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Synopsis

The objective of this paper is to describe the research followed in creating a generalized, readiness
assessment tool for mining projects. We start by highlighting the need for the assessment tool and then
progress towards explaining the methodology followed during the study. The selection and finalization
of the list of elements, sections, and categories that make up the unweighted values are described,
followed by a summary of the weighting process applied. The outcome of this process is a weighted
readiness assessment tool for mining project studies. The main benefits of the tool are that it will guide
decision-makers and project managers through the definition phases of the project and improve the
likelihood of project success.
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Introduction

The mining industry contributes approximately 11.5% to the global gross domestic product (GDP). When
the mining service industry (which include construction, fuel, and fertilizer production) is included,

the total contribution to the global GDP is 45% (Creamer, 2012). The contribution of mining in low-

and middle-income countries towards foreign direct investment, exports, government revenue, gross
domestic production and employment is depicted in Table L.

Figure 1 shows the growth in mining production since 1995, together with the growth of revenue
contributed to governments in the form of mineral rents over the same period, along with minerals
exports.

Ericsson and Lof (2018, p. 226), while examining the contribution of mining in various nations, found
that in the Democratic Republic of the Congo (DRC), mining made up as much as 86% of total exports
and constituted 12% of GDP. Carvalho (2018, p. 62) noted that production of mined ore increased by a
factor of 27 during the 20th century.

The top 40 mining companies had revenues of US§642 billion in 2018 and paid US$31 billion in
direct taxes (PWC, 2018). This grew to US $ 683 billion and US § 33 billion in 2019 respectively (PWC,
2019, p. 9). Mining companies distributed around 22% of their revenue to employees, 23% to capital, and
21% to governments. It is noted that mining firms pay a bigger portion of their income to governments
than most other industries, as they pay direct and indirect taxes, as well as substantial royalties. The

Table I
Contribution of mining in low- to middle-income countries (ICMM, 2016)
Foreign direct investment 60-90%
Exports 30-60%
Government revenue 3-25%
National income 3-10%
Employment 1-2%
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Figure 1—Mining development trends since 1995: prices, exports, explora-
tion, value of mine production, exports (Ericsson and Lof, 2019)

introduction of carbon taxes and emission trading schemes have
further contributed to the higher contribution of mining firms

to the national fiscus. Addison and Roe (2018, p. 15) found that
investment in the mining industry was expected to increase
relative to historical averages, which would lead to an even higher
dependency on the extractive in industries middle- and low-
income countries. McKinsey (2020) predicts capital expenditure
in the mining will grow from a low of less than US$1 trillion per
year in 2018, to in excess of US§1.5 trillion in 2026.

Despite the significant role which mining plays in the global
economy and the large amounts of capital spent in the industry,
the success rate of mining projects remains low. Only 2.5% of large
capital mining projects are considered successful when evaluated
on scope, schedule, cost, and business benefits (Motta, et al., 2014,
p. 402). More than 80% of mining projects are over budget and
behind schedule by an average of 43%. (McKinley, 2017). Since
1965, cost overruns on mining projects averaged between 20%
and 60% (Mining Markets Magazine, 2014). There are numerous
examples of mining projects that have underperformed, with
many failing to reach the intended outcome.

The mining industry poses some unique challenges as far as
projects are concerned. Accenture (2012) found that the scale and
complexity of mining projects, which are often multi-billion-dollar
investments, often lead to budget and schedule overruns. They
also found that insufficient detail during the planning stage was
the third most significant contributor to project delays, behind the
availability of skills and unconsidered regulatory requirements.
Jamasmie (2012, p. 1) observed that according to 31 executives
responsible for global mining projects, only a third of the projects
were completed within 25% of the approved budget, and less
than 20% within 10% of the approved budget. In total 42% of
respondents regarded insufficient definition during the study of
the project as the main reason for the overruns.

Ernst and Young (2020) list various risks faced by mining
project, including failure to gain a social licence to operate,
increasing complexities in mining, and additional needs for
innovative approaches due to remote locations, declining ore
grades, and access to and cost of energy and infrastructure.
McKinsey (2017) adds that commodity prices are low and volatile,
and that there is less room for error than in the past, as margins
are slim. Schneider (2017) lists various factors that contribute to
mining project failures, such as protests by the local population
over pollution, concerns regarding sustainable water supplies, and
other environmental problems.

McCarthy (2020) notes some contributors to project failure in
mining. These include:

» Higher capital cost than anticipated
» Operating cost that exceeds expectations
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Lower recovery grade than predicted

Less revenue from sales than anticipated during the
front-end loading phase

» Longer construction and ramp-up periods than
anticipated.

>
>

According to McCarty (2020) 25% of mining projects fail.
Some of the most common reasons for project failure include:
Underestimating the ramp-up duration
Overestimating production schedules
Incorrect resource and reserve estimates
Inadequate understanding of the orebody
Failure to identify contaminants in the deposit
Not understanding the composition of process water
chemistry.

