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SLR TODAY

SLR delivers global
environmental and
advisory solutions

We provide advice and
services to clients in the
mining and minerals,
financial, built
environment, industry
infrastructure, oil and gas,
and power sectors.
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e Alldiscussions and opinions discussed in this presentation are those of the authors only.
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History

Professional Geoscientists Ontario_September 14, 2021



CIM Definition Standards (2014) — Mineral Resource

“A Mineral Resource is a concentration or occurrence of solid material of economic
interest in or on the earth’s crust in such a form, grade, or quality and quantity that there
are reasonable prospects for eventual economic extraction.

The location, quantity, grade or quality, continuity and other geological characteristics of
a Mineral Resource are known, estimated, or interpreted from specific geological
evidence and knowledge, including sampling.”

The current discussion will focus on “Reasonable Prospects for Eventual Economic
Extraction” — RPEEE.
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Introduction — Is RPEEE a New Item?

Left to right: Eur Ing Gordon Riddler (IMM), Dr. Ferdie Camisani-Calzelari (SAIMM),
David Armstrong (SME), Norman Miskelly (Australasian JORC and CMM), John Postle
(CIM), Jean-Michel Rendu (SME), and Dr. Kadri Dagdelon (SME).

Photo courtesy of Gordon Riddler.

NO! |n fact the current language represents
an evolution that began in 1976 with USGS
Bulletin 1450A that provided a definition for a
Resource.

This was followed by USGS Circular 831 (1980)
and the JORC Code (1989).

The first internationally accepted definition
occurred at the Denver Accord in 1997.

This was followed by CIM Definition Standard
(2000), JORC Code (2004), NI 43-101 (2005),
and ultimately CRIRSCO (2012).

Additional details available in Parker & Dohm,
2014, “Evolution of Mineral Resource
Classification from 1980 to 2014 and Current
Best Practice.”
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CIM Definition Standards - RPEEE

The RPEEE requirement applies only to Mineral Resources. For Mineral Reserves, the
concept is addressed by the requirement of the modifying factors.

The Definition Standards provide some general guidance on the items for consideration in
respect of RPEEE. These include the judgement by the Qualified Person (QP) in respect of
the technical and economic factors likely to influence the RPEEE.

In brief, assumptions should include estimates of:

1. cut-off grade*, and
2. the geological continuity at the selected cut-off grade.

*Note: the selection of an appropriate cut-off grade requires consideration of such items as conceptual operational scenario,

metallurgical recoveries, metal prices, operating costs, and revenue-based royalties.
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CIM MRMR Best Practices Guidelines - RPEEE

Additional guidance regarding RPEEE is provided in Chapter 6.12 of the CIM Mineral Resource and
Mineral Reserve (MRMR) Best Practices Guidelines:

“Factors significant to the technical feasibility and potential economic viability must be considered
when preparing Mineral Resource statements. These will include such items as:

The size and legal conditions of the land tenure sufficient to fully enclose the Mineral Resource,

The extraction selectivity for the mining methods under consideration relative to the size and
geometries of the mineralization interpretations,

The processing method under consideration, the expected recovery from the mined material to a
commercially marketable product and the proposed production volume,

The price/value of the product and the market for the product at that price, and

The factors significant to cut-off grades or values (e.g. process recovery, smelter payability, treatment
charges, operating costs, royalties, etc.) used for reporting of Mineral Resource estimates.”

“For a Mineral Resource, factors significant to technical feasibility and economic viability should be
current, reasonably developed, and based on generally accepted industry practice and experience.
The assumptions should have a reasonable basis, be clearly defined, and should reflect the level
of information, knowledge, and stage of development of the mineral property at the time.”
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Key Concept — Mineral Resource Stages

Preliminary

Economic Prej _ g & .
Deposit Assessment Feasibility Feasibility I';em:'tt'“g Production
Discovery Delineation (PEA) Studies (PFS) Studies (FS) evelopment
1to 2 years 1 to 2 years 1 year 1 year 1to 2 years? 1 to 5 years?
' g — — ] — Current
START

Increasing Level of Technical & Economic Knowledge (5 to ??? years)

e Mineral Resources are estimated for a variety of situations over time. The level of knowledge,
understanding, and information will vary for each stage and changing market conditions.

e Inrecognition of this evolution in the level of knowledge, reasonable assumptions are often required to
enable the estimation of Mineral Resources. The QP should state if the assessment is based on any direct

evidence and testing.
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Concept — Mineral Resource Assumption Ranges

