
Computer Workshop I: Optimization and Risk Assessment 

COMPUTER WORKSHOP I: ORE OPTIMIZATION 

AND RISK ASSESSMENT USING WHITTLE SOFT-

WARE 

This workshop covers the steps needed to carry out geological risk analysis using the 

Whittle software. A data set obtained from a part of a gold mine containing fresh ore, 

FROR, oxide ore, OXOR, and waste material is used to perform the analysis. This com-

puter exercise consists of three major parts. 

The first part covers the topics: finding the optimal ultimate pit limits, determining nested 

pit shells, designing pushbacks, effect of extraction sequence of ore/waste blocks in pro-

duction scheduling and long term planning,  and some of the traditional risk analysis. Note 

that a parameter file called “parfile.par” and three input files named  “kriging.mod,” 

“sim1.mod” and “sim2.mod” are used. The formats and contents of the files are discussed 

where appropriate. 

An estimated orebody block model is imported to Whittle. After adding the slope set to the 

project, pit shells are generated and ultimate pit limits selected. Once the optimal final pit 

limits are decided, three pushbacks are defined to represent the mining sequence over 

three periods of production using Milawa NPV option. After generating the three periods 

of schedule, the results are viewed in the program and exported to a file in spreadsheet 

format. The scheduling performed on the first part based on the traditionally estimated 

orebody model is referred to, in this workshop, as “base case”.  

In the second part of this workshop, sensitivity analysis under conditions of uncertainty on 

the ultimate pit and pushback is performed using simulated realisations of the orebody. A 

methodology to quantify the risk of the traditional pushback design is introduced. 

In the third part of the workshop, the step by step optimization in mine design based on 

risk quantification is illustrated. In this optimization procedure, simulated realisations are 

used to generate different pushback designs. After generating two different designs, risk 

analysis is performed on each of the individual designs based on some selected criteria 

that a decision maker might be interested in knowing for selecting a mine design. 
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The results are summarised in the file Risk_Analysis.xls. There are two types of other files 

needed in this workshop: (A) the orebody block model file, and (B) the parameter file. The 

format and the contents of the files are as follows: 

A) Orebody block model files (mod): This type of files are identified by their extension as 

“mod.” They contain the specification of the block model of the deposit such as block co-

ordinates, metal grade, ore and waste tonnage etc. 

Estimated (Kriging) model: kriging.mod: Used for building the “Base Case” 

Simulation Models: sim1.mod and sim2.mod: Used to perform the risk analysis  

Format: The formats of the parameter and model files are provided in the Whittle soft-

ware’s manual and the summarised below. 

Input Data Format: 

The first line: 

X     Y     Z   Number of Parcels, Positional mining CAF,  Processing CAF, tonnage 

The second line: 

X     Y    Z    RockType    tonnage      MetalContent 

If the number of the parcel for a block is zero, “the second line” doesn’t exist for that 

block. If the number of the parcels is 1 or more, “the second line” is written for each of the 

parcels for that block. 

For example: 

61     42     14     0     1.570     1.000     5664.00 

45     43     14     1     1.570     1.000     5664.00 

45     43     14     FRWS     5664.00     1055.20 

B) Parameter file: In this workshop, all the necessary parameters for the design and plan-

ning of the pit are provided. 

The parameter file name: parfile.par 

Format : The format of the parameter file is summarised as below. 

1        dx      dy       dz    x0   y0     z0  
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(block dimensions along x, y and z directions and the origin of model) 

2        nx        ny        nz   

(number of blocks along x, y and z directions) 

3           ABI         MCAF     PCAF         PRNT   RSTINT      RSTME  

[active block indicator, positional mining CAF(1=use CAF, 0=do not use), proc-

essing CAF(1=use CAF, 0=do not use), printing index (1:quantity of unprocessed 

material printed, 0:quantity of unprocessed material not printed), restart interval 

and restart time] 

4           1        nx         1        ny         1        nz  

(sub-region block limits) 

5           1        30       0.0  

(number of slope regions, number of benches to generate structure arcs, default 

block tonnage) 

6         0.0      54.0  

(slope bearing angle, pit slope) 

