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Located in the northeast 
corner of Zacatecas 

State, Mexico, the Peñasquito 
operation is comprised 
of the Peñasco and Chile 
Colorado (Brecha Azul) 
deposits. Openpit mining 
(prestripping) began in 
2010 and full production 
commenced during 2011. 
The openpit mines feed 
both a sulfide concentrator 
(mill) and a heap leach pad. 
The project is owned by 
Goldcorp Inc. Peñasquito is 
a poly metallic deposit with 
Au, Ag, Zn and Pb being 
recovered as payable metals. 

As a consequence of 
lower grade ores expected 
with advancing mine life, 
Peñasquito is facing a 
declining metal production profile. To maximize 
returns and asset value, plant modifications, 
including the addition of a carbon prefloat circuit 
and a pyrite leach circuit to improve recovery, are 
currently being undertaken. This carbon prefloat 
circuit will enable the recovery of precious and 
base metals from carbonaceous sediments. This 
material is currently being stockpiled. With the 
associated increase in complexity in the process 
circuit, the requirement of the ore control system 
to accurately predict ore feed characteristics 
is critical to maximizing metal recovery at the 
Peñasquito operation. The addition of the carbon 
prefloat circuit was also a key driver in allowing 
the Chile Colorado openpit to be developed. 

These conditions alongside Goldcorp’s 
drive to increase profitability and maximize 
net asset value has created challenges. These 

challenges are numerous 
and multifaceted. However, 
the ability to accurately 
route materials from the 
ore control system is critical 
to site success, and some of 
these challenges have been 
overcome by the adoption 
and implementation of a new 
ore control (OC) technology. 
Examples of these 
technological innovations 
in the ore control program 

are discussed in this article and include 
improvements in geomodeling, material routing 
and reconciliation. Successful implementation 
of these elements has led to significant 
improvements in selectivity, performance and 
data management, while reducing the variance 
between planning and execution, thus helping to 
drive overall improvement across the operation. 

Project overview 
Deposits mined within the Peñasquito 

operations are examples of breccia pipe 
deposits formed as a result of intrusion-related 
hydrothermal activity. The two breccia pipes, 
Peñasco and Brecha Azul, are the principal hosts 
for gold-silver-zinc and lead mineralization at 
Peñasquito. Openpit mining is undertaken using 
a conventional truck and shovel fleet consisting 
of 83 haul trucks, five rope shovels and three 
hydraulic shovels as well as the necessary support 
equipment. The current Peñasquito processing 
plant consists of a heap leach gold and silver 
recovery facility and a sulfide flotation plant. 

For this implementation, assay and geology 
data from blastholes were used in conjunction 
with MineSight to aggregate the data, perform 
modeling and evaluate results. MineSight is 
Hexagon Mining’s mine planning software. 

Previously, there was an archaic process in 
place and, although it was working, there were 
many issues that impacted the reliability of the 

C.H. Calderon-Arteaga and S. 
Gering, members SME, are senior 
technical support specialist - mine 
planning and product manager with 
Hexagon Mining, respectively and 
J. Barrios, M. Almond, R. Ruiz, 
members SME, are grade control 
geologist, mine technical services 
manager and estimation resource 
geologist, respectively, Goldcorp 
Canada Ltd., email devin.casten-

Ore control technological innovations at

Goldcorp’s Peñasquito Mine
by C.H. Calderon-Arteaga, J. Barrios, M. Almond, R. Ruiz and S. Gering

Project location.
Figure 1



GORMAN-RUPP PUMPS   |   P.O. BOX 1217   |   MANSFIELD, OHIO 44901-1217   |   USA   |   419.755.1011   |   GRSALES@GORMANRUPP.COM   |   GRPUMPS.COM

From sewage bypass operations, to construction site dewatering, to applications where intermittent  
flows present a problem, Gorman-Rupp Prime Aire Plus® priming-assisted pumps get the job done. 
Gorman-Rupp engineers these rugged pumps to move large volumes of water and move them  
fast—even when sticks, stones, and debris get in the way. For your biggest jobs, our Prime Aire Plus 
pump series has been expanded to offer discharges up to 16”, heads up to 204 ft., and flows up to  
15,000 gallons per minute. So you can stay above water. No matter how much comes your way.

GORMAN-RUPP PRIME AIRE PLUS® PUMPS ARE NOW AVAILABLE 
IN LARGER SIZES. TO MOVE EVEN LARGER VOLUMES OF WATER.

our newest pumps measure up.our newest pumps measure up.

