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Topics
Presentation will discuss the following

e Introduction
* Reconciliation Challenges in Metals Accounting
e Sigmafine Features

e Demo — A couple of typical business case scenarios

o Mass Balance of the overall circuit for Cu and Au
 What are the overall Cu and Au recovery and production rates?
 How much water has been added to the entire circuit?
 What is the water addition ratio between grind and flotation?
* Reporting
* How is Sigmafine configured to do this?

o Tracking of stockpile/bulk storage compositions
e Conclusions
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Introduction
Increase in demand for better reporting standards and more

stringent requlatory requirements require.....
* Increased accuracy of the Data used in Metals accounting

e Accessing the same data and working from one version of
the truth

e Sigmafine can address key areas such as:
o AMIRA standards compliance
o Mass measurements
o Data collection and analysis
o Metal balancing
o Reporting

 We will look at how Sigmafine can be applied to some of

these key areas, specifically:

o An example of a Mass Balance of the overall circuit for Cu
and Au

o Tracking of stockpile/bulk storage compositions
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Reconciliation Challenges in Metals and Mining
There are many and these are just to name a few...

e Low redundancy
e Many analyzers

e Complex models (single model with multiple
dimensions)

* Piles of materials that cannot be measured
 Material accounting per element
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Sigmafine Features

e Easy and flexible configuration of analyzers

e Simple control where component balance is
computed

e Linear balance always converges and is very
stable

o Non-linear still available
* Transfers can handle component information

© Visiant Pimsoft Inc. 2011
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Sigmafine Features
For components

e Component balance in inventories that are not
typically measured

e Component tracking in inventories
* |ndependent solvability of components
 |ndependent tolerance of measurements

* |Independent component list per analyzer

o Data Table Edit = [ B i
Component N | Value Tolerance Masimum Minimum Diefault |
»  |Au 8 9E-07 445608 1 0 85 Data Table Edit L= [E |
Cu 0.0764 0000328 1 0 Component N| Sensilivity | Solvability | Reconciled C | Reconciled T
;e gg;gi ggggﬁ?g ] g » |Au 0 R 5993694663 5 735692753
. . 00197 1 0 Cu 0 R 0.009554490 3 049550780
— ! : e Fe 0 R 0017295388  0.000147023
5 0 R 0014346708 6291813171
502 0 R 0642753487  0.004028530
*
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Sigmafine Features
Has a Unique Algorithm for Metals Accounting

e Overall Mass Balance
min(y —x)' »_(y—x)
St.AX=C
mX_in(y*i _Xi)T Zi(y*i _Xi)

Y, =Xy,
St.AX =C

e For each component
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Advantages
For the linear component balance...

 No convergence problems

e Perfect balance for mass and components

* No cross-interaction of components measurements
e Results are simple to understand

e Good for balances with trace components (i.e., water
balances include components under the ppm
measurement range)
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Typical Scenario
Let’s look at a scenario and how Sigmafine is-configured to

address it

* Flowsheet
e Mass Measurements
e Assays —i.e. % Solids, Cu %, Au ppm
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Flow Sheet
Flowsheet of Grinding and Flotation Plant
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Mass Measurements
Info on mass measurements

Stream Solids tph
Exp

Frimary Cyclone Feed 441.8

Flash Float Cleaner Concentrate 3.30

Secondary Cyclone Overflow

Tertiary Cyclone Owerflow

Rougher Feed

Rougher Cell 1 Concentrate 9 55

Rougher Cell 1 Tailing

Rougher Cell 2 Concentrate 5. 64

Rougher Cell 2 Tailing

Rougher Cell 3 Concentrate 1.21

Rougher Cell 3 Tailing

Rougher Cell 4 Concentrate 0.98

Rougher Cell 4 Tailing

Combined Rougher Concentrate

Scavenger Feed

Scavenger Cell 1 Concentrate 0.73

Scavenger Cell 1 Tailng

Scavenger Cell 2 Concentrate 1.56

Scavenger Cell 2 Tailng

Scavenger Cell 3 Concentrate 1.01

Scavenger Cell 3 Tailng

Scavenger Cell 4 Concentrate 0.36

Scavenger Cell 4 Tailng

Combined Scavenger Concentrate

Cleaner Feed

Cleaner Concentrate 726

Cleaner Tailing

Cleaner Scavenger Feed

Cleaner Scavenger Cell 1 Concentrate 373
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Assays

