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Background
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cean Managementﬁlnc. (OMI) Consortium
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:;CMCO
~ SEDCO
= uccessful Pilot Mining Test 1978
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= _ CCZ, ~5,400 Meter Water Depth

= = >600 Tons of Nodules Delivered to Surface
— Culmination of 4-Year Development Program
— Proved Technical Feasibility of Ocean Mining!
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Nodule density of 2Ibé pe-r square foot.
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High Speed Exploration System

}_ Tested In 1977

[
AN NN\ D aYa

Jery Changed Thinking
'Sg. Km Surveyed
rface Deposit

B ribution Varies
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Proof Positive
— Collector Tracks

HSES Image (1977)
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.m.__.g
OMI Team Approach

INCO Lead for Collector Development

roadram Vianadaemen

-
-

= Hydraulic & Passive Collector Development
= Land Based Test Facility Design & Construction
&~ At Sea Collector Test Program

- -

= 'DOMCO Assistance Task

=~ — Hydraulic Collector Development

=~ — Land & At Sea Test Participation

®* AMR Assistance Task

— Mechanical Collector Development
— Land and At Sea Test Participation
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_— .
0 Key Collector Design Parameters

I

- —
—

' Nodules Considered a Surface Deposit Only

- Nl ANcidaratine £ D -

“Monte-Carlo Approach to Mining the Mine Site
~ — Random Course Selection
"~ Opposite of “Mowing the Lawn”

- -

&= — No Requirement for Steering or Self-Propelled Design

— Collectors Were passively Towed
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bhased Collector Development

n eptual Design™
haratar acting of Ke nncen _Qmponents*
St Collector Design, Fabrication & Assembly*
"'Based Collector Testing

n=Situ Deep Sea Collector Tests

BEPMT Collector Design, Fabrication & Assembly

= = Pilot Mining Tests (PMT)

- -

* Conducted Simultaneously in Three Countries
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S
aporatory and Tow Tank Tests
g ~

e Settling Velocity =

2d Duct/Ramp Flow
ontal Nodule Transport
rainment Ratios
__Fédynamic Towing Stability

P
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Land Based “Mud Pit” Tests

)0’ X 12’ x 12’
Cost Effective
ulated Nodules
simulated Sediment
ssive Collectors
" Rhombic Rake

& — Passive Inverted Plow

—

—

- * “Active Collectors

— Electro-Hydraulic
—~Active Inverted Plow
— DOMCO Hydraulic

— CDZ, CDM and CBS Mechanical
e RR, PIP, CDZ Collectors Eliminated
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.

1976 In-Situ Deep Sea Collector Tests
I

d|V|a
"est Site
ble/No Riser

tors Tested
;* 0 Hydraulic & AIP
2 CO Hydraulic

_ ‘Cutter Blade Scraper (CBS)
T —'CDM Collector Aboard - Not Tested

= DOMCO & EH Showed Most Promise
* DOMCO Selected as Primary PMT Collector
® (CBS Collector also Selected for PMT
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1978 Pilot Mining Test

DCO 445
- JIe Fu S & Al
5 400 Meter Water Depth
” OD Riser Pipe
Lead Dead Weight(s)
mp Valve
-7 Vacuum Relief Valve
* 8” & 6” Interface Hose

e ?M, 3M or CBS Collector
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INIng Tests

SEDCO 445
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I

omersible Pump and Air Lift Systems

IP KSB Submersible Pumps
Jmps for Use with 2M
0 40 Metric Tons/Hour

e Pumps for Use with 3M

- s ‘to 60 Metric Tons/Hour
njection at 2,000 Meters

—
-—

= AN
-

e

~— 3,000 psi Compressors

— -

— For Use with 2M or CBS Collectors

N

S

N A i . ~ -

ic5)
SOSI - Proprietary Information




S
Riser System Components

Meter Nominal Length

=
| } Y |
™ aga aYlala laYaYa ave ala

m)
m Weight Middle Section (~450m)

Welght Lower Section (—3,960m)
gh Strength Rotary Tool Joints

"'n-.‘a Dead Weights (Up to 6)

