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Design of Deep Seabed Mining System
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Abstract This paper reviews the past development of deep seabed mining system for manganese nodules,
and aims a1 making a master design that will mest probably be used in the first commercial nodute
mining in the fulure. We discuss about the design of four subsystems and think the best mining system
up to now that should be an assemble of specially designed vessel, hydraulic lifting pipe, sell-propelled
hvbrid miner and integrate-separate control system. To shorten the research period and reduce risks, we
can make use of the well-developed techniques and international co-operation. It also introduces Chinese

deep seabed mining research projects.
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1 Past developments

Several wehnologies for deep sca-bed mining have been developed and wsied on pilot project
scales. Previous experiences in deep water, oll and gas exploration were in water depths of 300~
00 m, far oiess than the 5 o 6 km depth involved in deep seabed mining. The deepest sea-bed
depth from which dredging had been carried out was 1 000 m, stll far below the mining depths.
OTEC(the Ocean Temperature Exchange Circuit) plants involve depths in the order of 1 000 to
2 000 m, which is still a developing technology. Yet, understanding of design for great depths in
hostile environment provided by technologists has been proved useful for mining.

Probably the earliest technology developed and tested in a pilot scale is the Continuous Line
Bucket (CLB) system which has either one or two (Fig. 1)''! ship version. The earliest effort by
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Japanese was in Hawaii in 1972 and off Ogasawara islands in 1975 in a water depth of 4 000 m.
Later, French AFERNOD also pursued afier this system. The CLB system did unot win favor on
further development duz to several reasoms, principally low tccovery rates and efficiency, serious
disturbance to the sea bed sediment layer and thorough sediment nﬁixing in the entire water column,
and hable to entangled.

The first test with a system, which was a precursor to what is widely held acceptable today(Fig.
A was done by OMI (Ocean Management Incorported) in 1978 in the Pacific using a refitted

dnil ship and a towed collector vehicle in water depth of 3 4

500 m. Two pick-up systems (on the collector) were tested, vﬁw‘:

one hydraulic and the other mechanical type. Also teswed ‘ —
g jface platforn P,
were two types of Nt systems, the air lift system and the - pe/
trydravlic {using multistage mixed flow pumps) lift system, Lifig P
The achieved recovery rate was 30t/ h. In the same vear,
OMA(Ocean  Mining  Association) and  OMOCO{Ocean
Buffer

Minerals Corporation} carried out pilot system wsis using a Hexible hosel’
similar system, but adopting a hydraulic pick-up and air  Pick JP syStm
lift transportation. The OMCO test used a collector driven

by Archimedean screws. In 1979, mining of metalliferous ~ Fg2 Deep sea bed miming system

it

mud was undertaken in Fed Sea from a water depth of 2

200 m by Preussag (Germany) using a drilt ship. The mud was picked up by a suction head at the
lower end of the pipe siring driven by an onboard pumping station. Japan also actively engaged in
developing both pneumatic and hvdraulic mining system for pilol testing in late 1990 s (up (o now
it is not reporled), There is also evidence that the CLB system s under a new lease of

development,
2 Master Design of Deep Sea Mining System

Generally speaking, a deep seabed mining system for munganese nodules consists of Hfting system,
surface vessel, control system and miner, Fg 3 shows the mining system developed in China that
will most probably be used in the first commercial module mining in the future’®!. The hydraulic
fifting mining system people genemally recognize is the most practical system up 0 now, mangansse
nodules mined by the collector on  the Surface platform
seabed are hoisted to the surface vessel —%‘L_@-—~
with hydraulic raising dynamics through a Lifting pipe
vertical lifting pipe string, and it deploys a Cable
maneuvered self-propelled collector, - 1t has " _Pump
the following charactristcs, @ better mobility;
@ high pick wp rate; @ability of avoiding
obstacles and disadvaniageous  topography
on the seabed, @big exploiing scale; ®less Pick-up system .00
difficulty in technology. =