YYYVYYVYY

These misunderstandings are attributed to insufficient
time, budget, and skilled personnel allocated during the front-
end loading phases of the project, as well as human factors,
which include ‘prescient CEO syndrome’ - the CEO has already
announced the project, therefore it must be feasible. Other
human factors include pressure on engineering, procurement,
construction, and management (EPCM) firms to ‘make’ the
project viable in order to secure work during the construction
phase and the nature of project employment contracts and
bonusses, which means that executives and project managers
receive payments and have moved on from the organization by the
time a project fails.

Dussud, et al., (2019) found that a lack of rigour during the
feasibility stage of a mining project was a major contributor to
failure. Of the more than 40 mining projects investigated, only
20% delivered the predicted returns. Dussud et al. state that
if, by progressing a feasibility study from ‘good’ to ‘best’, 10%
additional value can be created, it would translate into additional
value of US$100 billion to the industry over the period between
2020 and 2025. One of the findings of Dussud ef al. (2020) is
that the industry does not use standard criteria for determining
project maturity, and the studies therefore fail to ensure a narrow
estimate band and predictable outcome. Some standards exist for
Resource estimating and reporting, but many other elements are
open to interpretation and companies apply their own standards
inconsistently. These elements include engineering definition,
operational readiness, commodity price predictions, and
execution readiness, all of which could change the business case
outcome of a project significantly. Some of the remedies for this
situation which Dussud et al. propose include:

» Mining companies should set comprehensive standards
for a Feasibility Study. They also add 11 criteria which
they believe should always form part of a mining
Feasibility Study.

» Assumptions during the Feasibility Study must be
stress-tested by comparing them with detailed capex
and opex benchmarks and then deciding on the correct
combination of the two cost components.

This article focuses on the process used to create a project
readiness assessment tool that can be utilized to evaluate the
maturity and readiness of a mining project study or front-
end planning phase. Using such a tool, a mining company can
determine if the required rigour has been exercised in the front-
end loading and the status of individual elements or the overall
study.
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Research problem

No generally accepted readiness assessment tool is available

for mining projects. To address this shortcoming, a study was
undertaken to develop a Readiness Assessment Tool (RAT) for
mining projects by researching what constitutes a RAT and how it
should incorporate mining elements.

Methodology

The methodology study was based on the approach taken by the
Construction Industry Institute (CII) in developing the Project
Definition Rating Indexes (PDRIs) for other industries. A PDRI is
a readiness assessment tool that measures the level of maturity
of several elements, to determine the overall readiness of a
project study to proceed into detail design and execution. Since
the middle 1990s CII had developed four PDRIs, for building,
industrial, infrastructure, and small industrial projects. The
development of these PDRI tools included a combination of
literature reviews, focus group discussions, workshops, scrutiny of
project documentation, and one-on-one discussions with experts
(Gibson and Dumont, 1996, p. 21; Cho, Furman, and Gibson, 1999,
p. 35; Bingham, 2010, p. 28; Collins, 201, p. 78). Compiling a RAT
for mining projects followed the same approach as for the PDRIs.

Figure 2 illustrates the process followed. The first step was
to examine the existing literature, both on the CII’s PDRIs and
on mining projects. The aim was to define specific variables and
elements that apply to projects in the mining industry.

The identified elements were listed and arranged to form
a draft, unweighted RAT. This was then used to facilitate
discussions, gather inputs, and validate the elements listed, with
participation by 66 professionals from three mining companies
and five companies involved in design and implementation of

[ Literature Review ]—[ Define RAT elements ]—[ Validation with expert interviews

[ Workshops to assess and modify RAT ]—[ Modify RAT elements ]

[ Incorporate workshop inputs ]—[

|
Develop RAT questionnaire } .......... { Research Team ]

[ Select projects and send out ] _____________
questionnaires

Finalize draft RAT ]

__1

 Standard deviation
o Stratify data sets
¢ Compare means
* Regression analysis
* Box plot
e Independent Sample t test

——

[ Analyse data sets ] [ Remove outliers ]

Interpret data

Set Data weights
Re-analyse data

Finalise Tool

[ Validate RAT Research propositions ]

Figure 2—RAT Development process flow
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projects (EPCMs). A pro-forma, semi-structured questionnaire
was drafted, and inputs were obtained via telephonic interviews
as well as emails. From these inputs a final list of well-defined,
unweighted elements was compiled. During this process the
elements were also arranged in sections and categories. Typically,
elements that addressed a specific discipline or associated
component of a project would be clustered into a category. Several
categories would be combined into a section.

The third step in creating the RAT, was to allocate weights
to the elements. The unweighted RAT for mining projects was
distributed via email to 66 selected mining project professionals,
both in mining operations and EPCM companies. The participants
were asked to weight and asses the various elements that pertain
to the front-end planning phase of mining projects. These
role-players were situated mainly in North America, Africa, and
Australia. The outcome of this exercise was a weighted RAT for
mining projects.

