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Abstract

Confidence and reliability in the data obtained from field programs are an important, if not the most critical,
component of geotechnical design. Geotechnical data quality is of the utmost importance, and achieving
high-quality geotechnical data necessitates stringent standards, meticulous procedures, real-time quality
assurance and quality control (QAQC), and transparent communication with ongoing refinement.
Though QAQC is pivotal in improving confidence in geotechnical datasets, it can often involve repetitive and
laborious tasks. Recognising this, the authors identified the need for improved and automated processes to
streamline routine QAQC tasks, thereby providing field staff and engineers with the time to focus on
conceptual comprehension and rock mass characterisation. A set of Python tools was developed to
automatically identify and reconcile errors in geotechnical core logging data. These processes identify
inconsistencies such as incongruent depth values, oriented core angles exceeding logical limits, inflated Rock
Quality Designation (RQD) values for weak rock, and instances of omissions and typographical errors.
Moreover, the tools generate geotechnical strip blogs to visually represent the data, assisting in the review
and identification of conceptual errors such as disparities between field estimate strength and point load
indices and inaccuracies in fault classification based on logged characteristics.

By automating these processes, QAQC can be completed daily by an onsite field supervisor or offsite
engineering support team, providing immediate feedback to the data-collection personnel. This improves
communication during the execution of large field programs, increasing the knowledge and confidence of
more-junior field staff, and resulting in higher-quality data for use in future geotechnical designs.
The processes are currently being integrated into a data-management and QAQC framework, underpinned
by a novel project dashboard, which details QAQC, execution, and health and safety metrics and is accessible
to clients, field personnel, and offsite engineering support. Additional features of the QAQC framework are
also being considered based on user and client feedback. This framework has been applied in recent
large-scale drilling programs involving multiple drill rigs and logging personnel and has demonstrated reduced
logging errors, validating its effectiveness in improving confidence in the collected data and collaboration and
transparency among key stakeholders.
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1 Introduction

Data quality and reliability are paramount in geotechnical design, particularly when the data informs complex
designs crucial to large-scale mining operations. Mistakes or oversights in early-stage data collection can lead
to significant downstream consequences. Everything from minor typographical errors to fundamental
misconceptions or misinterpretations have an impact on the quality of the data and, subsequently, the
quality of the design.

* Corresponding author. Email address: KVeltin@EquilibriumMining.com
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The primary source of data for designs in large mining projects is geotechnical core logging. This task is
typically completed by junior engineers with limited experience, as it often serves as their first exposure to
onsite geotechnical work, and core logging is also frequently carried out by geologists or technicians who
may not have an engineering background. Data is commonly collected under challenging conditions.
Core loggers must work quickly to keep pace with drilling, which can be challenging when meterage-based
bonuses or similar incentives are provided to drill crews. While recording critical aspects of the core, loggers
may be unaware of the downstream implications of errors in the data. Compounding these challenges, core
logging often occurs in remote locations, under 24-hour schedules (12-hour shifts), harsh weather, loud
equipment and temporary accommodations. Although high-quality data collection is the primary goal of core
logging, both early-stage and experienced engineers face significant challenges in achieving it.

Inconsistencies and systematic errors in borehole geotechnical data collection can cause a variety of
undesirable downstream effects (Paul & Griffin 2021; Russo et al. 2022; Mears 2024). Some examples of
common errors in core logging datasets include:

e Misclassification of veins resulting in inconsistent strength classifications, often presenting as
oscillating strength parameters and shift-dependent logs (e.g. contrasting day shift logs and night
shift logs).

e Field strength estimates (hammer tests) conducted improperly are often inversely correlated with
logger arm strength. Rather than allowing the hammer to drop freely, some loggers apply force,
leading to artificially low strength estimates. Additionally, field strength tests may not be completed
at appropriate intervals and the field strength is sometimes just guessed by the logger. Point load
testing and laboratory strength tests can show very different results compared to field strength
estimates.

