
New reconciliation model for gold industry

Adequate practices of reconciliation should consist of an integrated system 
divided into stages, each representing one of the following mining operations: 
long-term estimation, short-term estimation, planning, mining operation, 
mineral processing and metal production. The gold industry includes another 

forecast of annual production. The subdivision of reconciliation into stages 
allows not only increasing the reliability in the annual budget informed by gold-
producing companies, but also detecting and correcting the critical processes 

practices of geostatistical modelling and/or sampling protocols, procedures 
and equipments. This paper develops and validates a new reconciliation model 
for the gold industry, which is based on correct sampling practices and the 



Economic evaluation, mine planning and performance prediction of all mining operations 
are based on estimates of both ore content and mass. These estimates are based on samples 
and generate the results of reconciliation, considered by many professionals as a quality test 

‘how representative is the sample and how reliable are the reconciliation results?’

comparison between a measurement and an estimate, i.e., between production and estimate 
of production. Dividing the grade or mass of produced ore by the grade or mass of ore 

reconciliation. The main objective of any system of reconciliation shouldn’t be to generate 
factors used to correct estimates, but to allow adjustments in the processes so that the results 
are always within acceptable limits.

Adequate practices of reconciliation should detect the causes of the errors between the 
models’ estimates and the observed production. Eliminating the causes of these errors, 

that what happens in the future corresponds to what was planned in the present. This is 
the concept of ‘proactive reconciliation’, an iterative process that allows the correction of 
sampling processes and production estimation to improve the predictability of the models. 

resources, reserves and operation performance are precise, accurate and auditable (Morley, 

compliance with the principles of sampling correctness, since the reliability in the estimates 
depends on the representativeness of the samples that generated them. Therefore, the 

correct sampling and proactive reconciliation practices. The results show improvements in 
process control and models’ estimations as well.

should not simply evaluate the models based on the plant’s results. In practice, each step 
of the operation should be examined sequentially: from resource model to mining, from 

 

The subdivision of reconciliation into stages allows personnel to visualise the critical stages 
of the operation and solve each problem separately. This was the basis for the development 



mining stage. These indicators allow the detection and correction of observed reconciliation 

MCF or Mine Call Factor: indicates the predictability of the long-term model.
MM or Mine Model: indicates the consistency of the long-term model.
MP or Mine Planning: indicates the usefulness of the short-term model for planning.
MO or Mine Operation: indicates the performance of the mining operation.
MR or Mine Reconciliation: indicates the quality of the long-term model’s estimates.
PR or Plant Reconciliation: indicates the plant performance.

Each indicator is calculated by dividing the value of the variable into study (mass, metal 

 

gold industry.

Note that the value of MCF includes all indicators, since it is the result of the product among 

divided by the metal content estimated by the long or by the short-term model.

hypothetical underground gold mine. Note that the values of the MCF and the indicators 



If we consider that all the sampling and sample preparation procedures have been performed 

of the gold predicted by the long-term model, nothing indicating about each individual 
operation. The control indicators, in turn, show that:

 
short-term plan.

complete reconciliation should consider errors related to losses, dilution and production 

causes could be determined and corrected.



2010

It’s worth emphasising that the process of gold concentration in this mine is done through 
cyanidation leaching in a valley divided into cells. The metallurgical recovery and, 
thereby, the amount of recoverable gold for each cell is estimated based on column tests 
in the laboratory. The monthly reconciliation process considers the amount of recoverable 
gold held in each cell, composing an inventory that will impact on gold production in the 
subsequent months. For the calculation of the reconciliation indicators and the MCF, the 

necessary procedure to avoid illusory reconciliation results.

predicted by the long-term model. In this case, one shouldn’t evaluate MR alone, but observe 

Knowing that any estimate is based on the set of available physical samples, the reconciliation 



Therefore, preliminary studies have been carried out to guarantee that sampling procedures 
were adequate and generated unbiased samples.

analysis technique for this mining operation.

The second study consisted of the heterogeneity test, which estimates the constitution 
heterogeneity factor and allows the simulation and optimisation of sampling and 
preparation protocols. The results of the test suggested that a larger mass of the primary 

estimate of the gold content from replicate samples starts to disobey a normal distribution. 

preventive tool, it is Pitard’s recommendation to avoid, as long as practically possible, the 
generation of samples whose estimates of the constituent of interest are Poisson distributed.

The third study aimed to guarantee that the primary sample was in accordance with TOS, 
improving reliability in the short-term model. The recommendation was to acquire a new 

sampling purposes.

sampling improvements. Again, the indicators were calculated based on metal content  



2010 (1st quarter)

Considering that all sampling and sample preparation procedures have been performed 
correctly, the results evidence the need to diagnose the causes of the poor recovery in the 
metallurgical plant, while the previous operations – from long-term estimation to mining 
operation – show no particular problem.

calculation of the indicators based on metal content alone says nothing about the dilution 

the factors based on gold grade and not on metal content. In fact, all these variables must 

regarding the improvement of the production process.

calculate metal content?

Answers to these questions vary from operation to operation and will be consistent only 
when proactive reconciliation practices are used throughout the life of the mine. The analysis 



as close to one as possible, which means that the estimates became prognosis and can be 

 
 

as the gold content decreases and the geological complexity increases. Therefore, the 
gold industry requires, more than ever, the development of sampling methodologies that 
can generate unbiased samples and, in consequence, accurate and precise estimates of  
metal production.

This study showed that improvements in sampling equipments and procedures result in 

reconciliation and performance indicators. This fact leads us to conclude that the company 

term model’s estimates.

The new reconciliation model proposed can be customised for each project or particular type 

control and predictability of an operation also decrease their exposure to unexpected cash 
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