518     © 2018 The Gorman-Rupp Company. Gorman-Rupp Pumps USA is an ISO 9001:2015 and an ISO 14001:2015 Registered Company   

WHEn SIZE 

mATTERS,
WHEn SIZE 

mATTERS,

http://gormanrupp.com/


18   JULY 2018     Mınıng engıneerıng	 www.miningengineeringmagazine.com

Surface Mining

Peñasquito’s processing plant and stockpile.
Figure 2

data. This old process was replaced with a newer 
standardized workflow that allows the users 
to trust in the results and to make informed 
decisions with higher confidence. 

The goal for this case study is two-fold: to 
show how technological innovations can lead to 
improvements in the decision-making process, 
highlighting the value of using new technologies; 
and to discuss how technical challenges 
encountered during the implementations were 
resolved. This article is targeted at users who 
want to better manage their ore control process 
or set up standardized workflows for improving 

their actual process. 

Data sources 
For this case study, a set of data has been 

selected over a period of 21 months ranging from 
January 2016 to July 2017. The previous process 
and the newly implemented solution were 
running in parallel for validation purposes from 
the time of the implementation (August 2016) 
until the end of the year (December 2016). Data 
from 2016 corresponds to the results using the 
previous process, while the remaining data for 
2017 correspond to the results of using the new 
implemented solution. 

Blasthole data. A database corresponding 
to 21 months of blasthole data was used for this 
case study. Assay and geology information was 
validated and stored in the drillhole database. The 
blasthole data inform the OC block model using 
kriged interpolations. 

Block model information. Interpolated data 
from the OC block model and the long-term 
planning block are used for this study. OC block 
model is used to create OC polygons. Polygons 
are then reported and released to the fleet 
management system (FMS). OC reserves, as 
well as the LTP reserves information from the 
released polygons over a period of 21 months was 
used for this case study. 

Processing plant feed information. 
Information from the plant feed material 
entering the processing plant was compiled over 
the period of study. This information contains 
tonnage and grade data of material entering the 
processing plant daily as measured by process 
control instrumentation and sampling. 

About the process  
Previous process. The previous process was 

functioning as expected but some issues were 
undermining the reliability of the results as well 
as the understanding of the process by the users. 
The process used scripts that were running the 
calculations in the background, so the users 
were not readily informed about intermediate 
results or errors. Scripts and workflows could be 
updated remotely without the final user knowing. 
So when there was a change, troubleshooting 
was difficult and sometimes even impossible. 
Manual calculations and visual interpretation 
were needed, so the process was prone to errors 
and therefore consistency across the ore control 
group was lacking 

The process and procedures had already been 
modified to simplify steps, but the process was 

Previous OC process.
Figure 3
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obsolete for the OC requirements. 
Steps were required to create and store the 

OC routing polygons, then a python script was 
run to specify the area of interest for later usage. 
After running the script there was a need to run 

Implemented OC process.
Figure 4

additional MineSight Multiruns to update the OC 
model. Polygons for OC routing were digitized 
visually tracing the block model. These polygons 
were then exported to another department, and 
they were also being imported into a planning 
tool to report reserves. OC routing cuts were then 
exported to feed the FMS. Daily mined polygons 
were being extracted from the FMS and manually 
intersected with the OC routing polygons to later 
import resulting polygons to another instance 
of the planning tool used to report available 
reserves. 

Technological innovation. A new 
standardized workflow was implemented to 
manage the OC process. This new workflow was 
implemented using MineSight Axis, which offers 
standardized workflows, is highly configurable 
and is auditable. With MineSight Axis, a new 
workflow for Peñasquito’s OC was designed and 
implemented. The new workflow included the 
usage of different tools that have resolved the 
issues that the ore controllers were facing using 
the previous process. 

The new process loads a polygon as a 
boundary and initializes the model, then 
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Model update process.
Figure 5

performs the necessary interpolations and model 
calculations required to update the model from 
the assay information. 

The next step performs polygon routing, 
which is done by using MineSight Planner. 
MineSight Planner integrates the model reserves 
and routing calculations. It also uses the SQL 
database to store the OC polygons and related 
information. This tool uses MineSight Reserves to 
calculate the reserves information and integrates 
python calculations, so automatic calculations 
can be generated. This means that even when 
creating the OC polygon, the user can recognize 
the reserves (tonnes and grades) along with the 
polygon routing options. 

Once the OC polygon is created, the user 
can identify from the automatic reports the 
corresponding destination for that polygon and 
then report to other consumers using automatic 
reporting templates. 

Additional calculations are undertaken 
automatically or by applying a calculation 
template. These include calculation of material, 
lithology code, mining phase, tonnes by 
destination or OC cut name, among others. 