[ E i . . :
Operathnal LI Conceptual Preliminary Advanced Final Final Actual
Scenario target
. Long
Metal Prices Long Term Long Term Term/Forecast Forecast/Market Forecast/Market Forecast/Market  Current/Budgetary
: Initial Testi
Metallurgical Comparables/ i esting or? Test work Test work
. Comparables - Supplementary representative Actuals/Budgetary
Recoveries Initial tests complete complete
tests samples
Operating Costs — Order-of- . Detailed . :
B et Comparables e Preliminary Estimates Final Final Actuals/Budgetary
i - -of- I Detail . :
Opi:i’:gf;n()gsts Comparables I\(/?argremirtlcj)de Preliminary Esfi:i;f:s Final Final Actuals/Budgetary
Operating Costs- .
Order-of- I Detailed . :
General & Comparables r e.r ° Preliminary e_al © Final Final Actuals/Budgetary
.. . Magnitude Estimates
Administration
. Reasonable assumptions in relation to Mineral Resource estimates DO vary with the stage of the project.

IMPORTANT NOTE: this table is not intended as an exhaustive review — rather intended to illustrate the concept.
Additional guidance is provided in Chapter 6.12.1 of the CIM MRMR Best Practices Guidelines.
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RPEEE — Open Pits
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RPEEE - Open Pits (2007 & 2009)

An opinion regarding the RPEEE
requirements for open pit scenarios
was provided by Gosson and Smith
(2007).

Guidance regarding the RPEEE
requirements for open pit scenarios
was provided by CSA-CIM (2009).

A complete listing of supporting
documents is available from the
MRMR Library on the CIM website at:
https://mrmr.cim.org/en/library/inde

x-of-documents/#!
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https://mrmr.cim.org/en/library/magazine-
articles/reasonable-prospects-for-economic-

extraction/

https://mrmr.cim.org/media/1034/additional-

guidance-reasonable-prospects-for-economic-
extraction.pdf

Additional guidance is provided in
Chapter 6.12.2 of the MRMR Best
Practices Guidelines (2019).
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RPEEE - Open Pits (2007 & 2009)

e The 2007 document discusses a
number of factors in relation to
the RPEEE requirement
including:

e  Spatial distribution,
e  Cut-off grade, and
e The use of a reporting surface.

e The 2009 document focussed
mostly on the use of a surface
as a reporting criteria.

15

https://mrmr.cim.org/en/library/magazine-
articles/reasonable-prospects-for-economic-

extraction/

https://mrmr.cim.org/media/1034/additional-
guidance-reasonable-prospects-for-economic-

extraction.pdf
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RPEEE — Open Pit Constraining Surfaces (2009)

e The 2009 CIM-CSA document provides the following guidance in respect of the use of
a constraining surface for reporting Mineral Resources in open pit settings:

 “The Committee considers that the use of mine planning tools, such as open pit
design algorithms, to limit the extent of mineralization is valid for advanced Mineral
Resource statements and Mineral Reserves but it may not be appropriate or required,
for earlier stage Mineral Resource statements. For early stage assessments the QP
may choose to demonstrate “reasonable prospects for economic extraction” by
comparing the deposit’s attributes to analogous mine operations.”

The document reflected the general industry views of the time.

16
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RPEEE — Open Pit Constraining Surfaces (2019)

17

Chapter 6.12.2 of the MRMR Best Practices Guidelines (2019) provides the following
guidance in respect of the use of a constraining surface for reporting Mineral
Resources in open pit settings:

“For Mineral Resources that are amenable to open pit mining methods, the RPEEE
should consider not only an economic limit (such as the cut-off grade or value), but
technical requirements as well (such as the wall slope angles). At a minimum, the
constraints can be addressed by creation of constraining surfaces (pit shells) using
either commercial software packages or manual methods. The constraining surfaces
can then be used in conjunction with other criteria for the preparation of Mineral
Resource statements.”

The 2019 guidance reflects the currently accepted views regarding the use of
constraining pit shells.
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RPEEE-Open Pit Mineral Resources (Current Good Practice)
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Effective Date  June 27, 2018
Execution Date August 10, 2018

Example of a Mineral Resource block
model prepared using an open pit
conceptual operating scenario.

The drilling information outlines
mineralization extending from
surface to depths of approximately
700 m.