12      4        0         4         4    0            $  

(decimal places to write: block ton, total ton, revenue factor, currency total, cur-

rency-character) 

13       1.000     1.000      1    2     1.800    1  

(general block tonnage, dilution factor, [recovery, the selling cost ratio; not used,] 

air flag A=consider air blocks in optimization(1) or do not (2), air flag B=air 

blocks not included in the result file (1) or air blocks within the ultimate pit are in-

cluded (2)-Air flag A must be 1, or all air blocks in the model file are included (3), 

reference mining cost, ore selection by cutoff (1) or by cash flow (2)) 

14 0.1657506  

(revenue factor as single number or range start-step size-end) 

18   GOLD               1    4    4    4  
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(element type, position in the file, decimal places for gold in the block: total unit of 

element, grades and cut-offs for this element. 

20  GOLD               0   19.2900   

(element, selling cost/unit, price/unit) 

21  OXOR           1.000         0     1.000 (rock type, mining CAF, rehabilitation cost/ton, 

processing throughput factor—speed of processor for a particular rock type) 

25  MILL OXOR      8.195           (processing method, rock type, processing cost/ton) 

26  GOLD     C         0     0.900         0         0   100(element type, cutoff controlled (C) or 

not controlled (N), processing cost/unit, process recovery fraction, recovery threshold, 

minimum and maximum). 
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PART 1 

The computer session of this first part focuses on the basics of using the Whittle software.  

This is only useful to those who have not used Whittle previously.  This section covers 

importing data in to Whittle, generating pit shells and ultimate pit limits, designing 

pushbacks from pit shells and optimization with the Milawa-NPV option. Some of the tra-

ditional sensitivity analysis such as varying commodity price and processing capacity are 

also included in the notes, but is not be performed in this workshop. The data set that is 

generated from an estimation method (here kriging) is used as input and the schedules and 

pushbacks obtained in the first part are referred to as the “base case” during analysis per-

formed in subsequent parts. 

1 Import Deposit Data in to Whittle 

Make a new directory in C:\ drive called “workshop.” Then, inside the workshop di-

rectory, make a subdirectory called “working.” 

Copy the files: ‘parfile.par’, ‘kriging.mod’ into the “workshop” directory. 

Open Whittle and import parfile.par and kriging.mod files as follows: 

Double click on icon FXPE. 

Click on create a new project and hit OK. 

 
 

Type project name: workshop, select project directory by clicking on the directory 

icon on the right side—C:\workshop. Then, select “project working” directory—
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C:\workshop\working. Click on “next”, for import type, choose “block model,” 

browse  in the directory workshop to find “kriging.mod” as the model file to im-

port, and “parfile.par” as the parameter file to import. Then, click on finish and 

“yes” to confirm. 
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Check the parameters loaded and run the program by clicking on the third man icon. 

Now, click on each of the tabs and check what information is provided. 
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2 Generate Ultimate pit limits 

Click on “New Block Model” on the left side and “description” tab appears on the 

right side. Type “Kriging Block Model.”  By clicking on the tabs on the right 

side, you can check to ensure that correct parameters are entered in the parameter 

file. Click on “accept” on the right-bottom of the screen. 

Click on “New Slope Set” on the left and description tab on the right. Type “Kriging 

Slope Set” for the description and click on accept keeping all the values as de-

fault. Click on “Profile” tab and check the parameters. 

Click on “New Pit Shells” on the left and description tab on the right. Type “Kriging 

Pit Shells” for the description and click on accept keeping all the values as read 

from the parameter file. Right-click on “New Schedule Graph” on the left side 

and choose “cut-branch” from the menu.  
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Click on description tab and type “Operational Scenario-1.” Click on “time cost” 

tab and change the discount rate to 8%. Then, Click on the “limits” tab on the 

right side. Type 1,000,000 in processing method under “limit”. Then, click on 

“accept”.  

