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IMPORTANCIA DE LA CALIDAD DE LOS DATOS
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Mining Value Chain Pyramid

Reserve/Design

Resource




Problemas de calidad en la informacion base

@ Genera una percepcion generalizada de problemas en el
Proyecto/compania

@ Genera tomas de decisiones distorsionadas
@ Toma de decisiones mal sustentadas
@ Detiene o paraliza la toma de decision
@ Genera trade-off Cantidad vs Calidad

@ Disminuye moral en equipo Yy circulo negativo

Perdida de valor x calidad




Ejemplos Pérdidas ocultas de valor por muestreo y analisis incorrecto

ORIGEN

IMPACTO

PERDIDA MU$

OBSERVACIONES

Caso 1

INEXACTITUD ANALITICA

PERCEPCION ERRONEA DEL

ZONA DE OXIDOS. RAJO

VALOR DE VENTA DEL 300
LEYES CuT PROYECTO ABIERTO

Caso 2

INEXACTITUD RECI:_,OA\B/FI;ESF())EBRRDEI;)'I(')Il\iﬁgIIE’)N 235 ZONA PRIMARIA.

MUESTREO RELAVES DE LA RECUPERACION BLOCK CAVING
Caso 3

. p ZONAS SECUNDARIAY
IMPRECISION MUESTREO SELECCION MINERA 148 PRIMARIA. RAJO

DE POZOS DE TIRO

ERRONEA.

ABIERTO

PERDIDA TOTAL

683

Ejemplos tomados de P. Carrasco




Harvard

Review - Bad Data Costs the U.S. $3 Trillion

Per Year

by Thomas C. Redman

Principalmente asociado a
malas decisiones



QUE HACEMOS HOY
ANTE TEMAS DE CALIDAD
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Implicancias en cédigo JORC

JORCTABLE 1
Section 1 Sampling Techniques and Data
(Criteria in this section apply to all succeeding sections.)

E

Section 2 Reporting of Exploration Results
(Criteria listed in the preceding section also apply to this section.)

Section 3 Estimation and Reporting of Mineral Resources

(Criteria listed in section 1, and where relevant in section 2, also apply to this section.)

to geological
structure

.

If the relationship between the drilling and the of key
striuctures is considered to have introduced a sampling bias, this showld be assessed and

The measures taken to ensure sample security.

The results of any audits or reveews of sampling technigues and data.