As mentioned, this system consists of
a surface ship from which the pipe-string is suspended to lower the miner onto the sea-bed. A

Buffer
Hexible hose &

Fg 3 The deep sea bed mining system developed fn China
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buffer station is located at the end of the pipe string and connecied to the miner by a long,
flexible hose so that the miner can have a desired radius of operation when the surface platformn is
stationary'>), This long flexible link is fitted with buoyancy modules so that it does not sink to the
seafloor, This avoids its coming in way of the miner and petting entangled. The tube tilmugh
which the nodule-sediment-water mixture flows after being picked-up has a meshed portion. The
sediment under high flow rate is pariially discharged through this mesh, thus facilitating their quick
resettfement,  The mixture then passes through a crusher which breaks down the nodules to
manageable size so that the nodule-water-sediment slurry can be transported up. The nodule sizes
are usually too big compared to the pipe-siring diameter, thus require crushing procedure,
Furthermore, the pick-up rate and the lift rate may have a mismatch, and to avoid the situation the
former is Jarger than the latter, a buffer station is provided as described above serving as a
emporary storage of the sturry, The buffer station also performs ap additional function, namely,
providing bailast to the lower end of the pipe-string to partially neutralize its large buoyancy. This
helps to keep the long pipe-string nearly vertical, especially when there is a strong current. The
miner has a row of nozzles which impinges high velocity jets on the sea bed dislodging the
nodules from it In the process, the top sediment layer is also dismubed. The nodules float just off
the bed in the sediment cloud and either picked up by a hydraulic pump (hydraulic system} at the
well designed mouth or by a conveyor mechanism (hybrid system). The lift system consists of
several (i.e.multistage) hydraulic pumps fitted al intermediate locations within the pipe string. The
diameter of the pipe string are small, so are the pump diameters, hence several pumps are required.
The power supply to the collector and the hydraulic pumps housed in the pipe-string is through a
power cable bundled topether with the pipe string with separate onboard winch for its storage and
deployment.

After describing a possible selection of the mining system, it may be of help to eryswllize the
concepts with the aid of some available numerical data, even though incomplete in many respects.
KSB in German has designed and tested a hydraulic lift system for a § 250 m water depth site'’!,
The system carries up to 60 mm size nodules (after crushing) in a slurry with 5% volume of solids.
The capacity of delivery is 500 m’/h including solids, i.e 25 m’ /h of solids. This means 50t/h
rate of transport of nodules assuming the nodule specific gravity is 2. The system has two
submersible motor pumps in series closely beneath one another at a depth of approximately T 000 m,
cach designed for a water head of 265 m. With assumed slurry specific gravity of 1.1, each pump
develops a discharge of 30 atmospheres. The discharge pressure immediately dowpstream of the
second pump is therefore 6 MPa. The ratng of each pump is 800 kW, speed 1 726 which draws a
current of 158 A at 4 000 V. The design considerations of the pumps were O minimum flow
velocity of 2.5 m /s, higher than the sinking wvelocity of nodules, @flow passage of 75 mm fo
provide unobstructed passage of nodules and @ material coming in contact with slurry should
withstand corrosion and erosion by the nodules.

3 design of the subsystem

3.1 Surface Vessel

Atiention will be devoted now to the functional requirements of the surface vessel. Though 1t
is possible to conduct a pilot scale mining test using an exisling ship refittled for the purpose, a