Add Pit by Pit Graph: Right click on “Operational Scenario-1” and add “Pit by Pit 

Graph”. Click on “description  tab and type “Pit by Pit Graph-1”. On schedule 

tab, ensure that “fixed lead” is selected with “0” value. On definition tab, delete 

all the lines below “tonnage of waste rock”. Then add a new value to be dis-

played by clicking in ‘add’ select output on the left and select undiscounted 

revenue and cash flow’ on the right, and choose “Open Pit Value”. Click on add 

to selection list and best case, click on OK. Then, click on OK and accept it by 

clicking “accept” in the general window.  Then, run the program by clicking the 

running man icon.   
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Generating the pit list: Right click on the Kriging Pit Shells and select Tools-

Export-Pit-List- select the workshop directory and change the name to kriga.pil, 

click on run. Click on “OK” for the message. The pit list exported contains 81 pit 

shells and will be used later. 
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Finding the optimal pit: Click on “Pit by Pit Graph-1.” Click on “output” tab on the 

right side. It shows the best, specified and worst case scenarios. The optimum pit 

can be found from there: checking in the undiscounted cash flow it is seen that 

pit shell 41 has the highest value and is chosen as the ultimate pit.  
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Click on the “Graph” tab and press zoom button. Click on the preferences. Type 

UDCF on the Title of Y-Axis. Select only “Open Pit Value” and unselect the 

other options. Click on the 2nd Y-Axis preference tab and unselect “Use multiple 

Y-Axis” because you have choosen only one display, so no need for the second 

axis. Click on “Style preferences” and select “Open pit value for the best case.” 

Change the Style to Bar, and Colour to red. Click on Graph tab to see the modi-

fied plot. 

 

 

 13



Computer Workshop I: Optimization and Risk Assessment 
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3 Generating Pushbacks From Pit Shells 

Adding Mining Width (combine pit shells to pushbacks): Right-click on “Kriging Pit 

Shells” select “add” and “mining width”. Then, click on description tab and type 

“Kriging Mining Width.” Click on “definition” tab. Type 30 as mining width. 

Then, in “pushback definition”, click on edit pushbacks and type 24, 33, 41.  Run 

the program to combine pit shells to pushbacks.  
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Generating Pit list Krigb.pil:  Right click on “Kriging Mining Width”, tools-

exporting pit-list- select the working directory and change the name to krigb.pil, 

export it. Here, this pit list contains block coordinates and the number represent-

ing three pushbacks. 

4 Optimization by Milawa-NPV 

Add Scenario: You can copy and paste from the previous scenario and pit by pit 

graph and modify the pit by pit graph, or right click on “mining width” icon and 

add scenario. Click on description tab and type “Operational Scenario-2” and 

Click on time cost tab to change discount rate to 8%. Click on limits and type 

1,000,000 on mill limits and click “accept. Right click on “operational scenario-

2” 
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Pit by Pit Graph:  Select pit by pit graph and on description tab, type “kriging 

pushback”. On “schedule” tab, click on “Milawa NPV” and click on “add” on the 

right side, pit 1, then pit 2 and pit 3 by clicking “add” on the right side. On defi-

nition tab, delete all the lines below “tonnage of waste rock” and click on add. 

Then, click on “output” on the left, and on the right choose “element and grade” 

and at down choose “Qty of <element> output from <method> 

(<method><element> /UO*) to have metal in the output file. Click on “add to se-

lection”, choose “Gold”, from “mill” for “specified case”, and OK. Click “ac-

cept”. Then, run the program by clicking on 2nd running man. 
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5 Exporting the Results to Excel Worksheet 

Click on the menu-button on “Kriging Pushbacks” on the left side. Choose Tools-

Export Files options. See the directory that file will be created (directory can be 

changed by clicking at the end of directory name box). Click on the square be-

side “Spreadsheet File” to put a check-sign and type the name as “krigpb.csv” 

and Ok .- Ok.  
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PART 2 

The computer session of this second part covers the detailed sensitivity analysis of a mine 

design under the condition of grade uncertainty. Two simulated orebody model files, 

sim1.mod and sim2.mod, are used to perform the analysis based on the project indicators:  

discounted cash flow (DCF), ore tonnage and metal content within each pushback and the 

final pit limits generated in Part 1.  

