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Typical underground mining process includes
several simple steps to get the ore to the surface

Drill

Ore is on the
surface
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In reality, underground mine is a complex system

Yield and give-way logic on
narrow mine segments

Add non-linearity to haulage
simulation

Roof bolting takes
time in unsafe places
Which results in additional
Delays between fj,'fgj,b:,?n’;ff'°pe can be
operations depends on
mine layout Bl Queues in front of
Time is needed to move to the e ore passes
safe distance from blast place [ - Increase transportation
cycle time
Limited capacity of
ore passes
Can slow down the flow of
ore especially at peak times

Wagon dumper can
Oversize rock Slopes and Roor dump2or3 I . >
ground quality wagons at a time b Skip hoist can become

Ioading Can decrease equipment . A g " .
Increases o) 0 s Which leads to non-linear ¥ a bottleneck during
scooptrams’ cycle BESCLE dependency of dumping .
g Y time on wagons number peak periods
If a flow of ore coming to skip

time
is unevenly distributed in
time, the haulage system can
overflow in as fast as 10
S . minutes

Limited capacity of

conveyor system

Overflow of conveyor system

can influence work in several

distant part of the mine
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Tasks of mine planners range from daily capacity
planning to quantification of ROI

Real
world

Overlapping activities

Interaction between equipment
units

Changing cycle times of
processes

Spatial limitations, yield and give-
way logic of moveable equipment
units

Complex layout of mine field
Limited capacity of conveyor
system

Planning

Mine
Planner

Determine system
capacity

Test mine plan feasibility
Evaluate outcome of
operational

improvements
Quantify return on
investment

Justify fleet
requirements
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Traditionally, mine planners have to make many
assumptions to eliminate complexity

Overlapping activities

Interaction between equipment
units

Changing cycle times of
processes

Spatial limitations, yield and give-
way logic of moveable equipment
units

Complex layout of mine field
Limited capacity of conveyor
system

Assumptions:

e Average haulage
distance

e Average dump time

* % of time of
conveyor stoppage
due to overflow

* etc...

Mine
Planner

Determine system
capacity

Test mine plan feasibility
Evaluate outcome of
operational

improvements
Quantify return on
investment

Justify fleet
requirements
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AnyLogic simulation can capture most
interdependencies and constraints of a mine

e Qverlapping activities

* Interaction between equipment
units

e Changing cycle times of
processes

e Spatial limitations, yield and give-
way logic of moveable equipment
units

e Complex layout of mine field

e Limited capacity of conveyor
system

‘ Simulation ‘

Determine system
capacity

Test mine plan feasibility
Evaluate outcome of
operational
improvements

Quantify return on
investment

Justify fleet

requirements
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Simulation requires much input data that is hard
to maintain: too complex for mine planners?

e Qverlapping activities

* Interaction between equipment
units

e Changing cycle times of
processes

e Spatial limitations, yield and give- ‘ Simulation
way logic of moveable equipment
units

e Complex layout of mine field

e Limited capacity of conveyor
system

Mine
Planner

Is simulation
too complex?

Too many parameters
Input data changes over

time
Too hard to prepare
scenarios
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We integrated AnyLogic model with a domain-
specific Ul to get our Mining Simulation Tool

AnylLogic

Agents living and
moving in
dynamically
changing network
Combines agent-
based and discrete-
rate approach

2D and 3D
visualization
Something more
Something more

Domain-Specific
Graphical Ul

All data organized in
a tree

Multi-user work on
scenarios
Point-and-click style
of work with map of
mine

Terminology familiar
to users

Integration with
external data
sources

Mining
Simulation Tool

* Mine planners can
use the system
easily
No simulation /
programming skills
required
Easy built into
planning process
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Case #1: Potash mine with 20 borers working
simultaneously and conveyor system moving ore

Mine overview:

e 20 borers + 20 dump trucks * One skip hoist

* 3 underground levels, * 8 x 8 km size

e 21 km of conveyor lines e ~900K tons/month ore production*

20 x (Borer + Dump Truck)

///////ff’////ﬁ”//////ﬁff Borers crush the rock and load it to their attached ore
/ < buffers