e Over-assignment of mechanical breaks as natural fractures, increasing the frequency of natural
fractures, resulting in conservative estimates of rock mass classification values due to an artificially
low Rock Quality Designation (RQD).

e Rock mass quality differences not being differentiated due to the repetitive/routine nature of the
task of logging. This can lead to an insufficient level of detail in data collection that does not capture
the variability of rock mass conditions.

e Major differences between core logged at rig-side facilities and core logged after transport to a central
logging facility. Transporting the core to a logging facility can introduce more mechanical breaks, and
if these breaks are incorrectly logged as natural fractures, could artificially lower the RQD.

e Major discrepancies between core logging and acoustic televiewer data often caused by the
misclassification of mechanical breaks as natural fractures.

e Inaccurate structural measurements (e.g. orientation, spacing, etc.) can result in unreliable data
that misrepresents the structural fabric of the rock mass.

These common errors, among others, can lead to inappropriate or sub-optimal design decisions. Figure 1
shows a simplified geotechnical design process, outlining examples of how incorrect data collection can affect
every stage. Identifying and addressing errors in a timely manner enables immediate updates to training and
onsite practices, helping fix errors early and minimise downstream effects.
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Figure 1 Possible challenges at each stage of the geotechnical design process as a result of incorrect data
collection

These are not new concepts in mining, and preventative measures are often taken to ensure data from the
field is high quality, including diligent training, strict health and safety guidelines, and offsite or onsite
supervision from senior engineers. Despite these efforts, data quality assurance and quality control (QAQC)
remain the primary methods for ensuring accuracy and quality of the data. Ideally, QAQC is completed daily
by an onsite senior field supervisor, with oversight consistently present at the drill site. This level of
involvement ensures immediate feedback, higher confidence in data quality, and more-effective training for
junior staff (Morrell & Pere 2023). However, in practice, continuous senior coverage is often unrealistic due
to budget and personnel constraints. As a result, QAQC is often completed by office-based engineers, days
or weeks after the data is collected, eliminating the opportunity to introduce improvements to collection
procedures in real time.

Experienced office-based engineers review the core logs and compare the onsite assessment to core photos
collected at the drill rig (in split-tubes and core boxes) to validate that the data collected is sensible,
consistently collected, and representative of the visual rock mass quality. Although the office-based team is
not present at the drill site when the core is logged, with enough experience, offsite engineers can make
reasonable adjustments to logs. However, if something was logged incorrectly at the drill rig but cannot be
reasonably observed through core photos, then it may not be caught during the QAQC process (Paul & Griffin
2021). Additionally, offsite QAQC can be a tedious task, with the most time spent correcting small
typographical errors in the logs. QAQC of a single borehole log can take several days of focused effort
depending on the complexity and depth of the borehole. These challenges highlight the need for more
efficient and reliable QAQC processes.

2 Quality assurance and quality control framework

This paper introduces a new approach to QAQC, inspired by Toyota’s pioneering quality system (Liker 2021).
Unlike traditional methods that fix errors after the fact, Toyota empowered workers to stop the production
line immediately, addressing issues at the source as a team. This shift fostered a culture of real-time
problem-solving and continuous improvement (known as the ‘kaizen’ approach), which helped Toyota build
a reputation for producing reliable, affordable vehicles. The methodology described in this paper applies the
same principle to field data collection, replacing delayed QAQC with immediate feedback to improve data
quality, reduce errors, and boost team performance in real time. A comparison between traditional QAQC
practices and the recommended improved method is shown in Figure 2.
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Figure 2 Structure of (a) a traditional geotechnical core logging QAQC program versus (b) the
recommended improved QAQC program

This framework ultimately continues to improve the efficiency of the QAQC process itself and provides a
recordable metric that can be measured to demonstrate continual improvement as the drill program progresses
(e.g. number or per cent of QAQC edits per week over the course of the drilling program). Indirectly, this metric
serves to bolster team integration, as both field and office personnel accept accountability, and improves
overall morale through a shared commitment to high standards. Figure 3 provides an example from a recent
large-scale drilling program involving multiple drill rigs and logging personnel, showing how this QAQC
framework facilitated measurable improvements in data quality over time.