Criteria Criteria Explanati Criteria Explanation
Sampling + Nature and quality of sampling (eg cut channels, random chips, or specific specialised Mineral « Tipe, reference namelnumber, location and oumership including agreements or material Database  Measures taken to ensure that data has not been corrupted by, for example, transcription
technigues industry standard measurement tools appropriate to the minerals under investigation, such tenement and issues with third parties such as joint ventures, partnerships, overriding royalties, native integrity or keying errors, between its initial collection and its use for Mineral Resource estimation
as down hole gamma sondes, or f""‘d”"{d XRF instrumenss, etc). These examples should land tenure title interests, historical sites, wilderness or national park and environmental settings. purposes.
not be taken as limiting the broad meaning of sampling. - status *  The security of the tenure held at the time of reporting along with any known impediments * Data validation procedures used.
: Im?ud( ,"ﬁ”.m' to measures taken to ensure sample vepresentivity andl the appropriate 10 obtaining a licence 1o operate in the area. Site visits + Comment on any site visits undertaken by the Competent Person and the outcome of these
Z’hbmu? :;f";f m”ﬂ”mmr;m? o J:ymm w:i Material 1o the Public Re 2 ion done | * A and appraisal of exploration by other parties. visits.
« Aspects of the determination of mineralisation that are Material to the ¢ Report. otber bariies . L
In cases where ‘industry standard’ work has been done this would be relatively simple ?’n IW'M < Deposit type, geological setting andl style of mineraliation. *_ifno sire ”‘-"f’-‘ bave been undertaken '”{"'mff why this is f-”f case. ; -
(eg ‘reverse circulation drilling was used to obtain 1 m samples from which 3 kg was _Gm]ag:m[_ . Canﬁfimrrm (or conversely, the uncertainty of) the geolagical interpretation of the mineral
pulverised w0 produce 2 30 g charge for fire assay). In other cases more explanation may be it S Dol matenl e el el e eriens o el et interpretation deposit
required, im‘: as where there is coarse gold that has inherent sampling problems. Unusual £ " “ of the following information for ail Material drifl holes: *  Nature of the data used and of any assumptions made.
commadiic o el 0po (g e adle) may o dicle o [ cotiogandvoring of e il bleollr et « The effis, if any, of alsernative intespretations on Mineral Resource estimation
letailed information. * elevation or RL (Reduced — elevation sea level in metres) - ) y .
.
Drilling * Drill type (eg core, reverse circulation, open-hole hammer, rotary air blast, auger, Bangka, * dip and azimuth of the hole . ;Z( mrlofgra!og').r " gm;d-mg dﬂ;:;nﬂomf M;mmj Resouree stimation.
techniques sonic, ete) and details (eg core diameter, triple or standard tube, depth of diamond tails,  down hole length and interception depth — v faciors affecting Continsity of grade and geology -
face-sampling bit or other type, whether core is oviented and if so, by what method, etc). o Dole length, Dimensions o The extent and variability of the Mineral Resource expressed as length (ab?zgrsmkr or
Drill sample » Method of recording and assessing core and chip sample recoveries and results assessed. . !f‘ the exclusion ,!f‘dm ,’,ﬁm is f“"'ﬁd on the basis that the ,',,ﬁ,m" is not ;‘Z;:Z’;%ﬂi Ii:z:{wrdﬁ:, and depth below surfaice 1o the upper and lower limits of the
recovery * Measures taken to maximise sample recovery and ensure representative nature of the samples. Material and this exclusion does not dewract from the undersanding of the report, the T - . 5 5 y _
o Person should clea Lain this is m case. Estimation *  The nature and approp of th que(s) appbedand key assumptions,
o Whether a relationship exists between sample recovery and grade and whether sample bias and o of extreme grade values, d : and
wmaty have occurred due to preferential lossigain of finelcoarse material Data . I "P””"‘X’ Results, g, andlor P b distance of jon from data points. If a mmputer esisted ectimmation
- - © - g P
Logging © Whether o and chip samples ’,bﬂw b?,m geologieally and gﬂ,ot“;]m,m@ io‘gngi wa methods Material mm’ Mmﬂz be ‘m‘(d(rg cutting of high grades) and. curoff grades are wsally method was chosen include a description of computer software and parameters used.
evel of desail 1o txppors appropriaie Mineral Resource estimasion, mining studies and g *  The availability of check estimates, previous estimates andfor mine production records and
mnetallurgical studies. *  Where aggregare intercepts incorporate short lengths of high grade results and longer lengths wwhether the Mineral Resource est ;mm sabes approprite account of such dasa
* Whether logging is qualitative or quantitative in nature. Core (or costean, channel, etc) of low grade results, the procedure used for such aggregation should be stated and some - pprep oo i
phorography. typical examples of such aggregations should be shown in detail. * The assumptions made regarding recovery of by-products. )
+ “The otal engab and percentage of the reevant intersesions logged « The assumptions used for any reporting of metal equivalent values should be clearly stated * Estimation of deleterions elements or other non-grad variables of economic significance (e
Sub-sampling |+ If core, whether cut or sawn and whether quarter, half or all core taken. Rell i * These relani are particularly important in the reporting of Exploration Results sulphur for acid mine drainage characteisation). L
technigues * If non-core, whether riffled, tube sampled, rotary split, etc and whether sampled wet or dry. betuseen * ffthe geomerry of the mineralisation with respect to the dyill hole angle is known, its nature v ke mj;aj;biwé ’ZMI'ZI'ZP olation, the block size in relation to she average sample