 

6 Overlapping krigb.pil Frame on the Simulation Models and Generate Result Files 

 
6.1 In the Tools menu select “Create pitshells from pit lists” 
 

 
 
6.2 Click in Edit and browse for the Sim1.mod and parfile.par files. Select krigb.pil as the 
pit list file and change the name of the result file to sim1krgb.res. 
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The Result File contains a code (-1 1 –97 0, first pit, last pit, 0, and revenue factor) in the 

first raw. The other part is the same format as the model file except that the last column 

contained in Result File contains the pit number that is not in the mod file. 

 

Risk analysis in this example can be summarised as follows: we have a pit design and a 

schedule generated from the estimated orebody model; and then we asses what happens if 

the true deposit one of the simulated orebody models mined with the previous design. 

 

7 Generating the Values for the Result File 

Rename “new imported pit shells” as “sim1krigb” on description tab and click “Ac-

cept.” 

 
Copy the Operation Scenario 2 and paste under sim1krigb. Rename the scenario to 

“Sim1 Operational Scenario” and the pit-by-pit graph to “PitSim1”. 

 
 

 
 
 

Milawa Schedule: Click on “schedule” tab. Choose “Milawa NPV” and click on add 

to include pits 1, 2 and 3. Then, run the program. Note that choosing “Milawa-
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NPV” option here doesn’t have any importance, because each pushback contains 

only 1 year of ore material. So, the result is just the values obtained when the 

simulated model is overlapped with the base case schedule. 

Checking Results: Click on output tab and see total DCF in specified case 

($19.718M) is higher than kriging case ($18.877M). The first period’s ore pro-

duction is very close to the original design, but in the second period, the mill 

could not be fed with full capacity, and appears almost 150k tons (15%) short in 

ore. 
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Repeat all the steps starting from 6.1 up to the end of 7.4 for sim2.mod file. i.e., replace 

the word “sim1” by “sim2” in everywhere necessary.   

8 Analysis Using Spreadsheet  

Export the Results to spreadsheet file: Click on the menu-button on “Pit Sim1” on 

the left side. Choose tools-export file options. Click on the square beside 

“Spreadsheet File” to put a check-sign and type the name as “sim1_krigb.csv” 

and Ok .- Ok.  

 
 

Click on the menu-button on “Pit Sim2” on the left side. Choose tools-export file 

options. Click on the square beside “Spreadsheet File” to put a check-sign and 

type the name as “sim2_krigb.csv” and Ok .- Ok.  

 
Open “Risk_Analysis.xls”, located in your working directory. Enable the auto-

refreshment and if required browser for the files (all located in your working di-

rectory). 
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PART 3 

The computer session in Part 3 of this workshop covers designing pushbacks for each of 

the simulations within the ultimate pit determined from the estimated orebody and quanti-

fying the risk in each design. Then, based on certain selection criteria, the best design is 

chosen. Since the “frame” of ultimate pit is kept the same, the first process is to overlap pit 

shells (81) within the final pit with the simulated models sim1.mod and sim2.mod. 

9 Overlapping the kriga.pil Frame on Simulated Models to Generate Result Files 

As in step 6, reblock simulations sim1 and sim2 but now using the pit list kriga.pil.  Gen-

erate sim1kriga.res and then sim2krga.res in a similar way as generating sim1krga.res. 
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10 Designing Pushbacks for Simulated Orebody Models 

Click on the “New Imported Pit Shells” on the left and rename as “Sim1kriga” and 

Accept.  

Copy the “Operational Scenario-1” branch under “Kriging Pit Shells” Node.   

Copy the “Slope Set” item under “Kriging Model” node and paste it on “sim1kriga” 

node and accept. Then add “New Mining Width” on the “Slope Set” under 

sim1kriga.   

Copy the “Operational Scenario” branch under “Kriging Mining Width.”  Re-name 

the nodes to be able to recognise them in the future. 

Click on the Definition tab on mining width and Edit on the right side of “Pushback 

definition” line by typing 25, 35, 41. Type 30 as mining width. Click on Accept. 

Run the program. 

Generating Pit list:  Right click on “Sim1a Mining Width”, tools-exporting pit-list- 

and change the name to sim1c.pil, export it. Here this pit list contains three 

pushbacks including pit shells up to 25, 35 & 41. 

Obtaining Values within Pushbacks: Click on “schedule” tab. Choose “Milawa 

NPV” and click on add to include pits 1, 2 and 3. Then, run the program. 