In Figure 3a, fracture frequency edits gradually declined, indicating steady improvement in logging
consistency. Pulses of corrections remain evident, which correspond to the introduction of new loggers or
targeted QAQC efforts during specific time periods. In addition, the edits to fracture frequency reflect
challenges specific to this field program, where interbedded rock masses with weak preferential openings
along bedding made it difficult for loggers to distinguish between natural fractures and mechanical breaks.
In Figure 3b, a sharp spike in edits to field strength estimates early in the program was followed by a direct
communication and notable improvement, resulting in fewer issues as the field program progressed.
Field strength estimates are particularly difficult to QAQC remotely, as it relies on judgement not easily
verified from the office. Early correction of logging techniques is therefore essential to ensure data reliability.
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Figure 3 Example of continual improvement in QAQC performance during a large-scale drilling program
with multiple drill rigs and core loggers: (a) Fracture frequency; (b) Field strength estimates

In addition to improved QAQC processes, there is a need for increased transparency between data collection,
quality control, quality assurance, the end users, and the ultimate owners of the data. Clear communication
on how data is being collected, reviewed, and corrected allows all participants to understand the objectives
of the data collection, and gain insight into how it will be used in design.

3 Automated quality assurance and quality control

With the obvious need for improved QAQC processes, several automated QAQC tools have been developed
to reduce the amount of tedious work carried out by engineers. While similar tools have been developed in
the past (e.g. Horner & Betancourt 2023), they are often created in isolation and rely on manual workflows.
Recognising the importance of timely feedback, the tools presented here are designed to speed up the QAQC
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process and allow faster identification and correction of errors. These tools aim to identify the most common
errors and inconsistencies observed in geotechnical logs including:

e incongruent depths between consecutive drill runs or geotechnical intervals

e unreasonably long drill runs, intervals, or samples

¢ |ow total core recovery (TCR) without a corresponding core loss interval

e high RQD values for intervals with low field strength estimates

e RQD values greater than 100%

e mismatched fracture counts between interval tables and structure tables

e wide structures (e.g. faults) not included as separate geotechnical intervals

e structural orientation measurements (i.e. alpha, beta, gamma) greater than the defined ranges
e missing infill material details for structures noted as infilled, coated, or partially coated
e invalid laboratory or point load testing sample sizes

e inconsistencies between test data records and corresponding interval or structure logs
e missing or inconsistent data.

This is considered an initial list, to be expanded upon and continuously refined per project needs. The tools
were developed in Python (Python Software Foundation 2022) using open-source libraries commonly used in
data processing and analytics applications (i.e. there is nothing proprietary). The collection of tools was then
packaged as a single executable so that the automated QAQC process could be used without the requirement
to configure a code development environment. When the application is executed, it searches the core logging
file and produces a list of the errors found for review. The engineer completing the QAQC can quickly locate
and address the errors in the list. In the first field season that the tool was deployed, only identification of the
errors was permitted. The automatic correction of the core logs based on the errors found was possible, but
the authors decided it was important for a qualified engineer to ensure that changes were appropriate.
Errors identified by the QAQC tool were also independently reviewed so that the overall performance of the
automated process could be quantified. The automated processes were found to significantly reduce effort
from the time-consuming manual QAQC process (most of which involved searching for errors or managing
complicated formulae in large spreadsheet applications) to just a few seconds — permitting immediate
corrective actions and development of learnings. The tool is designed to be customisable, allowing users to
modify columns and adapt to difference logging formats used across different campaigns.

The list of identified errors is then used to increase transparency of the overall data-collection and QAQC
process. Each error identified is recorded with the date and type, and saved in a master QAQC database.
Once addressed, the error is marked as complete in the master database, and anything that was not changed
is marked as not applicable with appropriate commentary provided.