and sample o For all sonen " o o . m{nrm[muan should be reported. spacing and the search emplaye
i tpie Dipes, the nature, quailly and approp s of the cample prep widths and is * An behind of selective mining units.
preparation sechnigue. intercept lengths * Ifit is not known and only the down hole lengths are reported, there should be a clear - i : & i
« Quality conirol dures adopted for all sub stages t0 mazimise 7! statement to this ej«-r (eg doton hole length, true width rot known). Estimation . * Any assumptions about correlation between variables.
of samples - e Diagrams © Appropriate maps and sections (with scales) and tabulations of intercepts should be included f": modelling |« Description of how the geolagical interpretation was used to contral the resource estimates.
P 3 i i echniques
* Measures taken to ensure that the sampling is representative of the in situ material collected, o [xrr::{:f:’ }jjf:;‘ ‘j}j‘ijtyg’ ?::_:‘5 ;;fi:;ddTb:;f :i‘:’:i:‘:’;::;:”f;; not be limited o 2 (mnrzgu ed) *  Discussion of basis for using or not using grade cutting or capping.
inclueing for instance results for freld duplicatelsecond-half sampling. i - PPrp — = The process of validation, the checking process used, the comparison of model data to drifll
+ Whether sample sizes are appropriate to the grain size of the material being santpled. Balanced * Where conrebensive reporting of all Resulis is not hole data, and wse of reconciliation data if available.
- - - — reporting reporting of both low and high grades andfor widths should be practiced to dz/md " 5 . -
Quﬂfu)nf . Tbemwv,qmbly and. ipprof qfrbmmjmg d labe P diires used and reporting of Exploration Resulss. Moisture = Whether the tonnages are estimated on a dry basis or with natural moisture, and the
assay data and | whether the technique is considered partial or toral. Other « Other explonation data, if meaningfl and material, should be reparied including (bt nat method of determination of the moisture content:
N For sroplysclteols shectromeoiors hanabeld XEE insinmerts o the peemetersssed s substantive limited to): geological observations; geaphysical survey results; geochemical survey results; Cutoff * The basis of the adupted cut-off gracie(s) or quality parameters applied.
ke and mode, reacding times, calibrations exploration data | bulk samples — size and method of treatment; metallurgical test vesults; bulk density, ARETETS
Sfactors applied and theiv d’er!wm. ete. groundwater, geotechnical and rock characteristics; potential deleterious or contaminating Mining factors | * Assumptions made regarding possible mining methods, minimum mining dimensions
o Nature of quality control procediures adopred (eg standards, blanks, duplicates, external 4 orassumptions | and insernal (or, if applicable, external) mining dilusion. It is always necessary as pare
laboratory cbeckf) and wlxnéefmcqxdkbwbq" accuracy (ie Lxckafﬁm} and precision Further work | The nature and scale of planned fisrther work (eg tests for lateral extensions or depth of the process of determining reasonable prospects for eventual economic extraction to
extensions or lurge-scale step-out drilling). consider potential mining methods, but the assumptions made vegarding mining methods
v f‘ of | & Theverifi of significant i ions by either independent or all ampary * Diagrams clearly highlighting the areas of possible extensions, including the main geological "’F‘f arameters when estimating Mineral Resources may not always be rigorous. W‘E' e
sampling and interpretations and future drilling areas, provided this information is not commercially #his is the case, this should be reported with an explanasion of the basis of the mining
assaying « The use of nwinned holes. censizive. assumptions made.
o Documentation of primary dars, data entry procedures, data verification, data stovage Metallurgical | The basis for or predictions regard liurgical bility. Tt is always
(physical and electronic) protocols. factors or necessary as part of the pmc\m of determining reasonable prospects for eventual econamic
o Bermemirmmi it ASSUMPLIONS ef:m;;rou m', consider potential m(:’l”urx}mf m”b:{i;:w the :.-nw;‘;.emmjr;famﬂmg
5 5 7 metallurgical treatment processes and parameters made when reporting Mineral Resources
I".',:""' e Am"! ;ﬁﬂ?ﬂdm@ﬁﬁﬁwﬁ’ﬂw%iw may not always be rigorous. Where this is the case, this should be reported with an
Por e e e explanution of the basis of the metallurgical assumptions made.
0 Sl 2 - 4 made possible waste and process residuc dispasal optians. It is
o = g“bﬂm'fm"ﬂ, ?f”?ﬁw w’:[ ™ factors o always necessary as part of the process of determining reasonable prospects for eventual
ata spacing | ¢ Data spacing for reporting o oration Resulss. ASUMPIIONs economic extraction to consider the potential environmental impacts of the mining and
and distribution |« Whether the data spacing and distribution is sufficient to establish the degree of geological processing operation. While ar this stage the determination of porential environmental
and grade continuity appropriate for the Mineral Resource and Ore Reserve estimation impacts, particularly for a greenfields project, may not always be well advanced, the status
procedure(s) and classifications applied. of early consideration of these potential environmental impacts should be reported. Where
* Whether sample compositing has been applied. .cimz aspects Imue not been considered this should be reported with an explanation of the
Orientation of |+ Whether the orientation of sampling achieves unbiased sampling of possible structures and i made.
data in relation the extent to which this is known, considering the deposit type. Bulk density « Whether assumed or determined. If assumed, the basis for the assumptions. If determined,