94 2 2 r d kK % £ # 200045

commercial mining platform must be specifically built for long teom mining. The platform must
support the storage amd deployment of the enormously long pipe-string, the power plant, the sluery
cleaning system, the discharge system, the storage and deployment of the power and communication
cables, the control and UW communication equipment and, if desired, prehminary processing of the
nodutes, Tt must also be able to receive men, matenal, spares and fuel from other vessels
effectively and transport semi-processed nodules to an ore carrier for transporting them to shom. -
The platform must have siation keeping devices {active thrusiers) to vtesist drft and actve or
passive anti-roll devices to offer a swmable platform for mining. This is becawse a platform with
excessive wave or wind induced motion and/or drft will lead to suspension of mining activity, thus
downgrading productivity. Therefore dynamic positioning has to be used. Such a range of tasks can

be done in a cost-effective way only by a mission specific design'’’,

3.2 Lifting Pipe System

In deep seabed mining represented by production of manganese nodules out of 5000~ & 000 m
sea water depth, a wvertical lifting pipe is the largest part of the production line connecting surfacs
platform with a miner on the seabed via underwater pumping unit A pipe string transporting the
manganese nodules supports varjous cables at the outside and carries pump modules and buffer
during mining operation.

In the hvdraulic lft systerm, the nodule slurry i3 lifted up by hydraulic pumps housed inside
the pipe-sting at infervals, whereas in the air LRt system it is sucked up through the pipe by
injecting compressed air inte the pipe-string'®™, The experience on the air lift and hydraulic lift
systems shows that the former reguires much larger power than the latter. The current choice i3
therefore the hydraulic lift system,

As a rule the inner diameter is selected lor optimal lifting efficiency, and the outer diameter is
designed to withstand the statc due to its weight in water and the dynamic loads induced by the
motions of surface platform and external flows in waves and current,

The pipe-stiing 1§ subjected to wave and current induced forces in i3 upper 150 m length I
huge length (5 to 6 km) renders it extremely flexible to bending deformation, hence the qualifier
string. It can therefore take a curved shape under strong current. The buffer station helps reduce
the curvature of the pipe-string by suitable ballast For the 5 000~ 6 000 m pipe to transport
manganese nodules vertically from the seafloor, dynamic pipe streching oscilladon would occur,
being initiated by vertical components of the platform or ship motion, or coupled with internal flow
interaction with the axial escillation of the pipe'’!. The large oscillatory pipe stretching comes from
the resonance, can significantly influence the design and operation. This dynamic amplification
depends upon the wave climate and can cause severe damage or even failure (including fatigue
failare in the long term), which must be prevented by design, for example: @use of dampers and
thrusters, @altering  the pipe wall thickness, length and weight @use of the heave compensators
onboard the ship and along the pipe!™!, @use of suitable cables formation ousside the pipe to
repress  dynamic stretching'!. Furthermore the fower part of the pipe-string js subject to very high
pressures and low termperatures. Added to that is the corrosion by seawater ousside and corTosion
and erosion by nodule siurry flow inside. The selection of materal becomes extremely important
due to these factors and development of new material will improve its performance,

Another critical point to be considered is the extricating insiallation to avotd heavy storm.
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When the mining operation zones are hit by typheon or tropical storm the vessel must be separated
from underwater systems and navigate to safe region, but UW(underwater) systems stil remain on
the mining zones. After storm, vessel returns to the orginal site and is reconnecled with underwater

systerns.
3.3 Miner {Collector)

The Miner for deep sea mining travelling on the seabed, collecting the manganese nodules and
wransporting the nodules 1o the lifting system is ome of the most critical parts in mining system.
Miner designing depends ou operating conditions and functions. There are high pressure, corrosion
and very soft sediment with varying properties on deep sea bed. The three imporiant factors, that is
module grade, abundance and terrain characteristics, determine the value and economics of a mine
site, causing that miner design principles different from the vehicle on land In addition,
environment protection should be considered in miner design

The miner, which consists of pick-up device and vehicle, should have high reliability because it
is operated at the deep seabed under 5000~ 6 000m. Iis pick-up efficiency has ap important effect
on the total efficiency of the whole mining system''’,

