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1. Introduction

1.1. Purpose of the document

This document describes the tool for planning and simulation of mining operations. The
document is designed for users of MineTwin as a source of knowledge about the tool.

1.2. System description

MineTwin Underground allows to perform scheduling and simulation of mining operations
that occur in underground mines.

MineTwin Underground consists of the following modules:

1. Editor
2. Scheduler
3. Simulation model

The editor allows you to create and edit scenarios directly in the MineTwin Underground
user interface or in MS Excel files.

MineTwin logic is divided into two blocks - a scheduler and a simulation model.
MineTwin's work consists of two sequential stages:

1. Equipment scheduling is performing by the scheduler.
2. Simulation of equipment and transport operation is performing by the simulation
model based on a plan created by the scheduler.

In MineTwin scheduling mode one shift scheduling and simulation is performed
sequentially. At the end of the shift the scheduler performs scheduling for the next one
based on the results of the execution of the previous shift plan by the simulation model.

1.3. System requirements

MineTwin requires 32- or 64-bit Windows 7 or higher.
Microsoft Office Excel 2007 or higher must be installed on the PC.
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2. Scenario creation and editing
2.1. Preparing the input file

The MineTwin Underground scheduler and simulation model require the preparation of
a scenario - an Excel file that contains the needed set of input data.

MineTwin Underground allows you to create scenarios directly in the system, providing
the user with the ability to conveniently add/remove elements of the mine field, types
and units of equipment, change equipment and transport schedules, assign equipment
and transport to mining areas, etc.

A MineTwin Underground user can also create a scenario in an Excel file using data from
the mine's own internal information systems.

For industrial operation at the stage of implementation of MineTwin Underground, it is
planned to integrate MineTwin with internal systems of the client.

2.2. Launching the application, loading the editing
mode

To install the MineTwin Underground application on your computer, you need to unzip
the "MineTwin 0.1.0" folder and save it on your local computer.

1. MineTwin Underground is launched from the unzipped folder by launching the
MineTwin.exe application ( < ).

2. If MineTwin is launched on a PC for the first time, the system will inform you that
the license was not found.

# ° MineTwin Underground X

MineTwin Underground license activation

No active license has been found for this PC and product

3. After clicking on the "OK" button, a license entry window will open, where you
need to enter the received license key.
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® ' Underground X

Underground

License activation

Enter the received license key OOAA_B B B B_AB 1 1 _B BOO
oK ‘ Cancel Request trial 'l

If the key is correct and it is not activated on another PC, MineTwin Underground
will be launched.
4. If there is no commercial license, the user can use a trial license, by clicking on

Request trial

5. If there is no access to the Internet while the application is open, you must
connect to the Internet or contact the developer, telling a unique PC ID, which

Help

opens when you click on

Contact the developer: www.amalgamasimulation.com
PCID: 3143333932324344

6. After launching MineTwin Underground, an editor mode window will open. Next,

open the scenario file by selecting it from the list of recently opened scenarios or
from the scenario storage location, or create a new scenario.
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If the opened scenario contains errors, a window with a list of errors will open, indicating
the name of the Excel file sheet, the numbers of columns and lines that contain errors.
The user can open the list in a separate file and sequentially correct them in the
downloaded Excel file, or download the scenario file with errors and then fix them in the

system.

Scenario loading errors

Some problems detected during scenario loading

Type Message Excel Sheet Row Column name

i Error Empty cell is illegal FuelingStation 1 fuelingPosition
Error Empty cell is illegal FuelingStation 1 queuingPosition
Error Empty cell is illegal Charger 1 baseNode
Error Empty cell is illegal Charger 1 chargerType

After opening the scenario in the MineTwin Underground interface, the scenario editing
mode window will open, the appearance of which is shown in the figure.
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Blue-2 (Stope)
- General dentiter Blue-2
® . Name Blue-2
Begin offset, m 000
End offset, m 40,00

500 Density, t/m' 29
Fragmentation rate 150
500 Ore type P

Bue2

LURE R

3

' Roofboting tasks (0) Gold-7 Gold-7 Composite 500

The editing mode contains several windows, which sizes can be changed by selecting
the side of the window and holding down the left mouse button. Any window can be
moved from one part of the interface to another by clicking on the required window with
the left mouse button and holding it while moving.

To open the selected window to full screen, you need to double-click on it, to return to
normal mode, double-click again or use the function "Restore windows arrangement".

2.3. Elements of the scenario editor

The scenario editor allows you to create, review, edit and save scenarios.

2.3.1. Toolbar
There is a toolbar at the top of the editing module.
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Menu Meode Tools Help

rH O KSR LE H 4 | @
Mode Tools Mode| Tools Help .M Help Help
D] New &¥ Simulation [7) Validate scenario ® License
= Open >| | B{ Editor Reset perspective
F Save Ctrl+S H] Scenario Comparison (5) Language >
] Saveas 48 Sensitivity Analysis
B Exit Constraints Analysis

The "Menu" button contains the following functions:

e create a new scenario (D )

e open scenario ()

e save scenario (B)
e the "Save As" function

.« exit (%),

The "Views" button is used to switch between the modes:

e Editor ( K )
e Simulation ( > )
e Scenario Comparison ( )
e Sensitivity Analysis (32 )
e Constrains Analysis (E).
The "Tools" button contains the function:

e validate scenario after its creation/editing
e reset perspective
e language switch (Russian and English are available)

The "Help" button contains information about the license under which the system is
open.

|
A

. . P
If it is necessary to cancel/return a canceled action, use the buttons ~ .

b
The button * % synchronizes graphs in the simulation mode.

pm|
The button " allows to upload simulation results to an Excel file (general statistics,

costs, equipment performance indicators, etc.)
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The button 2 allows to import files in .dxf format.

The buttons provide transitions along related elements, for example, from a mine
segment to the related mine arcs or to the stope.

The button searches any scenario element by its name.

2.3.2. Model tree

All scenario objects and entities data (parameters of stopes, dump areas, equipment
units, equipment operation schedules, etc.) are displayed in the form of a tree and are

grouped by types. For each type of object/entity, the number of units of the object/entity
is shown.

Blocks of the model tree can be expanded/minimized for easy viewing.
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Model Tree I

v E Scenario (01.04.23 - 01.05.23)
~ [1]] Map (548 nodes, 591 arcs)
® Mine nodes (548)

/" Mine arcs (591)
i\-; Zones (0)
B Mine areas (1)
i Mine segments (25)
B Fueling stations (0)
g Skip hoists (0)
v ‘ Qre
& Oretypes 2)
& Materials (2)
(@) Stopes (25)
Excavation rules (1)
v & Material flow
'_." Ore passes (5)
I Storages (0)
%2 Blenders (0)
B Crushers (0)
£3) Cross-dock points (0)
E Conveyors (0)
|44 Processing plants (0)
v %5 Equipment types
6 Truck types (1)
w Loader types (4)
w Charger types (1)
m Drilling machine types (2)
g6 Roofbolter types (1)
Aa Shuttle car types (0)
m Continuous miner types (0)
v ™5 Equipment units
§ Trucks (1)
w Loaders (4)
w Chargers (2)
#e} Drilling machines (3)
*' Roofbolters (1)
B Trains (1)
a8 Shuttle cars (0)
m Continuous miners (0)
v [ Schedules
[E shifts (3)
. Blast periods (1)
T Offschedule period sets (1)
2% Maintenance sets (0)
Y Failure sets (0)
v 5 Tasks (0)
4/ Charging (0)
&1 Drilling (0)
t. Haulage (0)
g6 Roofbolting tasks (0)
ﬁ Cross-docking tasks (0)
ﬂ Continuous mining tasks (0)
ﬁ Skip hoisting tasks (0)
A Shuttling tasks (0)
v E‘J‘ Plans
%'“ Stopes plan (0)
SI* Target plan (0)
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2.3.3. Objects

The "Objects" window displays a list of all units of objects/entities of the type selected
in the object tree, for example, a list of all loaders, stopes, etc.

L T
=E t I > I
v_A/‘IqL;:pmken types =] Objects = g

§& Truck types (1) = S
5: Loader types (4) + - 4 - =2
"_‘7 Chéf'ger types‘ M Identifier Name Capacity, t Volume, m’ Loading
wi g"";zg I;"“h'"e g;’ =@ SANDVIKLH409E  SANDVIKLH400E 12,50 40,00 0,50
R SANDVIK LH514 SANDVIK LH514 14,00 40,00 0,50
e iy R1600G R1600G 10,20 40,00 0,50
gﬁ Continuous miner types (0) B e 14’00 40’00 0,50

v ™5 Equipment units

At the top of the "Objects" window there is a toolbar with functions for adding, deleting,
copying objects, moving objects up and down.

+=-0 +¥
When you hover the mouse over the icon, the name of the function performed by the
corresponding button will be displayed.

Sorting of all columns of the data table is available in the table, as well as filters. To
apply a filter, right-click on a line in the required column and set the required filter.

| Objects _| Objects | Objects

+—- +¥ += +¥ =0 4%

Identifier Name Quality Identifier Naml lime I Identifier Name » Quality
LIME 1 LIME 1 1.0 LIME 1 LIME 1 1.0 LIME 1 LIME 1 1.0
{UME2 LIME 2 o il| ume2 LIME 2 10 LIME2 LIME 2 10
LIME 3 UME3 | © =tME2 LIME 3 LIME 3 10 LIME 3 LIME 3 10
GRAY 1 GRAY1 1B #LIME2 GRAY 1 GRAY 1 10

GRAY 2 GRay2 Y5 Contains.. ‘ GRAY 2 GRAY 2 10

GRAY 3 GRAYS o copa GRAY 3 GRAY 3 10

PURPLE 1 PURPLE1 ) PURPLE 1 PURPLE 1 0.0

PURPLE 2 puRpLE2 bEI Openin Excel PURPLE 2 PURPLE 2 0.0

PURPLE 3 PURPLE3 [T 20fines PURPLE 3 PURPLE 3 0.0

PURPLE 4 PURPLE 4 uu PURPLE 4 PURPLE 4 0.0

To remove the filter, use the "Remove filter" button in the pop-up window.

_| Objects
+=-B 43
Identifier Name o Quality
{LIME 1 LIME 1 1.0
LIME 2 LIME 2 Y% =LIME1
LIME 3 LIME 3 Yé # LIME 1
YZ) Contains...
Y& Remove filter ‘
& Copyall
L5 Openin Excel
] 3/20lines

You cannot edit the values in the "Objects" window.
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2.3.4. Properties

In the "Properties" window, the properties of the unit of the object/entity selected in the
list in the "Objects" window are displayed/edited. To edit the properties of the object,
select the object in the list (the "Objects" window) and browse to the "Properties"

window.
| Objects = B8 | Properties|
+= 4% SANDVIK LH409E (Loader type)
Identifier Name Capacity,t  Volume, m* General Identifier [ SANDVIK LH409E |
(SANDVIK LHA09E ~ SANDVIK LHA09E 1250 000 = Bpecs Name [ SANDVIK L4098 ‘
SANDVIK LH514 SANDVIKLH514 14,00 40,00 Fuel consumption
Maintenance v X
R1600G R1600G 10,20 40,00
R1700G R1700G 14,00 40,00 Failure set v X
Capacity, t l 12,50 |
Volume, m* l 40,00 ‘\
Loading duration, min [ 0,50 \
Unloading duration, min ‘ 0,50 ‘

To change the parameters, the values of which are limited by the enumeration, the
required value is selected from the drop-down list, removed by clicking on the cross to

the right of the field.

Mine arc 21 (Mine arc)

To update the data, use the button

General Identifier l Mine arc 21 ‘
Structure Name l Mine arc 21 l
Mine seaments | directional

Requires bypass O

Road quality 11,00

Type

Zone Rail _

Conveyor

Calculate values s

Length, m 74,24

Average gradient, degree 0,00

e

From the properties of the object unit, you can go to the properties of related objects,

for example, from the properties of
equipment unit or to the properties
the right of the field.

the equipment unit to properties of the type of this
of its base node. To do this, click on the arrow to
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IE Propeniesl

General Identifier
Maintenance runs Name
Unavailabilities
Included
Base node
Mine area
Loader type

Empty speed, km/h
Loaded speed, km/h

Fuel tank volume, liters

SANDVIK LH514 (1) (Loader)

Empty fuel consumption rate, liters/hour

Loaded fuel consumption rate, liters/hour

| SANDVIK LH514 (1)

| SANDVIK LH514 (1)

%]

Mine node 1

Mine area 1

SANDVIK LH514

[ Properties|

Mine node 1 (Mine node)

General Identifier [ Mine node 1

Input connectors

The button @

2D mode.

Name [ Mine node 1
Output connectors

X (418,75

\ [ -248,00

z [0,00

allows you to define a different base node by selecting it on the map in

s s

l—.—

<

ISR

R

O—=>0

FINC

1 Properties

General Identifier
Maintenance runs Name
Unavailabilities
Included
Base node
Mine area
Loader type

SANDVIK LH514 (1) (Loader)

| SANDVIK LH514 (1) N |

| SANDVIK LH514 (1) \\ |
\@
Mine node 1 = o)
Mine area 1 v = X
SANDVIK LH514 =

The button s highlights the selected node in the graphical editor (on a 2D map).
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g§
Q
. I TN

[ o] 7

B8 Propertiﬂ_
SANDVIK LH514 (1) (Loader)

General Identifier | SANDVIK LH514 (1) |

SN ENIES NN Name [ SANDVIK LH514 (1) \
Unavailabilities
Included ™
Base node Mine node 1
Mine area Mine area 1
Loader type SANDVIK LH514 V=

To move the object unit on the mine map to the point of its base node, use the button

{:)- .

8 Propediesl
Fueling station 1 (Fueling station)
General Identifier [ Fueling station 1
Name \' Fueling station 1
X 0,00
Y 0,00
4 0,00
Fueling position Mine node 101 v|l-> W Q
Queuing position I: Propmiesl
Fueling station 1 (Fueling station)
General Identifier [ Fueling station 1 |
Name [ Fueling station 1 \
X 2 625,57
Y 2073,51
z 6000
Fueling position Mine node 101 Ivil->| &3
Queuing position Mine node 129 v |- | QD O

All durations in MineTwin can be set by a constant value or one of the distributions
(normal, truncated normal, uniform, triangular). To set the duration, you need to go to
the pop-up window by clicking on the button with the ellipsis to the right of the duration
value field and select the appropriate distribution in the appeared window.
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= Properties

Charger type 1 (Charger type)

General Identifier

Name

Maintenance

Failure set

Velocity, km/h

Setup duration before charging, min

Well charging duration, min

Explosives loading duration, min

[ Charger type 1

[ Charger type 1

15,00

triangular(0,00; 1,00; 2,00)

Select distribution

Select the desired distribution and fill in its parameters

Type Min 00

o o ]
il 1.0

Truncated normal Likely

Nermal Max 2.0

Uniform

100%
90%
80%

o
g g
E

5.

9
B

4

g
&

o
g o
E

oK

30%
oo M n

Cancel

The time of occurrence of all periodic events in MineTwin can be set by the exact time
or by some frequency (every n-th day of the month, every last day of the month, every

week, every n days).

Every week
Single

N days \ 1

Cancel

Q Blast periods|
+— B 43
Identifier Name Duration, min Period
Blast period Blast period 60.0 Every 1 days at 14:00 %
X
Select time series Select time series
Select the desired time series and fill in the Select the desired time series and fill in the
required fields required fields
Every N days N Every N days
Every month
Every month last day * Instant time ’14:00

All data from tables can be copied and pasted into Excel for further analysis or directly

exported to Excel.
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| ObvexTbl = 0
+-B 4+ ¥
Waerntudpukarop Hazeanue
LoaderType-0 SANDVIK LH403E
i LoaderType-1 SANDVIK LH514 :
= 4
LoaderType-2 R1600G Yé SANDVECEED!
LoaderType-3 R1700G Yé # SANDVIK LH514
Y, Contains...
‘™ Copy aII!
L% Open in Excel ‘
B 4 lines
2.3.5. Map

The “Map” window displays a mine plan in two dimensions. The plan in this mode is
editable.