the method used, whether wet or dry, the frequency of the measurements, the nature, size
and representativeness of the sampies

The bulk density for bulk material must have been measured by methods that adequately
account for void spaces (vugs, porvosity, erc), moisture and differences berween rock and
alteration zones within the deposit.

Discuss assumptions for bulk density estimates used in the evaluation process of the différent
materials.

Geolnnova



Implicancias en cédigo JORC

JORCTABLE 1
Section 1 Sampling Techniques and Data
(Criteria in this section apply to all succeeding sections.)

Section 2 Reporting of Exploration Results
(Criteria listed in the preceding section also apply to this section.)

Section 3 Estimation and Reporting of Mineral Resources

(Criteria listed in section 1, and where relevant in section 2, also apply to this section.)

The measures taken to ensure sample security.

The results of any audits or reveews of sampling technigues and data.

Criteria Expl. Criteria Explanati Criteria Explanation
Sampling ¢ Nature and quality of sampling (cg cut channels, random chips, or specific specialised Mineral + Tipe, reference namefnumber, location and ownership including agreements or material Database * Measures taken to ensure that data has not been corrupted by, for example, transcription
techniques industry standard meastrement tools appropriate to the minerals under investigation, such tenement and issues with third parties such as joint ventures, partnerships, overriding royalties, native integrity or keying errors, between its initial collection and its use for Mineral Resource estimation
as down hole gamma sondes, or -"""‘d”"{‘" XRF Enstruments, etc). These examples should land tenure title interests, historical sites, wilderness or national park and environmental settings. purposes.
not b raken as imising che broad meaning of mpling. o status » The security of the tenure held ar the time of reporting along with any known impediments * Data validation procedures used,
: Im?udl ,"ﬁ”.m' to measures taken to ensure sample vepresentivity andl the appropriate 10 obtaining a licence 1o operate in the area. Site visits + Comment on any site visits undertaken by the Competent Person and the outcome of these
calbration of any measurement tools or systems wsed. o : ) > " .
X o . . Ei done | * and appraisal of exploration by other parties. wisits.
o Aspects of the determination of mineralisation that are Material to the Public Report. by other parties o Ifnosite visits have been sndertaken indicate why this is the case.
In cases where ‘industry standard’ work has been done this would be relatively simple Geol « Deposit logical settis o stvle of mineralisatic .
(eg ‘veverse circulasion drilling was used to obtain 1 m samples from which 3 kg was <0 Diynk posit tpe, gm.”g'm setting and sty ”j’":’;;m 2007 = _Gm]ag:m[_ . Canﬁfimrrhx (or conversely, the uncertainty of) the geolagical interpretation of the mineral
pulverised w0 produce 2 30 g charge for fire assay). In other cases more explanation may be e 9 A T A e G O e G O ﬂ?"mm" resuls interpretation deposit
required, im‘: as where there is coarse gold that has inherent sampling problems. Unusual £ " “ of the following inf forall drill *  Nature of the data used and of any assumptions made.
commodiie or isation types (eg ine nodules) may warrant disclosure of | 0 @Iy “”"’;’i”"’"'! of dhe drill bale collar Dt el « Theeffect, if any, of alternative intexpretations on Mineral Resource estimation.
i B o elevation (Reduced Level — clevation abave metres) collar
etailed inforemation. 5 o " “ “ o off *  The use of geology in guiding and controtling Mineral Resource estimation.
Drilling * Drill type (eg core, reverse civeulation, open-bole hammer, rotary air blast, auger, Bangka, + dip and azimuch of the hole + The factors affecting continuity both of grace and geslogy.
sechnigques sonic, e} fmd z{(m'lr (eg core diameter, riple or standlard ube. depth of diaimond tail ) ol lengels and i Dimensions * The extent and variability of the Mineral Resource expressed as length (along strike or
face-sampling bit or other type, whether core is oriented and if 10, by what method, etc). * hole length. berwise), pian wideh 'J:mf deoeh belo ; ndgla ! L .
Drill sample o Method of recording and assessing core and chip sample recoveries and results assessed. * If the exclusion of this information is justified on the basis that the information is not ;} ;:Z;;’ﬂi :{M e ph below surface 1o the upper and lower limits of the
. : ; " i urce.
recovery * Measures taken to maximise sample recovery and ensure representative nature of the samples. Material and this exclusion does not dewract from the undersanding of the report, the Evtimat  The na ” - iaseefs) aplis d e b »
Pman Lrrih imation e natire an. o applied a assumptions,
o Whether a relationship exists between sample recovery and grade and whether sample bias clea fain this uthem and Indls o g/r extreme grade values, de kA PP > ’ and
i y Data o In reporting Results, andlor N e T £
wmaty have occurred due to preferential lossigain of finelcoarse material eporting B distance of from data poins. If @ mmputer assisted estimation
5 - - £, “high grades) and cut- ele il i -
Logging * Whether core and chip samples have been geologically and geotechnically logged to a methods Mmmal:md:bnm’db{smrrd(g cutting of high grades) and cus-of grades are usually method was chosen include a description of computer software and parameters used.
evel of detail 1o suppore apprepriae Mineral Resource extimasion, mining studies and y *  The availability of check estimates, previous estimates andfor mine production records and
metallurgical studies. *  Where aggregare intercepts incorporate short lengths of high grade results and longer lengths whether the M?neml Resource est m]:: e takes appropriate accouns n; ich data
: i 0 3
* Whether logging is qualitative or quantitative in nature. Core (or costean, channel, etc) of low grade vesuls, the proceduse used for such aggregation should be stated and some . The . i by-prod;
photography. typical examples of such aggregations should be shown in detail. € assimptions made regarding recovery of by-products.
« The total lengeh and percentage of the relevant insersections logged.  The assumptions used for any reporting of metal equivalent values should be clearly stated . i;' T:ﬁt ::i ‘ﬁﬁ;ﬂ”ﬁ;ﬁ?ﬁﬁ:fﬂfﬁ:ﬂ“ﬁ wariables of economic significance (eg
Rel i . Lo P it i .
Sub-sampling | If core, whether cut or sawn and whether quarter, half or all core taken P These are particularly important in the reporting of Exploration Resuls P pb( Jf block model .Z ia e block size in rela ; .

. t ? i i * In the case of block m nterpolation, the block size in relation to the average sample
techniques « Ifnon-core, whether riffled, tube sampled, rotary split, etc and whether sampled wet or dry n:i :’; ; ’;” wvion . { 'i(;f{m“q of ::e mineralisation with respect to the drill hole angle is known, its nature spicing ond e seareh emp '; ){AP o R igE Samp
an.dmm@’z * For all samiple types, the natiere, guality and appropri s of the sample prep widths and oo reporie ; P ; i :
preparation techmiaue. u « Ifit is not known and only the down hole lengths are reported, lbrrr should be a clear *_Any assumptions behind of selective mining wnits.