The conceptual operational scenario
envisions the extraction of the
material by means of open pit
mining methods.

The question then becomes: “What
portion of the modelled
mineralization can reasonably be
expected to be extractable under
this envisioned operational
scenario?”
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RPEEE-Open Pit Mineral Resources (Current Good Practice)

Open pit Mineral Resources are often
reported considering a cut-off grade (or value),
and with use of a constraining surface.

e Other criteria can be considered, as applicable.

e The use of these criteria are intended to
demonstrate the technical and economic
requirements of the “Reasonable Prospects”
test for the declaration of a Mineral Resource
(for an open pit scenario).

e The application of a constraining surface DOES
NOT represent an attempt to estimate Mineral
Reserves, nor to carry out an economic
evaluation.

Effective Date June 27, 2018
Execution Date August 10, 2018

19
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RPEEE — Cut-Off Grade (Open Pit Mining Method)

* Development of a cut-off grade for reporting of Mineral Resources requires
consideration of such elements as:

— Metal prices,

— Exchange rates,

— Operating costs (including mining, processing, general & administration, marketing,
etc.),

— Metallurgical recoveries, and

— Royalties (as applicable).

e Taken together as expressed in the cut-off grade (or value), the economic
requirement of the RPEEE definition is met.

e The level of knowledge of each of these elements will be a function of which
stage the Mineral Resource estimate is prepared for (e.g. early discovery vs
production).

20
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RPEEE — Minimum Widths

e Consideration of the
minimum widths
potentially achievable
under the envisioned
operational scenario is
also highly
recommended.

Block ~5 x5 m

21
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RPEEE — Minimum Widths

22

Photo courtesy of Mandalay Resources.

Excavation of narrow width
mineralization in open pits is
possible.

However the physical limitations of
the loading units will dictate the
degree of selectivity that is possible.

The presence of visible signs of the
mineralization is also a key
consideration.

Practitioners are encouraged to
consult with colleagues for assistance
in estimating the sizes of the
“Selective Mining Units (SMU’s).
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RPEEE - Spatial Continuity

23

e Consideration of the spatial continuity of the
mineralization is also highly recommended when
preparing Mineral Resource statements for open
pit scenarios.

e Practitioners should carefully consider and
understand whether the mineralization can be
potentially excavated at the envisioned SMU.

 Additional criteria may be required.
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RPEEE — Underground
(Cut-off Grade)

Professional Geoscientists Ontario_September 14, 2021



RPEEE Considerations — Underground Scenarios

 Consideration of technical and economic criteria are also required when
preparing Mineral Resource statements for underground mining scenarios.

e Some more common considerations include:
— Selection of an appropriate cut-off grade (or value),

— Consideration of the selectivity of the candidate mining method:
e Minimum width

e Spatial continuity

25
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RPEEE Considerations (UG) — Cut-Off Grade

The selection of an appropriate cut-off grade for underground mining
operations has long been the topic of discussion.

Many approaches and solutions have been developed and successfully
implemented over time.

Additional guidance regarding cut-off grades has been provided in Chapter
7.2 of the CIM MRMR Best Practices Guidelines (2019) and the references
therein.

26
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RPEEE — Cut-Off Grade (UG Mining Methods)

As with open pits, development of a cut-off grade for reporting of Mineral Resources
requires consideration of such elements as:

27

Metal prices,

Exchange rates,

Operating costs (including mining, processing, general & administration, marketing,
etc.),

Metallurgical recoveries, and

Royalties (as applicable).

Taken together as expressed in the cut-off grade (or value), the economic
requirement of the RPEEE definition is met.

The level of knowledge of each of these elements will be a function of which stage
the Mineral Resource estimate is prepared for (e.g. early discovery vs production).

However the envisioned mining method must now be considered, as the mining
costs can vary widely for various mining methods. This can have a large impact on
the selection of an appropriate cut-off grade (or value) and RPEEE.
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RPEEE — Underground
(Minimum Widths)
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RPEEE — Minimum Widths

e The concept of minimum widths is not new. It has been a
fundamental consideration for underground mining for many years.

e The minimum widths can vary between level development and the
actual stope.

29
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RPEEE — Minimum Widths

30

The physical sizes of the mining equipment are key considerations for selection of an appropriate
minimum width for steeply dipping deposits.
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RPEEE — Minimum Widths

 The concept of minimum widths is
not restricted to steeply dipping
deposits.

e It applies to flat-lying deposits too.