Export Results to Spreadsheet: Right click on “Sim1A Pushbacks” to select Tools-

Export Files. Select Spreadsheet file and name it as “design1.csv” 
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Repeat the steps 2.1-2.8 by applying three changes carefully everywhere necessary: 

Instead of typing sim1A, type sim2A 

Instead of typing 25, 35 41, type 24, 37,41 

Instead of design1, type design2. 

 
Design according to sim1.mod, values are from sim1.mod. 

 
Design according to sim2.mod, values are from sim2.mod. 
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11 Overlapping sim1c.pil Frame on sim2.mod; sim2c.pil on sim1.mod and Generate 

Result Files 

Use sim1c.pil to reblock sim2.mod and generate sim2sim1c.res; similarly use 

sim2c.pil to reblock sim1.mod and generate sim1sim2c.res. 

 

 

12 Generating the Values for the Result files (sim2sim1c.res and sim1sim2c.res) 

Rename “new imported pit shells” as “sim2sim1c Pushbacks” on description tab and 

click “Accept.” 
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New Operational Scenario appears on the left-hand side of the window. Rename it as 

“Sim2sim1c Scenario” on the description tab. Click on the “limits” tab and type 

1000000 on the mill limits. Click on “time cost” to change discount rate to 8% 

and accept. 

Right click on the “New Schedule Graph” and “Cut Branch”. 

Add Pit By Pit Graph: Right-click on “sim2sim1c Scenario,” choose “add---pit by pit 

graph”. Rename “Pit by Pit Graph” as “Pit by Pit Sim2sim1c” by clicking on de-

scription tab. Click on “Pit Sim2sim1C” icon and definition tab. Delete “mine 

life’s and internal rate of return” for all cases. Add quantity of metal in definition 

tab as before. Then, click on edit and change the end pit from 0 to 3. 

Milawa Schedule: Click on “schedule” tab. Choose “Milawa NPV” and click on add 

to include pits 1, 2 and 3. Then, run the program.  

Exporting Results: Right click on the Pit by Pit Sim1C to choose tools—export files. 

Choose the spreadsheet and name the file as sim1c.csv 

Repeat Steps 4.1 – 4.6 carefully replacing sim1 by sim2 everywhere. 

 
Design according to sim1.mod, values are from sim2.mod. 

 
Design according to sim2.mod, values are from sim1.mod. 
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Then open the Excel spreadsheet “Designs_Comparison” to see the results. 
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	1 Import Deposit Data in to Whittle
	Make a new directory in C:\ drive called “workshop.” Then, inside the workshop directory, make a subdirectory called “working.”
	Copy the files: ‘parfile.par’, ‘kriging.mod’ into the “workshop” directory.
	Open Whittle and import parfile.par and kriging.mod files as follows:
	Double click on icon FXPE.
	Click on create a new project and hit OK.
	Type project name: workshop, select project directory by clicking on the directory icon on the right side—C:\workshop. Then, select “project working” directory—C:\workshop\working. Click on “next”, for import type, choose “block model,” browse  in the directory workshop to find “kriging.mod” as the model file to import, and “parfile.par” as the parameter file to import. Then, click on finish and “yes” to confirm.
	Check the parameters loaded and run the program by clicking on the third man icon.
	Now, click on each of the tabs and check what information is provided.