Assigning weights to the individual elements

The final unweighted RAT check-sheet consisted of 180 elements,
which were divided into four sections and 18 categories. This
check-sheet was used as the basis of the survey to assign weights
to the various elements. A literature review was conducted to
assign definitions to the various elements. The definitions would
be useful in assisting participants in the survey, but also when
the tools were completed, as project professionals could use the
definitions to avoid any misunderstanding regarding terminology
when using the tool.

The four sections which the RAT is divided into are:

I Basis of project Decision
Il Project Details

IIT  Design for Construction
IV Execution Approach.

The four sections are further divided into numerous
categories. The Basis for Project Decision section is made up
of seven categories, The Projects Details section is divided
into three categories, the Design for Construction section into
three categories, and the Execution Approach section into five
categories.

Assigning weights to the elements makes provision for the
variance and unequal impact that different elements can have on
project definition. For example, elements addressing the quality
and quantity of the orebody will be more important than those
addressing stormwater drainage. Both elements are important,
and should be considered during the study, but if the orebody is
not confirmed, the negative effect on the project viability could be
more significant than the channelling of stormwater.

To determine the individual element weights, the opinions of
experts in mining project management were sought. Due to the
geographical spread of individuals with adequate experience in
mining projects, it was decided to obtain the inputs via emailed
questionnaires. In total, the survey was sent to 66 individuals who
had significant experience in mining projects. These individuals
represented project managers, engineers, and quantity surveyors
working for large mining companies as well as EPCM companies.
The email contained instructions on how to complete the
questionnaire, as well as the contact details of the researcher,
should any instructions be unclear. The unweighted RAT for the
mining check-sheet was attached to the email. Instructions on
how to complete the questionnaire, along with an example of a
completed section, were included. There was also a section to be
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completed by the participants indicating their number of years of
experience, as well as the value of projects in which they had been
involved.

Participants were asked to assign two weights to each of

the 180 elements. The first weight reflected the amount of
contingency (in percentage) if an element has been completely
defined during the front-end loading phase. This weight was
captured on a blank weighting sheet, under definition level

1. Similarly, participants were asked to assign an amount of
contingency (in percentage) if an element had little to no
definition. This contingency was entered on the blank weighting
sheet under definition level 5. The request that was sent out,
along with an example of how to complete the weighting sheet, is
depicted in Figure 3.

(a) Consider a typical project in the mining industry. Assume
that you have been asked to estimate the project cost just
prior to the detail design phase of the project.

(b) Assign a contingency amount to each element. If
the element had been completely defined, note the
contingency amount under definition level 1.

(¢) Iflittle to no definition exists, assign a contingency
amount to each element under level 5.

(d) Do not assign contingencies for definition levels 2, 3, and
4, as these will be interpolated.

(e) The contingency should represent the amount of money
(as a percentage of total project cost) that would be
necessary to offset uncertainties related to project
execution.

Participants completed the weighting sheet by assigning
weights to definition levels 1and 5. The inputs from the various
parties were normalised, which meant that the data points were
all brought within the same range. All the participants used zero
as the absolute minimum. Thus, the lower end of the scale was
fixed. However, the upper end of the scale varied significantly
between the individual participants. To enable the responses to
be compared, the individual data-sets had to be normalized to
within the same range, between zero and 100. The first step in
this process entailed the calculation of individual modifiers for
each of the participants. This was done by dividing the largest
value used by the participant, into 100. This individual modifier

Example of a weighted Category A

was then multiplied with all the weights assigned to the individual
elements, thereby bringing all the responses to within the same
range of between zero and 100.

Before the normalized values could be used to calculate the
weights of the various elements, it was important to analyse the
individual contributions to determine if any of these were skewing
the data. This was done by calculating the descriptive statistics
of each element, namely the mean, median, standard deviation,
variance, and skewness. Further analysis of the data showed that
the inputs from some of the participants were skewing the data.

In previous studies (Bingham, 2010, p. 66), box-plots were
used to determine the outliers and extremes. A box-plot is a
graphical representation of the data and some of the descriptive
statistics. A typical box-plot will indicate the data on a vertical or
horizontal line. The median of the data, as well as the 25th and
75th percentile values, will be indicated. The difference between
the 75th percentile and 25th percentile values is the box length.
Outliers and extremes fall outside of the box. These values
typically skew data, and the number of such values could be used
to determine if only certain data-points, or entire data-sets should
be eliminated to ensure that data was not skewed.

For all the elements, the medians, interquartile range, and
outlier, and extreme boundaries were calculated. These values
were then used to determine the number of outliers and extremes
for all data-sets. In total, 66 outliers and six extremes were
identified in this manner. To identify individual contributions
which could be skewing the results, individual contribution scores
were calculated for each participant, using the formula:

Contribution score = 3 x (Number of extremes) +1x (Number
of outliers)

Those participants with a low contribution score had few
or no outliers or extremes in their data-sets and were thus not
contributing significantly to skewing the data. Participants with a
high contribution score were contributing significantly to skewing
the data.