= z’"" ﬁlln|m|ze Bending Stress in Riser

_—-

~ e Dump Valve
— Dump Nodules During Pump Fallure

® Vacuum Relief Valve
— Allow Water Inlet if Collector Clog
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. N
Interface Hose

gter Nominal Length

=
| N B

3mm) for Air Lift
ction Lengths
ymetric Excursions of +£90 Meters

=Unibolt Connectors
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Ir/Sea Interface
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2M Seafloor Collector

2ly Towed Two Runner Sled
2 Hydraulic Design

1015 A U T Of
le Ducted Propeller Pump

Modular Active Width
1/2 Meter Floating Dredge Heads

;-_--‘" ustable Dredge Head Height

.,,:_ 4 PSI Seafloor Bearing Load Goal

—% Cloth Sail
- . — Hydrodynamic Stability & Bottom Landing
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3M . Seafloor Collector

ly"Towed Two Runner Sled
Hydraulic Design

AX|aI Flow Pump
Modular Active Width

1,
W

__"-Meter Floating Dredge Heads
\djustable Dredge Head Height

= '-i PSI Seafloor Bearing Load

A“C' loth Sail
— Hydrodynamic Stability and Bottom Landing
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T

. .
ollector Functional Concept

ulic DeS|gn Uses Only Movmg Water for All Work
ination of Sediment

E"’ port of Nodules within Collector

troduction of Nodules into Riser

tReliability is Key
J__: 'im_plicity = Reliability
® 1960 US Navy KISS Principle
— Essentlally One Moving Part

e _Minimal Wear and Abrasion
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ollector Functional Concept

-

1 Volume Low Pressure Flow
:v"‘ Nozzles
w Follows Curved Surface
_:’_rs, Lifts, and Entrains Nodules
_;;:5 zles Entrains Added Water

n‘sports Nodules Up Duct

Pl

=== Turbulent Flow Separates Sediment

| —

— Raised the Nodules within the Collector

- -
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e
ollector Functional Concept -
Size Rejection)

S

-
\
aXimum NOQUIE D RISE

t Clogging

versize Rejection 1
d at Entrance to Dredge Heads h

aterials Wider Than 3-1/4” Prevented from Entering Dredge Head
= Co ITector Forward Movement Passively Cleared Oversize Materials
5 ;-“—‘;‘f.';-“"ﬁecognlze That Some Materials >3-1/4" Long Could Pass

,,_-

~ Secondary Oversize Rejection
-~ — Located Behind Discharge of Dredge Heads
— Materials >2-3/16" Rejected Downward Between Runners
— Secondary Rejection Powered by Slurry Flow Up Ramp
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e
ollector Functional Concept

Rejection & Nodule Containment) o

with Hopper Conveyor
penings Retain Nodules & ninate Sediment
y” Water Simply Passes Out Thru Cage Openings
dltlonal Power Required for Sediment Rejection
= les Transported Using Jet Sheet Nozzles
“Nodules Fall Into Riser Entrance Duct at Center

'_' |ser Suction Entrains Nodules

N —
- __.—_’-

A“D’umps Doors to Clear Jams
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LWorking Fluid Flow)

(7

PIPE CONVEYOR

SEPARATOR ASSEMBLY
( CUT-AWAY VIEW SHOWS
172 OF UNIT )

DREDGE DISCHARGE

INTERCONNECTING DUCT

WATER INTAKE

OMI Collector Functional Concept

OCEAN WATER
DRAWN INTO
SYSTEM BY PUMP

PUMP SUPPORT
FRAME

PUMP MOTOR IN
TORPEDO HOUSING

FILTERED
hi'33> NODULE
SLURRY

Z9)\

RAW SLURRY IN
HIGH VELOGITY
SHEETS OF WATER.

" NOTES

LARGE DIAMETER NODULES ARE DEFLECTED
BY SEPARATOR BARS AND FALL BACK TO

SEAFLOOR. USABLE NODULES ARE COLLECTED
IN HOPPER . NODULES THEN SLIDE INTO PIPE

CONVEYOR.

REAR, SETTLES BACK ON SEAFLOOR.

SILT RESIDUE EJECTED THROUGH SEPARATOR /
DREDGE HEAD

PtPE CONVEYOR TO PILOT
MINING SHIF ABOVE, AT
OCEAN SURFACE.