The next step in the process is to report to 
consumers such as surveyors, mine planners 
or the FMS. To do so, a series of preinstalled 
template reports can be used. These templates 
automatically generate the necessary reports. 
By clicking a single button, these reports are 
automatically created on the network so the 
consumers can get them directly without the need 
for emails or phone calls and to ensure the most 
up-to-date information is available and used. 

The last step is to update the progress with 
the daily polygons from the FMS and calculate 
and report broken and available material, 
including ore grades. Daily mined polygons are 
exported daily from the FMS, and they represent 
the daily progress of a shovel. These polygons 
are then loaded into the MSAxis Daily Dig tool 
that allows the user to clip the OC polygons with 
the daily polygons, to generate progress cuts. 
These progress cuts are stored into a different 
MineSight Planner plan called Progress, and the 
progress reports are generated automatically 
from preinstalled templates. This allows for 
improved control of material being sent to 
stockpiles and the process plant.

A reconciliation step was added to the 
process and is undertaken with the MineSight 
Axis Reconciliation tool. This tool works by using 
two reserves setups, one from the exploration 
model and another from the OC model. These 
reserves are applied to the resulting solids or 
polygons from the reconciliation process. The 
MineSight Axis Reconciliation tool can work 

Automatic reporting at creation.
Figure 6

Automatic destination calculation-report. 
Figure 7

using the “end of period” solid only, the “end of 
period” solid along with the OC polygons, or just 
the OC polygons. At Peñasquito, the monthly 
solid with the OC polygons are used. The tool 
will then clip the solid against the OC polygons, 
and the resulting solids are attributed with their 
corresponding OC polygon, so the result is one 
set of solids that match the OC polygons and 
another set of solids that don’t match the OC 
polygons. The user then can report the sections 
that were mined but not ore-controlled, the 
sections that were ore-controlled but not mined, 
and the sections that are in compliance with the 
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OC polygons.
Reconciliation reports are created daily to 

compare the OC reports with the processing plant 
reports. 

During this time period, Peñasquito was also 
implementing a new BI/BA reporting tool that 
was successfully integrated with MineSight Axis 
by creating a table in the SQL database and 
exporting the necessary information from the 
routing plan to this table. This allowed the BI/BA 
reporting tool to get feed from that table through 
an ODBC connection. 

Results of the implementation 
As a result of the implemented solution, 

there were multiple improvements that can 
be encompassed into three different groups as 
follows: 

• Qualitative improvements. 
• Quantitative improvements. 
• Collateral improvements.

Qualitative 
•	 Improved understanding of the process. 

There are no hidden calculations. All the 
steps are differentiated, documented and 
well-explained. 

•	 Users have improved visualization of the 
data. The user can view both blastholes 
and the model which helps with creation 
of ore polygons as they can visually 
identify the materials by colors and cutoffs. 
This is especially valuable, as the ore 
control geologists are taking four revenue 
elements into consideration while still 
preforming ore cuts. 

•	 Data security has improved by 
implementing the usage of SQL servers to 
store OC data, such as routing database, 
progress database and reconciliation 
database. Password protection can be 
implemented, and there is also a record of 
changes in the process and number of runs 
for each OC user. 

•	 The process is now automated with 
automatic calculations from the name of 
the OC cut to the material calculation 
using the block model reserves. 

•	 Quick review of the results enables a 
user to automatically check the results 
while creating the OC cut. Reports 
are automatically updated eliminating 
the need to click buttons and wait for 
reporting. 

•	 Less training time, as now there is a 
standard operating procedure for OC 
where the new users can easily be trained 
on how to use the system. 

•	 Process is auditable, meaning that the 
results are repeatable, even after a long 
period of time, because the implemented 
solution creates backups of the data along 
with the project setup, so the results can be 
reproduced later for audit purposes. 

•	 Easy configuration, as the user can go to 
a specific step, implement changes, run 
testing and decide to keep change or not. 

•	 The user is now able to interact with the 
data to make informed decisions. 

•	 A unique procedure for reconciliation 
between OC model and long-term model. 

•	 Simplicity and standardization of the 
process reduces human errors. 

•	 Consistency across the ore control team by 
following a repeatable process. 

Reconciliation report.
Figure 9

Progress report.
Figure 8
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Quantitative 
•	 Fewer number of steps, the previous 16 

steps were reduced to 10 steps with the 
new workflow. 

•	 The new OC process is much faster. The 
complete processing time per day was 
reduced by approximately 75 percent from 
an average of four hours to just one hour. 