Map Iﬁ Map 3D
X+ 7 B8 iy u b

~_| :

B R
il 12
™ e

Zooming in/out of the mine plan is performed by the mouse wheel while holding down
the "Ctrl" key. The plan is moved with the mouse while holding down the right mouse
button.

The button X, in the upper left corner allows to display on the map the input and output
connections of the elements of the system ensuring the material flow.

The button “* allows you to center the map.
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l/‘:-
The button ¥ allows you to quickly change the direction of the stope.

The button " activates the illumination of the mine arcs by default, the button =/
activates the illumination of the arcs by mine zones (Clause 2.5.3).

The button o optimizes arc inflection points - removes inflection points that are on the
same line between two consecutive inflection points, of selected mine arcs or all arcs of
the scenario, if no arc is selected (Clause 2.5.2).

The button # divides mine segments by mine nodes at the intersections of the selected
section of the map or all segments, if no segment is selected.

The button L allows to determine the shortest distance between two nodes of the mine
field. After clicking on this button, a label o appears, which must be placed on the

node of the beginning of the path and clicked with the mouse. Then the second label *
will appear, which must be set on the destination node. After that, the route between
the nodes will be highlighted on the map, and information about the distance between
the selected mine nodes will appear in the "Distance meter" window that opens.

e N %5 Distance meter = (=
° y \ ?.._...4 : "I’
. T
] €z » | Sourcenode  Node-926
>
- II ] 1 Source node | Node-30
ol el (O ’ % o1 1} | Length, m 362
[

To exit the distance measurement mode, use the "Esc" key.

In the graphic editor MineTwin Underground, viewing of individual sections of the mine

field located at a given depth is available. The button 57 is used to set the range in the
Z-coordinate of the mine nodes for viewing, for example, from -140 to -120.
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Setting mine nodes Z-range

Set Z-range parameters and
confirm selection

Min value [ -140 | x
Maxvalue [ -120 | x

The button = enables/disables viewing of the selected area.

The left panel of the editor window (palette) contains objects that can be added to the
enterprise plan: mine nodes, arcs and segments, stopes, fueling stations, storages,
processing plants, crushers, blenders, ore passes, cross-dock points and skip hoists.

To add any mine object, except for arcs and segments, you need to left-click on the
object on the palette, and then on the place of the plan where you want to add the
object.

To add the mine arc or segment, left-click on the corresponding object on the palette,
then sequentially click on the start (it will be highlighted in green) and the end mine
node.

The objects are moved with the mouse while holding down the left mouse button.
Multiple selection and movement of objects is available in the "Map" window.

When you select the object unit in the "Objects" window, the corresponding object is
highlighted on the map.
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|| Map ;ﬁ Map 3D
X+ B8 4% @ [dB
- ——dod—9 & | o
>—
..
*re
)]
les ?
o (5] " -
+=- 432
Identifier Name Advancement type Quality, % Nearest suitable Ore Pass Ore type
Stope-2 BROWN-4 Excavation 5,00 #4-[621,00 m] Copper Ore
Stope-3 PINK-3 Excavation 5,00 #2 - (903,69 m] Copper Ore
{ Stope-5 v ORANGE-5 Excavation 5,00 #1-[117,82 m] Copper Ore
Stope-6 ORANGE-3 Excavation 5,00 #1-[40,68 m] Copper Ore
Stope-8 PINK-5 Excavation 5,00 #2-[891,70 m] Copper Ore

2.3.6. Map 3D

The “Map 3D” window displays a mine plan in three dimensions. The plan in this mode
is available only for viewing.

=il=]

&4 Map 3D

The plan is moved with the mouse while holding down the left mouse button, rotation -
while holding down the right mouse button.

The button “* in the upper left corner allows you to center the map 3D.

The buttonse}‘ Q allow you to zoom in and out on the map 3D of the mine.

The button “ activates the illumination of the mine arcs by default, the button =/
activates the illumination of the arcs by mine zones (Clause 2.5.3).
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Maps in 2D and 3D are synchronized:

highlighted on the other.

when you select an object on one map, it is

Map|

2.3.7.

Errors

After creating/editing a scenario, you need to check its correctness using the "Validate
scenario" button in the "Tools" button menu on the toolbar.

Tools Help

2/} Validate Scenario ‘

If the data is set incorrectly or there is not enough data, an error message will appear,
a list of which will be shown in the "Errors" window.

o Errors

= Records: 5
# Object
81 Loader type 1
82 Loader type 1
83 Loader type 1
84 Loader type 1
85 Loader type 1

Description

Value should be a positive number (Capacity, m’)

Value should be a positive number (Empty speed, km/h)
Value should be a positive number (Loaded speed, km/h)
Value should be a positive number (Loading duration, min)
Value should be a positive number (Unloading duration, min)

= =

Error messages can be of two types:

e errors that make scheduling impossible;
e warnings about the lack of some data that do not interfere with scheduling.

Clicking on each line of the error list in the “Properties” window opens the properties of

the object in which the error occurred, and the user can quickly fix it.
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e
The button * in the upper right corner of the "Errors" window serves to update the
error list after they have been fixed.

2.4. Scenario

A scenario is the root object of the subject area under consideration.

] Properties

West.xIsx (Scenario)

General Identifier [ West }
Name ’West.xlsx ] 7/
Begin date 01.04.2023 00:00 =
End date 01.05.2023 00:00 s
Scheduling mode | By tasks 24
éy stopes
By target

By target regardless of quality

The Scenario object tree element contains global parameters related to scheduling and
simulation of an underground mine:

e Unique identifier and name of the scenario.
e Date and time of start and end of scheduling and simulation.
e One of the possible scheduling modes:
o by tasks - only tasks created by the user manually in the stopes ¥ 5 Tasks (2)
of the model tree are scheduled (Clause 2.9.1)
o by stopes - scheduling is carried out in accordance with the plan by stopes

( 5 Stopesplan 20) y (Clause 2.9.2.1)
o by target - scheduling is carried out in accordance with the plan by target

=]
(=F Targetplan @)y (cjause 2.9.2.2).
o by target regardless of quality - scheduling is carried out in accordance
with the plan by target regardless of quality of the ore.

2.5. Underground mine parameters

The "Map” model tree element contains the following elements of an underground mine:

e Mine nodes

e Mine arcs

e Zones

e Mine areas

e Mine segments
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e Fueling stations

e Skip hoists.
The "Ore” model tree element contains the following elements of an underground mine:
e Ore types
e Materials
e Stopes

e Excavation rules.

2.5.1. Mine node

Mine node is an element of the mine transport network graph, which corresponds to one
point in two-dimensional space.

8 Propertie:l
Mine node 1 (Mine node)

General Identifier l Mine node 1

Input connectors

|

Name [ Mine node 1 |

Output connectors [ a7 |
Y | -248,00 |

z 0,00 |

The mine node is characterized by the following parameters:

e Unique identifier and name
e X-,Y-and Z-coordinates

Also, input and output connectors with elements of the system providing material flow
can be set for the node (Clause 2.6).

2.5.2. Mine arc

Mine arc is an element of the transport network graph that connects two mine nodes.
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Mine arc 21 (Mine arc)

General Identifier [ Mine arc 21 ‘
Structure Name | Mine arc 21 I
Mine segments Is bidirectional
Requires bypass O
Road quality i 1,00 I
Type Road e
Zone ¥IX=

Calculate values

Length, m 74,24

Average gradient, degree

The mine arc is characterized by the following parameters:

e Unique identifier and name

e Is bidirectional - parameter that indicates whether movement along the mine arc
in both directions is possible

e Requires bypass - parameter indicating whether simulation of the passing of
vehicles on this arc is required or several vehicles can move along the arc without
restrictions

e Road quality is a factor that adjusts the base speed of the equipment when
moving along this arc

e Type - one of three possible options: road (railless), rail or conveyor

e Zone - conditional marking with color

e Length in meters, calculated depending on the X and Y coordinates of the nodes
and bend points of the arc

e Average gradient in degrees indicating the angle of the arc and calculated
depending on the Z coordinate of the nodes and bend points of the arc.

A separate tab of the properties of the mine arc displays the structure of the arc -
references to the start and end node of the mine arc and the list of broken line points
(arc inflection points).
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I: Propeniﬂ
Mine arc 32 (Mine arc)
General Source node IMine node 1 ] -> | G ]
[ Structure ] [ -126,50 |
Mine segments l 1,00 ]
z [0,00 |
Dest node lMine node 32 ] -> € 0
X (125,50 |
Y (169,00 |
z [ 0,00 ]
A=l7
X ¥
-118,25 -85,75 0,00

Reference to the mine segment of which this arc is a part is displayed in the “Mine
segments” tab of the arc properties.

S

Mine arc 11 (Mine arc)

General Identifier Name Mine area Mining front
Structure

Mine segment 1 Mine segment 1 MineArea-0 Bottom center block =>

Mine segments

2.5.3. Zone

In the "Zones» object, a list of options for the color conditional marking of arcs on the
map is specified. For example, the user can create a zone of the mine field, indicating
the roads to be cleaned, and then apply this zone (color) to all arcs that require cleaning.
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Map | £ Map 3D

[ Propertie:

Clearing (Zone)

General Identifier [ Clearing ]

Mine arcs Name ‘ Clearing ]

Color

Zone is characterized by a unique identifier, name and color.

The "Mine arcs" tab of the zone properties contains a list of the mine arcs included in
this zone.

] Propertie
Clearing (Zone)
General £y -
L T — Identifier Name Source node Dest node
ROAD-149 ROAD-149 ROAD-149-b MN-146
ROAD-104 ROAD-104 ROAD-13-b ROAD-14-b

Here you can add arcs by selecting them on a mine field using the button or remove

an arc from the list ( = ).

2.5.4. Mine area

A mine area is used to logically combine several adjacent stopes. Specific equipment/
transport unit may be assigned to areas.

] Properties

Area #1 (Mine area)

General Identifier ‘ 1 l

Name l Area =1 }

An area in MineTwin Underground is characterized only by a unique identifier and name.
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2.5.5. Mine segment

Mine segment is an ordered set of mine arcs used to define the location of a stope. A
mine segment corresponds to a directed broken line in three-dimensional space.

Brown-7 (Mine segment)

| General | Identifier ‘ Brown-7 |
Mine arcs Name [ Brown-7 l
Length, m 9,06 =
Minearea 2 | =
Stope Brown-7 =

The mine segment is characterized by the following main parameters:

e Unique identifier and name

e Length, m - automatically calculated as the sum of the lengths of the mine arcs,
of which this segment consists

e Mine area - a mine area to which this mine segment belongs

e Stope - a reference to a stope, to which this segment corresponds.

The "Mine arcs" tab of the mine segment properties contains a list of the mine arcs that
this segment consists of.

] Properties I

Brown-7 (Mine segment)
General CF | | -

i Mine arcs |

|dentifier Name Source node Dest node

MineArc-1030 MineArc-1030 Node-954 Node-973

Here you can add arcs by selecting them on a mine field using the button @ or remove

an arc from the mine segment ( = ).

2.5.6. Fueling station

Fueling station is a stationary equipment designed for refueling transport and equipment
units.
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Wi

I': Propertiesl
Fueling station 1 (Fueling station)

General Identifier
Name
X
Y
z
Fueling position

Queuing position

= B8
| Fueling station 1
‘ Fueling station 1
(0,00
[0,00
1 0,00
v| =] €] € (&
v =] € @ &

The fueling station is characterized by the following parameters:

e Unique identifier and name
e X-,Y-and Z-coordinates

e Fueling position - reference to the mine node where the equipment unit is located

while refueling at the fueling station

¢ Queuing position - reference to the mine node where the equipment unit is waiting
its turn to be refueled at the fueling station.

2.5.7. Skip hoist

Skip hoist - equipment designed to lift the ore mass from an underground mine to the

surface of the earth.

A skip hoist consists of a pair of skip trolleys (skips). In the process of lifting the ore
mass, the ore is alternately loaded into one skip and transported to the top. While one
skip is being raised, the other skip is lowered.
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Wi

Skip hoist (west) (Skip hoist)

General \dentifier | Skip hoist (west) |
Mainten‘anc'e‘ ‘runs Name [ Skip hoist (west) l
Unavailabilities included

Mine area Mine area 1 v |=| X
Maintenance v|IX
Failure set v X
X [ 69109,00 ]
v [ 40929,50 |
z [ -318,00 |
Mine node Node-9 v| = & @ &
Skip capacity, t l 0,00 l
Cycletime, s | 0,00 ‘

Loading and dumping time, s l 0,00 ]

In flow connector OrePass-11 v

-

L =

- oy
Qut flow connector Vil I Q’ X (o

The skip hoist is characterized by the following main parameters:

Unique identifier and name

Included - parameter that indicates whether the equipment unit will be used for
scheduling/simulation

Area to which the equipment unit is assigned

X-, Y- and Z-coordinates

Mine node - reference to the mine node where the skip hoist is located

Scip capacity, t — capacity of skip trolley in tones

Cycle time, s - the duration of lifting and lowering of skip trolley (as the processes
of lifting one skip and lowering the other occur in parallel, the duration of these
cycles is the same), in seconds

Loading and dumping time, s - the duration of loading and unloading of one skip
trolley (as the processes of loading one skip and unloading another occur in
parallel, the duration of these cycles is the same), in seconds

In flow connector - reference to the ore pass from which the ore mass enters the
skip hoist

Out flow connector - reference to the storage to which the ore mass enters from
the skip hoist.

Also, the following parameters can be specified for the skip hoist:

Maintenance - a reference to the maintenance records (Clause 2.8.4).
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e Failure set - a reference to the failure set records (Clause 2.8.5).

2.5.8. Ore type

Ore - all minerals and empty rock that are broken-up during mining operations. The
"Ore type” object tree element contains a list of all ore types that can be used for
scheduling.

Copper Ore (Ore type)

General Identifier ‘ Copper Ore ‘
Name | Copper Ore |
Mining type  Production v

For each ore type, the following properties must be set:
e Unique identifier and name
e Ore category: production or development.
2.5.9. Material

Material - a type of substance contained in the ore mass. The "Material" object tree
element contains a list of all materials that can be used for scheduling.

T Properties
Copper (Material)
General Identifier ‘ Copper
Name [ Copper
Material type | Substance v

The following properties must be set for each material:
e Unique identifier and name
e One of two logical types: substance or empty rock.

2.5.10. Stope

In MineTwin Underground terms, a stope is where the equipment performs operations.
On the mine plan the stope corresponds to the mine segment.
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2.5.10.1 General parameters

1 Properties
Red-8 (Stope)
[__General ] identifier | Red-8 ]
Advancement type Name l Red-8 l
Prerequisites .
- - Begin offset, m \ 0,00 ]
Material mix
Unavailabilities | End offset, m [ 84,32 ]
Density, t/m’ (280 ]
Fragmentation rate ‘ 1,50 |
Ore type MNMopoaa v ||—
. { e |
Mine segment Red-8 = oy
Length, m 84 32 :
Nearest suitable Ore Pass = OrePass-5 - [4 169,57 m] : > : )

The stope is characterized by the following main parameters:

Unique identifier and name

Begin offset, m - distance from the begin of the stope that was already developed
at the start of planning/simulation, determines the working place in the stope
End offset, m - distance from the begin of the stope, determines the end of the
stope for development

For example, the length of the stope is 60 meters, begin offset is 20m, end offset
is 55 m. It means, that the equipment will work in the stope only on the length
from 20 to 55 m, because 20 m is already finished, last 5 m is not available for
works.