Info on assays

VISIANT

PIMSOFT

Sample Number & ID NPM Job Ho.| % Solids Cu% [Auppm | Si02% Fe "% S
1 |[Primary Cyclone Feed 1313 48.90 1.64 0.89 53.80 2.03 2.08
2 |Secondary Cyclone Overflow 1312 44.25 0.94 0.45 64.30 1.72 1.52
3 |Amdel Flash Cleaner Con 1308 2317 36.19 22.42 2270 11.00 21.80
4 |Tertiary Cyclone Overflow 1312 42.68 0.99 0.58 64.10 2.04 1.61
5 |Rougher Feed 1312 4273 0.98 0.43 652.70 1.69 1.44
6 |Rougher Concentrate 1 1306 32.34 23.94 9.58 33.60 7.89 15.10
7 |Rougher Concentrate 2 1306 26.35 16.79 7.13 43.60 6.30 11.25
8 |Rougher Concentrate 3 1306 28.92 29.03 15.39 27.00 10.40 20.00
9 |Rougher Concentrate 4 1306 17.99 15.58 6.50 42.40 6.09 10.95
10 |Rougher Con Combined 1306 13.35 17.39 5.85 44.10 6.67 12.25
11 |Rougher Tail 1 1311 41.48 0.340 0.31 65.70 1.60 1.25
12 |Rougher Tail 2 1311 4273 0.202 0.24 65.40 1.55 1.18
13 |Rougher Tail 3 1311 40.15 0.164 0.22 65.80 1.58 1.09
14 |Rougher Tail 4 1311 42.59 0.105 0.22 63.80 1.50 0.96
15  |Scavenger Concentrate 1 1308 22.51 11.24 577 48.40 4.30 7.20
16  |Scavenger Concentrate 2 1311 29.39 12.43 477 49.70 543 8.35
17 |Scavenger Concentrate 3 1311 18.51 3.79 1.48 53.00 3.07 3.74
18 |Scavenger Concentrate 4 1308 19.56 7.60 4.38 54.30 417 547
19  |Scavenger Con Combined 1306 20.43 5.55 2.63 56.00 3.45 439
20 |Scavenger Tail 1 1311 37.94 0.109 0.22 62.40 1.53 1.03
21 |Scavenaer Tail 2 1311 37.40 0.096 0.20 71.20 1.28 0.65
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Sizing Data on Assays

Size . Assays
L i Fraction | L e 9% = o T Auppm | Si0.% | Si% Fe % S %
+960 mm | 0.00 0.00 0.00 0.00 0.00 0.00 0.00
+670mm| 016 134 0.79 6574 | 3073 185 155
+475mm| 038 118 0.70 6554 | 3064 | 200 146
+335mm| 063 117 0.75 6614 | 3092 190 147
+236mm| 130 119 109 6674 | 3120 178 144
+170mm| 218 110 0.65 6614 | 3045 | 207 153
+118mm | 331 114 0.68 66.04 | 3087 191 145
+850 um 112 101 0.59 6664 | 3068 184 139
+600 um 5 58 0.95 0.62 67.00 | 3134 1388 133
+425 um 795 087 0.56 6963 | 3255 178 132
+300 um 842 0.85 0.49 68.73 | 3213 162 125
erimary Cyclone Feed +212 um 3 64 0.93 057 7183 | 3358 170 131
+150 um 817 117 0.75 7243 | 33.86 174 141
+106 um 5 59 155 0.76 7243 | 3386 | 202 178
+75 um 719 233 0.83 6913 | 3232 | 212 232
+53 um 551 299 119 68.73 | 3213 | 233 311
+33 um 524 3.64 127 6694 | 3129 | 254 3.65
+20 um 6.32 3.36 168 6484 | 3031 262 3.90
+10 um 578 318 8 6324 | 2956 | 282 3.64
0 um 13.63 181 ' 5974 | 27.93 3.00 175
Total - Calc| 100.00 175 0.92 6729 | 31456 | 216 202
Head 164 0.89 6374 | 2979 | 2.03 2.08
2 36 mm 176 097 6384 | 2984 | 212 236
20 um 246 136 5964 | 2788 | 284 289
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Mass Balance of the Overall Circuit for Cu and Au - Demo
Now let’s look at the Sigmafine model...