que intercept lengths hic effoct fog dasus ble length true widih ot ke 2 s duy baut corvelation betueen ugrighle
* Quality control procedures adopted for all sub-sampling stages to maximise representivity -
of samples Diag ates.
* Measures taken to ensure that the sampling is representative of the in situ material collected,
inclueing for instance results for freld duplicatelsecond-half sampling. Gl o drill
o Whether sample sizes are appropriate to the grain size of the material being sampled. r;o
Quality of *  The nature, quality and appropri of the assaying and laboratory proceds wied and|| d the
assay data and whether the technique is considered partial or total. Ot
laboratory tests | o MWMWMMWWW etz the parameters used in cubs 4 d' H I d |'d d
ke and madel,eading smes cliraions g - Co Igo exige un control de calidad en mapeos
factors applied and their d'er!mm ete. nsions
* Nature of quality control procedures adopted (eg standards, blanks, dupli external | s pars
laﬁam.chbech) Mwlxnéefwnékbwbqf«mnq(iewafﬁm}admon Fur: y eyes ion io
thods
Verification of | ¢ The verification of significant i ions by cither independent or alt company i
Wg and ining
ayiny *  The use of twinned holes. . . . . E—
* Documentation of primary data, data entry procedures, data verification, data - /\ t (j t) (j (j ol ways
e i o e e e e e seguramiento de ubicaciones de sondajes
* _Discuss any adjustment to assay data. rding
Location of data | Accuracy and quality of surveys used to locate drill holes (collar and down-hole surveys), .:;”::
points trenches, mine workings and other locations used in Mineral Resource estimation.
5 ke et Integridad de base de dat L
- Quality and adequscyof wpographic conrl - ntegrida € pase de dalos sl
Data spacing * Data spacing for reporting of Exploration Results. e and
and distribution |« Whether the data spacing and distribution is sufficient to establish the degree of geological ental
and grade continuity appropriate for the Mineral Resource and Ore Reserve estimation status
procedure(s) and classifications applied. Where
* Whether sample compositing has been applied. of the
Orientation of |+ Whether the orientation of sampling achieves unbiased sampling of possible structures and —
data in relation the extent to which this is known, considering the deposit type. ined,
to geological * If the relationship between the drilling and the of key €, size
Serucisre striuctures is considered to have introduced a sampling bias, this showld be assessed and

The bulk density for bulk material must have been measured by methods that adequately
account for void spaces (vugs, porvosity, erc), moisture and differences berween rock and
alteration zones within the deposit.

Discuss assumptions for bulk density estimates used in the evaluation process of the différent
materials.
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Cumplimiento de temas planteados en codigos internacionales

Cumplimiento

Level

Descriptor

m O O m

Non-compliance

Partial compliance
Partial compliance
Partial compliance

Full compliance

Impact

Impacto

Description Level Descriptor Value
Major compliance issues 1 Insignificant Non-material change
Significant improvement required 2 Minor Non-material change
Room for improvement 3 Moderate Material change — some adjustments
Minor improvement possible 4 Major Material change - significant adjustments
Industry best-practice 5 Catastrophic Material change — mine closure
Compliance
None Partial Full
A B c D E
Catastrophic 5 7 11
. Risk ranking
Major 4 12 16
Low Continuous improvement
Moderate 3 17 20
Medium Continuous improvement
Minor 2 i = High-Medium MNecessary
nsignificant 1 | 15 | 19 | 22 | 24 | 25 -Critical




Se identificaron XXX% sondajes localizados al
Interior del pit Caso Base cuyos certificados de
coordenadas de collar, trayectoriay leyes no estan
disponibles. Se recomienda eliminar estos sondajes
de las etapas de modelamiento y estimacion.



N

Modelo
AW

Identificacion del
problema
(Auditoria I/E)

Apreciacion incial

de impacto
(juicio experto)

Acciones ante el
problema de
calidad

Eliminar campafa

Castigar categoria
de recursos

Evaluacion




Evaluacion

OK No OK

Eliminar campafia

Castigar categoria
de recursos

Evaluar impacto de situacion
actual en recursos




EJEMPLO EVALUACION DE IMPACTO
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@ 61% sondajes sin trayectorias

@ Mapeos de geologia historicos

@ Analisis quimicos historicos

Incertidumbre en los recursos

> Incertidumbre en el proyecto




Metodologia global

@ Cuantificar el impacto de las problematicas en los recursos
del proyecto

@ Trayectorias:
@ Andlisis de potenciales desviaciones

@ Mapeos historicos:
@ Remapeo de X% de base de datos

@ Analisis quimicos historicos:
@ Reanalisis de X% de muestras de Cuty Cus

@ Cuantificacion de incertidumbre asociados a la cantidad vy
calidad de informacion por medio de simulaciones de recursos.




Fuentes de incertidumbre

Cantidad de

sondajes + Incertidumbre
variabilidad ‘ asociada a cantidad
geoldgica y de informacion y

de leyes variabilidad \

Incertidumbre total del
proyecto

. Incertidumbre
Trayectoria + : :
asociada a calidad de
Mapeos+ . .,

informacion base
Leyes




INCERTIDUMBRE ASOCIADA A CANTIDAD DE
INFORMACION



Ejemplo simulacion

Fendmeno desconocido (depdsito) Informacién (muestras/sondajes)

Imagen de Referencia Muestras

@ No conocemos el depdsito completamente, usamos muestras para predecir
la geologia, leyes y variables de procesos, construir planes y proyectos.

Lo

Geolnnova




Estimacion

Muestras
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@ Usando las muestras estimamos o interpolamos sus valores
@ Es menos variable que los datos y el fenbmeno—> No luce como la realidad!
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Flujo incertidumbre asociado a cantidad de informacion Dsal

4 + Cuantificacion de
Variabilidad geolégica Variabilidad leyes incertidumbre
BD Mapeo Simular Geologia BD CuT Simular Leyes
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Simulaciones de geologia




Simulaciones de geologia




Simulaciones de geologia




Simulaciones de leyes

-99.000 <= || < 0.000
0.000 <= [JJ] < 0200
0.200 <= [__] < 0300
0.300 <= [ < 0500
0500 <= || < 0.700
0.700 <= [__] < 1.000
1.000 <= [JJ] < 1.500
1500 <= [ < 100.000
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Simulaciones de leyes

