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ABSTRACT 
 
An underwater mining system using flexible riser concept was 
demonstrated for operations in the Indian seas at 410 metres water 
depth in 2000 for short duration. Based on the tests, enhancements were 
done on the mining system for long term operations in areas pertaining 
to distribution of buoyancy packs, sealing and heat dissipation 
arrangements. The mother ship was also equipped with Launch and 
Recovery System and Dynamic Positioning System. The modified 
system was tested for long term maneuverability and pumping 
operations at 451 m depth in 2006. The paper discusses the 
enhancements carried on the mining system and the mother vessel and 
the results from the sea tests. 
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INTRODUCTION 
 
India has been allotted a mining site in the Central Indian Ocean Basin 
(CIOB) by the International Sea-bed Authority and is keen on 
developing technologies to mine manganese nodules. Deep sea mining 
of manganese nodules from soft ocean floor at 5000 to 6000 metres 
depth is a major technological challenge. India has been working on 
developing this complex technology in a phase wise manner. To 
minimize development costs and associated risks, initial efforts are 
focused on realization and qualification of machinery for long term 
operations in shallow waters, followed by further development of 
machinery for deep waters.  An initial study was done on the various 
deep sea mining concepts and the flexible riser concept (Grebe, 1997) 
was chosen for development. An underwater mining system was 
developed for operations and the flexible riser concept was validated in 
the Indian seas at 410 metres water depth in 2000. (Deepak et al, 2001) 
jointly by National Institute of Ocean Technology (NIOT) and Institut 
für Konstruktion (IKS) of University of Siegen, Germany. The tests 
gave confidence for carrying out further studies that lead to 
enhancements in the mining system and the mother vessel, which were 
cost intensive. The modified system was tested for long term operations 
at 451 m depth off Goa coast during March 2006. 

FLEXIBLE RISER SYSTEM 
 
Most of the existing deep sea mining concepts are based on the tests 
carried out by various consortia active in the seventies (Chung, 
Whitney and Loden 1980; Brink and Chung, 1981; Chung, 1996). The 
systems had either a self propelled nodule collector (Chung 1996) or a 
towed collector (Heine and Sung, 1978) which collects and pumps 
nodules from the ocean floor to the lifting system, either directly or 
through an intermediate storage buffer unit. The lifting system has been 
either hydraulic or air-lift. Hydraulic lift systems had multistage 
centrifugal pumps installed at three different depths (Kuntz, 1978; 
Chung and Tsurusaki, 1994). In the case of airlift systems, compressed 
air was injected at intermediate depths and the solids were lifted up as a 
three phase mixture. 
 
The flexible riser system is one of the novel deep sea mining systems 
being developed after the Law of the Sea treaty (UNCLOS -III) became 
effective as of 1994. A crawler based underwater mining machine 
collects the nodules as it moves along the ocean floor. The underwater 
mining machine is self propelled and remotely controlled. The presence 
of multiple mining machines (Fig. 1) a flexible riser system instead of a 
rigid riser system and a single positive displacement pump instead of 
multiple centrifugal pumps are the main differences of this system 
when compared to pipelift systems. The complete system has been 
discussed in detail in Handschuh et al (2001).  
 
The flexible riser system has been proposed to be realized in four 
phases : 
♦ First phase of validation of the flexible riser concept at 400-500 

metres water depth for underwater mining operations.  
♦ Second phase of evaluation of the performance of the system 

developed in the first phase for long term operations by equipping 
the mother vessel with a Dynamic Positioning System. 

♦ Third Phase of realization of manganese nodule collection and 
crusher systems and their addition to the underwater mining 
machine developed in the second phase. 

♦ Fourth phase of validation of the flexible riser concept for 
manganese nodule mining operations in the Central Indian Ocean 
Basin using one underwater mining system.  

 

Proceedings of The Seventh (2007) ISOPE Ocean Mining Symposium
Lisbon, Portugal, July 1-6, 2007
Copyright © 2007 by The International Society of Offshore and Polar Engineers(ISOPE)
ISBN 978-1-880653-69-2; ISBN 1-880653-69-9

166



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