1] PI ProcessBook - [Grinding and Flotation Plant All Components.PDI*] | ) |
%Eile Edit View Insert Tools Draw Arrange Window Help -8 X
DEd 26 Co¥ Ko @BAP B wx - B K B RPNCODHOEHOL L E*EEE =
v BlES oM = About A MetalBalance v [ o | & @ o Cased/1/2000 5:00:00 AM - 4/2/2009 5:00:00 AM = FH] i

B B B . | Balance Application Addin g T
Grinding and Flotation Plant Tettiary Cyclones — | [EEmeRCOUET
L::: ..(}_,—_. 'rocess Objec... Inttial Imbalance  Test3
Primary Cyclones '. Cleaner Scavenger Cell 1 1S -45.064368 -18.568 .
Secondary Cyclones 1 Cleaner Scavenger Cel 2 IS 25494912 11.278 B
— — Cleaner Scavenger Cell 3 1S -13.850928 £.282 .
. . Cleaner Scavenger Cell 4 1S -6.2202 -2.843 .
B P EE Jameson Cleaner 15 -63.266544 -26.068 .
=rom Crushing Jamesen Recleaner Is 3767736 29228 [ |
’—h:aQ—»: y Frimary Cyclones 15 0.018311 0 .
P Rougher Cell 1 1S 7412328 0631 B
Flash Float Rougher Rougher Cell 2 1S -35.66736 0.303 B
— = Rougher Cell 3 1S -8.398363 .07 [ ]
‘ Rougher Cell 4 1S 4231248 .03 B
- Scavenger Cell 1 15 5082.831767 4324 .
e Flash Float Cl
A S Scavenger Call 2 IS 11003616 0034 |
—l:— = Scavenger Cel 3 IS 4426824 0038 [ |
- Scavenger Cell 4 15 -1.689984 0.014 .
Jaw Crusher Secondary Grinder | Secondary Cyclones IS BIEEESEE4T 43956 ]
mE Secondary Grinder 05 0 0
Tertiary Cyclones IS 5166.595849 43.956 .
Tertiary Grinder 0s 0 0 [ |

Scavenger

¥ .

Jameson Cleaner

‘ .. Cleaner Scavenger

—F T RYRYRYR .

+ gct

Final Concentrate
il

< | T n v 2 Flows | Meers | Nodes  Pracesses |Tanks | Tranchrs
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Mass Balance of the Overall Circuit for Cu and Au

Reporting using Sigmafine Excel add-in

-

ingAndFloatationReportxsx - Microsoft Excel

Home Insert

Page Layout Formulas Data Review View SF
= l* Cut TR - =T = B —
_)I Calibri b PERR == =||§2"'| = Wrap Text General - = & EFFI—[{ Normal Bad
z 153 Copy 3 = T
Paste B Fad Merge & Center = - 8 s ||%:8 .00 Conditional Format Gpod Neutral —
- Format Painter I £ Merg [8 = % > ][%s sl Formatting ~ as Table -
Clipboard (] Font IFi Alignment IFi Mumber ] Styles
| P21 - 5|
A B C D 3 F H M N (o] P Q R 5 L U
1 PlSystem WIN-DFUKHOSIR00
2 | Database : GrindingAndFloatation Circuit
3 Model: Grinding and Flotation Plant
4 | Analysis : Metzl Balance
5 Case: 4/1/2009 5:00:00 AM - 4/2 /2009 5:00:00 AM
53
7 | Input a-Primary Cyclone Feed Component Value Unit Component Rates | Unit Component Feed Tailing Concentrates  Units
2 f-Primary Cyclone Feed Conversion from ty| 0.60 | ppm 129.5|g/h Conversionf 129.49 4138 28.11 g/h
g 216.0 t/h Conversion from ty, 0.96 % 2.08|t/h Conversionf 32.06 0.19 1.87 t/h
10 Conversion from ty| 1.73 % 2.74|t/h Conversion f 3.74 3.17 0.56 t/h
11 Conversion from ty 1.43 % 2.10]t/h Conversion f 3.10 201 1.09 t/h
12 Conversion from ty 64.23 % 138.75|t/h Conversionf 13875 137.76 0.99 t/h
=
14  Dutput a-Flazh Cleaner Concentrate Companent Value Unit Component Rates AuRecovery  68.0%
15 f-Flash Float Cleaner Concentrate | Conversion from ty 23.07 ppm 17.6 Cu Recovery 90.7%
16 0.76 t/h Conversion from ty| 37.37 % 0.29
17 Conversion from ty| 11.03 % 0.08
12 Conversion from ty| 22.05 % 0.17
19 Conversion from ty| 2270 % 0.17
21  Dutput s-5cavengerTail 4 Companent Value Unit Component Rates  |Unit
22 f-Final Tail Au 0.20 ppm 41.4]lg/h
23 211.1 t/h Cu 0.09 % 0.19
24 Fe 1.50 % 3.17
25 5 0.95 % im
26 5i02 65.27 % 137.76|t/h
rod
28  Dutput a-Final Concentrate Companent Value Unit Component Rates | Unit
29 fFinal Concentrate Au 16.75 ppm 70.5]g/h
30 4.21 t/h Cu 37.70 % 1.88|t/h
31 Fe 11.37 % 0.48|t/h
32 5 21.85 % 0.92[t/h
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Water Balance
How much water is added to the circuit?....