Bingham (2010, p. 67) mentions several options to deal with
participants who are identified as skewing the data. These include:

(a) Not removing the data supplied by any participants, by
deciding that those contributions were still valid.

(b) Removing the entire contribution (data-set) of those
individuals with a very high contribution score.

A PROJECT STRATEGY

A1 Project Justification 2% 7%
A2  Project Charter and Mandate 3% 11%
A3  Governance and control (internal approval process defined) 5% 12%
A5  Project Strategy 1% 9%
A6  Strategic fit of project in organisation 0% 5%
A7 Due diligence 2% 6%
A8  Partnership, joint ventures and shareholder buy in 5% 11%

0 = Not applicable

1 = Complete definition

2 = Minor deficiencies

3 = Some deficiencies

4 = Major deficiencies

5 = Incomplete or poor definition

Figure 3—Instructions for completion of the weighting sheet
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(c) Keeping all the individual contributions but removing
those individual data-points that were skewing the
data-sets. This would entail removing outliers and
extremesfrom the data-set.

(d) A combination of (b) and (c) above, where the entire
contribution of individuals with high contribution
scoreswas removed, as well as those individual data-points
from other contributors that were outliers or extremes.

(e) Leave the data-points calculated as outliers and remove
only those data-points identified as extremes.

It was decided to go with option (d). This meant removing the
entire contribution of some individuals who had a high individual
contribution score, as well as the extreme and outlier data-points
of all other contributors. The input of one individual with an
individual contribution score of 39 was removed, as well as a total
of 66 outliers and six extremes.

Once the extremes and outliers were dealt with, the final RAT
scores for the various elements could be calculated. This was done
in two stages. The first stage entailed calculating the final values
for all level 5 scores, and in the second stage the values for levels 1
to 4were interpolated.

To calculate the final level 5 scores, the average of all the
remaining data-sets had to be calculated. As some data-points had
been removed as outliers or extremes, this had to be accounted
for when calculating the average weights of the individual
elements. To overcome this, the sums of the individual elements
were divided by the number of remaining individual data-points,
considering that some of the data-points had been removed. On
average the upper (definition level 5) value for each element was
reduced by 0.6% through this exercise.

At this stage the potential RAT score of any project ranged
between 180 (full definition) and 1000 (no definition). The RAT
for mining projects could be used to determine the maturity of
any single element, category, or section as well as to calculate an
overall RAT score, which was an indication of the overall readiness
of the project to proceed into detail design and construction.
Because the tool would potentially be used by project participants
who are familiar with the PDRI tools of the CII, it was decided
to bring the potential RAT score to within the limits of 70 and
1000, which is the norm in the PDRIs. This meant that when
there is no definition yet to any of the elements, a project study
will have a PDRI score of 1000. When all the elements have been
completely studied, the PDRI score would be 70. The weighted
RAT was adjusted to fit within the range of 1000 and 70 in the
following manner: The sum of all level 1 weights was divided by
70. This constant was then multiplied by the level 1 weight of each
element. The sum of all the level 5 weights was divided by 1000.
This constant was then multiplied by the level 5 weight of each
element. Thus the weights were modified to fit between 70 and
1000.

Once the final values for all the level 5 and level 1 scores
had been calculated, the values for levels 2, 3, and 4 could be
interpolated. This was done by basic interpolation of the data. The
result of this process was a weighted RAT for mining projects.

Results

In total, 20 responses were received, of which 18 were used. This
equated to a response rate of 27%. The two responses that were
not included were not completed in the prescribed manner and
therefore the data could not be incorporated in the study. The 18
participants represented a combined experience of 410 years, with
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projects to the value of R898 billion (US$62.5 billion). The average
participant had 20.5 years of experience and averaged a lifetime
project value of R44.9 billion (US $3.13billion).

The final RAT consists of 180 elements, which are divided into
four sections and 18 categories. The total of the weights of each
section and category, as well as the average weight of each section
and category, are depicted in Table II.

The four sections of the RAT for mining projects progress
from a high-level more strategic perspective to a project definition
to execution level. In section I the project feasibility as well as
Resource and Reserve statements carry the highest weighting
estimates which is important for the project decision. Section II
addresses the detail of the project, with scope definition being
allocated the highest weight. It is interesting to note that value
improving practices are important in section III which emphasizes
the focus on cost-effectiveness during the high capital expenditure
stage of construction. The last section, section IV, considers the
execution approach,with focus on control being weighted the
highest. The detail weightings within each section are provided in
Annexure 1.

Conclusions

Determining the readiness of mining projects is critical to project
success. Not only should there be good criteria for selecting the
right project, but also items and actions that should be given
special attention to implement the selected project successfully.
Thus far, a generally available project readiness assessment tool
has not been available in the literature or, practice, hence the
need to develop such a tool for mining projects. The factors that
influence success during the front-end phase of a mining project,
were determined through a mixed-method research approach
whichd included a literature review, as well as workshops and
email inputs from industry experts. The final weighted list of 180
elements was collated in four sections covering strategic decision-
making to final project execution.