-99.000 <= || < 0.000
0.000 <= [JJ] < 0200
0.200 <= [__] < 0300
0.300 <= [ < 0500
0500 <= || < 0.700
0.700 <= [__] < 1.000
1.000 <= [JJ] < 1.500
1500 <= [ < 100.000

Lo
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Simulaciones de leyes

-99.000 <= || < 0.000
0.000 <= [JJ] < 0200
0.200 <= [__] < 0300
0.300 <= [ < 0500
0500 <= || < 0.700
0.700 <= [__] < 1.000
1.000 <= [JJ] < 1.500
1500 <= [ < 100.000

Lo
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INCERTIDUMBRE ASOCIADA A CALIDAD DE INFORMACION



INCERTIDUMBRE ASOCIADA A CALIDAD DE INFORMACION

TRAYECTORIAS



@ Existe una importante cantidad de sondajes antiguos que no

cuenta con desviacion historica

Largo
1 1 medicion Means| N |Porcentaje| Sum | Std.Dev.
N mediciones >1 194.9( 1157 39| 225,538| 106.1
Solo una medicién| 152.2(1778 61| 270,556| 98.1
All Grps 169.0{ 2935 100(496,094| 103.4

@ El 60% de los sondajes solo cuenta con medicidon de trayectoria
en el collar, el largo promedio de estos es de 152 metros




Aproximacion

@ Se compararon sondajes con mediciones de trayectoria con
respecto a una proyeccion desde el collar

Sondaje con
medicion

Proyeccion de sondajes




Errores en metros vs largo de sondajes

30

27 t
24 | - Mean | Mean0.95 Conf. Intenval
21 t
18 +

15+

Error [m]

12 +

0 100 200 300 400 500

Largo

@ Errores mayores a 6 metros - sobre 250 metros
@ Hay que considerar que modelo de bloques es 10x10x15m




% de sondajes

Sondajes > 250 m y cantidad de mediciones de trayectoria

N mediciones >1 [Solo una medici6[Row Totals
<250 m 30.2 53.2 83.4
>250 m 9.2 7.4 16.6
All Grps 39.4 60.6 100.0

@ Solo el 7.4% podria tener una desviacion mayor a 6 metros




Implicancias trayectorias

@ La falta de trayectoria es un riesgo menor ya que la mayoria de
los sondajes son cortos < 200 m

@ Los sondajes potenciales con errores mayores a 6 metros son
del orden del 7% del total

@ Principales controles de zonas minerales subhorizontales




INCERTIDUMBRE ASOCIADA A CALIDAD DE INFORMACION

MAPEOS HISTORICOS



Problematica mapeo y remapeo

@ Mapeos: 432,000 metros

@ Remapeos: 16,000 metros (3.7 %)




Mapeos Originales

] ux
[ ] mix_ox




Remapeos

¢, Como traspasar el relacion Mapeo-Remapeo
al resto de la Base de datos?

] ux
[ ] mix_ox




Simulacion por muestreo directo (Mariethoz, 2009)

Simulation

/neighborhood

Copy the valye

Training image

Matches !

Doesn’t match

As soon as one good configuration is found,

the value at the central pixel is assigned to the simulated node.




Continuous variable (Mariethoz, 2009)

Simulation
~ 7250 P —— ) =250
20 | '
L 1200 40 F 1200
60
150 80 150
100
100 120 & 100

50 160 50

50 100 150

Geolnnova



Simulacion en imagen de tamafio mayor (Mariethoz, 2009)

Training
image

200 x 200

N

AT
47 e "?5‘"‘

e ¥as s Om o
‘ ‘\,‘AD'. J& A
w5

1800

Lo
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Metodologia Incorporacion de remapeos

Sondajes sin remapeo Sondajes con remapeo
original remap cyT CuS original remap CuT CuS

D A

1.2% 0.2%

1.4% 0.5%

1.0% 0.1%

0.9% 0.7%

0.6% 0.2%

0.8% 0.2%

1.2% 0.8%

1.0% 0.2%

0.5% 0.02%

0.4% 0.01%

0.8% 0.1%

0.7% 0.1%



Metodologia inclusion remapeos

Sondajes sin remapeo

original remap cyT CuS

1.4% 0.5%

1.0% 0.1%

0.9% 0.7%

0.6% 0.2%

0.8% 0.2%

1.2%0.2% —>» I 1.2% 0.2%

Se busca en orden
aleatorio en los sondajes
con remapeo el mejor
match

Sondajes con remapeo
original remap CuT CuS

1.2% 0.8%

1.0% 0.2%

0.5% 0.02%

0.4% 0.01%

0.8% 0.1%

0.7% 0.1%

T,



Metodologia inclusion remapeos

Sondajes sin remapeo Sondajes con remapeo
original remap cyT CuS original remap CuT CuS

1.2%0.2% —>» I 1.2% 0.2% v 1.2% 0.8%

1.4% 0.5% 1.0% 0.2%

1.0% 0.1% 0.5% 0.02%

0.9% 0.7% 0.4% 0.01%
0.6% 0.2% 0.8% 0.1%
0.8% 0.2% 0.7% 0.1%

D A



Metodologia inclusion remapeos

Sondajes sin remapeo

original remap cyT CuS

1.2%0.2% —>» I 1.2% 0.2%

1.4% 0.5%

1.0% 0.1%

0.9% 0.7%

0.6% 0.2%

0.8% 0.2%

Mejor match de la triada:
Geologia — CuT — CuS

Sondajes con remapeo
original remap CuT CuS

1.2% 0.8%

1.0% 0.2%

0.5% 0.02%

0.4% 0.01%

0.8% 0.1%

0.7% 0.1%

Lo
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Metodologia icorporacion de remapeos