Density, t/m3 - ore mass per unit volume minus the volume of pores, voids and
cracks, in t/m?3

Fragmentation rate - coefficient characterizing the increase in the volume of ore
mass during destruction (blasting or cutting by continuous miner)

Ore type - one of the possible types of ore mass in the scenario

Mine segment - reference to the mine segment that corresponds to the stope
Length in meters is equals to the length of the mine segment, which corresponds
to the stope

Nearest suitable ore pass - the closest ore pass to the stope that can take on the
ore type of the stope. The nearest suitable ore pass is determined automatically.

2.5.10.2 Advancement type

Parameters characterizing the way of the stope advancement and specifying the initial
state of the stope at the moment of scheduling start must be necessarily specified for
the stope.
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First of all, you should set the advancement type of the stope. In MineTwin Underground
the following advancement types are developed:

Excavation - front advancement of the stope with horizontal drilling

Cleaning - stope advancement with vertical or diagonal drilling that is performing
according to the rules set for the whole stope

Composite - stope advancement with vertical or diagonal drilling that is
performing according to the rules set for each drill ring

Continuous - cutting the ore with a continuous miner forward with subsequent
ore excavation

2.5.10.3 Excavation

Red-8 (Stope)
General Max possible length, m 84,32 5o
I Ad;ar:rc;n:::et:pe | Advancement type I Excavation VI
Material mix | E™Pty length, m [ 10,00
Unavailabilities | Bolted length, m 10,00
Drilling and charging cycle started [
Length with ore, m | 1,00 }\.'-‘/'
Ore mass to haul, t | 180,00 .
Drilled wells count | 0,00
Charged wells count | 0,00
Width, m | 4,87
Height, m | 5,09
Excavation rule Rule V| =
Drilling depth, m 4,00
Max unbolted length, m 100,00
Bolts per m2 roof 4,00
Drilling wells per m2 face 2,30

With the " Excavation " advancement type, the following parameters must be set for the

stope:

Empty length, m - the length of the stope part where drilling, blasting and
transportation of ore have already been fully completed

Bolted length, m - the length of the stope part where drilling, blasting and
transportation of ore and roof bolting have already been fully completed

Drilling and charging cycle started - a parameter that indicates that drilling or
charging is started but not yet completed in the stope

Page 32 of 89




@@MINE MineTwin Underground User Guide
D TWIN

e Length with ore, m - the length of the stope part where drilling, charging and
blasting of the ore mass are completed and the haulage of the ore mass is
required

e Ore mass to haul, t

e Number of drilled wells

e Number of charged wells

e Width of the stope, m

e Height of the stope, m.

e Excavation rule — one of the possible rules containing additional information about
the drilling rules (maximum drilling depth, number of wells per m? face, etc.)
(Clause 2.5.11).

2.5.10.4 Cleaning

Blue-4 (Stope)

General Max possible length, m 10,05 o
! Ad:r::::l::::pe lAdvanr.ement type ICleaning VI
Material mix Section area, m2 [ 30,00 }
Unavailabilities | Drilling ring length, m [2,00 ]
Vertical wells per ring ’ 15,00 }
Vertical well depth, m [10,00 |
Cleaned length, m [ 0,00 ‘

Length with ore, m \ 0,00 ] ’\.'\/.
Ore mass to haul, m { 0,00 ]

Drilling and charging cycle started []

Drilled wells count [ 0,00 ]

Charged wells count [ 0,00 }

With the "Cleaning" advancement type, the following parameters must be set for the
stope:

e Section area, m? - average section area of the stope during cleaning

e Drilling ring length, m - distance between two drill rings

e Number of vertical wells per one ring

e The average depth of a vertical well, m

e C(Cleaned length - the length of the stope part where drilling, blasting and
transportation of ore have already been fully completed

e Length with ore, m - the length of the stope part where drilling, charging and
blasting of the ore mass are completed and the haulage of the ore mass is
required
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e Drilling and charging cycle started - a parameter that indicates that drilling or
charging is started but not yet completed in the stope

e Number of drilled wells

e Number of charged wells.

2.5.10.5 Composite

] Propertie
Green-30 (Stope)
General Max possible length, m 12,37 -
A
— Advancement type Composite V.
Prerequisites
T Drilling ring length, m I 2,50 I
Unavailabilities Ore mass to haul, m l0,00 ‘
+| B |=| = [ [~
Area, m2  Well depth, m Wells count  Ore type Material mix Identifier Name
264,69 13,00 15 Copper ore Copper (5%), Overburden (95%) ,/. Section 298 Section 298
264,69 13,00 15 Copper ore Copper (5%), Overburden (95%) /‘ Section 299 Section 299
264,69 13,00 15 Copper ore Copper (5%), Overburden (95%) ,/‘ Section 300 Section 300
264,69 13,00 15 Copper ore Copper (5%), Overburden (95%) ,/. Section 301 Section 301

With the "Composite" advancement type, the following parameters must be set for the
stope:

e Drilling ring length, m - distance between two drill rings

e Ore mass to haul, t

e For each drill ring must be set:

Section area, m? - average section area of the stope during cleaning
The average depth of a vertical well, m

Number of vertical wells

Ore type

Material mix

o O O O O

The button “# allows to automatically set the material mix for all drills, corresponding
to the materials mix of the entire stope.

The button & allows to automatically set the ore type for all drills, corresponding to
the ore type of the entire stope.

The button / allows to edit material mix of all drills of the stope in a separate window
(Clause 2.5.10.8).
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2.5.10.6 Continuous

Gold-1 (Stope)
General Max possible length, m 61,02 :

I Advancement type |

Advancement type IContinuous %

Prerequisites

|

Material mix Empty length, m l 0.00 J
Unavailabilities | Width, m | 4,50 ]
Thickness, m [ 6,00 ]

Max unbolted length, m | 5,00 ]

Bolts per m2 roof | 4,00 ]

Conveyor perfformance, t/min l 2,00 l

Conveyor speed, m/min | 10,00 l

With the "Continuous" advancement type, the following parameters must be set for the
stope:

e Empty length, m - the length of the stope part where drilling, blasting and
transportation of ore have already been fully completed

e Width of the stope, m

e Thickness of ore mass cutting by a continuous miner, m

e Maximum unbolted length, m - the maximum length of the stope on which the
continuous miner is allowed to work without strengthening the stope roof

e Number of bolts per m? of the stope roof

e Performance of the conveyor serving the stope, t /min

e Speed of the conveyor serving the stope, m/min.

2.5.10.7 Prerequisites

MineTwin Underground allows to set prerequisites between stopes - prohibit the
advancement of one stope until the stopes connected to it have been completely
advanced.
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Stope-11 (Stope)
General €| || |-

Advancement type Identifier Name
S Stope-2 Stope-2
aterial mix Stope-36 Stope-36

Unavailabilities

In the figure above, the advancement of the Stope-11 will be started only after the
completion of the Stope-2 and Stope-36 advancement.

The button 4 allows you to select on a 2D map and add related stopes, the button +

allows you to add related stopes from the list. The button = removes related stopes
from the list.

2.5.10.8 Material mix
It is mandatory to fill in the Material mix in the stope.

I: Propertied
Stope-11 (Stope)
General | (|| /S
e -’ |
vancem.elir fype Material Fraction .
Prerequisites
Copper 0,050 Changing the composition of materials
Material mix
Overburden 0,950 Enter new values
Unavailabilities
Material Fraction, %
Copper 5.0 %
Overburden 95.0 %

The buttons +| = allow to add/remove material to stope properties.

The button 4 allows to edit material mix in a separate window.

For each material, its proportion in the mix of the ore mass must be specified (from 0
to 1). The total fraction of the material mix should be equal to one.
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2.5.10.9 Unavailabilities

The periods of unavailability for advancement can be set for the stope. No equipment or
transports will be scheduled in the stope during these periods.

I'; Propertiesl

Stope-11 (Stope)

General e | |-

Ad t -
vancement type Begin date End date Description
Prerequisites . Y .

04.04.2023 12:00 <) 08.04.2023 20:00 | Maintenance
Material mix
Unavailabilities

The buttons +|= allow you to add/remove stopes periods of unavailability.

2.5.11. Excavation rule

Excavation rule - an entity that contains the parameters of excavation in underground
mines.

Rule (Excavation rule)

General Identifier l Rule
Name l Rule
Drilling depth, m | 4,00

Max unbolted length, m [ 100,00

Bolts per m2 roof [ 4,00

Drilling wells per m2 face l 2,30

The excavation rule contains the following information about drilling:

e Unique identifier and name of the rule

e Maximum drilling depth in meters

e Maximum unbolted length, m - the maximum length of the stope on which the
drilling machine is allowed to work without strengthening the stope roof

e Number of bolts per m? of the stope roof

e Number of wells per m? of the stope face

The element of the tree of objects " Excavation rules" contains a list of all the rules that
can be used in planning and simulation.

2.6. Parameters of the system elements ensuring
the material flow

MineTwin Underground allows to simulate the movement and processing of ore mass
after its excavation from stopes. The mine elements serving the transportation and
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further processing of the ore mass can be combined into a connected system, the
diagram of which is shown in the figure below.

2 2
il \C:mveyor / il

= ——» -

T Processing

pl_a_nt / i

5 L //U ¥,

Crusher

B

%@ /Storage/ \ i \ g@

The ore mass goes from the storages to crushers, processing plants and blenders, and
then goes back to the storages for further processing or is transported to dump areas.

Elements of the system of transportation and processing ore mass are combined into a
block of the model tree "Material flow":

e Ore passes

e Storages

e Blenders

e Crushers

e Cross-dock points
e Conveyors

e Processing plants

2.6.1. Ore pass

An ore pass is a part of the mine transport system involved in the movement of rock
mass from the working area of the mine to the transport horizon.
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[Eromee]
OrePass-11 (Ore pass)
| General | Identifier l OrePass-11 |
Ore types Name l OrePass-11 |
Connectors Included
X [ 70294,00 |
y | 39 786,00 |
z (440,00 |
Volume, m? [ 6000000,00 |
Outbound mine node | Node-1197 vl = @ @ &
£ -
Inbound mine node
Node-335

The ore pass is characterized by the following main parameters:

e Unique identifier and name

e Included - parameter that indicates whether the equipment unit will be used for
scheduling/simulation

e X-, Y-and Z-coordinates

e Volume, m3 - the maximum quantity of ore that can accommodate the ore pass

e OQOutbound mine node - reference to the mine node where the equipment unit is
located while receiving the ore mass from the ore pass

e Inbound mine node - reference to the mine node where the equipment unit is
located while dumping the ore mass into the ore pass.

The user can restrict the ore types that an ore pass can accept by deleting the default
checkboxes next to the unallowed ore types.

OrePass-11 (Ore pass)

General L3l |2
| QOre types I Ore type
Connectors
Empty rock
Copper ore v

Rk

The buttons allow to select all ore types / remove all selections.
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On the "Connections" tab, the logical relationships of the ore pass with other elements
of the transport system are indicated. A conveyor can be set as an in flow connector for

an ore pass, and a skip hoist as an out flow connector.

[ Properties

OrePass-11 (Ore pass)
General QOut flow connector | Skip hoist (west)
Ore types

I Connectors

Iln flow connectors

|dentifier

Conveyor (E)

i€l = @l X &

2.6.2. Storage
Storage - a place for intermediate storage of ore mass.

] Properties

Storage BCS (Storage)

| General | Identifier [ Storage BCS }
Name [ Storage BCS ‘
X | 69 203,00 |
Y [ 41035,50 |
z [-320,00 |
Volume, m’ ['50 000,00 |

In flow connector Processing plant 1

Out flow connector | Blender K1

A% Y2

=] @ X &
= @ X| &

The storage is characterized by the following properties:

e Unique identifier and name
e X-, Y- and Z-coordinates

e Volume, m3 - the maximum quantity of ore that can accommodate the storage
e In flow connector - reference to the equipment unit from which the ore mass

enters the storage: blender, crusher, processing plant or skip hoist

e Out flow connector - reference to the equipment unit to which the ore mass enters
from the storage: blender, crusher, processing plant or skip hoist.
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2.6.3. Blender

Mixer - equipment for mixing ore mass with different content of useful materials for
uniform distribution of the useful component in a certain volume.

I ; Propertiesl
Blender K1 (Blender)

General I |dentifier | Blender K1 |
Connectors Name I Blender K1 ‘
Target grade l 1,00 l

Performance, t/min [ 10,00

The mixer is characterized by the following main parameters:

e Unique identifier and name

e Target grade - target quality of the ore mass, which should be ensured in the
mixing process, in fractions of a unit

e Performance of ore mass mixing in tons per minute

On the "Connections" tab, the logical relationships of the mixer with other elements of
the transport system are indicated. Stores can be specified as in flow and out flow
connectors for a mixer.

| Properties
Blender K1 (Blender)
General Out flow connector | Storage 810 e : — '@' X :—;
I Connectors
In flow connectors
£ | -
|dentifier
Storage BCS

2.6.4. Crusher

Crusher - equipment for crushing — mechanical impact on the rock in order to destroy
it.
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£ Properties

Crusher PZO (Crusher)

| General |Identifier l Crusher PZO ]

Unavailabilities | . [ Crusher PZO ]

X [ 69262,00 |
Y | 41041,00 |
z [-32000 |
In flow connector | Conveyor 1 [Conveyor (B)] vigl— <> ¢ O
Out flow connector | Processing plant 1 ™ : — Q X ::

The crusher is characterized by the following main parameters:

e Unique identifier and name

e X-, Y- and Z-coordinates

e In flow connector - reference to the equipment unit from which the ore mass
enters the crusher: storage or conveyor

e Out flow connector - reference to the equipment unit to which the ore mass enters
from the crusher: storage, conveyor or processing plant.

You can set periods of unavailability for the crusher.

Crusher PZO (Crusher)

General e | | —
| Unavailabilities |

Begin date End date Description
11.04.2023 08:00 =) 11.04.2023 11:00 ] Maintenance

The buttons + = allow you to add/remove crusher unavailabilities.

2.6.5. Cross-dock point

Cross-dock point - a mine node, where equipment stops while waiting for loaders and
trucks and the ore mass is reloaded from loaders to trucks.
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CDP-10 (Cross-dock point)

[ General  |identifier [ cOP-10 |

Oretypes Name [ coP-10 |
Included

X [ 70 405,00 |

Y | 39229,00 |

z [-402,00 |

|

Volume, m® ‘ 300,00

Mine node | Node-846 = O {3} ]

The cross-dock point is characterized by the following main parameters:

e Unique identifier and name

e Included - parameter that indicates whether the equipment unit will be used for
scheduling/simulation

e X-, Y-and Z-coordinates

e Volume, m3 - niche volume for temporary storage of ore mass at the cross-dock
point

e Mine node - reference to the mine node where the cross-dock point is located

Also, for the cross-dock point the ore types should be indicated, which are allowed to be
dumped into a niche at the cross-dock point.

[} Properties
CDP-10 (Cross-dock point)
General 3 I3
I Ore types | Ore type
Empty rock v
Copper ore v
L [2

The buttons allow to select all ore types / remove all selections.
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2.6.6. Conveyor

Conveyor is a continuous-action mechanism for transporting ore mass. The ore mass
can enter the conveyor from storages, crushers and processing plants and is
transporting to storages, crushers and processing plants.

Conveyor 1 (Conveyor)

| General | Identifier | Conveyor 1
Mine arcs

Unavailabilities
Performance, t/min | 50,00

|
Name l Conveyor 1 ]
|
|

Speed, m/min [ 20,00

The conveyor is characterized by the following main parameters:

e Unique identifier and name
e Performance of ore mass transportation in tons per minute
e Conveyor belt speed, m/min.

