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ABSTRACT: This study had the goal of designing onboard structures for a pre-pilot mining test (PPMTI), which is required for the
commercialization of the deep-sea mining industry. This PPMT is planned to validate the performance of a hydraulic lifting system and verify the
concept of operating through a moon-pool in the east sea, Korea. All of the onboard equipment and facility were designed by KRISO. Because the
test was performed at the first development, it is difficult to determine what risk will occur in the facility. Therefore, risk-based design is required
in the facility for the PPMT, which includes the facility layout, failure mode and effect analysis (FMEA), and risk reduction plan. All of the
expected performances of the lifting system itself and the onboard facilities were qualitatively validated using the risk-based design.
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Risk-based Design of On-board Facility for Lifting System Field Test of Deep-sea Mining System

Mining = Collecting + Lifting

= Collecting : MineRo => Buffer

« Lifting : Buffer-Pump = Vessel Seawater/Sediment
Emission

Fig. 1 Concept of the deep-seabed mining system
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Fig. 2 Pressure drop simulation on-borard system
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Fig. 3 Main equipment of lifting system field test

(b) Lifting pump (c) Riser
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Moon pool

Pipe rack
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Fig. 4 Planar figure for lifting system field test
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Nodules

Fig. 5 Layout drawing of on-board facility for lifting system field test

Table 2 Plan for dominant failure mode of FMEA report

Item
No. et Name Freq. Seve. Detect. RPN Solution
1 Moon Pool Gate 3 5 1 15
11 Moon Pool Gate 305 1 15 mig%t};‘;?ﬁ“ﬁ;ﬁfnimé e
1-2 Guide Rail 3 3 2 18 Pin fixation design
1-4 Moon Pool Base Frame 2 5 2 20 Reinforcement
1-7 Elec. Cable 3 4 2 24 Design change
2 Moon Pool Structure 2 5 2 20
— R A
22 Base Frame 2 5 2 20 Perform UT test
2-4 Sheave Base Plate 3 3 2 18 Reinforcement
26 2nd Floor Moving Plate 3 5 2 qg Comsideration Ej;ed‘jﬁgﬁ HISE working
3 Riser Rack 2 3 2 12
31 Riser Rack Structure 2 4 2 16 Reinforcement
33 Clamp 3 3 2 18 Monitoring system design
5 Nodules Seperation and Disposal System 3 2 2 12
5-1 Pipe Line for Nodules Seperation (On the Deck) 3 2 2 12 Monitoring system design
55 Disposal Pipe 3 2 2 12 Monitoring system design
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3.2 FMEA BEA

FRAzE AF ARE 9
BEol7] w9
A P 2E B
A5, o710 WAl WiEsh o] nhE &/

#HoT A Zolth heoRE BAE w4

L

3

pul

5]

=4

S8 BT F Y TARES
=
=

A AR A N, A
= W7t BEAelth AYE Bk

531
e Hast & & e S WS AN, o)E B 2
Hise}l /980 A AEE sk sl

= FMEA 242 tid Alzrlol 24 el 24 743 1

T ARD 9 O AR AAE AAZCE wRgle] A¥E

2 9om, FMEA Tl =91 249 IP= AE 53 uy

v Azgle] AWAQ kA FEES A4 (Qualitative) = F

Table 3 FMEA report of on-board facility for lifting system field test

No.