	2 Generate Ultimate pit limits
	Click on “New Block Model” on the left side and “description” tab appears on the right side. Type “Kriging Block Model.”  By clicking on the tabs on the right side, you can check to ensure that correct parameters are entered in the parameter file. Click on “accept” on the right-bottom of the screen.
	Click on “New Slope Set” on the left and description tab on the right. Type “Kriging Slope Set” for the description and click on accept keeping all the values as default. Click on “Profile” tab and check the parameters.
	Click on “New Pit Shells” on the left and description tab on the right. Type “Kriging Pit Shells” for the description and click on accept keeping all the values as read from the parameter file. Right-click on “New Schedule Graph” on the left side and choose “cut-branch” from the menu. 
	Click on description tab and type “Operational Scenario-1.” Click on “time cost” tab and change the discount rate to 8%. Then, Click on the “limits” tab on the right side. Type 1,000,000 in processing method under “limit”. Then, click on “accept”. 
	Add Pit by Pit Graph: Right click on “Operational Scenario-1” and add “Pit by Pit Graph”. Click on “description  tab and type “Pit by Pit Graph-1”. On schedule tab, ensure that “fixed lead” is selected with “0” value. On definition tab, delete all the lines below “tonnage of waste rock”. Then add a new value to be displayed by clicking in ‘add’ select output on the left and select undiscounted revenue and cash flow’ on the right, and choose “Open Pit Value”. Click on add to selection list and best case, click on OK. Then, click on OK and accept it by clicking “accept” in the general window.  Then, run the program by clicking the running man icon.  
	Generating the pit list: Right click on the Kriging Pit Shells and select Tools-Export-Pit-List- select the workshop directory and change the name to kriga.pil, click on run. Click on “OK” for the message. The pit list exported contains 81 pit shells and will be used later.
	Finding the optimal pit: Click on “Pit by Pit Graph-1.” Click on “output” tab on the right side. It shows the best, specified and worst case scenarios. The optimum pit can be found from there: checking in the undiscounted cash flow it is seen that pit shell 41 has the highest value and is chosen as the ultimate pit. 
	Click on the “Graph” tab and press zoom button. Click on the preferences. Type UDCF on the Title of Y-Axis. Select only “Open Pit Value” and unselect the other options. Click on the 2nd Y-Axis preference tab and unselect “Use multiple Y-Axis” because you have choosen only one display, so no need for the second axis. Click on “Style preferences” and select “Open pit value for the best case.” Change the Style to Bar, and Colour to red. Click on Graph tab to see the modified plot.

	3 Generating Pushbacks From Pit Shells
	Adding Mining Width (combine pit shells to pushbacks): Right-click on “Kriging Pit Shells” select “add” and “mining width”. Then, click on description tab and type “Kriging Mining Width.” Click on “definition” tab. Type 30 as mining width. Then, in “pushback definition”, click on edit pushbacks and type 24, 33, 41.  Run the program to combine pit shells to pushbacks. 
	Generating Pit list Krigb.pil:  Right click on “Kriging Mining Width”, tools-exporting pit-list- select the working directory and change the name to krigb.pil, export it. Here, this pit list contains block coordinates and the number representing three pushbacks.

	4 Optimization by Milawa-NPV
	Add Scenario: You can copy and paste from the previous scenario and pit by pit graph and modify the pit by pit graph, or right click on “mining width” icon and add scenario. Click on description tab and type “Operational Scenario-2” and Click on time cost tab to change discount rate to 8%. Click on limits and type 1,000,000 on mill limits and click “accept. Right click on “operational scenario-2”
	Pit by Pit Graph:  Select pit by pit graph and on description tab, type “kriging pushback”. On “schedule” tab, click on “Milawa NPV” and click on “add” on the right side, pit 1, then pit 2 and pit 3 by clicking “add” on the right side. On definition tab, delete all the lines below “tonnage of waste rock” and click on add. Then, click on “output” on the left, and on the right choose “element and grade” and at down choose “Qty of <element> output from <method> (<method><element> /UO*) to have metal in the output file. Click on “add to selection”, choose “Gold”, from “mill” for “specified case”, and OK. Click “accept”. Then, run the program by clicking on 2nd running man.

	5 Exporting the Results to Excel Worksheet
	Click on the menu-button on “Kriging Pushbacks” on the left side. Choose Tools-Export Files options. See the directory that file will be created (directory can be changed by clicking at the end of directory name box). Click on the square beside “Spreadsheet File” to put a check-sign and type the name as “krigpb.csv” and Ok .- Ok. 