The automated QAQC tool also generates a visual geotechnical strip log of the data such that the engineer
can use to quickly visualise the data and compare it with core images. These strip logs exhibit key geotechnical
parameters such as formation/unit, lithology, TCR, RQD, field strength estimate, weathering grade, alteration
grade, fracture spacing, bedding intensity, microdefect intensity, vein intensity, and point load index.
With these data visually available, inconsistencies between the different sources of strength are more likely
identified. Conceptual errors in the logs, such as discrepancies between logged field strength estimate and
point load indices, or fault misclassification based on logged characteristics, are further highlighted in the
visual strip logs. After the final QAQC process is completed, these logs serve as a visual presentation of the
borehole data and can be included in factual reports. An example of a strip log created by the tool is shown
in Figure 4. A conceptual error that could be observed in this log would be a large difference in the
approximated point load test strength and the field strength estimate.
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Figure 4 Example borehole strip log produced by the automated QAQC tool

With the increase in efficiency of the QAQC process, borehole logs are checked a maximum of one day after
they are collected. Revisions to the data, based on the QAQC, are made soon after the review, often in less
than one hour depending on the complexity of the data and the drill rates. Errors identified in the logging
data from the previous day are then communicated to the field team quickly and at regularly scheduled
intervals (i.e. one day), such that the errors are less likely to persist in future logging. With the constant
feedback loop, the QAQC effort reduces during the execution of the field program as data-collection
processes improve and personnel gain increased knowledge and confidence.
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4 Accessible dashboards

A robust QAQC program includes transparent tracking and communication of changes to the data throughout
the various QAQC steps. A dashboard has been developed to provide continuous access to the data in its raw,
preliminary version (with initial QAQC), and final form. The dashboard also presents metrics that exhibit the
complete history of the QAQC and are summarised (for the sole purpose of presenting simple trends) into
weekly or biweekly reporting periods (daily metrics are also available). These dashboards with associated
metrics provide the required transparency into the data collection and review process, encouraging all
stakeholders to maintain involvement, and improving confidence by demonstrating and documenting
continuous learnings. The process is very similar to that which is widely accepted in health, safety, security
and environment (HSSE) reporting systems, whereby increased identification of incidents (which represent
QAQC errors in the analogy), provides for heightened visibility, increased awareness, active participation and
communication, and in the end a stronger work culture — also considered positive implications of the current
QAQC framework/dashboard.

The dashboard is a visual representation of the data-management system. The data-management system for
this project consists of:

1. Intermediate storage (currently using Binary Large Object [BLOB], to store supporting information).
This is currently hosted on Microsoft Azure (Microsoft 2024), but any cloud-based provider could
be used. The intermediate BLOB storage is used to store file-based information such as photographs
and PDF documents.

2. A cloud-based unstructured document database, currently deployed using MongoDB (MongoDB
Inc 2023), to store ‘documents’ or tabular data as required. Documents in the context of the
MongoDB systems are entries (inserted as JavaScript Object Notation (JSON) strings), and not the
literal meaning of the word as commonly used in the mining industry (i.e. PDF or Microsoft Word
document). An unstructured document-based database is used in this case to permit maximum
flexibility as the QAQC processes and dashboard requirements evolve, or are applied to different
applications (for example, the authors use the same system for tracking the evolution of numerical
models and scenario tracking in back-analysis and mine plan optimisation studies).

QAQC of the data occurs continuously, during the first upload to the database and then with sequential
updating of the databases. After initial collection of the data in the field, validation is completed to ensure
all fields are completed so that the new data is compatible with the schema of the underlying database
structure; additional quality checks (i.e. automated processes) of the raw data are not completed at this
stage, as capturing the initial or ‘raw’ form of the data is important. The data is then inserted into the
MongoDB database (automatically if it passes the data validation requirements, if it does not, the entry must
be fixed and reuploaded). Each entry includes a record of the date of the insertion (upload). New entries are
assigned a version number of zero, and this version number is incremented when entries are updated with
the highest number being the entry of trust.

After the data has received preliminary QAQC, either onsite or offsite, the relevant entries in the MongoDB
database are updated and flagged with a ‘preliminary’ attribute. These data are still considered version zero
as they represent a new dataset — the ‘preliminary’ QAQC dataset.