s - G A s at on Report X1 Vi SETE B
Home Insert Page Layout Formulas Data Review View SF
gt Arial == §||5i’y"| = Wrap Text General ' k;l Normal Bad
53 Copy i =
& == ; ) s S .0 .00 iti I +
Pavste  Format Painter ‘B I U - == =3 Merge & Center | § % 2| %58 30| I’Coorrrhdaﬁﬁngalv ESF?_:EF:" Good Neutral =
Clipboard (P Font ) Alignment F} Number (P Styles
| B11 - f | 'm-Primary Cyclone Feed
A B | C ] E F G H J K
1 |PlSystem: WIN-DFUKHOSJROO
2 Database: GrindingAndFloatation Circuit
3 |Model: Grinding and Flotation Plant
4 Analysis : Wetal Balance
5 |Case: 4/1/2009 5:00:00 AM - 4/2/2008 5:00:00 AM
6
7
Measured M R iC.
Slurry Flow Solids Mass Solids Water Flow

B Meter Flow Rate % Solids| Flow Rate Mass Rate Rate Analyzer
9 tih th t'h t/h
10 Input

Primary
11 |Cyclone Feed |m-Primary Cyclone Feed Jf-Primary Cyclone Feed 441.8) 48.90 216.0 216.04 225.8] a-Primary Cyclone Feed
12 Total| - - - 216.04) 2@
13 Output

Flash
14 Concentrate |m-Flash Float Cleaner Concentrate |f-Flash Float Cleaner Concentrate 3.3 2317 0.8 0.786) 2.5|a-Flash Cleaner Concentrate
15
1& Final Tail pm-Scavenger Tail 4 f-Final Tail 0.0 38.73 0.0 211.07| 333.9|a-Scavenger Tail 4
17

Final
18 concentrate pm-Final Concentrate f-Final Concentrate 0.0 32.95 0.0 421 8.5| a-Final Concentrate
19 Total| - - - 216.04] 345.0)
20
21 Water Added to Circuit 119.2 t'h
22

Grinding Calculated Water Flow Rate
23 |Circuit Flow {t/ih)
24 Input
25 f-Primary Cyclone Feed 225.75] Water added to Grinding Circuit §5.30
26
27 Output
28 f-Flash Float Cleaner Concentrate 2.54]
29 f-Rougher Feed 233.53
30 Total 281.05]

Flotation Calculated Water Flow Rate
31 |Circuit Flow {t/h)
32 Input
33 f-Rougher Feed 288.53| Water added to Flotation Circuit 53.92
34 Output
35 f-Final Tail 333.91
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Tracking of Stockpile/Bulk Storage Compositions
Composition Tracking Analysis Rule can be used

B 71 ProcessBoak - [Bausite Grisding and Shirry Storage.PI1* | ’_{ﬂ_n_g
E&Hmmmwmww & x
laEﬂ sg & B '_{1 L E!lﬂ!ﬁh v!tﬂ ﬁ E g I&
]2 or@mlﬂﬁxﬂg gg g | o
B s | | .- g" : =
™ o | ;}[cm m?ms:.uu»mm 1/17/2005 2-00-00 P™ _]@ 9_
£ A Drowenr L ;_ =
[Bawnite == 7 =
Q Elermenis] Q Terpiates [#]Hodel| GHe Ship :
= %] Bauale_Test B £
& @ Elements ' F
= = Layen MRHN Ship

Composition Tracking Viewer

Select the materials and type thewr quantibes using the grid. Then click "Hormalize” and “OK"
r Tank Data

| Saquence | Volume [m3]. Mass [
1 3127923076 8136

| Darsity feg/m3] | Parcant
2600 100

i

7 Enter data in

" Total: [E736 t | |
& Mpss 0 Percent |
| MeasuradMass: [575 0 t | »
« | Cazels
= o | ]
Rescy. 4

LA Ouput

~ Log [Frees | Aduwmem | layes | Bemess | Comsecions | Pasen |

i

i Start] |- inbax - Mirosoft Ouiflook | | 5 Customer Base - Mes... | Y 71 Processtook - Bawut... |[2 Composition Tracking...

. f
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W=

PENSPSE T

[server Teme
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Conclusion
With Sigmafine.....

e Accounting standards can be applied to Metals
accounting.

e The accuracy of the information relating to the flow and
transfer of materials and their metal content is increased.
o By doing mass and component analysis
o Correcting issues that are flagged

e The same data and working from one version of the truth
can be accessed across the organization.
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Thank You

Carlos H. Quintana
carlos.quintana@visiant.com
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