•	 Monthly reconciliation processing time 
was reduced by approximately 80 percent 
from an average of 10 hours to 
two hours per reconciliation. 

•	 The reduction in processing 
time accounts for 
approximately 1,095 hours per 
year that ore control geologists 
have available for alternate 
value-adding deployment. 

Collateral 
•	 Reports to the dispatch system 

and other departments are 
now compiled into one file 
and are released directly to 
the consumer. This eliminates 
delays, errors caused by copy 
and paste and allows for 
improved sharing of geologic 
information. 

•	 A new grade variable (carbon) 
was added to the interpolations 
by the end users. 

•	 Density calculations have been 
reconciled between long-term 
planning and OC models. 

•	 A new pit has commenced with 
no additional project set-up 
required. 

•	 A new forecasting report of 
the available material for the 
planning department was 
implemented. 

•	 A SQL table to feed the BI/BA 
reporting tool with the released 
cut information was added to 
the project. 

•	 Automatic material 
classification was added to the 
project based on calculations 
from the block-model 
information. 

•	 New daily and weekly 
reconciliation reports are 
possible now and implemented 
by the end users. These new 
daily and weekly reconciliation 
processes are reconciling the 
released material from the 

planning (OC system) with the actual 
mined material from the execution (as 
measured by the FMS) that is sent to 
the processing plant. Results of this 
reconciliation showed a reduction in 
the variance of the reported tonnes 
between the OC system and the FMS of 
approximately 3.5 percent points, from 
a value of 5.6 percent in 2016 (previous 
process) to a value of 2.1 percent in 2017 

https://www.columbiasteel.com/
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 NSR blocks versus OC polygons.
Figure 10

(implemented solution). This result is a 
key element for closing the gap between 
planning and execution. 

Technical challenges 
Although using the new implemented 

solution provided many opportunities to 
standardize and streamline the workflow, 
challenges occurred during implementation. This 
included a lack of process knowledge, last minute 
process changes and long transaction times when 
querying the blasthole database. 

Lack of process knowledge. During the 
scoping process, it was noticed that there was 
a lack of process knowledge. Users didn’t have 
a good understanding of what the scripts were 

doing in the background or how the calculations 
were performed in order to gain a specific result. 
This was resolved by reviewing each script one by 
one, creating a process flow chart and manually 
calculating the results so we could check the 
expected results at the end of the calculations.  

Last minute changes in the process. During 
the implementation, it was identified that 
the results of the implemented solution were 
not matching the previous process. A small 
difference was expected due to changes in 
the reserves engine, but comparing the results 
from the same inputs, there was a noticeable 
difference. There was a need to doublecheck 
the implemented workflow against the previous 
process and the actual process undertaken prior 
to the new workflow. Differences between the 
previous process and the actual process in place 
were found. There were changes on the scripts 
calculations, and there was even a new rock 
type code in the calculations. These differences 
were preventing the implemented solution from 
matching the process in place when validating 
the implemented solution. This was resolved by 
updating the implemented solution with the new 
changes in the process. This update came with 
a corresponding delay in implementation and 
training. 

Long transaction times. Peñasqito’s blasthole 
database holds more than 781,000 blastholes and 
coordinate fields as well as many other fields like 
grade fields, that are derived fields comprising 
best x, y, z, grades. To select the data, the SQL 
server must calculate the best coordinates and 
the grades for each hole and then perform the 
selection. This process took a very long time. 

The first option for handling this was to 
directly use SQL queries. However, the lack of 
knowledge about database structure and tables 
made this unfeasible. The second option was to 
involve acQuire technical support, and the result 
of working together produced an improved 
version of the procedure used by MineSight Axis 
to load the blastholes into MineSight. 

Conclusions  
The new implemented solution provides a 

method for standardizing the OC workflow while 
closing the gap between planning and execution. 

After initial implementation, the end users 
can recognize gaps in the process and implement 
their own solutions using Minesight Axis 
software. 

The implemented solution led to 
improvements ranging from improving the 
quality of the process, passing through time 

Chile Colorado Pit.
Figure 11
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reductions, as well as identifying new ways to use 
the software to the benefit of the operation, such 
as identifying the ability to generate new reports 
or calculations that may improve the end results. 

The standardization of the process allowed 
the users to accommodate new processes with 
minimal changes in the workflow. 

The reduction on the variance of the reported 
tonnes between the OC system and the FMS 
shows the importance of the technological 
innovations in ore control. Technological 
innovation allows the discovery of existing 
issues in the process, as well as driving the 
implementation of new alternatives with plenty of 
room for improving data processing, calculations, 
reporting and the decision-making process. n
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