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1. Marine mining — RBM Example
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2. Current market and future growth

s P S AT

==~ Mineral sands

Mining dredger

Slurry transport system
Mineral separation plant
Automation and control
System integration

Potential cost reduction by
avoiding de-watering

Millenium Brasil
RBM, South Africa
lluka, Australia
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2. Current market and future growth
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Marme dlamonds

Mining support vessel
Launch and recovery system
Vertical transport system
Seafloor mining tool

System integration

De Beers Marine, Namibia
Diamond mining
Water depth up to 200m

%
TU Delft Challenge the future 5




2. Current market and future growth

Exploration management focused on:

¢ [dentification and assessment of mineral resource potential

e Coordination of site surveys, mapping and sampling programs
¢ Advice on regulatory and environmental reporting

— Plannin Reconn- Target Exploration Resource Assessment %, Reserve s, Expl £
& aissance appraisal drilling definition drilling :’ definition .:’ Xpioration

assssssssssnn®aEnsEEEEEEEEn

— | (Pre-) Master pIan} (Pre-) Scoping study } Pre-feasibility > Def. >:| Evaluation

feasibility
. Equipment Mine con-
Construction [ quip } : >
procurement struction

: Start >
Operatlon [ | operation

Mining Value Chain

— Evaluation studies focused on: Time
¢ Mining e Mineral processing
¢ Mine method selection ¢ Wet separation techniques
¢ Mine planning ¢ Process Flow Diagram (PFD) development
e Costing ¢ Mass balance calculations
e Concept design e Game of capacities

* Due diligence * Design envelog — Operational support
e Technical ePerformance improvement
e Financial Integrated dredge and eTroubleshooting
marine mining solutions
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3. Problem Statement

Paradox of seabed exploration —

k! (

« For deep sea deposits, the level of
information is scarce and data gathering
is difficult and expensive!

e
A
~

I How to reconcile?

« Investors in seabed mineral exploitation
require project information in terms of
resources/reserves linked to the level of
confidence

Obtain very expensive data in strategic S
stages to mitigate the risk! " Nautilus
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Preliminary

(Geophysics,
Bathymetry, ...)

Survey ——» Primary Sampling

3. Problem Statement

Towards a closed loop? .

Geostatistical —
— > <+

Assessment

i

Final Deposit Characterization

€4—YES——

Uncertainty Assessment
Satisfactory?

|
NO

v

New Sampling
Campaign

k3
Nﬁ.‘ -
L

Obtain very expensive data in strategic
stages to mitigate the risk!

Nautilus
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3. Problem Statement

One step further? |

L
Exploration Results e :
T ' 5
Mineral Resources Ore Reserves P =9 4y
_ ‘ Enable marine
\J Inferred ol
_______________________________ q , ° °
_— e mining
Increasing level |1 djcated Probable | »
of geological | cde y I '
knowledge and | censusn®®® ! markEt..
confidence | Sansnns®® |
: Measu rod: » Proved | T
b e e e e e
Consideration of mining, metallurgical, economic, marketing,

legal, environmental, social and governmental factors

——— (the “Mmodifying factors”) s—]

Obtain very expensive data in strategic S
stages to mitigate the risk! ) Nautilus
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4. Research Objective

“develop a new and innovative closed-loop management
framework for the exploitation of marine mineral resources

Development phase:

» large financial investment when knowledge is limited
(data = scarce, exploration = expensive)

» Flexible decisions to account for residual uncertainty

Operational phase:
e Operational data = cheap + large amount
» Decision options can be narrowed down

UNCERTAINTY EVOLVES

TRANSPARENT RISK-ORIENTED FRAMEWORK!
> TOWARD OPTIMAL EQUIPMENT SELECTION + PLANNING
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S. Research approach

Towards an “Intelligent Wet Mine”