When the data has been fully reviewed by a senior engineer (using the automated QAQC processes discussed
in the previous section) and approved, the updated entries in the MongoDB database are flagged as ‘final’
data. These data remain version zero as they represent a new dataset — the final QAQC dataset. Note that a
raw, preliminary, and final version of the data always exists within the database once data is entered and
undergoes QAQC approval. As the field program continues, the size of the database and underlying data
grows. If errors are identified in data already marked as final (due to a change that had to be considered
retroactively), the version numbers are incremented to capture the change. Database differences are not
identified manually — they are identified with the use of additional Python tools that request approval from
the engineer to accept the change, insert the new entry, and increment the associated version number.
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This allows the user to update or edit database entries at any level of QAQC. For example, if a small error was
noticed in the raw data before preliminary QAQC was performed, it can be updated in the database and
tracked, without the requirement to repeat the full preliminary QAQC.

The most current version of all data is parsed into appropriate tables, referred to as collections in
unstructured databases, to present interval data, discontinuity data, or sample data, for example, for each
of the dataset types (raw, preliminary, final). These tables always contain the most recent data (i.e. the
highest version number) but all data remains stored in the database — and can be tracked via the date stamps
and version numbering. To document and visualise QAQC improvements, different versions of the data are
gueried to summarise the number and frequency of edits (due to errors identified) over a variable time
interval.

The data is then displayed using a web-based portal which is accessible to all members of the project.
The web application has a HTML-based frontend with user authentication that queries the MongoDB
database and BLOB storage to provide visualisation of the data. The dashboards can be customised based on
project needs but currently presents the following:

e geotechnical program progress, including health, safety, and environmental information
e borehole design details, including maps and 3D representations

e key downhole data such as TCR, RQD, and field strength estimates

e core photographs in split-tubes and core boxes

e QAQC tracking

e tables of the data collected (as the drilling progresses).

Data supporting other non-geotechnical data, such as the program progress and the health and safety metrics
are also recorded, but not discussed in this paper. Example pages from one of the dashboard systems are
presented in Figures 5 and 6. These dashboards are not considered proprietary in any way. They can be
developed and customised with knowledge of basic HTML and JavaScript, or using ‘no-code’ solutions such
as Retool, Ul Bakery, or DronaHQ which minimise (but do not fully eliminate) the usual barriers associated
with developing web applications (Retool 2025; Ul Bakery 2025; DronaHQ 2025).
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Figure 5 Sample interactive drilling progress and QAQC tracking dashboard pages: (a) Drilling progress;

(b) QAQC tracking
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Figure 6 Sample interactive downhole data and data table dashboard pages: (a) Downhole data; (b) Data
tables

5 Integration and implementation

The automated QAQC system and the data dashboards are designed to work together. The data dashboards
present the datain its three formats: raw, preliminary QAQC, and final QAQC. For elements of the dashboards
that display geotechnical field data, the three types of data are available, and are arranged so that differences

can be easily compared. Simple statistics related to the major changes between the datasets are displayed
on the dashboard.
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This integrated QAQC and dashboard system has been used for several projects and has proven to be useful
in increasing field program efficiency, collaboration, and stakeholder communication. The overall approach
proceeds as follows:

1.

Data is collected in the field by geotechnical core loggers using purpose-built spreadsheets that
include dropdown menus and controlled entry fields where possible, helping to minimise data entry
errors before submission to geotechnical supervisors.

. The raw field data is validated by the geotechnical supervisor and uploaded to the

data-management system — these data are labelled in the dashboard as ‘raw’.

The automated QAQC process is then used to identify and highlight errors for the geotechnical
supervisor.

The geotechnical supervisor reviews issues identified and edits the logs based on the findings and
engineering judgement, with associated core photographs linked to the identified errors and
available to inform decisions.

The database is updated and this reviewed data is labelled within the dashboard with the
‘preliminary QAQC’ tag.

The observations made during the preliminary QAQC process are then communicated to the field
team to improve data collection.