Sondajes sin remapeo Sondajes con remapeo
original remap cyT CuS original remap CuT CuS

Yo —> 1.2% 0.2% 1.2% 0.8%

1.4% 0.5%

— Se asigna el remapeo de
1.0% 0.1% ese tramo al tramo sin
| remapeo

1.0% 0.2%

0.5% 0.02%

0.9% 0.7%

0.4% 0.01%

0.6% 0.2%

0.8% 0.1%

0.8% 0.2% 0.7% 0.1%




Métricas disimilitud

DIF(EG,w), EG', W) = " (Dhyuin + Dz + Ddys) |
i

0.19

04

0.67




Workflow Direct sampling heterotopico

1. Dos bases de datos
« Entrenamiento (donde existe mapeo y remapeo)
» Aplicacién (donde solo existe mapeo original)

2. Definir métrica de Similitud de zonas minerales y leyes de cut
3. Definir tamafo del plantilla de busqueda en sondajes

4. Visitar aleatoreamente una ubicacion (x) de BD. App .
1. Seleccionar evento EA(x) Mapeo-Cut-Cus

5. Visitar aleatoreamente la BD de entrenamiento, hasta cierto niumero de
iteraciones
1. Calcular métrica de similitud entre EA(X) y la base de dato de entrenamiento
2. Seleccionar el evento mas similar en BD. Entrenamiento EE(X’)
3. Asignar el remapeo del evento EE(X’) a la ubicacion X en BD. App.

6. Volver a 4 hasta simular toda la base de datos con remapeos




Mapeos Originales

] ux
[ ] mix_ox
B sso




Bases de datos remapeadas

] ux
[ ] mix_ox
B sso




Re-Mapeos Simulados N°1

] ux
[ ] mix_ox




Re-Mapeos Simulados N°2

] ux
[ ] mix_ox




Re-Mapeos Simulados N°3

] ux
[ ] mix_ox







Flujo incertidumbre asociado a cantidad de informacion y calidad mapeos

Calidad informacion Infornlamon Inforn:amon Cuantificaciéon de
Mapeos N L . N i i
P Variabilidad geoldgica Variabilidad leyes incertidumbre
BD Mapeo Simular Geologia BD CuT Simular Leyes

1.00. CTL M4
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INCERTIDUMBRE ASOCIADA A CALIDAD DE INFORMACION

ANALISIS QUIMICOS



Informacion Disponible

@ Leyes de Cut: 145,000 muestras

@ Re analisis de Cut: 2,352 (1.6%)
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Originales




Cut original completo

Lo
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Cut original

:
}

"
L




Cut re analizado

¢, Como traspasar el relacion original-
reanalisis al resto de la Base de datos?

SAMPLES : CUT

¥
-
i




Metodologia simulacion mapeos

Leyes Cut originales

(0

0

[

I

]
||

B 0.0-03%
[]o0.3-05%
Boso7%
Bo7—20%

[

G

BD Reanalisis Cut

am O™

i



Metodologia simulacion mapeos

Leyes Cut originales BD Reanalisis Cut

a T

g i 5

[

B 0.0-03%
[]o0.3-05%
Boso7%
Bo7—20%

am C I




Metodologia simulacion mapeos

Leyes Cut originales BD Reanalisis Cut

/\/\ﬁ\a\
§ =3 iﬁ

[

B 0.0-03%
[]o0.3-05%
Boso7%
Bo7—20%

am C I




Metodologia simulacion mapeos

Leyes Cut originales

I

B 0.0-03%
[ ]o3-05%
Boso07%
Bo7—20%

a C 7

i

Reanalisis
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Metodologia simulacion mapeos

Leyes Cut originales

I

B 0.0-03%
[ ]o3-05%
Boso07%
Bo7—20%

a C 7

Reanalisis

.rhcl (w)=0.994 : : : tr: ++ :
1.2 I I : I, |
1 1 1 ++{ 1
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I
04| v 4 1 1
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Originales

BD Reanalisis Cut
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Metodologia simulacion mapeos

Leyes Cut originales

I

B 0.0-03%
[ ]o3-05%
Boso07%
Bo7—20%

a C 7
G G 7
am C7T0

Reanalisis

10

o8l

BD Reanalisis Cut
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0.3% 04 0.8 1.2
Originales




Metodologia simulacion mapeos

Leyes Cut originales

I

B 0.0-03%
[ ]o3-05%
Boso07%
Bo7—20%

a C 7

Reanaélisis

BD Reanalisis Cut

am C7T0
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10 N
1.2
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p
0.4 ‘
O
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L] 10 o
0.3% 0.4 0.8 1.2

Originales
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P(reanalisis|Original = x)