Input: Output: G3U Model

e Indirect/direct measurements 1. Geological facies

* Level of information 2. Geotechnical and metallurgical
» Accuracies 3. Grade distribution

e support

Exploration Data
Integrated

Resource Model

Spatial variability and uncertainty
of the key properties
impacting the resource recovery
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S. Research approach

. |
Exploration Data | :
— | |
I | |
Magnetics | | Eégggsg?yn
| I (Bucket Wheel)
| Integrated |
| | Resource Model I
| |
| + | Product
Expert | Transfer I Recovery
knowledge | Function | (Jigs)
| + |
: Development : cr=ee
| Decisions AN A Cash Flow
drillholes | 11 B S\
WW:J“': fl—;‘:; Section 6,753,200 >y - T e I ! I o
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S. Research approach

Towards an “Intelligent Wet Mine”

Transfer Function Development decisions
» Excavation recovery e Yearly production & cut-off
» Product recovery e Equipment selection

 Financial returns e Mine design & LT planning

Exploration Data
Integrated Transfer Model Based

Resource Model Function Predictions

T

Development
Decisions
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5. Research Proposal

* ORANGE: > 80% chance that installed cutting power is not
sufficient

* GRAY: > 80% chance that the tool can cut the material

* PURPLE: intermediate scenario, additional drilling will most likely
provide useful information

Suitability Selected Cutting Tool Suitability Selected Cutting Tool Suitability Selected Cutting Tool
Power Limit: 200 KWatt Power Limit: 300 KWatt Power Limit: 350 KWatt
i g S v

g

250

. I 200
E E E
= = g
B B » g
g 5 5 :
3 8 3 ’
% > > 100

3 50
0 — - 0
0 50 100 150 200 250 0 50 100 150 200 250 0 50 100 150 200 250
X Coordinate [m] X Coordinate [m] X Coordinate [m]
(a) 200 kW att (b) 300 kW att (c) 350 kWatt
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S. Research approach

Towards an “Intelligent Wet Mine”

LT Optimization

» Flexible development option to mitigate risk!

* Maximizes monetary value

» Minimizes environmental impact (Selective vs. Bulk?)

Exploration Data
Integrated LT Transfer Model Based

Resource Model Function Predictions

l T

Optimi-zation : Development
Algorithm Decisions Ready —
START OPERATION
<3
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S.Research: P_r “o_

V Cutting,power S

production Input flow rate

Flow rate /
concentrati Qﬂ

Current Buffer = _
Output flow rate

+ HM Conc.
Cutting power

production T
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5. Research objective

Towards an “Intelligent Wet Mine”

ST Optimization
» Short-term scheduling: comply with LT production targets

Operational data acquisition
» Efficient & economically justifiable monitoring network

Exploration Data
Integrated ST Transfer Model Based

Resource Model Function Predictions

l |

Optimization Operational Deposit
—> —
Algorithm Decisions (true but unknown) O
Sensor
2
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5. Research objective

Towards an “Intelligent Wet Mine”

Self-learning techniques to update resource model

Sequential Calibration
Updating Parameters
Exploration Data I d S l p el y
ntegrate : TTran_s er ; Mo e. B.ase ;
Resource Model Function Predictions

l |

Optimization : Operational Deposit
Algorithm Decisions (true but unknown) O
] o . ] Sensor
Real-Time optimize ST scheduling (+ LT planning)
]
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6. Conclusion

Development decisions
1.
2.
3.

Integrated deposit model
Insert LT planning in transfer function > predict output
Optimize

Operational decisions

1. Development decisions are further detailed > ST scheduling
2. Optimize
3. Start Production & Collect data
4. Update resource model (Real-time)
5. Optimize decisions (Real-time)
7
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6. Conclusion
\

Eqg. 1 Eq. 2 Eqg. 3
| ! |
Optimize decision Optimize decision Optimize decision
variables variables variables
‘ | ‘ j\» /V\l,

=
NPV 1 NPV 2 NPV 3

Real-Time Reconciliation & Optimization
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Thank you for your attention!
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