	6 Overlapping krigb.pil Frame on the Simulation Models and Generate Result Files
	7 Generating the Values for the Result File
	Rename “new imported pit shells” as “sim1krigb” on description tab and click “Accept.”
	Copy the Operation Scenario 2 and paste under sim1krigb. Rename the scenario to “Sim1 Operational Scenario” and the pit-by-pit graph to “PitSim1”.
	Milawa Schedule: Click on “schedule” tab. Choose “Milawa NPV” and click on add to include pits 1, 2 and 3. Then, run the program. Note that choosing “Milawa-NPV” option here doesn’t have any importance, because each pushback contains only 1 year of ore material. So, the result is just the values obtained when the simulated model is overlapped with the base case schedule.
	Checking Results: Click on output tab and see total DCF in specified case ($19.718M) is higher than kriging case ($18.877M). The first period’s ore production is very close to the original design, but in the second period, the mill could not be fed with full capacity, and appears almost 150k tons (15%) short in ore.

	8 Analysis Using Spreadsheet 
	Export the Results to spreadsheet file: Click on the menu-button on “Pit Sim1” on the left side. Choose tools-export file options. Click on the square beside “Spreadsheet File” to put a check-sign and type the name as “sim1_krigb.csv” and Ok .- Ok. 
	Click on the menu-button on “Pit Sim2” on the left side. Choose tools-export file options. Click on the square beside “Spreadsheet File” to put a check-sign and type the name as “sim2_krigb.csv” and Ok .- Ok. 
	Open “Risk_Analysis.xls”, located in your working directory. Enable the auto-refreshment and if required browser for the files (all located in your working directory).

	9 Overlapping the kriga.pil Frame on Simulated Models to Generate Result Files
	10 Designing Pushbacks for Simulated Orebody Models
	Click on the “New Imported Pit Shells” on the left and rename as “Sim1kriga” and Accept. 
	Copy the “Operational Scenario-1” branch under “Kriging Pit Shells” Node.  
	Copy the “Slope Set” item under “Kriging Model” node and paste it on “sim1kriga” node and accept. Then add “New Mining Width” on the “Slope Set” under sim1kriga.  
	Copy the “Operational Scenario” branch under “Kriging Mining Width.”  Re-name the nodes to be able to recognise them in the future.
	Click on the Definition tab on mining width and Edit on the right side of “Pushback definition” line by typing 25, 35, 41. Type 30 as mining width. Click on Accept. Run the program.
	Generating Pit list:  Right click on “Sim1a Mining Width”, tools-exporting pit-list- and change the name to sim1c.pil, export it. Here this pit list contains three pushbacks including pit shells up to 25, 35 & 41.
	Obtaining Values within Pushbacks: Click on “schedule” tab. Choose “Milawa NPV” and click on add to include pits 1, 2 and 3. Then, run the program.
	Export Results to Spreadsheet: Right click on “Sim1A Pushbacks” to select Tools-Export Files. Select Spreadsheet file and name it as “design1.csv”

	11 Overlapping sim1c.pil Frame on sim2.mod; sim2c.pil on sim1.mod and Generate Result Files
	Use sim1c.pil to reblock sim2.mod and generate sim2sim1c.res; similarly use sim2c.pil to reblock sim1.mod and generate sim1sim2c.res.

	12 Generating the Values for the Result files (sim2sim1c.res and sim1sim2c.res)
	Rename “new imported pit shells” as “sim2sim1c Pushbacks” on description tab and click “Accept.”
	New Operational Scenario appears on the left-hand side of the window. Rename it as “Sim2sim1c Scenario” on the description tab. Click on the “limits” tab and type 1000000 on the mill limits. Click on “time cost” to change discount rate to 8% and accept.
	Right click on the “New Schedule Graph” and “Cut Branch”.
	Add Pit By Pit Graph: Right-click on “sim2sim1c Scenario,” choose “add---pit by pit graph”. Rename “Pit by Pit Graph” as “Pit by Pit Sim2sim1c” by clicking on description tab. Click on “Pit Sim2sim1C” icon and definition tab. Delete “mine life’s and internal rate of return” for all cases. Add quantity of metal in definition tab as before. Then, click on edit and change the end pit from 0 to 3.
	Milawa Schedule: Click on “schedule” tab. Choose “Milawa NPV” and click on add to include pits 1, 2 and 3. Then, run the program. 
	Exporting Results: Right click on the Pit by Pit Sim1C to choose tools—export files. Choose the spreadsheet and name the file as sim1c.csv
	Repeat Steps 4.1 – 4.6 carefully replacing sim1 by sim2 everywhere.