The completed RAT for mining projects can assist
professionals in the mining project field in several ways. By
presenting a comprehensive, weighted list of elements to be
addressed during the front-end phase of a project, it can assist
project team members to come to a common understanding of the
areas that need to be studied, as well as the relative importance
of the various elements. Project teams can use the RAT as a self-
assessment tool during any stage of the project study, to identify
the areas which require more definition. Teams can also use the
RAT to calculate an overall RAT rating at any stage, which will
indicate the overall level of readiness of the project to proceed
into the next phase.

The RAT can also be used as a predictor of project success,
based on the RAT score. By making use of the maturity of each of
the 180 elements to determine a single RAT score, the RAT can
assist project members, as well as decision-makers such as Boards
of Directors, to make informed decisions regarding the approval of
projects. The RAT for mining projects can also assist in reducing
risk during project execution and improve project team alignment
and communication, as it sets at a common framework for the
study. By addressing all the above points, the RAT should improve
the probability of a successful project.
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Annexure 1 - Final weighted RAT for mining projects

RAT for mining projects

SECTION | - BASIS OF PROJECT DECISION

A PROJECT STRATEGY 1 2 3 4 5
A1 Project Justification 0,35 2,20 4,05 [ 5,89 7,74
A2 Project Charter and Mandate 0,37 1,81 3,26 | 4,70 6,15
A.3 Governance and control (internal approval process defined) 0,38 2,01 3,64 | 527 6,90
A4 Project Strategy 0,38 1,64 290 | 4,15 5,41
A.5 Strategic fit of project in organisation 0,27 1,58 2,90 4,21 5,62
A6 Due diligence 038 | 2,00 | 3,62 [ 524 6,85
A7 Partnership, joint ventures and shareholder buy in 0,40 1,96 3,51 5,07 6,62

B COUNTRY RISK
B.1 Social Issues 063 | 245 | 428 | 6,10 7,92
B.2 Geo-political risks 0,46 1,99 3,51 5,03 6,56
B.3 Fiscal stability agreement 0,40 1,62 2,84 4,07 5,29
B.4 Social License to Operate 0,48 1,65 2,81 3,98 5,15
B.5 Violence and terrorism 0,43 1,83 3,23 | 4,62 6,02
B.6 Ability to appoint expatriates 0,55 1,86 | 3,17 [ 4,48 5,79
B.7 Procurement of local and foreign materials, services and equipment 0,53 1,95 3,37 | 4,79 6,22
B.8 Country infrastructure (power, roads, rail, water ports) 0,48 2,03 3,57 | 511 6,66
B.9 Custom duties & logistic routes 0,44 1,84 | 3,23 [ 4,63 6,03

C PROJECT FEASIBILITY
C.A1 Resources secured (including land and mineral rights) 0,37 | 2,61 4,84 | 707 | 9,30
C2 Financing secured (Internal, external, equity, debt) 0,42 2,26 410 | 5,94 7,77
C.3 Business Plan 0,35 1,93 | 3,52 | 511 6,69
C4 Economic Analysis 0,42 1,95 3,48 5,00 6,53
C.5 | Affordability / Feasibility 0,41 220 | 398 | 577 7,55
C.6 Contingencies (Capex & Opex) 0,75 3,12 5,49 7,85 | 10,22
C.7 Basis of Estimate 0,52 2,21 3,90 5,60 7,29
C.8 Scenario planning 0,42 1,66 2,91 4,16 5,41

D RESOURCE AND RESERVE STATEMENT
D.1 Metallurgical yield 047 | 269 | 490 [ 7,11 9,33
D.2 Reserve risks (including modifying factors) 058 | 289 | 520 [ 7,50 9,81
D.3 | Grade engineering / control 045 | 210 | 3,75 | 540 | 7,05
D.4 Prospect drilling standard / guideline 0,37 1,92 | 3,48 [ 5,03 6,58
D.5 Geological conditions (Geological model, structure, qualities) 0,58 2,66 4,75 | 6,83 8,91
D.6 Hydrogeology 0,50 1,86 | 3,23 [ 4,60 5,96

E LIFE OF MINE PLANNING
E.1 Mine design criteria 0,44 2,05 3,66 5,27 6,88
E.2 Shaft/ramp design & men and material logistics 0,43 1,95 3,47 4,99 6,50
E.3 Mining methods (drilling, blasting, loading, hauling) 0,35 1,68 | 3,01 4,35 5,68
E.4 Equipment selection to fit geological conditions and mining method 0,39 1,78 | 3,17 [ 4,56 5,95
E.5 Life-of-mine plan 0,42 1,97 | 3,62 [ 507 6,62
E.6 Waste management plan 0,44 1,49 2,53 3,57 4,62
E.7 Ultimate pit limits designed 0,40 1,55 | 2,71 3,87 5,02
E.8 Economic block values determination 0,46 2,18 3,90 [ 5,62 7,34
E.9 Benéficiation facilities LOM plan 0,44 1,75 | 3,05 [ 4,36 5,66
E.10 | Materials handling LOM plan 046 | 193 [ 341 | 489 | 6,36