Dump trucks make runs between borer and ore pass
Dump truck capacity is 22 tons

Ore pass volume is about 3 tons

After 3™ ton dumping speed gets limited to current
conveyor throughput

Conveyor can already be loaded with ore from other
upstream borers
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ldea: add a buffer between dump trucks and ore
passes

AS-IS TO-BE: Mobile Ore Loaders (MOLs)

é%ﬁEE:/“ <€ fﬁ < )ii:ﬁ

>
L 2

e Buffering capacity between
dump truck and conveyor
system

e Less dump truck cycle time

’W
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Question: Can we remove 1 borer and add 5
MOLs and keep mine production volume?

-1 (Borer + Dump Truck) + 5 Mobile Ore Loaders (MOLs)

R <

’/’?//%///////ﬂ <

e Buffering capacity between
dump truck and conveyor
system

e Less dump truck cycle time

N\

e Less borer maintenance
e | ess OPEX

e Buffering — more even load on conveyor system
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Further questions: Which borer to remove?
Which borers to send the 5 MOLs to?

-1 (Borer + Dump Truck) + 5 Mobile Ore Loaders (MOLs)

)

/
"
L 2

e Buffering capacity between
dump truck and conveyor
system

e Less dump truck cycle time

o

< ) e

’W

 Which 1 Borer should be removed from the system?

e Where to send the 5 MOLs?
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(Borer + Dump Truck) system: internal vs.
external constraints
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How much will each borer produce if we remove
its external constraints?
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No external constraints scenario: 3 borers are

most constraint by internal limitations

Borer AS-IS production, tons [Unconstraint Unconstraint Unconstraint relative
production, tons production increase, |production increase,
tons %
Borer #150 44710 46 114 1404 3,14%
Borer #105 44 039 46 308 2269 5,15%
Borer #65 43 239 46 665 3426 7,92%
Borer #99 47 363 51 456 4093 8,64%
Borer #77 43 053 46 781 3727 8,66%
Borer #144 38 397 41728 3331 8,68%
Borer #012 50114 54 900 4787 9,55%
Borer #95 45622 50141 4519 9,91%
Borer #53 47 248 51948 4701 9,95%
Borer #113 38 642 42 775 4133 10,70%
Borer #89 42 269 46 838 4569 10,81%
Borer #145 34672 38 986 4314 12,44%
Borer #104 42 519 48 871 6352 14,94%
Borer #143 37982 44 292 6310 16,61%
Borer #123 44 408 52 303 7 896 17,78%
Borer #147 45 140 53672 8532 18,90%
Borer #011 52999 65670 12671 23,91%
Borer #96 47 327 60 066 12739 26,92%
Borer #62 43910 57 369 13459 30,65%
Borer #82 48 203 64 707 16 504 34,24%
Total: 881 854 1011590 129736 14,71%
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Removing borer #65 allows to reach max
production if MOLs worked with all borers

Ore Production, tons

Borer Scenario 1. No Borer #65 Scenario 2. No Borer #105 Scenario 3. No Borer #150
Borer #012 + MOL 54 003 54 003 54 003
Borer #145 + MOL 36 329 35183 34 550
Borer #65 + MOL 0 44 089 44 126
Borer #77 + MOL 45 434 45 434 45 642
Borer #82 + MOL 50 125 51363 51339
Borer #143 + MOL 39079 38543 38591
Borer #150 + MOL 46 114 46 114 0
Borer #99 + MOL 50293 50293 50293
Borer #123 + MOL 46 467 45413 45 168
Borer #147 + MOL 48 471 50175 50468
Borer #011 + MOL 60 792 60912 61 056
Borer #62 + MOL 50651 47 895 47 482
Borer #53 + MOL 48 782 49 262 49 190
Borer #113 + MOL 40088 39434 39561
Borer #144 + MOL 40153 40 106 39 864
Borer #89 + MOL 45 567 45 882 45761
Borer #95 + MOL 47 568 49 019 47 786
Borer #96 + MOL 48 832 51024 52 681
Borer #105 + MOL 45 316 0 45594
Borer #104 + MOL 45 412 44 972 44 605
Total: [T 889476 889 117 72
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We ran several scenarios to determine where to

