has 
revived its old passion for the mining 
world and founded a Deep Sea 
Dredging & Mining Department.

The company’s background would seem 
to be almost ideal for this comeback. 
The Dredging & Mining cluster has a 
wealth of experience with dredging and 
shallow water mining. The companies 
of the O!shore & Marine cluster excel 
in the design, construc•on and 
integra•on of specialised and reliable 
vessels for the o!shore and naval 
markets. The fundamental and applied 
research ins•tute MTI Holland is 
interna•onally recognised for its 
knowledge and research in the •elds of 
soil characteris•cs, geo-mechanics and 
processing. And there are, of course, 
the mul•ple units of the Technology & 

Services cluster. They design, build and 
maintain a versa•le product por"olio, 
ranging from tailored steel packages, 
robust sluice valves, high-e•ciency 
dredge pumps and subsea pumps, piling 
applica•ons, specialised o!shore 
solu•ons and marine hydraulic control 
systems, to high-end integrated, 
ar••cial intelligence-based automa•on 
systems, realis•c vessel simulators and 
numerous other products.

The well-equipped DSDM team can call 
on extensive corporate resources, such 
as the in-house laboratory for soil 
analysis and the company’s vast 
experience with underwater 
excava•on/cu#ng and pumping 
systems. In addi•on, they can access 
the design & product development 
exper•se and the proven dredging 
technology in o!shore applica•ons. 
Finally, they can build on the company’s 
experience in the •eld of dedicated 
o!shore equipment as a turnkey 
supplier of complete o!shore vessels & 
systems. This is all facilitated by the 
recent increase in scale, both in the 
dredging and o!shore industries. This 
process can be seen by looking back at 
the 1970s, when a trailing suc•on 
hopper dredger with a hopper capacity 
of 4000-6000m3 was considered to be 
large. In 1994, with the commissioning 
of the 17,000m3 PEARL RIVER, IHC took 
the bold decision to move up to ‘jumbo 
dredgers’ with hopper capaci•es of 
17,000 – 24,000m3. At present, IHC 
Merwede is building the 31,000m3 
‘mega-dredger’ VOX DUBAI (See Ports 
and Dredging 170).

The IHC DSDM department’s mission, 
vision and ambi•on are:
•  To apply the unique IHC Merwede 

exper•se in mari•me excava•on and 
slurry transporta•on systems so that 
DSDM develops an important 
posi•on in Sea-Floor Interven•on 
and Deep Sea Mining.

•  To establish the capability to 
generate comprehensive, technical 
and economically feasible deep sea 
dredging and mining concepts. IHC 
DSDM believes this is only possible 
through close coopera•on with its 
customers and o!shore suppliers/
partners in combina•on with the use 
of proven technology. 

The team also faces speci•c challenges. 
From the perspec•ve of explora•on, 
SMS and other deposits are designated 
as ‘Green•eld Mining Sites’ (GMS): 
previously unexplored loca•ons with no 
mining history. This implies that mining 
processes, methods and equipment 
must be designed from scratch and that 
no proven equipment is available for 
the excava•on process and ore 
movement. Current research is focusing 
on hyperbaric condi•ons, slurry 
transport methods, remote control 
possibili•es, increasing up•me, quality, 
reliability, maintenance and the like. 
Ques•ons remain with respect to the 
transi•on from ‘tradi•onal’ dredging 
and o!shore equipment to their 
applica•on in green•eld mining sites. 
Studies are also in progress covering the 
market situa•on, geological and deep 
sea interfaces, sea-•oor condi•ons in 
rela•on to mining concepts, technical 
development and the implica•ons for 
the explora•on side of these concepts, 
as well as coopera•on programmes on 
pla"orms and with partners and 
suppliers. Rules and regula•ons for QA, 
QC and HSE are becoming almost 
second nature among the workforce; 

risk analysis methods are under way.