Item

Potential Failure

Ttem’s Function
mode

Ttem’s Name

Failure Item

Potential Cause of Failure

Failure Effect
Effect on Total freq. Seve. Detect. RPN

System

Moon Pool Clamp and support to riser in the LARS Noise, Speed

Deformation or failure by environmental
factors(wind, noise, wave, snow, rain,

Impossible to

1 Gate process of lifting system drop{TOpslrahon temperature, impact) and crash into external ~ lifting test 3 5 1 15
ouble equipment or crain
Noise. Speed Deformation or failure by environmental
11 Moon Pool Open and close in the side direction for dro . pration factors(wind, noise, wave, snow, rain,  Impossible to 3 5 1 15
Gate clamp of lifting system p:rr(glp;le temperature, impact) and crash into external ~ lifting test
equipment or crain
Noise, Speed Impossible to
1-2  Guide Rail Support rail for open of moon pool gate drop, Operation Rial deviation by noise and external shock open/close of 3 3 2 18
trouble moon pool gate
Noise, Speed Impossible to
1-3 Guide Roller Bottom roller for open of moon pool gate drop, Operation Rial deviation by noise and external shock open/close of 3 2 2 12
trouble moon pool gate
14 Moon Pool Installation between moon pool gate and ~ Deformation,  Deformation or failure of base plate due Impossible to 2 5 5 20
Base Frame  deck, Support to moon pool gate Failure to weaken base support structure lifting test
. . - . Impossible to
1-5 Ball Screw Prevention for rail deVIahqn on the roller Defor‘m ation, Deformation or failure by external force open/close of 3 2 2 12
and deformation Failure
moon pool gate
Securement of free mmotion f(?r rol & pitch Deformation or failure by environmental
mode on the ship, Consideration of . . . . .
Moon Pool R . Deformation, factors(wind, noise, wave, snow, rain, Impossible to
1-6 Clam material nonlinearty due to contact Failure ' rature, impact) and crash into external  lifting test 3 4 1 12
P between flange and clamp, Securement I é uiI ment or crain s
of structural safety on the stopper qup
Operation trouble, . .
Electrical cable to supply with buffer and ~ Overheating, Failure or mge of Ele(ﬁ" Cable by external  Impossible to
1-7 Elec. Cable i . force Impossible operation of moon pool open/close of 3 4 2 24
lifting pump Degradation of
. gate moon pool gate
electric power
e Deformation or failure by environmental
Securement of work spcae for lifting . . . . .
Moon Pool X X Deformation, factors(wind, noise, wave, snow, rain, Impossible to
2 Structure  SYStem operation, Sturcutre able to wire Failure temperature, impact) and crash into external ~ lifting test 2 5 2 2
work through the sheave mpe T . S
equipment or crain
Deformation or failure by environmental
21 Structure Basic tower supprot on the moon pool, Deformation, factors(wind, noise, wave, snow, rain, Impossible to 2 5 5 20
Securement of work space at each floor Failure temperature, impact) and crash into external ~ lifting test
equipment or crain
Basic support on the total structure ~ Deformation, Deformation or failure of base plate due Impossible to
22 Base Frame weight Failure to weaken base support structure lifting test 2 5 2 2
Nose,Operaon Cxemton r s by vl
Structure of pulley type able to operate trouble, . ! AT ! 1 Impossible to
23 Sheave two cables on the two winches Deformation, te P ature, imy d) and crash ‘?“‘? ext. lifting test 3 2 1 6
. equipment or crain Wire deviation into
Failure . .
sheave due to winch operation
Sheave Base Basic support plate for external force on Deformation,  Deformation or failure by external force, Impossible to
2-4 the sheave at 3rd floor of moon pool . . o 3 3 2 18
Plate tower Failure Destruction of sheave baseplate lifting test
2-5 Stair Stair of moon pool tower Deforma YO Deformation or failure by external force Hazarq of safety 2 2 1 4
Failure accident
Noise, Operation Destruction of moving plate by external
26 2ndFloor  Moving plate for LARS process of buffer trouble, force, Operation trouble due to damaged Impossible to 3 3 5 18
Moving Plate equipment Deformation,  driveline, Crashed plate due to support lifting test
Failure weakeness
2-7  Handrail Handrail for fall prevention at pool Defor‘ma O Deformation or failure by external force Hazard‘of safety 2 2 1 4
tower Failure accident
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Item Failure Item Failure Effect
i i Freq. Seve. Detect. RPN
No. Item’s Name Ttem’s Function Potential Failure Potential Cause of Failure Effect on Total 4 v
mode System
Noise, Operation Deformation or failure by environmental e
. . . . Difficult to
. Structure for riser cargo and trouble, factors(wind, noise, wave, snow, rain, . .
3 Riser Rack ) : . . operation of pipe 2 12
operation Deformation,  temperature, impact) and crash into external clampin:
Failure equipment or crain Ping
Deformation or failure by environmental oo
. . . . . Difficult to
31 Riser Rack Structure for riser car ¢ 48 Deformation, factors(wind, noise, wave, snow, rain, ration of bi 2 16