In the "Mine arcs” tab you can set the list of mine arcs of the conveyor type, that make
up the given conveyor.

Conveyor 1 (Conveyor)
General G | |-
I Mine arcs I

Unavailabilities

Identifier Name Source node Dest node

MineArc-conveyor MineArc-conveyor Conveyor (B) Conveyor (E)

Mine arcs are added by selecting them on the minefield using the button & and

removed from the conveyor using the button =

You can set periods of unavailability for the conveyor.

B Prcpertiei

Conveyor 1 (Conveyor)

General e | | —
D Begin date End date Description
I Unavailabilities I - -
10.04.2023 12:00 ] 10.04.2023 16:00 =) PemoHT

The buttons +| = allow you to add/remove conveyor unavailabilities.
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2.6.7. Processing plant

Processing plant is a mining enterprise for the primary processing of ore mass in order
to obtain technically valuable products suitable for industrial use.

Processing plant 1 (Processing plant)
[T General | identifier [ Processing plant 1 |
Unavailabilities Name l Processing plant 1 l
X | 69 305,50 |
v [40992,00 |
z [0,00 |
Performance ‘ 2 000,00 ‘
In flow connector | Crusher PZO V2 = P N
Out flow connector | Storage BCS vile| =l 6 X &

The processing plant is characterized by the following main parameters:

e Unique identifier and name

e X-, Y- and Z-coordinates

e Performance of ore mass processing in tons per hour

e In flow connector - reference to the equipment unit from which the ore mass
enters the processing plant: crusher, storage or conveyor

e Out flow connector - reference to the equipment unit to which the ore mass enters
from the processing plant: storage or conveyor.

You can set periods of unavailability for the processing plant.

] Properties

Processing plant 1 (Processing plant)
General e | | m—
| Unavailabilities |

Begin date End date Description
18.04.2023 08:00 =] 19.04.2023 08:00 =] Line repair

The buttons + = allow you to add/remove processing plant unavailabilities.

2.7. Parameters of mobile equipment

Mobile equipment in MineTwin Underground is grouped by types. Equipment type is an
entity used to group equipment units with the same basic characteristics.
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The "Equipment types” object tree element contains lists of all equipment types that can
be used for scheduling/simulation:

e Truck types

e Loader types

e Charger types

e Drilling machine types
e Roofbolter types

e Shuttle car types

e Continuous miner types

Scheduled repairs (maintenance) sets (Clause 2.8.4) and unscheduled (emergency)
repairs sets (failure sets) (Clause 2.8.5) are specified in the context of equipment types.

MineTwin Underground contains the built-in reference book of commonly used
equipment types. You can create an equipment type by going to the directory and
selecting the required types of equipment.

_| Objects = 0 || Properties
I'_'__I - @
e

Identifier Name Time per bolt, ... Speed, km/h Maintenance Failure set

1 O X

Dictionary

Select objects to import from the dicticnary

O Identifier Name Speed, km/h Time per bolt, min  Monthly fixed ... Costper1km.. Cost
D Atlas Copco Boltec M Atlas Copco Boltec M 5,00 constant(0,50) 0,00 0,00 000
O Atlas Copco Boltec S Atlas Copco Boltec S 5,00 constant(0,50) 0,00 0,00 0,00
Atlas Copco Boltec MC Atlas Copco Boltec MC 5,00 constant(0,50) 0,00 0,00 0,00
Sandvik DS411 Sandvik DS411 6,00 constant(0,50) 0,00 0,00 0,00

2.7.1. Truck types
Truck is a machine designed for loading and transporting ore mass.
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=] Propertie=|
Sandvik (Truck type)

| General | 1dentifier [ Sandvik |
Speeds Name [ Sandvik |
Fuel consumption
Maintenance Truck maintenance v ><
Failure set Failure v [
Capacity, t | 45,00 |
Volume, m3 [ 24,00 l
Dumping duration, min I 1,00 |
Angle based speeds O
Empty speed, km/h I 13,77 I
Loaded speed, km/h [ 9,92 I
Fuel tank volume, liters l 0,00 I
Angle based fuel consumption O

Empty fuel consumption rate, liters/hour [ 0,00

Loaded fuel consumption rate, liters/hour I 0,00

Idling fuel consumption rate, liters/hour [ 0,00

|
|
|
Monthly fixed cost, § [ 0,00 l
|
|
|

Cost per active shift, § I 0,00
Cost per working hour, § I 0,00
Cost per 1 km traveled, § l 0,00

The following properties must be set for each truck type:

Unique identifier and name

Capacity of trucks of this type in tons

Volume, m3 - the maximum quantity of ore that can accommodate the truck of
this type in m3

Dumping duration, min

Truck speed without load, km/h

Truck speed with load, km/h

A parameter that shows whether the speed of this type of trucks depends on the
angle of the road. If the speed is independent of the slope angle, it is determined
by the constant speed values set on this tab. If the speed depends on the angle
of the road, it is calculated taking into account the parameters set on the "Speeds"
tab (Clause 2.7.1.1)

Fuel tank volume of trucks of this type, in liters

Fuel consumption rate when driving without load, I/h

Fuel consumption rate when driving with load, I/h

Fuel consumption rate without movement, I/h
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e A parameter that shows whether the fuel consumption of trucks of this type
depends on the angle of the road. If fuel consumption does not depend on the
angle of inclination, it is determined by the constant flow rates set on this tab. If
fuel consumption depends on the angle of inclination of the road, its calculation
is performed taking into account the parameters set on the "Fuel consumption"
tab (Clause 2.7.1.2).

For the truck type cost parameters can be set (but not necessarily):

e Fixed costs for trucks of this type, in USD per month
e Costs per active shift, in USD

e Costs per working hour, in USD

e Costs per 1 kilometer run, in USD.

Also, the following properties can be specified for the truck type:

e Maintenance - a reference to the maintenance records (Clause 2.8.4).
e Failure set - a reference to the failure set records (Clause 2.8.5).

2.7.1.1 Speeds

On the “Speeds” tab, the dependence of the equipment movement speeds on the road
inclination angle is set. For each range of angles, the corresponding travel speeds with
and without load are indicated. Intermediate values are determined by linear
interpolation.

The vehicle run speed factor distribution of trips allows you to set the variability of speed
within the range using distributions (Clause 2.3.4). In the example in the figure below,
the speed of movement without load on a road with an angle from 0 to 5° will vary from
15* 0.8 =12to 15 * 1.2 = 18 km / h, but most often it will be close to 15.

=] Propertiesl
Sandvik (Truck type)
General Vehicle run speed factor distribution | triangular(0,80; 1,00; 1,20

—r—
L |

Fuel consumption

Min angle, degrees Max angle, degrees Empty speed, km/h Loaded speed, km/h
0,00 5,00 15,00 12,00
5,00 10,00 14,00 11,00
10,00 15,00 13,00 10,00

2.7.1.2 Fuel consumption

On the "Fuel consumption"” tab, the dependence of the fuel consumption of the
equipment on the road inclination angle is set. For each range of angles, the
corresponding fuel consumption values when driving with and without load are indicated.
Intermediate values are determined by linear interpolation.
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=} Propertiesl

Sandvik (Truck type)
General +_ —
Speeds

Min angle, degrees  Max angle, degrees  Empty fuel consumption rate, I’h  Loaded fuel consumption rate, I/h
| Fuel consumption |

0,00 5,00 15,00 20,00
5,00 10,00 17,00 25,00
15,00 15,00 19,00 27,00

2.7.2. Loader types
Loader is a machine designed for loading and transporting ore mass to the dump area.

B Propertiﬂ_

Atlas Copco (Loader type)

l General | Identifier [ Atlas Copco ]
Speeds Name l Atlas Copco l
Fuel consumption ]
Maintenance Loader maintenance v X
Failure set Failure v| ]
Capacity, t 114,00 ]
Volume, m* l 6,40 ‘
Loading duration, min 11,10 ]
Unloading duration, min l 0,20 l
Angle based speeds U
Empty speed, km/h 9,70 |
Loaded speed, km/h [ 7,80 ]
Fuel tank volume, liters [ 0,00 ]
Angle based fuel consumption O

Empty fuel consumption rate, liters/hour [ 0,00

Loaded fuel consumption rate, liters/hour l 0,00

Monthly fixed cost, $ 0,00
Cost per active shift, § [ 0,00
Cost per working hour, § l 0,00
Cost per 1 km traveled, S 0,00

|
|
Idling fuel consumption rate, liters/hour l 0,00 ‘
|
|
|
|

The following properties must be set for each loader type:

e Unique identifier and name
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e Capacity of load-carrying bucket of loaders of this type in tons

e Volume, m3 - the maximum quantity of ore that can accommodate the load-
carrying bucket of loaders of this type in m?3

e Loading duration, min

¢ Unloading duration, min

e Speed without load, km/h

e Speed with load, km/h

e A parameter that shows whether the speed of this type of loaders depends on the
angle of the road. If the speed is independent of the slope angle, it is determined
by the constant speed values set on this tab. If the speed depends on the angle
of the road, it is calculated taking into account the parameters set on the "Speeds"
tab (Clause 2.7.1.1)

e Fuel tank volume of loaders of this type, in liters

e Fuel consumption rate when driving without load, I/h

e Fuel consumption rate when driving with load, I/h

e Fuel consumption rate without movement, I/h

e A parameter that shows whether the fuel consumption of loaders of this type
depends on the angle of the road. If fuel consumption does not depend on the
angle of inclination, it is determined by the constant flow rates set on this tab. If
fuel consumption depends on the angle of inclination of the road, its calculation
is performed taking into account the parameters set on the "Fuel consumption"
tab (Clause 2.7.1.2).

For the loader type cost parameters can be set (but not necessarily):

e Fixed costs for loaders of this type, in USD per month
e Costs per active shift, in USD

e Costs per working hour, in USD

e Costs per 1 kilometer run, in USD.

Also, the following properties can be specified for the loader type:
e Maintenance - a reference to the maintenance records (Clause 2.8.4).

e Failure set - a reference to the failure set records (Clause 2.8.5).

2.7.3. Charger types

Charger is a device for mechanized feeding of explosive material (EM) to charging planes
(wells, blast holes).
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Charmec (Charger type)

| General | identifier Charmec |
Name Charmec ‘
Maintenance v X
Failure set v | X

Setup duration before charging, min  constant(1,00)

Well charging duration, min constant(1,00)

Explosives loading duration, min constant(30,00)

Speed, km/h | 60,00 ‘
Monthly fixed cost, § . 0,00 l
Cost per active shift, $ 0,00 ‘
Cost per working hour, § 0,00 ‘
Cost per 1 km traveled, § | 0,00 l

The following basic properties must be set for each charger type:

e Unique identifier and name

e Duration of the setup before charging, min

e Duration of charging of one well, min

e Duration of explosives loading in the explosive store, min
e Constant travel speed of this type of chargers in km/h

The setup, charging and loading duration can be set by a constant value or by one of
the distributions (Clause 2.3.4).

For the charger type cost parameters can be set (but not necessarily):

e Fixed costs for chargers of this type, in USD per month
e Costs per active shift, in USD

e Costs per working hour, in USD

e Costs per 1 kilometer run, in USD.

Also, the following properties can be specified for the charger type:
e Maintenance - a reference to the maintenance records (Clause 2.8.4).
e Failure set - a reference to the failure set records (Clause 2.8.5).

2.7.4. Drilling machine types

Drilling machine is the equipment designed for drilling wells/ holes, capable of
independently moving around an open-pit mine.
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Atlas Copco Simba (Drilling machine type)

| General | Identifier Atlas Copco Simba |
Name Atlas Copco Simba |
Maintenance DM maintenance v X
Failure set Failure v X
Drills count 1 |
Max drilling depth, m [ 40,00 |
Max drilling performance, m/min 0,60 |
Setup time per drill, min constant(0,30)

Setup time before drilling session, min  constant(109,00)

Speed, km/h 5,00 |
Drill type Vertical v
Monthly fixed cost, § 0,00 |
Cost per active shift, § 0,00 |
Cost per working hour, § 0,00 |
Cost per 1 km traveled, § 0,00 |

The following basic properties must be set for each drilling machine type:

Unique identifier and name

Drills count - the number of drilling tools. As a rule, a horizontal drilling machine
has 2 booms, a vertical drilling machine has 1 boom

Max drilling depth possible for this type of drilling machine, m

Max drilling performance, m/min

Setup time per drill, min - duration of manipulations before drilling each well
Setup time before drilling session, min - duration of preparatory work, such as
installing the drilling machine, connecting electricity and water, etc.

Constant speed of this type of drilling machines in km/h

One of two possible types of drill: horizontal or vertical.

The setup time can be set by a constant value or by one of the distributions (Clause
2.3.4).

For the drilling machine type cost parameters can be set (but not necessarily):

Fixed costs for drilling machines of this type, in USD per month
Costs per active shift, in USD
Costs per working hour, in USD
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e Costs per 1 kilometer run, in USD.
Also, the following properties can be specified for the drilling machine type:
e Maintenance - a reference to the maintenance records (Clause 2.8.4).

e Failure set - a reference to the failure set records (Clause 2.8.5).

2.7.5. Roofbolter types

Roof bolter - equipment designed for installation of roof bolting during mining
operations.

Atlas Copco Boltec MC (Roofbolter type)

L General __|Identifier | Atlas Copco Boltec MC |
Name | Atlas Copco Boltec MC ‘
Maintenance v X
Failure set v | X
Time per bolt, min constant(0,50)
Speed, km/h 5,00 ]
Monthly fixed cost, § | 0,00 \
Cost per active shift, § | 0,00 |
Cost per working hour, § | 0,00 l
Cost per 1 km traveled, § I 0,00 |

The following basic properties must be set for each roofbolter type:

e Unique identifier and name
e Duration of installation of a single bolt in minutes
e Constant travel speed of this type of roofbolter in km/h

Duration of bolt installation can be set by a constant value or by one of the distributions
(Clause 2.3.4).

For the roofbolter type cost parameters can be set (but not necessarily):

e Fixed costs for roofbolters of this type, in USD per month
e Costs per active shift, in USD

e Costs per working hour, in USD

e Costs per 1 kilometer run, in USD.

Also, the following properties can be specified for the roofbolter type:

¢ Maintenance - a reference to the maintenance records (Clause 2.8.4).
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e Failure set - a reference to the failure set records (Clause 2.8.5).

2.7.6. Shuttle car types

Shuttle car - equipment contained a bottom conveyor and designed for transporting rock
mass in underground mines when working with continuous miners. The continuous
miners load the rock mass into shuttle cars, which transfer it to the mine conveyors.

5BC15M (Shuttle car type)
General | |dentifier | SBC15M |
Speeds | Name [ 5BC15M |
Fuel consumption Maintenance 9 ><
Failure set v X
Unloading rate, t/h ‘ 15,00 |
Capacity, t (15,00 ]
Volume, m3 \ 20,00 |
Angle based speeds O
Empty speed, km/h ‘ 12,00 |
Loaded speed, km/h (8,00 |
Fuel tank volume, liters ‘ 0,00 |
Angle based fuel consumption O

Empty fuel consumption rate, liters/hour ‘ 0,00

Loaded fuel consumption rate, liters/hour [ 0,00

Idling fuel consumption rate, liters/hour \ 0,00

|
|
|
Monthly fixed cost, § 0,00 |
|
|
|

Cost per active shift, $ ‘ 0,00
Cost per working hour, § [ 0,00
Cost per 1 km traveled, § \ 0,00

The following properties must be set for each shuttle car type:

e Unique identifier and name

e Performance of ore mass unloading in tons per minute

e Capacity of shuttle cars of this type in tons

e Volume, m3 - the maximum quantity of ore that can accommodate shuttle cars of
this type in m3

e Speed without load, km/h

e Speed with load, km/h
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e A parameter that shows whether the speed of this type of shuttle cars depends
on the angle of the road. If the speed is independent of the slope angle, it is
determined by the constant speed values set on this tab. If the speed depends
on the angle of the road, it is calculated taking into account the parameters set
on the "Speeds" tab (Clause 2.7.1.1)

e Fuel tank volume of shuttle cars of this type, in liters

e Fuel consumption rate when driving without load, I/h

e Fuel consumption rate when driving with load, I/h

e Fuel consumption rate without movement, I/h

e A parameter that shows whether the fuel consumption of shuttle cars of this type
depends on the angle of the road. If fuel consumption does not depend on the
angle of inclination, it is determined by the constant flow rates set on this tab. If
fuel consumption depends on the angle of inclination of the road, its calculation
is performed taking into account the parameters set on the "Fuel consumption"
tab (Clause 2.7.1.2).