31
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RPEEE — Minimum Widths

4,365,000 tonnes @ 2.02 g/t Au (284,000 oz Au)

32

In some cases, Mineral Resource
statements have been prepared
without consideration of
minimum widths (and with
limited continuity).

Can these statements be
considered as representative of
the potential tonnages and
grades that can be excavated
using the envisioned
underground mining method?

A common bias of this approach
is to under-estimate the tonnages
and over-estimate the grades.
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RPEEE — Minimum Width Solutions

33

* |n some cases, Mineral Resource models are
prepared using mineralization wireframes
that are drawn without consideration of the
minimum mining widths of the
contemplated underground mining method.

e While the selection of the estimation
workflows resides with the Qualified Person,
care should be taken to avoid preparing
Mineral Resource statements in these
situations.

 In many cases, the tonnage and grade
statements from these workflows are mis-
understood by the target audience.
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RPEEE — Minimum Width Solutions

34

e Solutions currently in use include the use
of Mineral Resource reporting panels that
address the minimum width requirement
for a Mineral Resource statement.

* An additional solution is to use a minimum
grade times thickness (“G x T” or “metal
factor”) product as a reporting criteria.

e Experience has shown that care and
careful examination are required when
using the “G x T” approach.
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RPEEE — Minimum Width Solutions

35

Extra expenses are required to purchase the
software packages to produce the Mineral
Resource reporting panels. Additional time
is also required.

In our experience, the creation of a Mineral
Resource wireframe using the minimum
width criteria at the early stages is more
time and cost efficient.

We recommend “snapping” the wireframes
to the sample intervals, as the distribution
of the mineralization within any given
sample is not homogenous.

The assay value for a sample is the average
grade of the materials within the sampled
interval.
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RPEEE - Underground
(Spatial Continuity — the “Checkerboard Effect”)
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CIM Journal Article — Checkerboard Effect

A common approach in the digital age is to report all blocks above a cut-off grade (i.e. using a “block cut-off”).

This approach can have unintended results as the spatial continuity of the above cut-off grade blocks are not
considered. The spatial continuity of any internal dilution blocks are not considered either.

We refer to this condition as “The Checkerboard Effect”.

37
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CIM Journal Article — Checkerboard Effect

38

e Adiscussion on sources of “The
Checkerboard Effect” and suggested
solutions can be found in an article
published in the CIM Journal, Volume
12, Issue 2 (April, 2021).

e Copies of the article are available to
CIM members at:

www.cim.org/library/cim-journal/
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Solutions — Clipping Polygons

\ T

Manual Cluster analysis

Manual methods clipping polygons are effective for dealing with a small number of cases, say less than 20.
Alternative methods are required to deal with larger number of cases. Machine learning can be used to

automate the process.

39
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Solutions — Report blocks inside reporting panels

40

A common solution in use is the creation of
reporting volumes generated by computer
software programs.

The parameters selected as inputs for
creation of these panels can be chosen to
comply with the RPEEE requirement of the
CIM Definition Standards for Mineral
Resources.

The Mineral Resource statement would then
be a summation of all of the block tonnes
and grade contained within the reporting
panels.
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Spatial Continuity - A Very Old Conversation

Historical estimate:

()

Historical methods or

modern methods - it’s
the same old
discussion!

The only new item is the
use of computers in
preparing Mineral
Resource statements.

41

Modern estimate:
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WRAPPING UP
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Conclusions

43

The RPEEE requirement of the CIM Definition Standards has long been one of the key
underlying fundamental concepts for Mineral Resource statements.

Considerations for RPEEE include demonstration of the technical and economic potential of the
conceptual operational scenario using reasonably-derived parameters.

Mineral Resources are estimated for a variety of situations over time. The level of knowledge,
understanding, and the level of confidence/accuracy of the input parameters will vary for each
stage and changing market conditions.

The economic potential requirement is often demonstrated by selection of an appropriate cut-
off grade (or value). A time-honoured concept that remains unchanged.

The technical potential is often demonstrated by consideration of the mining selectivity and
spatial continuity of the mineralization relative to the conceptual operational scenario. Again, a
time-honoured concept, but adapted for today’s digital age.
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Contact Us
www.slrconsulting.com

Reno Pressacco Luke Evans
rpressacco@slrconsulting.com levans@slrconsulting.com
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