This is repeated until the borehole is complete, at which point the data is sent to a senior engineer
for final QAQC review and approval.

The data is then updated so that the reviewed data is classified as those where final QAQC is
complete — these data are labelled in the dashboard as ‘final QAQC'.

. Once all boreholes have been completed for the field program, all the final QAQC data is available

in a single database (although the data is available to all stakeholders throughout the drilling
program on the dashboard).

These steps are shown visually in Figure 7.

Observations
reported to
field crew

‘ Preliminary QAQC
A (assisted with automated tool)
\

B Data Management System

v

Final QAQC

(assisted with automated tool)

Figure 7 Flowchart of integration between data-collection, data-management, and dashboard systems
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The dashboard also contains modules where users can submit feedback and feature requests, so that the
continuous improvement is completely circular (including the dashboard, database entries, and overall
system), which can be addressed in future revisions of the processes. The integrated system is intended to
be flexible, adaptable to site-specific requirements, and present data in a variety of different ways — as such,
most requests and revisions can be accommodated immediately.

6 Benefits and impacts
The benefits of the automated QAQC and accessible dashboards are:
e increased efficiency in the data-management process
e increased transparency of data-management and review processes
e increased exposure of the project team to the data collection and final product
e shorter waiting periods for input from senior staff members
o faster feedback to field personnel to implement corrective procedures
e improved positive feedback loop and overall project communication
e reduced QAQC effort as core logging efficiency and accuracy improves during project execution
e quantifiable metrics which can be recorded to exhibit staff improvement

e increased collaboration between different contractors working on the same project (geophysics,
geotechnical, hydrogeology, structural geology, mine planning, and health and safety teams)

e positive working morale and improved confidence of field staff (the constant feedback supports,
and the recorded metrics demonstrates, improvements and success).

Additionally, these processes:

e improve core logging skills of individual staff members, by allowing them to learn from mistakes,
and receive positive support from peers and seniors

o keep key stakeholders informed of the quality control and assurance measures that are occurring,
providing confidence that the data is being managed and reviewed appropriately

e reduce the cost of data QAQC through improved efficiency

e reduce the risk of downstream sources of error and rework as the data has passed through several
layers of QAQC while being exposed to a variety of team members.

While the system offers significant benefits, there are some practical considerations. Basic familiarity with
Python or user interface customisation may be helpful for modifications, although routine functions are
automated and user friendly. Cloud architecture requires oversight, typically by a designated member of the
QAQC or information technology team, depending on the organisation’s structure. Although the system is
designed to work efficiently in a cloud environment, local backups and offline workflows are recommended
to manage occasional internet outages or connectivity issues in remote field settings.

Finally, the most significant impact (and underlying motivation in the development of these systems) is that
it provides reliable data to support more robust and safe engineering designs. As this is the primary objective
from all data-collection programs, any movement towards this common goal is considered a success.

7 Conclusion

The need for systematic and transparent quality control and quality assurance of geotechnical core logging
data cannot be overstated and, with the availability of automated tools, it is critical that engineers improve
the efficiency and efficacy of these processes. By automating the routine checks of core logging data,
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engineers can spend more time reviewing fundamental concepts related to rock mass characterisation to
mitigate undesirable errors that can have numerous downstream effects. Being transparent in the
data-collection and QAQC processes allows young engineers to quickly learn how to collect reliable data,
improves the confidence of the engineers reviewing the data, and allows end users of the data to understand
the context and application of the data collected. The automated QAQC and dashboard systems presented
in this paper have proven to be an effective means of ensuring data confidence and reliability, by improving
communication and visibility of data-collection processes within project teams.

These systems will undoubtedly continue to evolve and improve with collaboration from the mining industry,
supported by the unique perspectives of different consultants, operators, contractors, and owners.
As automation and data visualisation technologies improve, additional processes should be integrated into
project data management systems to maximise both data and overall project value. With continued effort,
the collection of geotechnical data can be streamlined further, providing engineers and key stakeholders with
improved confidence that the designs are based on reliable and accurate data.
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