F OPERATING PHILOSOPHY
F.1 Operating Philosophy (Qutsourcing vs internal vs combination) 0,33 1,46 259 | 3,72 | 4,84
F.2 Productivity / efficiency benchmarks 0,34 1,36 2,39 3,41 4,44
F.3 Operating costs 0,53 2,54 4,55 6,56 8,58
F.4 Production risks 0,48 2,24 3,99 5,74 7,50
F.5 Catalogue of operating plans 0,36 1,38 2,40 3,41 443
F.6 Haul roads 0,31 1,59 288 | 416 545
F.7 Transportation strategy 0,37 1,56 2,75 3,94 5,13
F.8 Contractual considerations 0,37 1,53 2,69 3,85 5,01

G MARKET ANALYSIS AND STRATEGY
G.1 Market Strategy & Sales Agreements 0,46 2,11 3,77 | 542 7,08
G.2 Price risks 0,62 2,59 4,57 | 6,54 8,52
G.3 Demand risks & replacement products / technologies 056 | 2,35 | 415 | 594 7,73
G.4 | Value-Analysis Process 0,41 1,62 282 | 4,02 5,22
G.5 Hedging 0,35 1,24 212 | 3,01 3,89
G.6 Competitor analysis 0,33 1,14 1,96 | 2,77 3,58
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SECTION Il - PROJECT DETAILS

H PROJECT CONSIDERATIONS

H.1 Expected Project Life Cycle 0,50 | 1,88 [ 3,26 | 4,64 | 6,02
H.2 | Assumption register 0,39 | 147 | 254 | 362 | 4,70
H.3 Completion risks 0,52 | 1,77 | 3,02 | 427 5,63
H4 Project Design Criteria 0,41 | 2,03 | 3,65 | 5,27 | 6,89
H.5 Scope of Work Overview 049 | 272 | 494 | 7,16 9,38
H.6 Project Schedule 057 | 299 | 541 | 7,82 | 10,24
H.7 Project Cost Estimate 0,68 | 322 | 576 | 8,29 | 10,83
H.8 Investment Studies & Alternatives Assessments 0,39 | 1,81 | 324 | 467 | 6,10
H.9 Key Team Member Coordination 040 | 159 | 2,77 | 396 | 5,14
H.10 | Evaluation of Compliance Requirements 042 |1 199 | 365 | 5,11 6,68
H.11 | Lead / Discipline Scope of Work 045 | 196 | 3,46 | 497 | 6,48
H.12 | Housing and transport of employees 0,36 | 141 | 247 | 353 | 4,59
H.13 | Risk or impact on other projects / divisions 0,36 | 140 | 245 | 349 | 4,53

I PROJECT SCOPE

1.1 Project Objectives Statement 0,31 | 1,71 | 3,11 | 452 | 5,92
|.2 Site Characteristics Available vs. Required 0,36 | 161 | 287 | 412 | 5,38
1.3 Project Scope definition 0,55 | 263 [ 4,70 | 6,78 | 8,86
|.4 WBS and WBS Dictionary 0,44 | 231 | 419 | 6,06 | 7,93

J SOCIAL & ENVIRONMENTAL REQUIREMENTS

J.1 Unigue mine closure plan 0,34 [ 148 | 263 | 3,77 | 4,92
J.2 | Land use plan post operations 035 (1,22 ] 209 |29 | 3,83
J.3 | Social expectations register 0,36 [ 1,47 | 2,58 | 3,69 | 4,80
J.4 Relocation Action Plan 059 (229|399 | 569 | 7,38
J.5 Environmental expectations register 0,40 [ 153 | 266 | 3,80 | 4,93
J.6 Political expectations register 0,36 | 145 | 253 | 3,62 | 4,71
J.7 Legal compliance register 0,45 | 1,87 | 3,29 | 4,71 6,13
J.8 HSE risk register 035|147 | 258 | 3,69 | 4,80
J.9 Community risk register 044 (182 | 320 | 458 | 5,97
J.10 | Business risk register 032 [ 148 | 263 | 3,79 | 494
J.11 | Developmental opportunity register 035 (1,37 | 2,38 | 3,40 | 442
J.12 | Sustainability operating plan 033 (138|243 | 349 | 454
J.13 | Stakeholder engagement plan 035 (151|266 | 382 | 498
J.14 | Mine closure financial provision plan 037 [ 166 | 294 | 423 | 552
J.15 | Closure plan review and updates scheduled during Life of Mine plan 023 | 1,28 | 2,32 | 3,37 | 442
J.16 | Social investment plan 0,30 | 1,50 [ 2,71 | 3,91 512
J.17 | Economic diversification plan 0,27 | 1,25 | 2,22 | 3,19 | 4,16
J.18 | Existing Environmental Conditions 026 [ 1,33 | 241 | 3,48 | 4,55
J.19 | Environmental Process determined 0,26 | 1,36 | 2,46 | 3,56 | 4,66
J.20 | Environmental management plan 032 [ 154 | 275 | 397 | 518