For the shuttle car type cost parameters can be set (but not necessarily):

e Fixed costs for shuttle cars of this type, in USD per month
e Costs per active shift, in USD

e Costs per working hour, in USD

e Costs per 1 kilometer run, in USD.

Also, the following properties can be specified for the shuttle car type:

e Maintenance - a reference to the maintenance records (Clause 2.8.4).
e Failure set - a reference to the failure set records (Clause 2.8.5).

2.7.7. Continuous miner types

Continuous miner — mining equipment for mechanical breaking and destruction of the
rock mass and its removal from the face. The continuous miner cuts the rock mass and
transfers it to a conveyor or to a shuttle car. While working continuous miners can also
install roof bolting.
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|| Properties

Komatsu (Joy) (Continuous miner type)

I General I Identifier l Komatsu (Joy) l
Name ‘ Komatsu (Joy) ‘
Maintenance v | X
Failure set v X
Speed, km/h [ 4,00 ‘
Performance, t/h | 780,00 |
Time per bolt, min constant(0,50)
Capacity, t | 180,00 |
Volume, m3 | 200,00 |

Unloading rate to shuttle car, t/h l 400,00 l

Working with Shuttle car v
Monthly fixed cost, § 1 0,00 |
Cost per active shift, S l 0,00 ‘
Cost per working hour, § [ 0,00 ‘

|

Cost per 1 km traveled, $ 0,00

The following properties must be set for each continuous miner type:

e Unique identifier and name

e Constant speed of this type of continuous miners in km/h

e Performance of ore mass cutting in tons per minute

e Duration of one bolt installation in minutes

e Capacity of a bunker of continuous miners of this type in tons

e Volume, m3 - the maximum quantity of ore that can accommodate a bunker of
continuous miners of this type in m3

e Performance of transloading from bunker to shuttle cars in tons per minute

e Parameter that indicates whether continuous miners of this type work with shuttle
cars or with conveyors.

For the continuous miner type cost parameters can be set (but not necessarily):

e Fixed costs for continuous miners of this type, in USD per month
e Costs per active shift, in USD

e Costs per working hour, in USD

e Costs per 1 kilometer run, in USD.
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Also, the following properties can be specified for the continuous miner type:

Maintenance - a reference to the maintenance records (Clause 2.8.4).
Failure set - a reference to the failure set records (Clause 2.8.5).

2.7.8. Mobile equipment

The " Mobile equipment” object tree element contains lists of all mobile equipment units
used in the scenario, in terms of equipment types, as well as the list of trains which
unlike other moving equipment, are not grouped into types.

2.7.8.1 General parameters

For each equipment unit, except for the underground train, the following basic properties
must be set:

Unique identifier and name

Base node - base location (garage)

Mine area to which the equipment unit is assigned

Equipment type (in this case, the properties of the equipment type are displayed
in the properties of the equipment unit as reference information and are not
available for editing).

Included - parameter that indicates whether the equipment unit will be used for
scheduling/simulation.
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Atlas Copco 1-4 (Loader)

I General Ildentifier
Maintenance runs Name
Unavailabilities
Included
Base node
Mine area
Loader type

Empty speed, km/h

Loaded speed, km/h

Fuel tank volume, liters

Empty fuel consumption rate, liters/hour
Loaded fuel consumption rate, liters/hour
Idling fuel consumption rate, liters/hour
Capacity, t

Volume, m®

Loading duration, min

Unloading duration, min

‘ Atlas Copco 1-4

‘ Atlas Copco 1-4

Node-1245
Mine area 1

Atlas Copco

€ G
W | | — L
Ly

In addition to the specified basic properties, you should set for the charger unit
“Explosive store" location - a reference to the mine node.

For the convenience of the user, the properties of the equipment unit in a non-editable
format display the properties of its type.

2.7.8.2 Train

Train is a transport unit in the form of a separate train that consists of several rail cars,
designed to transport ore mass on the rails. Unlike other mobile equipment, trains are
not grouped into types.
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] Properties

Train 1 (Train)
| General | Identifier l Train 1 |
Maintenance runs

Name l Train 1 |
Unavailabilities Included

Base node o | |t .@. :;

Speed, km/h 10,00

Loading duration, min 5,00

|
|
Unloading duration, min [ 5,00 l
|
|
|

Rail car capacity, t l 3,00
Rail car length, m ‘ 3,00
Rail cars count ‘ 6

The following basic parameters are set for a train:

e Unique identifier and name

e Included - parameter that indicates whether the equipment unit will be used for
scheduling/simulation

e Base node - base location (garage)

e Speed, km/h

e Loading duration, min

e Unloading duration, min

e Capacity of one rail car in tons

e Length of one rail car in meters

e Number of rail cars in the train.

2.7.8.3 Maintenance runs

The initial state of the parameters related to its maintenance by working time is set for
the mobile equipment unit:

e Initial working time according to the "Time" parameter - the total time that the
equipment unit worked at the moment of the beginning of scheduling/simulation.

e Initial working time according to the "Working time” parameter - the number of
motor hours (hours of the motor operation during movement, loading, unloading),
that the equipment unit worked at the moment of the beginning of
scheduling/simulation.

e Initial working time according to the "Distance" parameter - the number of
kilometers traveled by the equipment unit at the moment of the beginning of
scheduling/simulation.
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R1700G (#4) (Loader)

General Maintenance runs:
20w 1
Unavailabilities o
Working time | 300,00 }
Distance | 10000,00 [

2.7.8.4 Unavailabilities

The periods of unavailability for operation can be set for each equipment unit.

|I: Propertiesl

R1700G (#4) (Loader)

General e | |-
Maintenance runs . L
Begin date End date Description
Unavailabilities

05.01.2026 07:00 -] 09.01.2026 18:00 ] Major repair

2.8. Schedules

The "Schedules” model tree element contains the following entities that regulate the

work of the mine:

e Shifts

e Blast periods

e Off-schedule periods
¢ Maintenance

e Failure sets.

2.8.1. Shifts

Shifts are used to simulate the operation of equipment in accordance with the work

schedule. Shifts determine the periods when equipment is available for operation.

[ Shifts

+— B 49
Shift index Duration, min Period
1 600,00 Every 1 days at 01:00
2 600,00 Every 1 days at 13:00

Parameters are set for each shift:

e Shift index - an optional field to indicate a shift
e Duration of shift, in hours
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e The period of the shift which can be set by the exact time or by some frequency
(every n-th day of the month, every last day of the month, every week, every n
days) (Clause 2.3.4).

All shifts in the "Shifts" object tree are used for all equipment units during scheduling
and simulation.

2.8.2. Blast periods

Blast periods define the time periods when the formation of broken-up ore mass is
simulated in all stopes in selected mine areas, ready for blasting at the start of the blast
period.

Q Blast periods
+=- B 4+ ¥
Identifier Name Duration, min Period
Blast period Blast period 60.0 Every 1 days at 14:00 !F
E Mine areas
Bl
Identifier Name
GRAY Area GRAY Area v
LIME Area LIME Area v
VIOLET Area VIOLET Area
PURPLE Area PURPLE Area

The "Blast period" entity is characterized by the following parameters:
¢ Unique identifier and name of the blast period

e The period of the blast period which can be set by the exact time or by some
frequency (every n-th day of the month, every last day of the month, every week,
every n days) (Clause 2.3.4)

e Areas where the above blasting operations are carried out.

The "Blast periods" object tree element contains a list of all blast periods that can be
assigned to the mine areas during scheduling and simulation.

2.8.3. Off-schedule periods

Off-schedule periods are used to simulate the equipment unavailabilities in a strictly
specified period of time, regardless of the operating time / working hours / run time of
the equipment. Thus, maintenance, major repair, equipment unit modernization,
commissioning and decommissioning can be specified.
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Offschedule periodsl = 8 I » Offschedule period recordsl = B8
+= @ 4+ ¥ +— B 4+ ¥
Identifier Name Description Priority Period Duration, hours
Excavator maintenance Excavator maintenance Bearing lubrication 0 On last day at 08:30 & 045
Truck maintenance Truck maintenance Filter change 0 Every monday at 08:30 & 0,20
<
Offschedule period assignmentsl
GQ

Identifier

Excavator LIME 1
Excavator LIME 2
Excavator LIME 3
Excavator PURPLE 1
Excavator PURPLE 2
Excavator PURPLE 3
Excavator PURPLE 4
Excavator PURPLE 5
Excavator PURPLE 6
Excavator PURPLE 7
Excavator PURPLE 8

Name

Excavator LIME 1
Excavator LIME 2
Excavator LIME 3
Excavator PURPLE 1
Excavator PURPLE 2
Excavator PURPLE 3
Excavator PURPLE 4
Excavator PURPLE 5
Excavator PURPLE &
Excavator PURPLE 7
Excavator PURPLE 8

A T T T

Three types of entities are created in MineTwin Underground to set up off-schedule
periods:

e Off-schedule periods in the "Off-schedule periods" window, which can include
several individual off-schedule periods (off-schedule period records).

e Off-schedule period record is a line with data about one off-schedule period in the
"Off-schedule period records" window. Off-schedule period record is characterized
by the following parameters:

o Description - optional description of the unavailability

o Priority is an index that characterizes the hierarchy of repairs. Repairs with
a higher index cancel the time or resource count before repairs with a lower
index.

o The period of the repair which can be set by the exact time or by some
frequency (every n-th day of the month, every last day of the month, every
week, every n days) (Clause 2.3.4).

o Duration, hours.

Assignment of off-schedule periods for selected equipment units is available in the "Off-
schedule period assignments" window.

Rk

The buttons allows you to select all equipment units / clear all selections.

The "Off-schedule periods" object tree element contains a list of all off-schedule periods
that can be assigned to equipment during scheduling and simulation.
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2.8.4. Maintenances

The "Maintenances" entity is used to simulate scheduled equipment repairs - repairs
performed after a certain calendar time of equipment operation, when the equipment
reaches a specified number of working hours of engine / percussive mechanism, or upon
reaching a specified run time. In this way, maintenance, medium repair, major repair,
etc. can be specified.

ST = O || Maintenance ecorss| =
+—- B 4+ ¥ +—= B 44
Identifier Name Description Basis Duration Interval
Daily maintenance Daily maintenance Qil change Working time 0,50 250,00
Medium repair Medium repair Retaining parts change Distance 1,00 1000,00
Major repair Major repair
» Maintenance assignmentsl = 08
G
Identifier Name
TH-540 TH-540 v
SANDVIK DL 411-13 SANDVIK DL 411-15
Charmec Charmec
R1700G R1700G v
12m3 12m3 v
S5m3 5m3 v
T-170 T-170 v

Three types of entities are created in MineTwin Underground to set up maintenances:

e Maintenances in the "Maintenances" window, which can include several individual
repairs (maintenance records)

e Maintenance record - a line with data about one maintenance/repair in the
"Maintenance records" window, which is characterized by the following
parameters:

Description - optional description of the maintenance/repair

Type of maintenance time calculation - based on calendar time, based on
the number of engine working hours, or based on the equipment run time
Duration, h

Interval, h - the period between two repairs of this type.

Assignment of maintenances for selected equipment types is available in the
"Maintenance assignments" window.

The buttons L allows you to select all equipment types / clear all selections.

The "Maintenances" object tree element contains a list of all maintenance records that
can be assigned to equipment during simulation.
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2.8.5. Failure sets

Failure sets are used to simulate emergency equipment failures.

Failure setsl = 0 I » Failure set recordsl = 8
+—- B ¥ +—- B 4+¥
Identifier Name Description Time between failures, h Repair duration, h
Failure set 1 Failure set 1 Engine failure triangular(300,00; 350,00; 400,00) ... constant(4,00) ™
Small failures truncated normal(100,00; 10,00; 50,00; 150,00) .. | triangular(1,30; 2,00; 2,50) |...
" Failure set assignmentsl = B8
(e
Identifier Name
TH-540 TH-540 v
SANDVIK DL 411-15 SANDVIK DL 411-15 v
Charmec Charmec
R1700G R1700G v
12m3 12m3
5m3 S5m3
T-170 T-170 v

To define failure sets in MineTwin Underground, three types of entities are created:

e Failure set in the "Failure sets" window, which can include several individual
failure sets (failure set records)
e Failure set record is a line with data about one failure set in the "Failure set
records" window. Failure set record is characterized by the following parameters:
o Description - optional description of the failure
o Time between failures, h
o Repair duration, h.

Assignment of failure sets for selected equipment types is available in the "Failure set
assighments" window.

L[

The buttons allows you to select all equipment types / clear all selections.

The "Failure sets" object tree element contains a list of all failure sets that can be
assigned to equipment during simulation.

2.9. Transaction data: tasks and plans

2.9.1. Tasks

MineTwin Underground provides the user with the ability to manually create a plan for
the equipment operation, sending each specific equipment unit to a specific place of
operation at a specific time (Clause 2.4).
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In the "Tasks" block of model tree, the user can create drilling tasks, charging tasks,
haulage tasks, roofbolting tasks, tasks of reloading the rock mass from loaders into
trucks, continuous mining tasks, tasks of shuttle cars and skip hoists.

ool Drilling tasks

+ = B
Begin date End date Wells count Stope Drilling machine
01.01.2019 00:00 02.01.2019 00:00 460,00 Blue-2 Atlas Copco Boomer 3-1
01.01.2019 00:00 02.01.2019 00:00 240,00 Gold-9 Atlas Copco Simba 10-2

W Charging tasks

+ = B
Begin date End date Wells count Stope Charger
01.01.2019 00:00 02.01.2019 00:00 460,00 Blue-2 Charmec-2- 6
01.01.2019 00:00 02.01.2019 00:00 240,00 Gold-9 Charmec-3-4

e, Haulage taskj

+ - B
Begin date End date Runs count Source stope Loader Destination
01.01.2019 00:00 02.01.2019 00:00 12.0 Gold-16 Atlas Copco 1-4 CcDP-4
01.01.2019 00:00 02.01.2019 00:00 24.0 Brown-10 Atlas Copco 3-6 OrePass-15

o Roofbolting tasks

+ =
Begin date End date Bolts count Stope Roofbolter
03.01.2019 00:00 04.01.2019 00:00 360.0 Red-8 Roofbolter 1

Cross-docking tasks

+ - B
Begin date End date Source cross-dock point Truck Destination
01.01.2019 00:00 02.01.2019 00:00 CDP-18 Sandvik 10-3 OrePass-12
01.01.2019 00:00 02.01.2019 00:00 CDP-14 Sandvik 1-2 OrePass-4
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51 Skip hoisting tasks

+ - B
Begin date End date Skip hoist
01.01.2019 00:00 02.01.2019 00:00 Skip hoist (west)

zﬁ Continuous miner tasks

+ - @
Begin date End date Stope Continuous miner
01.01.2019 00:00 02.01.2019 00:00 Green-25 Komatsu (Joy) 1

22 Shuttling tasks

+ = 0
Begin date End date Shuttle car Source stope Destination Runs count
01.01.2019 00:00 02.01.2019 00:00 CB1 Green-25 OrePass-4 10,00

2.9.2. Production plans

MineTwin Underground can automatically form an equipment operation plan based on
target plans for mining ore mass or stopes (Clause 2.4).