send 5 MOLs to maximize ore production

Borer Ore Production AS- | Ore Production TO- Ore Production Ore Production Has MOL?
IS, tons BE, tons Increase, tons Increase, %
Borer #012 + MOL 50114 54 003 3 890 7,76% Yes
Borer #145 34672 35939 1267 3,65%
Borer #65 43239 0 -43 239 -100,00%
Borer #77 43 053 43 151 97 0,23%
Borer #82 + MOL 48 203 51752 3549 7,36% Yes
Borer #143 37982 39079 1096 2,89%
Borer #150 44 710 44 516 -194 -0,43%
Borer #99 + MOL 47 363 50293 2931 6,19% Yes
Borer #123 44 408 45 879 1471 3,31%
Borer #147 45 140 46 522 1382 3,06%
Borer #011 + MOL 52999 61537 8538 16,11% Yes
Borer #62 43910 47 701 3791 8,63%
Borer #53 47 248 46 744 -504 -1,07%
Borer #113 38 642 38 760 118 0,31%
Borer #144 38397 39136 739 1,93%
Borer #89 + MOL 42 269 45 834 3565 8,43% Yes
Borer #95 45 622 45932 310 0,68%
Borer #96 47 327 48 320 993 2,10%
Borer #105 44 039 44 546 507 1,15%
Borer #104 42 519 43 254 734 1,73%
Total: 881 854 872 896 -8 959 -1,02% 5 MOLs
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Case #2: Nickel mine: stope works
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Stope works are done in cycles: Drilling ->
Blasting -> Cleaning

»
> T
-‘!_'fi'fﬁ_g

Drill blast holes

Drill rigs are often shared
between several stopes

Stopes differ by rock
resisting power and thus
drilling time

For every stope, depth of
blast holes should be

determined

All blasts done at the same

time 2 times a day

Nobody waits for drilling
teams to finish

If drilling is not finished,
the blast is skipped

Scooptrams load ore to
dump trucks

Dump trucks take ore to
ore passes and dump to
conveyor system or
wagons

Dump trucks cycle time
depends on distance from
stope to ore pass and
mine traffic intensity
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Deeper vs. shorter blast holes

Deeper blast holes Shorter blast holes

.
o — k ////////// -
/ /,%/////////////////////

W W
 More rock crushed per blast * Lower risk of skipping the blast:
e Less jumbo drills time lost * Shorter drilling time
due to moving e Shorter cleaning time

e Less time lost due to setups

e Onedrill rig is shared between several stopes
e Cleaning speed depends on haul length and position of ore passes
 Drilling performance can differ from stope to stope
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No global solution: use simulation every time

Deeper blast holes

W/;’W/;’WM
E%Illh%
f?

3

Shorter blast holes

e More rock crushed per blast * Lower risk of skipping the blast:
e Less jumbo drills time lost e Shorter drilling time
due to moving e Shorter cleaning time

e Less time lost due to setups

e Onedrill rig is shared between several stopes
e Cleaning speed depends on haul length and position of ore passes
 Drilling performance can differ from stope to stope

There is no “best” drilling depth. Every time the optimum depends on many

factors
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4 600 tons of ore per month can be achieved
with blast holes depth of 3,2 meters

Ore Production with Various Blast Hole Depths

4 800
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Blast hole depth, meters Ore production, t Blasts countin the stope (theoretical max =62)
2,8 4026 31
3 4310 31
3,2 4594 31
34 3541 22
3,6 3461 21
3,8 3647 21
4 3836 21
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Conclusion

Underground mine is a complex system with many constraints
and interdependencies

Simulation copes well with the complexity: our model
replicates interactions between moveable equipment units as
well as operation of conveyor system with continuous flows
of ore

Mine models require a lot of input data that is hard to
maintain by mine planners

To simplify using simulation on regular basis we have
developed a tool that consists of:

— domain-specific graphical user interface for mine planners, and
— Anylogic mine simulation

The tool is used to support a wide range of decisions — from
daily operations scheduling to quantification of return on
investments
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