SECTION Il - DESIGN FOR CONSTRUCTION

K SITE INFORMATION
K.1 Site Layout 0,38 | 1,58 | 2,77 | 3,97 | 5,16
K.2 | Site Surveys 0,34 | 1,34 | 2,34 | 3,34 | 4,34
K.3 Governing Regulatory Requirements 0,32 | 1,73 | 3,13 | 454 | 594
K.4 Utility Sources with Supply Conditions 0,35 169 | 3,03 | 438 | 5,72
K.5 | Fire Protection, emergency procedure & Safety Considerations 0,37 | 1,36 | 2,35 | 3,33 | 4,32
K.6 | Special Water and Waste Treatment Requirements 032 [ 1,33 | 233 | 3,33 | 4,34
K.7 Property Descriptions 0,26 | 0,91 | 1,57 | 2,22 | 2,88
K.8 Right-of-Way Mapping & Site Issues 029 [ 112 | 1,95 | 2,78 | 3,62
K.9 | Land Rights 0,35 | 1,95 | 3,55 | 5,15 | 6,75

L PROJECT DESIGN PARAMETERS
L.1 Design Criteria 0,32 [ 165 | 2,98 | 4,31 | 5,64
L.2 Civil/Site Design 0,36 | 1,69 | 3,03 | 4,37 | 5,70
L.3 | Geotechnical investigation for structures 039 [ 188 | 337 | 487 | 6,36
L.4 Architectural Design 0,32 | 1,40 | 2,47 | 3,54 | 4,61
L.5 Structural Design 0,41 | 1,74 | 3,07 | 4,40 | 5,73
L.6 | Mechanical Design 0,38 | 1,71 | 3,04 | 437 | 570
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L.7 | Electrical Design 042 | 1,84 | 3,26 | 468 | 6,10
L.8 | Constructability Analysis 044 | 1,88 | 3,32 | 476 | 6,20
L.9 | Process Design 0,49 | 2,34 | 419 | 6,04 | 7,89
L.10 [ Specifications 0,36 | 1,67 | 299 | 4,31 | 562
L.11 | Specialty ltems List 0,35 | 1,62 | 269 | 3,86 | 5,03
L.12 | Instrument Index 0,38 | 1,54 | 2,70 | 3,87 | 5,03
L.13 | Control Philosophy & systems 0,38 | 1,64 | 291 | 4,18 | 5,44
L.14 | Logic Diagrams 0,34 | 154 | 274 | 394 | 514
L.15 | IM (information management) 0,32 | 1,46 | 2,60 | 3,74 | 4,88
L.16 | Control of Access 0,25 | 1,28 | 2,31 | 3,35 | 4,38
L.17 | Safety & Hazards 0,38 | 1,62 | 2,86 | 4,10 | 5,35
L.18 | Operations/Maintenance 0,35 | 1,71 | 3,07 | 443 | 579
L.19 | Ventilation Engineering 0,41 | 1,70 | 299 | 429 | 558
L.20 | Rock Engineering 0,47 | 1,83 | 3,18 | 454 | 5,89
L.21 Water balances 0,40 | 1,75 | 3,11 | 4,46 | 5,82
L.22 | Energy efficiency / carbon footprint 0,39 | 1,50 | 261 | 3,71 | 4,82
L.23 | Tailings handling and storage 0,46 | 1,86 | 3,26 | 4,66 | 6,06
L.24 | Stormwater handling / surface hydrology 0,39 | 1,62 | 285 | 408 | 5,31
L.25 | Internal technical audits 0,27 | 1,22 | 216 | 3,10 | 4,04
L.26 | External technical audits 0,27 | 1,21 | 215 | 3,09 | 4,03
M VALUE IMPROVING PRACTICES
M.1 Process Simplification 0,31 | 1,32 | 2,33 | 3,34 | 4,35
M.2 | Design & Material Alternatives Considered/Rejected 0,35 | 1,31 | 227 | 3,23 | 419
M.3 | Technology trends 0,36 | 1,34 | 2,32 | 3,30 | 4,28
M.4 Design to capacity 0,32 | 1,29 | 226 | 3,23 | 4,20
M.5 | Classes of facility quality 0,26 | 0,99 | 1,72 | 245 | 3,19
M.6 | Energy optimisation 0,32 | 1,13 | 1,93 | 2,73 | 3,54
M.7 | Waste minimisation 0,31 | 1,21 | 2,11 | 3,01 3,91
M.8 | 3D /4D design 0,32 | 1,32 | 2,31 | 3,30 | 4,29
M.9 [ Cleaner Production 0,28 | 1,00 | 1,73 | 245 | 3,17
M.10 [ Innovation and knowledge management planning 0,32 | 1,11 | 1,90 | 2,70 | 3,49
M.11 | Six Sigma 0,30 | 1,07 | 1,85 | 2,62 | 3,39
M.12 | Lean Manufacturing 0,26 | 0,99 | 1,72 | 245 | 3,18