NODULES ON SEAFLOOR
SUCKED INTO COLLECTOR
SYSTEM BY ACTION OF
WATER VOLOCITY

{ SEE DETAIL DRAWING)

{ TYPICAL OF 4)
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OMI Collector Functional Concept
LWorking Fluid Flow) .

T

————

3

SEPARATOR ASSEMBLY
CUTAWAY VIEW SHOWS
1/2 OF VIEW

SILT RESIDUE, EJECTED HEADER

THROUGH REAR OF
SEPARATOR, SETTLES BACK DREDGE DISCHARGE

ON SEAFLOOR. DIVERTION VALVE

FLEXABLE DUCT

AURORA PUMP

FILTERED NODULES

OCEAN WATER
DRAWN INTO
SYSTEM BY PUMP

(ﬁz—v
(&4

} FILTERED NODULE SLURRY

RAW NODULE SLURRY
IN HIGH VELOCITY
SHEETS OF WATER

PIPE CONVEYOR TO
PILOT MINING SHIP
ABOVE ON OCEAN SURFACE

Vg

Yo
OVERSIZE NODULES
DEFLECTED BY
SEPARATOR BARS

NODULES ON SEA
FLOOR SUCKED

INTO COLLECTOR
SYSTEM BY

ACTION OF

WATER VELOC!TY.
SEE DETAIL DRAWING

NOTE
LARGE DIAMETER NODULES ARE DEFLECTED
BY SEPARATOR BARS AND FALL BACK TO

SEA FLOOR . USABLE NODULES ARE
COLLECTED IN HOPPER. NODULES THEN SLIDE
INTO PIPE CONVEYOR.
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draulic Collectors Have Proven
uccessful Track Record

WS

”s
! =
|
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-t

OPTIMUM BOW WAVE

Wionre R.45 Model No.193 (PMT 2-2 track. crossing No.32) (0745-7/4/78)

® Bow Waves Act Like Plows Moving Nodules to the Side
* Bow Waves Reduce Collection Efficiency
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.E.‘
Remember KISS

draulic CollectorsﬁEmbodied the KISS Principle

o —
—

awater to Perfc \ll Collector Tasks
: red Minimum Horsepower (—10 HP/Meter Width)
iple Reliable Design with Only One Moving Part
5 /ing Part Not in Contact with Nodules or Sediment
-oper Bottom Landing Assured By Simple Sail
f_,aa Collection Efficiency (When No Bow Waves Existed)

% =Sediment Rejection at Seafloor w/o Added Power Needed
* Minimum Sediment Transported to Surface (<1% of Flow)
® Collector Bearing Load on Seafloor ~.5 psi or Less

® Passive Oversized Rejection

—_
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gortunities for Improvement

-~
——

re Reliable bmersible Motag U_mps)
undant Critical Components — Motors/Pumps
rove Active Width to Equal Overall Collector Width
,‘- gn to Eliminate Bow Waves
Reduce Bearing Load on Seafloor to Minimize Penetration
_%'ﬁqprove Sediment Rejection Even Further

—
—
i
—
| m—

= » Consider Steerable Collector for * ‘Mowing the Lawn”

~® Use Current State of the Art Command, Control and
Monitoring System
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.'l‘_“ .
Conclusions

— R

onducted Phased Collector Devéloprﬁént Program

——

mple, Logical Phases Designed to Maximize Success
minated in Successful PMT with >600 Tons of
S Delivered to Ship

_"Believed In and Followed the KISS Principle

— " -~

[ - ——

— '?‘"A—
— ——

- 3
o —
"

~— & OMI Considered Nodules a Surface Only Deposit
- ® OMI Found Long Term Collector Reliability Is Crucial
* Be Prepared to Lose Equipment!!!
e Have Contingency Plans & Equipment in Place
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Fig.2 CRIMM’s Hybrid Pick-up device
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_
Benthic Impact Experiments

thic Disturber with Many OMI Collector Features

Unner Sled
al Sail for Towing Stability
Horsepower

ed During Benthic Experiments g
- _OAA 1993
—— Metal Mining Agency of Japan - 1994
— Interocean Metals - 1995
— NIO of India - 1997

=

P
—
—

—
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