0.4%

Reanalisis




Metodologia simulacion mapeos

Leyes Cut originales

(0
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Leyes de cut originales

JF2Y N FAD

-99.000 <= || < 0.000

B <0200

0.200 <= [__] < 0300

] < 0500

0500 <= || < 0.700
0.700 <= [__] < 1.000

1.000 <= [JJ] < 1.500

1500 <= [ < 100.000

Lo
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Leyes de Cut simuladas - reanalizadas

I DR B

-99.000 <= || < 0.000
0.000 <= [JJ] < 0200
0.200 <= [__] < 0300
0.300 <= [ < 0500
0500 <= || < 0.700
0.700 <= [__] < 1.000

1.000 <= [JJ] < 1.500

1500 <= [ < 100.000

Lo
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Leyes de Cut simuladas - reanalizadas

.
=
[ ]
-
|
=
g
-

-99.000 <= || < 0.000
0.000 <= [JJ] < 0200
0.200 <= [__] < 0300
0.300 <= [ < 0500
0500 <= || < 0.700
0.700 <= [__] < 1.000

1.000 <= [JJ] < 1.500

1500 <= [ < 100.000

Lo
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Leyes de Cut simuladas - reanalizadas

WIN VR R

-99.000 <= || < 0.000
0.000 <= [JJ] < 0200
0.200 <= [__] < 0300
0.300 <= [ < 0500
0500 <= || < 0.700
0.700 <= [__] < 1.000

1.000 <= [JJ] < 1.500

1500 <= [ < 100.000

Lo
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Flujo incertidumbre asociado a cantidad + calidad de informacion (geo-leyes)

: : 2 Informacioén Informacién e - 2
Ca"da,\‘jl';gf:g:ac'on + Calidad informacion + ,C“a”tt_g'cact’)'on de
Variabilidad geolégica Leyes Variabilidad leyes Incerudumbre
BD Mapeo Simular Geologia BD CuT Simular Leyes

1.00. CTL M4

del total

Tonelaje-Fracion

Efecto cantidad de informacion
+

Efecto calidad mapeo
+

Efecto calidad analisis
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RESULTADOS



Simulaciones de geologia

Modelo Deterministico Sim 1




Simulaciones de geologia

Modelo Deterministico Sim 2




Simulaciones de geologia

Modelo Deterministico Sim 3




Probabilidad de indicador unidad de mayor aporte al proyecto

BLOCK: PROP




Cut Deterministico.
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Cut Deterministico.

Periodo 1 -15

0.500 <
0.700 < < 1.000
1.000 « < 1.500

1.500 < < 100.000

Lo
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Cut Sim1

Periodo 1 -15

Geolnnova



Cut Sim2.

Periodo 1 -15

0.500 <«
0.70
1.000 =

1.500

Geolnnova



Cut Sim3.

Periodo 1 -15

Geolnnova



Cubicaciones globales en quinquenio, Ley de corte 0.2%

Cut>0.2%

Mean pP5 P95 190 %
Ley Cut% | 0.69 0.68 0.72 2.95
Tonelaje
Metal

 En el quinquenio, para una ley de corte de 0.2%, los recursos tienen un
nivel de incertidumbre bajo en términos de leyes tonelaje y metal
menor aun 3% .

p

L




Cubicaciones x periodo (solo sulfuros)

Cut> 0.3 %; Per 1 —15; In situ

PERIODO . Ley Cut % : : Mx Cut Mton : Metal Mton :
Media p5 p95 i90 Media | p5 | pos i90 Media | p5s | pos i90
1 0.99 0.90 1.06 7.85 3.21 8.59
2 0.79 0.76 0.83 4.50 3.82 6.61
3 0.74 0.71 0.79 5.06 2.96 8.36
4 0.81 0.77 0.84 4.20 3.89 4.89
5 0.69 0.64 0.75 7.54 3.79 9.20
6 0.69 0.66 0.73 5.47 6.16 9.28
7 0.66 0.62 0.69 5.10 3.59 6.06
8 0.62 0.59 0.64 3.60 9.11 10.62
9 0.69 0.67 0.71 2.85 458 6.69
10 0.50 0.49 0.52 3.05 6.00 6.96
11 0.53 0.51 0.55 3.96 12.21 9.60
12 0.74 0.71 0.76 3.53 4,01 5.51
13 0.49 0.44 0.55 10.97 15.88 25.54
14 0.48 0.46 0.52 6.19 17.59 21.58
15 0.67 0.64 0.71 4.79 5.91 6.92

A nivel anual existira obviamente un aumento de incertidumbre con la
disminucion de los tonelajes.

Lo
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Efecto de Calidad de informacion (Mapeo+QAQC) en incertidumbre

Comparacion de i90

20
18
16
14
12

10
—8—BD Fija

190 % Metal

—8—EBD_VAR

o L L= L T &

Periodo

INCERTIDUMBRE POR CANTIDAD DE INFORMACION

INCERTIDUMBRE POR CANTIDAD + CALIDAD DE INFORMACION




APRENDIZAJES Y CONCLUSIONES
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Aprendizajes

@ La evaluacion del impacto es clave en modelos de recursos.

@ Eliminar datos puede generar mas incertidumbre que usar datos inciertos.

@ Castigos de categorias pueden ser excesivos

@ La evaluacion nos entrega perspectivas del problema mas alla
del cumplimiento de normas o tradicion de la industria.
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Quality is everyone's responsibi

(W. Edwards Deming)
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