2.9.2.1 Stopes plan

The stopes plan specifies how much ore mass and what quality must be mined in each
period in each stope.

S Stopes plan records]

+ = 4% 2

Begin date End date Stope Quality, % Planned mass, t Tonnes remaining Ore type Advancement type  Mine area
01.01.2019 31.01.2019 Blue-1 5,00 1400,00 1404 Empty rock Excavation Mine area 1
01.01.2019 31.01.2019 Blue-3 5,00 1 400,00 367 Copper ore Excavation 3
01.01.2019 31.01.2019 Blue-4 5,00 1 400,00 892 Copper ore Cleaning 3
01.01.2019 31.01.2019 Blue-5 5,00 1400,00 310 Empty rock Excavation 3
01.01.2019 31.01.2019 Blue-6 5,00 1400,00 405 Empty rock Excavation 3
01.01.2019 31.01.2019 Red-6 5,00 1 400,00 660 Copper ore Excavation 2
01.01.2019 31.01.2019 Red-8 5,00 5 000,00 5269 Empty rock Excavation 2

Each stopes plan record is characterized by the following parameters:

e Begin and end dates of the planning period

e Stope

e Planned mass, t.

e Quality of the mined ore mass

e Tones remaining — quantity of remained ore mass in stopes
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e Ore type
e Advancement type
¢ Mine area.

2.9.2.2 Target plan

The target plan specifies how much ore mass and what quality must be mined in each
target period in total.

+—- B +¥
Begin date End date Quality, % Planned mass, t
01.04.2023 01.05.2023 5,00 450 000,00
01.04.2023 01.05.2023 8,00 200 000,00

Each target plan record is characterized by the following parameters:

e Begin and end dates of the planning period
e Quality of the mined ore mass
e Planned mass, t.
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3. Scheduling and simulation

The scheduler is intended for scheduling equipment operation, taking into account:

e Target values for production volumes and ore quality

e Sequences of the mine technological cycle

e Duration of operations performed by the selected equipment

e Lengths of the hauling distances, geometric distance of the stopes
e Equipment operating schedules

e Scheduled equipment repairs and other routine maintenance

e Blasting schedules.

The simulation model checks the feasibility of the scheduler's plan, taking into account:

e Unscheduled repairs (failures)

e Delays due to vehicle passing in busy areas of the mine

e Loading queues

e Unloading queues in front of the ore passes due to erratic loading on them
e Decreased throughput of in-mine haulage due to uneven ore supply

In MineTwin scheduling mode, one shift scheduling and simulation is performed
sequentially. At the end of the shift, the scheduler performs scheduling for the next one
based on the results of the execution of the previous shift plan by the simulation model.

3.1. Simulation management

To switch to the scheduling/simulation mode, you need to select it in the toolbar of the
editing mode.

Mode Tools Help

&9 Simulation ‘_

" Editor

F\'

Scenario Comparison

Sensitivity Analysis

Bl ks

Constraints Analysis

Menu Views Tools Help

B Y| PpKERLE| Xy 2 10x @G WC €

To start the simulation according to the plan, use the button P in the upper toolbar of
the scheduler window.

To pause the model, use the button
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To pause until the required simulation time, use the button an . When you click on this
button, a window will appear in which you need to enter the required stop time in model
minutes, for example, 1440 to stop the model one day after the start of the simulation:

I 1440 . To close the window for entering simulation time, use the "Esc" key.

To accelerate / slow down the simulation, use the buttons = 10x &

For maximum acceleration, use the button G

3.2. Visualization of simulation results

The layout of the scheduler window is shown in the figure below.

88 MineTwin Underground - East.xlsx (Eastaxisx) - o X
Menu Mode Tools Help
w B KSRLE|IXIBIaG 10x GGaCE

ﬁ Simulation Status =] Animation | &4 Animation 30| [ Schedule| = Assignments = B | & Prod Cumulativ... | & Prod Cumulativ... | i Prod WIP Total | i Prod WIP Subst... | () ProdLead Time, = O
= & o Production Cumulative Total, t
01.04.2023 00:00 QQtdes+ HiQ
shift 2 o0k
Simulatea 0 of 30 days ¥E i)
v 00K
plan: 15,0K tpd, 5.47M tpa et

Current mass plan fulfilment %

00K

Current grade plan fulfiiment

=1 -

“
/" 89,5€ km of roads K Py a0
() 115 Stopes, & active now PR 01040000 02040000 040000 4040000  0SO000  CAOA0000  O7OAO0G0 0804
18120 Ore passes, 0 with ore now 2% W Waiting for bolting 1 Waiting for driling I Driled ® Charged
W Blasted W Loaded to loaders W Unloaded to milholes M Loaded to trains
& 21 Drills, 0% av,, 0% ut. " B Unloaded from trains ** Plan
W 18 Chargers, 0% av., 0% ut g
s o) & Dev Cumulativ... | i3y Dev WIP Total| () Dev Lead Time | gl Avg lead time!| gl AvgWiP [\J Zones Stats| = O
va” Development Cumulative Total, t
¥ s 1.00
2
820 Shuttle cars, 0% av. 0% ut ) 00

880 Trains, 0% av. 0% ut

oe0
[ Summary Statistics =0 |[Eo j@c [@s W R0 /&L geT @k zmc aas BT /M0 [@c B Bs|jmr |®egas| = O o
~ |IE D=
0
£ Name Callout Mine area Type Avdancement ... State Equipment  Start date L3
M Blue-2 3 i.. Composite 01.04.2023 0%
B Blues 3 Composite Waitfor drilling 01.042023 01040000 02040000 03040000 04040000 05040000 08040000 07040000 0804
& Browng 2 Waitfor drilling 01.04.2023
g ;::::?a ; —_ g::fsi 79 Haulage .| (9 Haulage .|\ Haulage ...| @ Daily Bla...| @ Daily Ru... | @ Daily To... | = Stoppeg... = O
E4 Brown-11 2 Waitfor driling o Haulage distance, m
B Brown- 2 Waitfordriling 01.04.2023
& Brown-21 2 Waitfor diiling 01.042023
B Gold-1 3 Waitfordnllng 01.04.2023
M Gold-2 3 Waitfor drillng 01.04.2023
B Gold-3 3 Waitfordrillng 01.04.2023
(1 Gold-4 3 Weitfordiiling 01.04.2023
B Gold- 3 Waitfordriling 01.042023
Loaders fuel consumption, liters 0,00 & Gold-9 3 _ 01.04.2023 »
Fixed costs, § 000 wallie >

3.2.1. Animation

2D animation dynamically displays the simulation process in 2D space: simulation of the
movement and equipment/transport operation on the mine map.
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Animation| &4 Animation 3D | (= Schedule = Assignments = B8

QAL ¥ €+ HE

(-]

Gold;40

Req.g

Gola-39

Brown-15
—

The top panel of the animation window contains the buttons that make it easier to work
with the map. The buttons Q]Q allow to zoom in/ out the map, the buttons
¥ e allow to move the map. The button “ centers the map so that the entire
mine is visible at the same time. The button tiea turns on the display of the lengths of
the mine field segments, the button (=) displays the names of the stopes on the map.

Clicking on the equipment unit opens a window with information about the status of the
equipment unit, its availability and equipment utilization.

Clicking on a stope opens a window with information about the status of the stope, the
quality and density of the ore mass in the stope.
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ib‘ e 4' I I '
Atlas Copco Boo... U '!l =0
Idle OrePass-17
Availability: 0% Load: 0,00t 000 m*
Utilization: 0% Quality: 0,00%

) Density: 0,00 t/m*

0 o
old-40 " 20

Green-30 - ” s
I " = Sandiic 152

} L N

0 wells completed, 15 wells remaining ﬂ TEO 0.00 kp
Quality: 5,00% Gold-40 ' Id.I-e
Density: 2,96 t/m* Availability: 0%
1 5.-‘.%\ 0 wells completed, 58 wells remaining Utilization: 0%
remaining: 7 835 ¢ : Y Quality: 500% | Load:0,001,000m*
4 Density: 2,80 m?
3
. |remaining: 354
:j 4
10m 10.m) .
0Om in

Clicking on the dump area, its loading, quality and density of the ore mass at the dump
area are displayed.

T'
The button "= in the information window closes the window.

3
The button " activates the table with the list of equipment units and highlights the
selected unit.

==
The button ~+ activates the state chart table, which can be used by developers when
errors and failures occur during the system operation.
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[1] Animation | &% Animation 3D | =] Schedule | =] Assignmant4 (%] Logic Atlas Copco 2-2 X I =]

HaulageCrossDockUnloadingFeature HaulageFeature HaulageloadingFeature

HaulageSimpleDumpFeature IdlingFeature
i e ..... ) { e | e ‘ ) '... o ‘... -
' I i 11 T ) IT [T
WAIT_FOR_CROSS_DOCK_ UNLOADING | “ MOVING_TO_PRE_LOADING_POSTION i LOADING ‘ [ UNLOADING o i MOVING_TO_IDLE
Ll ) Ll L
‘ " CROSS.DOCKUNLOADING ‘ * ATPRELOADINGPOSTION | L4 wam.uNoaDiNG IDUNG

0 - % | (S - 0
( CROSS_DOCK BUFFER UNLOADING | 1 MOVING_TO_LOADING_POSTION

‘ LOADING
‘ LEAVING_LOADING_POSTION
}AO\" ING_TO_PRE_UNLOADING_POSITION

‘ AT_PRE_UNLOADING_POSTION

MOVING_TO_UNLOADING_POSITION &

‘ : UNLOADING

‘  LEAVING UNLOADING POSITION

The button 7 attaches the information window to the map, allowing it to be moved
along with the map.
3.2.2. Map 3D

3D animation dynamically displays the simulation process in 3D space: simulation of the
movement and equipment/transport operation on the mine 3D map.

i) Animationl &4 Animation BDI: Schedule| =] Assignments

QQ 4+
e
D s ol i
T . e —————————— S
- R — e —— i R _
——— = ~ e ———"
i (‘/F-- ]
¥ S -— . e

— ——— - — - e r— A S— 3 m— e

” > - 7 /’/{,— = = =

Clicking on the equipment unit opens a window with the name of the equipment unit.
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The buttons Q] allow to zoom in/ out the map, the buttons “ centers the map so
that the entire mine is visible at the same time.

3.2.3. Schedule

In the "Schedule" window of the scheduling mode, the Gantt chart for the stopes shows
the planned states (drilling, charging, blasting, haulage of ore mass, etc.), the planned
tasks are displayed for the equipment. In the course of the simulation experiment, the
plan fulfilment is dynamically displayed: compliance with the planned schedule and
deviations from it.

Animation | &4 Animation 3D| =) Schedulel? Assignments
P ® VY BE MR & 6 o alon i B 50100202305 £ ~ All areas

Green-13

Green-14 15:137 runs 252
Green-18 14:4201:19:55 2155

Gren-18 22— 1800 020000

Green-10 LUSSS 800020000

Green-20 [ 1800  02:00:00

Green-21 413 020151 Truns 2045 028828 o concors
Green-22

Green-23

Green25 = (TR 1800020000

Green-26 ] e 1800 020000

Green-27

Green-28 2045 285 e Copo 13
Red 1522 B0 ]

Rea7 527 1800 020000 '

Red-8

Atlss Copco Boomer 3-1 | o7 RERAN 1220 024452 o400 RERE 18:00 16:30 20:00

Atlas Copco Boomer 1-1 11308 01:4740 oo 10 REEH] 16:00 20:00

Atles Copoo Simba 1-1 1800 2000

Atles Copoo Simba 10-1 1800 200

Atlss Copco Simba 10-2 16:00 16:30 20:00

Atlas Copco Simba 1-4 16:00 20:00

03.04.2023 1200 03.04.2023 18:00 04.04.2022 00:00

To start the simulation, use the button P inthe upper toolbar of the “Schedule” window.

The simulation can be restarted to the required simulation time. To do this, set the
vertical line representing the moment in time on the required date and press the button

@

The plan display can be enlarged using the button = ("Normal" mode) or more compact
using the button = ("Compact" mode).

When you click on the buttons with the equipment types on the Gantt chart, only

equipment of the selected types will be shown. The button - allows to display only the
selected mine area on the Gantt chart.
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03.04. 2023
A group of buttons £ 5

allows you to display the schedule for a specific
date. The button 9 turns on the display mode of one day, the button allows to set

the date, the button 5 turns on the display of the schedule for the selected date.

3.2.4.

The assignments table contains a list of all operations performed by the equipment with
the following information about operations:

Assignments

e Start and end time of the operation

e Number of the shift on which the operation was completed

e The duration of the operation

e The stope where the operation was performed

e The mine area to which the stope belongs

e Equipment that performed the operation

e Amount of work performed (number of drilled/charged holes/holes, number of
trips, amount of transported rock mass, etc.)

Animation | 4 Animation 3D |[=] Scheduleli' Assignmentsl

Drilling Charging Haulage Roofbolting Continuous mining

Begin time End time Shift  Duration, hours  Stope Mine area Operation Equipment Work volume

01.04.202321:56  02.04.2023 03:47 2 00:05:50 Blue-4 3 BRERS -:t2s Copco Simba 3-3 11 holes; Rock, t: 1,32K
02.04.202312:16  02.04.202315:33 1 00:03:16 Blue-4 3 RN Atias CopcoSimba3-2 4 holes; Rock, t: 420
02.04.202315:41  02.04.202315:57 1 00:00:15 Blue-4 3 (Charging " Charmec-3-1 15 holes

02.04.2023 20:45 03.04.2023 02:15 2 00:05:30 Blue-4 3 Haulage Atlas Copco (2) 100 runs, 1400, Ore pass: CDP-13
03.04.2023 08:45 03.04.2023 16:09 1 00:07:24 Blue-4 3 Haulage Atlas Copco (2) 18 runs, 252 t, Ore pass: OrePass-5
03.04.202300:50 03.04.202303:23 2 00:02:33 Brown-8 2 EERS tios Copco Simba 10-1 2 holes; Rock, t: 240
03.04.202309:39 03.04202315:52 1 00:06:12 Brown-8 2 RS ~tlas Copco Simba10-2 12 holes; Rock, t: 1,44K
02.04.202309:44  02.04.2023 15:58 1 00:06:13 Gold-1 3 DEIRS ~tlas Copco Simba 3-1 12 holes; Rock, t: 1,44K
02.04.202321:44  03.04.202300:39 2 00:02:54 Gold-1 3 RN Atias CopcoSimba3-2 3 holes; Rock, t: 360
03.04.202300:43  03.04.202300:59 2 00:00:15 Gold-1 3 Charging ] Charmec-3-1 15 holes

03.04.2023 08:45 03.04.2023 16:00 1 00:07:15 Gold-1 3 Haulage Atlas Copco 3-7 38 runs, 532 t, Ore pass: OrePass-5
02.04.202309:45 02.04.202315:58 1 00:06:13 Gold-2 3 DRERSI -tlas Copco Simba3-4 12 holes; Rock, t: 1,44K
02.04.202321:45  03.04.202300:40 2 00:02:54 Gold-2 3 RN Ati2s Copco Simba 3-1 3 holes; Rock, t: 360

The user can choose to display in the table only certain types of tasks by clicking on the
button with the appropriate name in the top panel of the "Assignments" window: drilling,
charging, haulage, roofbolting, continuous mining.

3.3.
3.3.1.