During the •rst year of the DSDM 
group’s existence, some rules of thumb 
have become en•rely clear. To develop 
a successful mining tool: 
•  The commercial and opera•onal 

bond between the mining company 
and the equipment builder needs to 
be much more intensive than in the 
dredging world. The equipment 
builder is o$en invited to partake in 
the mining opera•on, whether at the 
pilot stage or the full opera•onal 
stage. This requires a totally di!erent 
mindset with far more •nancial and 
long-term awareness than is usual in 
IHC Merwede ac•vi•es. So very close 
coopera•on is needed between the 
mining company, the equipment 
manufacturer and their partners at 
all levels.

•  Free and high-level exchanges of 
informa•on are required between 
the equipment builder, industrial 
partners and mining company. This 
implies genuine mutual con•dence 
and the need for strategic alliances 
tailored to each individual project.

•  R&D for the transla•on of the 
speci•c condi•ons of any project into 
e!ec•ve excava•on and ver•cal 
transport systems is essen•al.

IHC DSDM has developed a dedicated 
approach to the development of deep 
sea mining projects. The method starts 
with the expecta•ons of a mining 
company, ending with a clear de•ni•on 
of an adequate mining system, and 
possibly going even further. Some 
components of the method can be seen 
in •gure 12, which shows the principal 
stages: scoping, pre-feasibility and 
feasibility. Of course, they may be 
followed by the design, engineering and 
manufacturing stages, and perhaps 
even extend to full-scale tes•ng and 
par•cipa•on in pilot projects or 
beyond. The approach provides a clear 
de•ni•on of the level of involvement of 
the par•es and the milestones as 
unambiguous indica•ons of the results 
for each stage. One of the remarkable 
outcomes is that the •nal mining plan 
(•gure 13) – which is primarily the 
responsibility of the mining company – 
can only be made a$er extensive 
technological research into the 
equipment and processes involving 
various levels of partnership. 
The method provides a guide for a 
produc•ve working process, and it has 
already been proven in prac•ce •me 
and again, as can be seen in the •nal 
sec•on of this ar•cle. 

Technological R&D 
The selec•on of the excava•on 
equipment has proven essen•al to 
determining the rest of the plant. This is 
cu#ng-edge technology. The literature 
states that rock-like material in 
hyperbaric condi•ons will be duc•le, by 

contrast with the usual bri•le behaviour 
of rock above water and in shallow 
waters. Rock with a bri•le structure will 
simply break up into chips when 
subjected to a point load by, for 
example, a rock hammer or a cu•er 
tooth. This means that the force on the 
cu#ng tool varies considerably, but 
remains rela•vely low on average 
(•gure 14, blue arrows). The same 
material in duc•le ‘mode’ will be highly 
resistant to breaking; chips are 
expected to be considerably smaller 
and more cohesive and so the cu#ng 
process will be more analogous to 
machining metals than the rock 
breaking process as we know it. The 
cu#ng forces will be much higher 
(•gure 14, red arrows). There are far-
reaching implica•ons for the design of 
the cu#ng tool and how it is powered 
(it should be remembered that power 
will be supplied through an umbilical 
cable of about 3000 metres).

In addi•on, the excava•on process has 
to be supported with heavy-duty 
submerged equipment like crawlers or 
other seabed vehicles. So the increased 
cu#ng forces will a!ect the 
construc•on and stability of these 
devices. Their weight can be expected 
to increase and so they will exert 
rela•vely high pressures on the sea 
•oor. This raises the ques•on of 
whether the footwall can support those 
devices, or whether prior ‘vacuum 
cleaning’ will be required, etc. Solu•ons 
to these and similar problems must be 
designed on a case-to-case basis. 
Fortunately, the DSDM Department can 
bene•t from the experience of a 
rela•vely new IHC Merwede unit, IHC 
Engineering Business (EB) in the UK. 
They have a proven track record with 

7  The origin of Sea-•oor Massive Sulphides 
 (courtesy Neptune Minerals) 

8  A black smoker, the source of an unimaginable 
treasure-trove of metals 

 (courtesy Neptune Minerals)

9   An SMS lump 
 (courtesy Neptune Minerals)
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10  Diagram showing the origin of gas hydrates,          
a source of natural gas

11  Equipment for SMS mining has to be developed 
where a range of disciplines overlap
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subsea equipment, including remotely 
operated trenching machines (•gure 15). 
This could be the basis for an 
appropriate crawler design, and 
launching and recovery equipment 
(LARS). Another member of the family, 
IHC O!shore Systems, is also involved 
and it is providing the DSDM group with 
top-of-the-line LARS systems, with 
reliable and proven hydraulic winches 
(•gure 16) as vital components.