Structure ructure for riser cargo o e Failure temperature, impact) and crash into externa ope al (:n i?\ pipe
equipment or crain clamping
. ., Guide rail for rolling movement of ~ Deformation, Defect on the pipe of g}ude rail due to extermal D1f.f1cult to,
32 Guide Rail . . . crash, Deviation of pipe on the clamp due operation of pipe 3 6
riser at operation Failure . R . .
to guide rail defection clamping
Prevention for fall and rollover of Operation hjouble, Defect on the clamp <.:1u.e to crash between Hazard of safety
33 Clamp o Deformation,  pipe and clamp, Deviation of pipe on the . 3 18
riser in the rack . . accident
Failure clamp due to clamp defection
34 Handrail Handrail for fall prevention at top Deformatlon, Deformation or failure by external force Hazard‘of safety 2 4
floor of riser rack Failure accident
Deformation or failure by external force,
. . Plugging on injection pipe by foreign
4 Nodules Equipment for continuous injection Ntcrnse},;)lOp ;ratlgn material, Injection operation trouble of ~ Impossible to 3 1
Injection System of nodules ou di, pee nodules due to defect on the pump, lifting test
P Operation trouble due to failure of the
conveyer belt
Noise, Operation Defect on the pump by external force, I ible t
41 Injection Pump Pump for injection of nodules  trouble, Speed Pumping operation trouble due to n;}f)gsm te to 3 12
drop overworking or overheating of lifting pump Hng tes
Noise, Operation Deformation of failure due to decrepit
42 Convever Belt Conveyer belt for injection of tcr) el’)l Pg a 3 conveyer belt, Deformation or failure by  Impossible to 3 6
onveyer be nodules oub'e, pee external force, Operation trouble on the lifting test
drop . .
conveyer belt by foreign material
iection S Sensor to detect injection amount . Sensing failure by external force, Detection Hazard of safety
43 Injection or of nodules Operation trouble trouble by foreign material accident 3 12
44 Injection  System to control injection amount Operation trouble Failure on the injection control system by Hazard.of safety 3 1
Control System of nodules external force accident
. . . . . Operation
Support Plate of Support plate for coupling lifting ~ Deformation, ~ Deformation or failure of support plate by ... .
45 L NV . difficult and time 3 12
Injection Hose system to injection hose Failure external crash .
consuming
Deformation or failure by external force,
Nodules System for seperation nodules into Noise, Operation Lifting performance trouble due to defect Impossible to
5 Seperation and slurry, Disposal system of seperated ~trouble, Speed ~ pump, Plugging on the pipe by foreign Iilzh'n test 12
Disposal System seawater drop material or defect equipment, Leakage due s
to decrepitude or failure
PipeLine for Pipe l}ne from flexible hose to . . . . Degradation of
seperation system of slurry from . Plugging on the pipe by foreign material -
Nodules e Deformation, . system efficiency
5-1 ) lifting process, Structure safety on . or defect equipment, Leakage due to 3 12
Seperation the internal force due to pipe Failure decrepitude or failure and hazard of
(OntheDeck) Pip P safety accident
pressure
Flexible hose from lifting system to Deformation or failure by external force, Degradation of
52 TFlexible H pipe line, Compensation function = Deformation,  Plugging on the hose by foreign material system efficiency 3 12
; eXIbie OS¢ " due to heave motion of lifting Failure or defect equipment, Leakage due to and hazard of
system decrepitude or failure safety accident
Flow Control Sensor to measure the flow amount . Sensing failure by external force, Detection Impossible to
5-3 Measurement X A Operation trouble . . 3 12
Sensor into the injection system trouble by foreign material measure for R&D
Measurement . . . .
54 System of Measure s(;iysltem of s}ftperated Operation trouble Sensing tﬁaﬂlge lb;y efxtemal forie, 'Dletectlon Imposs1fble Rtfg)tD 3 12
Nodules Weight nodules weig] ouble by foreign materia measure for
. Def rmation and defect of d].SI pipe due Degradation of
. . . . Deformation,  to friction, Deformation or failure by external
55 Disposal Pipe  Pipe to dispose the seawater X . ) system 3 12
Failure force, Operation trouble on the pipe by
forei . performance
oreign material
Pump for Pump to separate nodules int Defect pump by external crash, Pump  Impossible to
56 Seawater-Nodu P ‘O Separate noduie ° Operation trouble operation trouble due to overwork or separate seawater 3 12
. seawater .
les DisCharge overheating of pump and nodules
Mesh for Defect or deformation by friction of Impossible to
5.7 seperating Mesh to separate nodules into Deformation,  seperating process between seawater and e arr;te coawater 3 12
Nodules into seawater Failure nodules, Deformation and failure by external I?m d nodules

Slurry

force
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Fig. 6 Topside completion on the support vessel
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