Statistical information

Simulation status

There is the “Simulation Status” window, which displays general information about the
course of the simulation experiment in the left part of the scheduler window:

e how many days are simulated

e current shift number
e daily and annual production plan

Page 74 of 89




@@MINE MineTwin Underground User Guide
D TWIN

e current mass plan fulfilment

e current grade plan fulfilment

e number of kilometers of roads

e the number of stopes in the scenario in total and the number of active now

e number of ore passes, number of ore passes with ore

e number of equipment units, their technical readiness factor and the equipment
utilization rate.

(3 Simulation Status = B8
03.04.2023 20:00
Shift 1
Simulated 2 of 30 days

Plan: 15,0K tpd, 5,47M tpa
Current mass plan fulfilment

-7%

Current grade plan fulfilmen

-7%

/" 89,5K km of roads
(@) 115 Stopes, 51 active now
'.,31 20 Ore passes, 8 with ore now

&1 21 Drills, 77% av., 83% ut.

% 18 Chargers, 100% av., 9% ut.

& 20 Loaders, 77% av., 52% ut.

€6 16 Trucks, 77% av., 20% ut.

#' 0 Roofbolters, 0% av., 0% ut.

ﬂ 0 Continuous miners, 0% av., 0% ut.
28 0 Shuttle cars, 0% av., 0% ut.

ﬁ 0 Trains, 0% av., 0% ut.

3.3.2. Summary statistics

The "Summary statistics" table displays the main statistical indicators of the simulation
experiment results:

e Mined mass cumulative

e Mining plan cumulative

¢ Ore mass deviation from the plan, in percent
e Substance cumulative

e Substance plan cumulative

e Substance deviation from the plan, in percent
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Average WIP in total and separately for production and development, t: average
amount of material (ore, rock, etc.) between some two stages of mining. For
example, WIP of drilling is the amount of material for which drilling has started
but has not been charged

Average lead time in total and separately for production and development, days:
the time required to mine a conditional ton of ore mass from drilling to haul on
top

Fuel consumption of loaders and trucks, liters

All costs and separately fixed and variable costs, in USD.

=% Summary Statistics = El
Mined mass cumulative 39332
Mining plan cumulative 42 500
Act/plan deviation -7,45%
Substance cumulative 1967
Substance plan cumulative 2125
Substance deviation -7,46%
Loaders utilization, % 52,24%
Drills Utilization, % 83,16%
Chargers utilization, % 8,72%
Average WIP, tonnes 62 403
Average lead time, days 1,42

Average production WIP, tonnes 62 403
Average production lead time, days 1,42
Average development WIP, tonnes 0
Average development lead time, d... 1,42

Trucks fuel consumption, liters 0,00
Loaders fuel consumption, liters 0,00
Fixed costs, § 0,00
Variable costs, $ 0,00
Total costs, S 0,00

3.3.3. Daily volume stats

The "Daily Volume Stats" table shows the daily volumes of ore mass at different stages

of its

production:

reached ore mass (ore mass in stopes, access to which is open)
drilled ore mass

blasted ore mass

ore mass loaded to loaders

ore mass unloaded by loaders and trucks to the ore passes

ore mass loaded to trains
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e ore mass unloaded from trains to the ore passes
The following also displayed:

e daily planned volume of ore mass production

e simulated daily quality of ore mass (percentage of substance)

e planned daily quality of ore mass (percentage of substance)

e number of drilled holes per day

e number of drilled hole meters per day

e number of runs of loaders/ trucks per day

e daily volume of ore mass transported in ton-kilometers

e daily simulated volume of mining of rock mass with a cumulative total

e daily planned volume of mining of rock mass with a cumulative total

e daily deviation from the mining plan

e daily simulated volume of extraction of useful substance with a cumulative total
e daily planned volume of extraction of useful substance on a cumulative basis
e substance daily deviation from the plan.

Daily Volumes Panl S C W ch... | @ Dri. |8 Lo... € Tr.. |d! Ro... |28 Co... a2 Sh... | B8 Tra...| 8l Or.. (@R cCr.. (B cr.. B st. |fePr.. @ Ble...| gy Ski...
Date Reached Drilled Blasted  Loaded to loaders Unloaded to millholes Loaded to trai... Unloaded from trains Plan Quality  Runs count
v 01.04.2023 1350 159779 159779 123502 123474 0 0 450000 5,00% 10 441

01.04.2023 1350 12739 4578 3443 3359 0 0 15 000 5,00% 241

02.04.2023 ©0 43979 34927 19617 19631 0 0 15 000 5,00% 1691
03.04.2023 0 33 201 26516 25 842 25744 0 0 15 000 5,00% 2118
04.04.2023 0 20739 20 302 23334 23292 0 0 15 000 5,00% 1910
05.04.2023 0 29714 24623 19 268 19279 0 0 15 000 5,00% 1683
06.04.2023 0 24738 22 661 20352 20394 0 0 15 000 5,00% 1764
07.04.2023 0 21318 17634 16 651 16 693 0 0 15 000 5,00% 1439
08.04.2023 0 6580 8539 4939 4953 0 0 15 000 5,00% 440

3.3.4. Costs

The «Costs» table contains information about costs by types of costs and types of
equipment.
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] Dail... |~_‘T— Costs Iﬂ Sto... | §& Ch... | &1 Dril... | 88 Lo.. | §& Tru.. g Ro.. &5 Co.. a2 Sh.. | ¥ Trai.. [3\ Ore... |8 Cro... B Cru... BH Sto...|js Pro... | @ Ble... | giig Ski...
Category Basis Basisvalue Total cost, §  Average cost per basis unit, S Average daily cost... Average monthly cost.. Average annual cost...
v Total 353K 7,06K 212K 2,58M

~ Fixed 19,7 393K 118K 1,44M
Mine Months 017 0,00 0,00 0,00 0,00 0,00
Trucks Unit-months 2,67 533K 2,00K 1.07K 32,0k 389K
Loaders Unit-months 3,33 333K 1,00K 867 20,0K 243K
Drillers Unit-months 3,50 2,00K 571 400 12,0K 146K
Chargers Unit-months 3,00 9,00K 3,00K 1,80K 54,0K 657K
Roofbolters Unit-months 0,00 0,00 0,00 0,00 0,00 0,00
v Variable 15,6K 3,12K 93,7K 1,14M
v Trucks 1,88K 376 11,3K 137K
Shift-based costs Active shifts 45,0 450 10,0 90,0 2,70K 32,9K
Hours-based costs Werking hours 273 546 2,00 109 3,28K 39,9K
Distance-based costs  Distance traveled, km 1,77K 283 0,50 177 5,30K 64,4K
Fuel Fuel consumed, | 0,00 0,00 0,00 0,00 0,00 0,00
Maintenance Maintenance events 0,00 0,00 0,00 0,00 0,00 0,00
Failure management  Failure events 11,0 0,00 0,00 0,00 0,00 0,00
Loaders 10,2K 2,05K 61,4K 746K
Drillers 2,01K 401 12,0K 146K
» Chargers 1,50K 300 8,01K 110K
» Roofbolters 0,00 0,00 0,00 0,00

The table displays:

e (Capital (fixed costs) total and by type of equipment

e Number of used equipment-months by types of equipment

e Average costs per equipment unit by type for the entire simulation period/
average per day, average monthly/ average annual

e Variable costs by types of equipment and types of cost accrual:

Shift-based costs

Hours-based costs

Distance-based costs

Fuel

Maintenance

Failure management.

o O O O O

3.3.5.
The " Stopes stats" table shows data on the state of stopes at each moment of time.

Stopes stats

i Daily Vo... | &0 Costslﬂ Stopes ... Iw Charger... a1 Drills St... ‘ Loaders... ‘. Trucks S... " Roofbol... d Continu... | @2 Shuttle ... u Trains S... '!‘ Ore pass... a Cross D... s, Crushers Q Storages | |s Processi... | &%) Blenders
B = E
2 Name Minearea  Type Avdanceme... State Equipment Start date Completion da... Act/pl.. Quality, %  Works status
& Brown-8 2 Production... Composite [ ENNNGEI !> Copco Simba 10-1  01.04.2023 12.04.2023 R .00 0 wells completed, 15 wells remaining
& Brown-9 2 Production... Composite NG ~ts Copco Simba 10-2  01.04.2023 12.04.2023 B .00
& Brown-10 2 Production... Composite  Haulage 01.04.2023 12.04.2023 N ;00 1220 hauled, 579 87 runs
M  Brown-11 2 Production... Composite Haulage 01.04.2023 12.04.2023 - 5,00% 182 tonnes hauled, 1617 tonnes remaining, 13 runs
& Brown-19 2 Production... Composite  \NSIfORGRINGUIMMMINN Atlas Copco Simba 10-1  01.04.2023 12.04.2023 B .00
& Brown-21 2 Production... Composite  \WSIRIORERIING 01.04.2023 12042023 R .00 0 wells completed, 15 wells remaining
& Gold-1 3 Production... Composite  |ENNNGHINI ~t2s Copco Simba3-2  01.04.2023 12.04.2023 B .00 0 wells completed, 15 wells remaining
M Gold-2 3 Production... Composite 01.04.2023 12.04.2023 - 5,00% 168 tonnes hauled, 1 631 tonnes remaining, 12 runs.
M Gold-3 3 Production... Composite 01.04.2023 12.04.2023 - 5,00% 70 tonnes hauled, 1729 tonnes remaining, 5 runs
& Gold-4 3 Production .. Composite 01.04.2023 12.04.2023 EE 0.00%
& Gold-7 3 Production .. Composite 01.04.2023 12.04.2023 R .00
& Gold-9 3 Production... Composite 01.04.2023 12.04.2023 R .00 2072 633 tonnes remaining, 143 runs
M Gold-13 3 Production .. Composite 01.04.2023 12.04.2023 N s oo 98 tonnes hauled, 2 607 tonnes 7 runs

The following is shown for each stope:

e Mine area to which the stope belongs
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Type (production or development)

Advancement Type (excavation, cleaning, etc.)

Current state of the stope (wait for drilling, drilling, wait for charging, charging,
etc.)

Start and completion date

Duration of state

Simulated amount of removed ore mass in tons and m3

Planned amount of removed ore mass in tons

Percentage deviation from the plan

The quality of the ore mass in the stope (content of useful substance)

Density of the ore mass in the stope

Works status: volume of completed and remaining work in the stope (the number
of drilled wells/holes and the number of wells/holes left for drilling, the number
of hauled and remaining tonnes of ore mass, etc.).

The button ol in the upper right corner of the table opens the bar chart of stopes stats.

<

100%

50%

0%

(= Dai...tiﬁ'& Co... |ﬂ St... Iw Ch... ii1 Dri... d’ Lo... it. Tr... i" Ro... iﬁCc... im Sh... iu Tra... | J4] Or... :ﬁ Cr... ib, Cr... in St... jlm Pr... Ble...iﬁ Ski...i =
= ||K__| =)
] ame
M Brown-9 2
M Brown-10 2
M Brown-11 2

Mine area Type Avdanceme... State Equipment Start date Completi.. Act/pl.. Quality.. Works status
Production... Composite  \Waitforbiasti i 01.0420.. 15042023 [N s.00%
Production... Composite  \Waitfordnlling L 01.0420.. 15042023 [EOSGNNN 5.00%  Owells completed, 15 wells rem
Production.. Compesite  Haulage 01.0420.. 15042023 (ORI 500% 1512 tonnes hauled, 287 tonne:
>
— — . :
I
| 10.54% |
—m 61.10% 64.08% | 10.08% | m
Blue-4 Brown-8 Brown-8 Brown-10 Brown-11 Green-2 Brown-23 Gold-5 Gold-8 Gold-11
M Wait for drilling Wait for charging W Wait for blast M Wait for rooibolting Wait for continuous mining
M Wait dependency Wait for haulage M Drilling M Charging M Blasting

Haulage W Roofbolting Continuous mining

The button E in the upper right corner of the table opens the Gantt chart of stopes

statistics.
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£ pai... | &% Co... |Q St... Iw Ch... | g%l Dri... | 88 Lo... |88 Tr.. |6’ Ro... | g8 Co.. |22 Sh.. |l Tra.. M¥| Or.. |fRACr |B Croo | B St.. | [oss Pro. [ Ble..| gy Skic| =
=i )|=0=s
O Name Mine area Type Avdanceme... State Equipment Start date Completi... Act/pl.. Quality.. Works status
M Brown-19 2 Production.. Composite Wait for haulage 01.04.20... 15.04.2023 - 5,00% 1400 tonnes hauled, 399 tonne:
M Brown-21 2 Production.. Composite  \WAIEfORGHINGUIMIIIINY Atlas Co... 01.0420.. 15042023 [EOSGNNNN 5.00%  BWellsicompleted, 11 wells rem
M Gold-1 3 Production... Composite  Waitforblast 01.0420.. 15042023 [N 5.00%
< >
Brown-8 T s veoss2 ] | fmn el Il Imeon 1l
Brown-g [ N2 a1 rfmnil Imnl il
Brown-10 [ LY . zzm 01 coopl N 1 I
Brown-11 oo edmEer 1 HE11 rmnl I B B B |
Brown-19 e | 1605 0405 16:05] 0404 1604 0405] 16:05J 0404 [ 04:05] 16:05] 0404]  20:20]
Brown-21
Gold-1 [ ] [ L mn I B | B En a1l
03.04.2023 04.04.2023 05.04.2023 06.04.2023 07.04.2023 08.04.2023 00.04.2023 10.04.2023 11.04.2023 12.042023 13.04.2023 14.04.2023 15.04.2023
< >

3.3.6. Equipment stats

The status and general information about equipment units are displayed in separate
tables for each equipment type, such as:

e Mine area to which the equipment unit is assigned

e Current state (movement, work performance, no tasks, etc.)

e Availability, % - the ratio of the time when the equipment was available for
operation (in accordance with the schedule and periods of unavailability) to the
entire simulation period

e Utilization, % - the ratio of the time when the equipment performed tasks to the
entire simulation period

o Effective utilization, % - equipment utilization factor minus lost time

e Lost time, % - the ratio of the time when the equipment was in the "No task"
state to the entire simulation period

e Current movement speed, km/h

e All costs per equipment unit, in USD.

The data table on the operation of the equipment on the example of loaders is shown in
the figure.

EH Dai.. |8 Co... @ st... [ ch... [ &} Dri.. (. Tr.. | d Ro..| g8 Co... |2 sh... | B8 o.M Or.. [ @ Cr.. B Cr. | st [fiss Pr. | Bte... g Sk
Ed BB

Name Mine area  Current state Load Availability, % Utilization, % Effective utiliza... Losttim.. Currentspe.. Total costs
Atlas Copco 2-1 2 0,00t;0,00m* 8422% 55,36% 55,09% 0,27% 9,70 0,00
Atlas Copco 2-2 0,00t;000m* 8505% 43,83% 43,75% 0,08% 9,70 0,00

U
B o 1.5 8447% 2751% 2743% 0,08% 0,00 0,00
I 00 000 8472% 18,99% 18,98% 0,01% 0,00 0,00

Idle 0,00t 000m* 7290% 12,86% 12,85% 0,01% 0,00 0,00

Atlas Copco 2-4

2
Atlas Copco 2-3 2
2
Atlas Copco 2-5 2

RRRRKE ©

Besides, additional specific statistics are displayed for certain types of equipment, such
as the number of runs for trucks, the number of drilled holes for drilling machines, etc.
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The button oln in the upper right corner of the table opens the display of equipment
operation stats in the form of a bar chart.

&7 Dai...| &P Co... | @ St... |8 Ch... | @1 Dri.. [& Lo.. |€s .. | Ro..| a8 Co.. |aa sh... |88 Tra.. |l Or... [@ Cr... | B r.. [ st [ Pr.