Another subject being covered by 
applied R&D is the ver"cal transport 
system for the slurry once it has been 
excavated. This ‘riser’ can be energised 
using a number of possible 
technologies, all of which have prac"cal 
track records in terms of speci#c 
condi"ons, energy consump"on, 
constraints and e!ects on opera"onal 
availability and ecologically sound 
opera"on: pumps, airli$s, grab cranes. 
They all have to be heave-compensated 
and moon-pool-compa"ble. Ques"ons 

arise about the materials to be used 
given the lack of knowledge about the 
abrasiveness of the slurry. 
Sustainability issues i.e. the long-term 
balance between economic, ecological 
and social interests also require 
inves"ga"on. In conclusion, IHC 
Merwede’s revival of its old passion 
plays its role in the company strategy of 
inves"ng 3-4% of annual turnover in 
R&D.

Some of the research focuses on other 
issues such as sha$ seals, electro 
motors, umbilicals and pressure 
compensa"on, areas where IHC 
Merwede teams up with reliable and 
experienced specialist partners. That 
doesn’t mean to say that some of the 
familiar components and processes 
from the dredging world can’t be 
applied directly to deep sea mining 
opera"ons. The run-o! of the 
processed product at sea level can, for 
example, be done with the usual barge 
loading, dewatering and unloading 
methods.

Business development and perspec•ve
The most important long-term business 
driver for deep sea mining is the limited 
amount of con#rmed land-based 

mineral and energy resources. Even if 
these resources were to expand two- or 
threefold, and even if we manage to 
develop sophis"cated recycling 
methods, they will be exhausted within 
decades at the current pace of 
consump"on, which is expected to 
increase drama"cally as the economies 
in the developing na"ons expand. 
This implies that commodity and energy 
prices will rise sharply in years to come, 
jus"fying the major investments 
needed to exploit the apparently 
boundless and steadily increasing 
reserves of minerals and methane 
hydrates on the sea 'oor.

The #rst serious deep sea mining 
projects are in the development phase; 
several more are in the pipeline. Parallel 
deep sea developments in the o!shore 
oil & gas industries require approaches 
and equipment that are more or less 
analogous. The long term market 
prospects for the raw materials that will 
be won remain good and they will push 
further development. IHC Merwede, 
which is known for its ac"vi"es in the 
shallow water mining world and for its 
medium-water-depth suc"on and 
excava"on technology, was invited to 
par"cipate in several deep sea mining 
projects, both for SMS and gas hydrates. 
Given its corporate strategy, its old 
passion, and its ambi"on to be the 
technology innovator and market leader 
in its business, the company could not 
even consider passing up this 
opportunity and so the youngest 
member of the IHC Merwede family 
was born. In the mean"me, the DSDM 
team is now hard at work on project 
development, and the establishment of 
warm rela"ons with leading o!shore 
companies and prominent knowledge 

centres. More than one major tender 
has been submi(ed and the team is 
already working on modest, but real, 
orders in the #eld. Against the 
background described here and the 
rapid developments in knowledge, it is 
to be expected that IHC Merwede will 
be able to supply its customers with 
new services in the new #eld within the 
foreseeable future.      

Scoping Feasibility

Pre-feasibility

IHC Merwede12

13

14

12  The working method for the development of 
deep sea mining projects

13 Mining plan for a speci#c Green#eld Mining Site

14 Impact of hyperbaric condi"ons on cu)ng forces

15  Remotely operated subsea trenching machine 
from EB at launch

16  Trac"on and reel winch arrangement from 
 IHC O!shore Systems
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