SECTION IV - EXECUTION APPROACH

N PROCUREMENT STRATEGY
N.1 Identify Long Lead/Critical Equipment and Materials 0,38 | 1,49 | 2,60 | 3,71 | 4,82
N.2 | Procurement Procedures and Plans 0,35 | 1,17 | 1,99 | 2,81 | 3,63
N.3 Procurement Responsibility Matrix 0,29 [ 1,01 | 1,72 | 244 | 3,16
N.4 | Draft contracts & proforma bidders pack 0,34 | 1,34 | 235 | 3,35 | 4,35
N.5 Contracting strategy 0,39 | 169 | 298 | 4,28 | 5,58
N.6 | Procurement operation plan (POP) 0,35 | 1,42 | 2,50 | 3,57 | 4,65
(0] DELIVERABLES
0.1 CADD/Model Requirements 041 | 127 | 213 | 2,99 | 3,85
0.2 | Deliverables Defined 0,37 [ 164 | 292 | 420 | 547
0.3 | Distribution Matrix 0,29 | 1,03 | 1,76 | 250 | 3,23
0.4 | Documentation/Deliverables 0,31 | 1,25 | 2,20 | 3,14 | 4,09
P PROJECT CONTROLS
P.1 | Project Quality Assurance and Control 0,43 163 | 283 | 4,03 | 523
P.2 | Project Cost Control 044 [ 1,96 | 348 | 499 | 6,51
P.3 | Project Schedule Control 045 | 2,05 | 3,64 | 523 | 6,83
P.4 | Risk Management 0,40 | 1,74 | 3,07 | 441 | 5,74
P.5 | Safety, Health, Hygiene and security Management 0,40 | 1,56 | 2,71 | 3,86 | 5,02
P.6 Environmental Management 0,32 [ 152 | 2,72 | 3,92 | 512
P.7 | Project Change Control 0,50 | 2,09 | 3,69 | 528 | 6,88
P.8 | Project Audits 0,30 | 1,08 | 1,87 | 2,66 | 3,44
P.9 | Decision register 033 [ 145 | 2,58 | 3,70 | 4,82
Q PROJECT EXECUTION PLAN
Q.1 Engineering / Construction Plan & Approach 044 | 1,84 | 3,23 | 4,63 | 6,03
Q.2 | Project Organization 0,39 | 1,74 | 3,09 | 443 | 5,78
Q.3 | Responsibility matrix RACI 0,33 | 1,44 | 254 | 365 | 4,75
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Q.4_| Document Management Plan 0,23 | 1,03 | 1,84 | 2,64 | 3,44
Q.5 | Communication management plan 034 | 117 | 2,00 | 2,84 | 3,67
Q.6 | Project Delivery Method 0,35 | 1,57 | 2,80 | 403 [ 526
Q.7 | Design / Construction Plan and Approach 0,41 | 1,72 | 3,03 | 4,34 | 565
Q.8 | Safety Procedures 0,35 | 1,44 | 252 | 360 [ 4,68
Q.9 Intercompany Agreements 0,24 | 1,10 | 1,97 | 2,83 | 3,69
Q.10 | Deliverables for Design and Construction 0,43 | 1,89 | 3,36 | 483 | 6,29
Q.11 | Labour and Skilled resources plan 0,44 | 1,58 | 2,72 | 3,86 | 4,99
R HANDOVER & OPERATIONAL READINESS
R.1 Commissioning plan 049 | 1,84 | 3,19 | 454 | 589
R.2 | Start-up Requirements & plans 0,39 | 165 | 291 | 417 | 543
R.3 | Training Requirements 0,37 | 1,45 | 2,53 | 3,61 | 4,69
R.4 | Substantial Completion Requirements 0,39 | 1,54 | 2,70 | 3,85 [ 5,01
R.5 | Deliverables for Project Commissioning / Closeout 0,32 | 1,52 | 2,72 | 3,92 | 512
R.6 | Long term supply chain contracts 0,35 | 1,43 | 2,52 | 3,60 [ 4,69
R.7 | Resourcing & staffing for operation 0,39 | 1,50 | 2,60 | 3,71 | 4,81
R.8 | Maintenance schedules 0,28 | 0,99 | 169 | 240 [ 3,10
R.9 | Critical spares 0,33 | 1,28 | 223 | 3,18 [ 4,13
R.10 | Start-up consumables 033 | 1,24 | 214 | 3,04 [ 3,95
R.11 | Operational systems and procedures to support each department 0,33 | 1,32 | 232 | 3,32 | 4,31
R.12 | Environmental Management Plan for Operations (EMP) 0,41 | 1,67 | 292 | 417 | 542
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