@ Ble...| g Ski..|

Iw

O Name Mine area  Current state Load Availability, % Utilization, % Effective utiliza.. Losttim.. Currentspe.. Total costs,
[0 AtlasCopco2-3 2 B o 125 B44T% | B7si% 2743% 0,08% 0,00 0,00
[0 AtlasCopco2-4 2 N 000+ 000 m*  84,72% 18,99% 18,98% 0,01% 0,00 0,00
<
100%
10,34%
10,84% 5
50% e o 20.41%
0%
Atlas Copco 2-2 Atlas Copco 3-1 Atlas Copco 3-2 Atlas Copco 3-3
Idle Move to idle Offschedule Moving to offschedule M Move to loading M Move to unloading
M Unloading M Loading W Wait for loading M Wait for unloading W Waiting for passby M Failure
Maintenance Moving to maintenance M Waiting for Cross-Docking M Unloading to CDP M Unloading to truck

The button & in the upper right corner of the table opens the Gantt chart of equipment
operation stats.

E Dai.. | & Co... [ st.. [ ch... [ &1 Dri.. [R -]t | Ro...| 28] Co... | 22 sh.. | B8 Tra.. M Or.. | @ Cr... (B Cr... [ M st [foss Pr... | @ Be...| gy Skic.|
ih |[BELE
O Name Mine area Current state Load Availability, % Utilization, % Effective utiliza... Losttim... Currentspe.. Total costs,
M AtlasCopco3-1 3 Movetolioading 000t 000m®  8357% | B406% | < &401% | 0,05% 9,70 0,00
& Atlas Copco3-2 3 B 5t 153 m® 7382% 7a0r% N  7%% N 005% 0,00 0,00
<
Atlas Copco 2-2
Atlas Copco 3-1
00:0320
Allas Copoo 22 OrePass-14
Atlas Copco 3-3
09.04.2023 23:35 08.04.2023 23:40 008.04.2023 23:45

The button in the upper right corner of the table opens a table with detailed
information about the equipment states for the entire simulation period.
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===
Name ‘
Atlas Copco 1-1
Atlas Copco 2-1
Atlas Copco 2-2
Atlas Copco 2-3

“omOoogo

Mine area
1

2
2
2

Loader Type
Atlas Copco 1-1  Offschedule
Atlas Copco 1-1 Move to loading

Atlas Copco 1-1 [ URIGBGINGIIIIRN 01.04.2023 09:36:31  01.04.2023 09:36:43  00:00:12

7 Dai...| & Co... | @) St.. |6 Ch... &} Dri... §a .. |66 Ro... | co.. [aa sh.. | T I8l or.. [ @ cr. [BR Cr. [E st || Pr.. | @ Ble. gk, = B
Current state Load Availability, % Utilization, % Effective utiliza... Losttim.. Currentspe.. Total costs, $ A
et ana Il 140t 4,73 m®  75,00% 61,34% 61,17% 0,17% 7,80 0,00
Move to loading |000t; 0,00m® 84,22% 55,36% 55,00% 0,27% 9,70 0,00
Move to loading 0,00t 0,00m* 8505% 43,83% 43,75% 0,08% 9,70 0,00
B ot 125 m  2447% 27,51% 27 43% 0,08% 0,00 0,00 v
>
Begin time End time Duration  Current speed,... Distancetraveled, m Stoppage description  Transportation source
01.04.2023 08:00:00  01.04.2023 08:45:00  00:45:00 ET0
| 01.04.202308:45:00 01.04.202308:55:04 00:10:04 10 1628 Green-12
Atlas Copco 1-1 |GG 01.04.2023 02:55:04  01.04.2023 08:56:10  00:01:05 Green-12
Atlas Copco 1-1 | NISUEHOIUNIGSEINGNN 01.04.2023 08:56:10  01.04.202309:36:31  00:4021 7 5001 Green-12
Green-12

3.3.7. Ore storage places

Separate tables for ore passes, cross-dock points and storages display information about
their current status, such as occupancy, types and quality of ore, etc.

The data table of the states of ore passes is shown in the figure.

E&® %8

Name

OrePass-16
OrePass-17
OrePass-18

RRJ E

120K

100K

80.0K

40,0K

200K

o % % I

Current stock, t Current stock, %  Ore types Current quality
54 953 1% Copper Ore: 54 938t, Empty rock: 15t 5,00%

587 0% Copper Ore: 587t 5,00%

33247 0% Copper Ore: 33 247 t 5,00%

Stock mass, t

] Dai... | & Co... (@ st.. |8 Ch... |} Dril... | & Lo... |€§ Tru... g Ro... |28 Co... |aa sh... | Tra.. |!§| Ore... Iﬁ cr.. |Bcr.. St.. ||gg4 Pr... | @ Ble... | gy Ski..

Quality StDev, %  Inbound rate, t/min  Output rate, t/min

0,00%

0,00%

0.00

01.04 00:00

08.04 00:00 16.04 00:00

0,00
0,00
0,00

0,00
0,00
0,00

22.0400:00

M OrePass-1 M OrePass-2 M OrePass-3 M OrePass-4 M OrePass-5 M OrePass-6 M OrePass-7 M OrePass-8 M OrePass-9 M OrePass-10
M OrePass-11 M OrePass-12 M OrePass-13 M OrePass-14 M OrePass-15 M OrePass-16 M OrePass-17 M OrePass-18 M OrePass-19 M OrePass-20

The following information is displayed for each ore pass:

e Capacity, t
e Occupancy, in tons and % of capacity
e Current amount of ore mass contained in the ore pass by type
e Current content of useful substance in the ore mass of the ore pass, in %
e Standard deviation of quality (RMS) of ore mass, %
e Rate of ore mass entering the ore pass, t/min

e Output rate of ore mass from the ore pass, t/min.
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The buttons in the upper toolbar of the "Ore passes" window open separate charts that
display:

e Ore mass stock in ore passes, in tons

e Volume of ore mass stock in ore passes, in m3

e Change in the quality of the ore mass, in %

e Rate of ore mass entering the ore pass, t/min

e Output rate of ore mass from the ore pass, t/min.

e Changes in the quality of ore fragments, %

e Variability of the content of useful substances by processing stages, %.

3.4. Graphs and charts

The MineTwin Underground visualization contains various graphs and charts for
analyzing simulation results.

1. Graphs for analysis of production
o Production cumulative total graph
o Production cumulative substance graph
o Production WIP total
o Production WIP substance
o Production lead time
2. Graphs for the analysis of development
o Development cumulative total graph
o Development WIP total
o Development lead time
3. Graphs stats for production and development
o Average lead time
o Average WIP
o Zones stats
4. Graphs for the analysis of ore mass transportation
Haulage distance
Haulage time
Haulage speed
Daily blasts count
Daily runs count
Daily tonnes mined
Stoppages stats.

O O O O O O

. = . . .
By pressing the button # ¢ in the top toolbar, cumulative graphs are synchronized with
the schedule.
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(17 Animation Iﬁ Animation 3D

Schedule I Assignments[

&4 Prod Cu... |/ Prod Cu... |js Prod WIP .| i Prod WIP ... (ji Prod Lea... | =

~ | Blue-2
Blue-4
Brown-8
Brown-9
Brown-10
Brown-11
Brown-19
Brown-21
Gold-1
Gold-2
Gold-3
Gold-4
Gold-7
Gold-8
Gold-13
Gold-18
Gold-17

» ¢ v BE RS

8!
e

03.04.2023 00:00

03.04.2023 1200

Production Cumulative Total, t

100K

8

s

*
—

50.0K 9
____/si—————'/————/'

0,00
02.04 1200 02.04 18:00 03.04 00:00 03.04 08:00 03.04 1200

< >

(4 Dev Cu...|isds DevW.. | G DevLe... | sl Avgle... [ sl AvgWiP| [\ Zones..| =

Development Cumulative Total, t

156.0K

8
3
10.0K o
8
0 - /
0.00
02.04 1200 02.04 18:00 03.04 00:00 03.04 08:00 03.04 1200

< >
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4. Scenario comparison

Scenario comparison mode allows you to simulate multiple scenarios at the same time
and then compare the results.

In the opened scenario comparison mode window, you can select several scenarios with
the button T in the upper toolbar, and exclude unnecessary scenarios with the button
. The button B clears the list of scenarios.

In the scenario comparison mode, simulation of each scenario can be run several times

with different values of random variables. The button B is used to set the number of
launches (replications).

The buttons +¥ allow to move scenarios up and down in the list. The button L
allows to reload scenarios, for example, if they have been changed since they were
added to the list for comparison.

In the scenario comparison mode, it is possible to run scenario simulation several times
with different values of random variables. To set the number of launches, use the button
(number of replications).

Scenario comparison is launched using the button 4 .

Menu Mode Tools Help
KSEL2E K B

£F Scenario Cnmpansoa = 0
+-RF +¥ ¥ >~
&x Scenario Replications Errors Mined m... Miningp.. Act/plan.. Substanc.. Substanc.. Substanc.. Overalla.. Trucksav.. Drillsava.. Roof bolt.. Chargers.. Cont
28 Omperne *
<« . <« Hoesiitom (D:) > Amalgama2.0 > minetwin > scenarios > Underground v Mowcx & y)
< YnopagoumTs ¥ Hogas nana = 1 @ >
— ~ - Nara usmenenn T Pasuep =
& Prod ... | i Prod... | (i Prof 0 s AT mmenenna " ' ke... @ Blend... 5% Costs = O

1% Demo example.xisx

1.00 ', Demo-scenario-real.xlsx

¥ Demo-scenario-real-quality xlsx

065 e ¥ Excavation dependency.xlsc

s paiina: |“Demo-scenario-realxlsx” “Demo exampleaxlsx” | sk v

0,75

0,70

After the completion of the modeling, the selected scenarios can be compared based on
several key indicators in the table.

The graphs display the indicators for the scenario selected in the table.
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If the scenarios were simulated several times with different values of random variables,

then the table will display the average indicators for each scenario, and the graph will
show the data of the first replication.

Menu Mode Tools Help

C sl K& ELE A%

Tm Scenario Comparison

= 4=
+=RF 4% ¥ »
1 SR 0/1 42640 450000  -164% 2139 2500 -160%  8456% 7. 7905%  10000%  2537%  1889%  3536% 2% 9836% 000 0,00 000 284K 284K
2 11 0/1 492489 500000  -150% 24636 25000  -146%  8781%  85.. 8L97%  10000% 2970%  2677%  376T%  385%  %850% 000 000 128K 239K 968K
< >
&4 Prod ... | i Prod ... | (4, Prod ... ﬁ"DriIls«. ¥ Char... “' Roof... ZS(alers “'Load.., ‘.Tru(k... aﬂConti... 22 Shutt... 'ﬂ Ore p... ﬁCvoss... &Crush“. [ Stora... | [s Proce...| G2 Blend... &% Costs| = B

Production Cumulative Total, t

08040000
W Owwa pennesms ™ O, Gypesna W 3abypero ™ 3apaxeno W Bsopsaro

18040000 22040000

W Norpyxesxo xa NAM B Buirpyxeno 8 pyrocnycar M Morpyxewo 8 noega 8 Buurpyxeno 3 n0e3nos Mnau
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5. Sensitivity analysis

The sensitivity analysis mode allows you to run simultaneous simulations of the same
scenario with different equipment quantities.

In the opened window of the sensitivity analysis mode, you need to set the ranges for

changing the equipment quantity of each type using the button * .

Menu Mode Tools Help
K&iELE H

L Sensitivity Analysis

£M

X

7 [P
!ﬂaric Replications Errors Trucks co... Drills cou... Chargers... Loaders.. Roofbolt.. Continu.. Shuttlec.. Scalersc.. Mined m..
(] a X
Equipment units quantity variation
Select variation parameters and confirm selection
Trucks count: 2.... 4 [:,‘_‘J X
Drills count: 6...9 m_J X
P S S N S S T T S
0V X
X
X
< X
—— = Loaders count: 5...6 ( ! '|_-' ]
@4 Prod Cum...| \igs Prod WIP ... | (4, Prod Lead... .‘1 D T T T T T v ) X Continuo... | & Shuttle C... ';' Ore passes ﬁ]
X llative Total, t
110 Replications 1
Total ber of iogl 24
voo otal number of scenarm
. "

After that, a complete set of simulation scenarios with various combinations of the
equipment quantity will appear in the interface of the sensitivity analysis mode. For
example, 24 combinations are possible with the parameters shown in the figure above.

In the sensitivity analysis mode, you can run the simulation of each scenario several
times with different values of the random variables. To do this, use the "Replications"
parameter. For example, in the figure below, the range for the trucks count is set from
2 to 3 and 5 replications. This means that the simulation with 2 trucks will be performed
five times, simulation with 3 trucks will be performed five times, and so on, for a total
of 10 scenarios.
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Menu Mode Tools Help
= B | &5 R2E| M5
nario Replications Errors Trucks co... Drills cou... Chargers... Loaders... Roofbolt.. Continu.. Shuttlec.. Scalersc.. Mined m..
] a X
Equipment units quantity variation
Select variation parameters and confirm selection
Trucks count: 2 ... 3 ( — |:'_"| — ] | X
e
l 1) (X
X
X
< X
& Prod Cum... | ji&t Prod WIP ... | (j Prod Lead... .—ﬂ 0 Y X Continuo... |22 Shuttle C... ’ﬂ Ore passes ﬁ
J X! |llative Total, t
110 Replications @
o0 Total number of scenano
0.50 OK
0.20
0.70

If you need to set other ranges and number of replications, you can clear the table with

the button B and set new variation parameters. You can delete individual scenarios

from the list using the [ button. Sensitivity analysis is launched using the button 4

After running and completing a series of simulation experiments, you can quickly
compare the simulation results and select a combination of the equipment quantity to
best meet your production plan.

Menu Mede Tools Help
B o KeRLE| K| B

I Sensitivity Analysis

AN

Scenario Replications Trucks count  Drills cou... Chargers... Loadersc.. Mined mass... Mining plan cu... Act/plan deviation

Demo5 (SA20Loaders) | 171 16 21 18 |20 442 640 450 000 -1,64%
Demo5 (SA19Loaders) | 171 16 21 18 19 304314 450000 -12,37%

2 Demo5 (SA18Loaders) | 1.1 16 21 18 18 365 832 450000 -18,70%
1 Demo5 (SA17Loaders) | 1.1 16 21 18 17 358242 450 000 -20,26%

The given example shows the sensitivity of the scenario to the number of loaders. The
best result is achieved with a maximum of 20 units.
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6. Constraints analysis

Constraints analysis mode is designed to identify bottlenecks in the scenario. When
performing a constraints analysis, MineTwin Underground automatically runs scenario
simulations several times, removing each of the major constraints in turn, and shows
how much the percentage of the production plan fulfilment would have improved if this
constraint were not present.

The following constraints are consistently removed during constraints analysis:

Ore quantity in stopes
Number of chargers
Number of drilling machines
Number of loaders

Number of trucks

Ore mass quality

Blasts frequency

NoUhsWNE

The constraint analysis is started using the button 4 . The button |}clears the list before
a new launch.

An example of the constraints analysis result is shown in the figure below.

Menu Mode Tools Help
B oD KeRLE| M| B
Constraints Analysis
>
Index  Scenario Mined mass difference, %  Mined mass cumulative  Mining plan cumulative  Act/plan deviation
1 R 15 400000 5695% 5610
2 (CEGUEREER 1s5 258 400000 -53,69% 9261
;R 132 's 400000 66.95% 6610
4 248 381 400 000 -37,90% 12418
270 770 400 000 -3231% 13 538
6 S 130 652 400000 -67,33% 6533
7 DGR 136 205 400 000 -65,80% 63402
g SRS 132216 400000 6695% 6610

In the example above, the scenario lacks loaders. With the addition of enough loaders
to operate the mine, production will more than double its current value: 270 kt vs. 132
kt.
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