Between the hydraulic and mechanical miner, the hydraulic one is usually preferred due to its
favourable power consumption and 'cleaner’ pick-up features, but a hybrid (hydraulic-cum-mechanical)
model is believed to be a supedor choice!”’. Many hybrid collector configurations have been
developed and tested in laboratory {Fg. 3). The movement of the collector on the sea-bed favours
the choice of a crawler type vehiclke mather than the Archimedean screw. The caterpillar tread s
composed of rubber with high involved grousers. Advantages of this caterpillar tread are simplicity,
less weight, and good self clean. During mining operation the grouser would be high enough to
dig into sediment to provide sufficient traction. Since thixotropy to the laver of sediments,
disturbance to the sediments should be minimized. So the involved grouser is one of the best
choices up 0 now. '

The miner can either be towed by the swface platform or be self-propelled when it can do
mining over a cenain radius around the stationary location of the platform. A scif~propelied
collector has to be remotely controlled (i.e. maneuvered and propelled) by UW communication links
from the surface platform and will require additional power. Despite larger sophistication invalved
in these data links as well as the power consumption requiremeni, the self-propelied collector is
obviousty preferred over a simple towed one because the latter cannot mine all nodules from a
given arca leaving paiches and strips untouched and therefore wasteful( In the mining operations a
miner on the seaflcor moves along prescribed miming tracks from nerth to south or from south to
north, as will be designed by combination of straight courses, curves, U-tumns and so on éepending

on the mining sites.)"*).
3.4 Control system

A rteliable and sophisticated UW control and communication system is very important, The
control system 15 integrated with many kinds of informaton, which are independent  on and
correlative to each other. The operation process of every sub-system must be shown in one picture
so that the operator can monitor the condition of the whole mining system at the same time.
Controlling of every sub-system is independent, but with some relations. Therefore the control
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system must adopt an integrate-separate conmrol model.  Compared with others, three dimensional
dynamic behaviors of wmining system is the best ome. 3.1 analysis of Hiting pipe s of basic
requirement for developing of a total integrated positioning system controfling automatically the path,
speed and heading of mining ship in tow maneuver as well as for design of optimal mining track.

UW communication is a less developed area and requires high reliability for continuous operation'*!,

4 Deep sea bed mining in China

China began its  national project of manganese nodules exploration and exploitation
comprehensively in 1990, afterwards registered as pioneer investor at Sea Bed Authority of UN in
19610 China has extensively surveyed around this arca for near ten years, in May Sth 1999
China locked 7.5 million km® in east Pacific Ocean. China Ocean Mineral Resources
Association{fCOMRA), which was set up in 199!, holds leading position in administration of
national project, and makes a fot of research achievements, Fig. 3 is the deep sea bed mining
system under development in China,

During " Eighth five-year Plan® COMRA put a large portion of its research fund into the
exploration of manganese nodule resources in Chinese pioneer investor area. Mining technology of
manganese nodules was in the seale of labomalory testing,

The MNinth Five-Year Plan from 1996— 2000 is in process, research activities concentrate in
special technology of collecting and kfting, such as: high efficient miner, 1o reduce power
consumption with high pick up rate, to minimize the disturbance to sea botiom based on COMRA
miner and existed miners, to design and test a sea bed tractor with high traction and moving op
extremely soft soil properly based on crawler, parameter study of hydraulic lifting, to deal with
flexible hose tansportaton, integration of measuring and controlling system, and fo study the
environmental consequences, including the influences in sea bottom by mining and Natural
Variabihty of Baseline study.

China welcome cooperation in followings fo invest together and plan pilol mining test o work
on research and development of swface vessel; to research key technique, that is fechnique in deep

sea miining, e.g. Trace keeping of the miner
5 Conclusions

Because of huge investment for deep-sea mining, long research period, and many discipline
concerned, we must concentraie our research and development on the integraton of technologies.
That means to accept experiences from other fields and new achievements to reduce risk, such as
offshore petroleum production already well developed up to date, of which some devices and
techniques can be used in deep seabed mining. As far as sea bed environment concem, engineers
in deep sea mining should work closely with environmental scientist to pay more atiention to see
bottom problem. Moreover, we can go into international co-operation to give each other full play to

advantages.
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