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Abstract @ Hazardous and noxious substances (HNS) may cause maritime incidents during marine transportation, which are liable to lead to a large
amount of spillage or discharge into the sea. The damage to the marine environment caused by the HNS spill or discharge is known to be much greater
than the damage caused by oil spill. Particularly dangerous is HNS, which is deposited or buried in the seabed, as it can damage the organisms that
live on, in, and near the bottom of the sea, the so-called “benthos,” forming the benthic ecosystem. Therefore, it is vital that the HNS deposited on the
seabed be recovered. In order to do so, procedures and equipment are required for accurate detection, stabilization treatment, and recovery of HNS in
subsea sediment. Thus, when developing a mechanical recovery system, the performance requirements should be selected using performance indices, and
the conceptual design of the mechanical recovery system should be based on performance requirements decided upon and selected in advance. Therefore,
this study was conducted to arrive at a conceptual design for a mechanical recovery system for the recovery of HNS deposited on the seabed. In the
design of the system, based on the fundamental scenario, the method of suction foundation with the function of self enclosing was adopted for recovering
the HNS sediment in the subsea sediment. The mechanical recovery system comprises the suction foundation, pollution prevention, a pump system, control
system, monitoring device, location information device, transfer device, and tanks. This conceptual design is expected to be reflected and used in the basic

design of the components and shapes of the mechanical recovery system.
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Fig. 1. Technologies for detecting, stabilizing, and recovering HNS.
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Table 1. Fundamental scenario of mechanical recovery system for seabed-deposited HNS

Phase Process

- Moving recovery system to accident site

Amival and surrounding survey - Surveying and collecting environmental information

- Detecting location of seabed-deposited HNS

HNS detection and recovery system access . . .
Ty 8y - Preparing and dispatching recovery system

Pollutant prevention - Installing anti-pollution unit to prevent environmental pollution

- Stabilizing HNS with chemical treatment

Chemical treatment and mechanical recovery Recovering HNS with mechanical system

Recovery system retrieval and - Retrieving recovery system
post-treatment of substances - Handling and transferring collected substances

- Adjusting and preparing to return

Post-processing and return . . .
P £ - Returning recovery system from accident site
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Fig. 2. Fundamental operation scenario for mechanical recovery system.
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Fig. 3. Classification of mechanical recovery method with conditions.
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Table 2. Design constraints by maritime regulations

Item Constraints Contents
Limiting wave 1.5m
height during operation and work
Ship Limitine wind 10 m/s or more
W()?k & at 10 m above sea level
limits

Limiting current 1.2 m/s or more

Tidal range Tide above design range

Rainfall 10 mnvday or 1 mmvhour
Frost below -10C
Delay I below 90 m
factors Visibility due to rain, fog and snow
Night work Insufficient lighting
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Table 3. Comparison of the pros and cons for the recovery methods
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PAhste Ae 34 54 4 B8 e daes
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H
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H

Al 7
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Contents Direct recovery Pumping recovery
Type Recovery with grab device Recovery with pump system
Recovery device Grab Suction

- Fast site commitment
Advantages - Many cases of field application
- High percent solids

- Applicable to a wide range of bottom conditions
such as soil and rocks
- Simultaneous ability with recovery and transferring

- Mandatory to install anti-pollution unit

Disadvantages - Occurring marine pollution
- Low recovery capacity

- Sensitive to marine conditions
- Occurring marine pollution

- Low percent solids

- High operating cost
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Table 4. Configurations and functions for the mechanical recovery system with pumping method

Item Sub item Function Technique
Suction enclosure - Forming of an enclosed space - Structure design of suction enclosure
. . . . . - Design of enclosed space
Pollution prevention - Prevention of environmental pollution En D

- Installation of anti-pollution unit

Submersible recovery ) )
- Design of submersible pumps
pump

. - Design of submersible valves
Pressure and transfer Injection of HNS - Control of pumps and valves

Recovery of substances on seabed
Pump system

pump chemical treatment materials

Pump control device Control of pump operation
Control system

- - - Control of recovery process
Valve control device Control of valve operation

Monitoring device - Operation monitoring of pumps and valves - Transmission of measuring data

Positioning device - Display of location for recovery system

Lifting device Crane Installation and retrieval of system

Tanks - Collection and storage of substances
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Control Cran g

Pollution control ship

Cable profile “ Submersible
ﬂ Storage tank for recovery W Flexible tube \ fECovery pump
(HNS & water & impurities) |
Flexible tube 5
Cable profile R i e Egs )
for HNS chemical treatment for HNS & location
chemical treatment device
Cable profile Flexible tube
Control system D[[III_II]]]II]I (Tension, over 50m)
of pumps and valves 'Recovrm_.' system
Buoy & cable connector Cable weighting sinker with suction enclosure

Fig. 4. Conceptual design of the mechanical recovery system with suction enclosure.
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Table 6. Representative specifications of principal devices

Item Specifications
Liquid state Mixture of sand, mud and sludge Item Specifications
Suction diameter 50~ 150 mm Total system weight under 3 ton
Flow rate under 500 m*/hr Diameter of suction bulkhead under 2m
Rotation speed 2200 ~ 3600 rpm Material of suction bulkhead Stainless steel (SUS)

Discharge diameter 70 ~ 200 mm Thickness of suction bulkhead over 12 mm

Total head 10~70m Crane arm length over 8m
Percent solids 10~70% Crane capacity over 20 ton
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