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Do you want to buy a mine?
“A mine is a hole in the ground. The discoverer of it is a natural liar. The
hole in the ground and the liar combine and issue shares and trap
fools.”—Detroit Free Press.(1881)

• Who can you trust to confirm value in a mine?
• Who has the skills and authority to assess if a mine is viable?

• Global standards to estimate Ore Reserves are in place.
•
•
•
•

AusIMM - JORC (ASX)
CIM - NI 43-101(TSX)
SAIMM – SAMREC (JSE)
Combined Reserves International Reporting Standards Committee (“CRISCO”)

Ore Reserve estimation
• The primary principles of JORC are:
•
•
•
•

COMPETENCY
MATERIALITY
TRANSPARENCY
In the application of credible MODIFYING FACTORS

• An ORE is ESTIMATION not CALCULATION –
• Many uncertain variables.
• Ore Reserves should be generally accurate rather than precisely wrong.

Competency and Responsibility
• The Board of Directors is responsible to ensure that:

• Issued Ore Reserve Statements comply with JORC requirements

• A Competent Person (CP) is responsible for the estimation of Ore Reserves
• Member of a recognised professional organisation (e.g. AusIMM)
• At least 5-years’ relevant experience in the type of work undertaken
• Capable of defending their work to a group of peers if questioned

• Personal and professional reputation is at stake

Materiality
• All relevant information must be addressed to arrive at the Ore Reserve Estimate
• It is the CP’s job to know what is a material factor.
• You can’t be conveniently selective and ignore the unfavourable matters.
• You can’t give disproportionate weight to some elements ahead of others.
• If relevant information is not used, you must explain why not.

Transparency
• The information used to estimate the Ore Reserve must be reported clearly so
that a reader can understand the material parts of the work.
• Unambiguous

• Free of omissions
• Comprehensive

Modifying Factors
• Modifying factors are the considerations used to convert Mineral Resources to
Ore Reserves.
• Physical
• Technical

• Economic

Mineral Resource Handover
• A Competent Person must ensure that they understand the geological context of the Mineral
Resource and insist on a formal handover by the Resource estimator.
• If a personal handover is not possible, a well written report is invaluable.
• A typical Mineral Resource estimate has a sample ratio of 1 : 500,000 – Understand the geology of
the deposit.
• Don’t assume an understanding of all fields in a model, confirm these before starting your work.

Physical Factors
Is the deposit physically available?
• Tenure

• Who owns the rights to the deposit?
• Are the rights disputed?
• Are there conditions on the rights?
• Timing, expenditure, ownership, royalty.

• Access

• Can you freely access the deposit?
• Terrain, roads, conflict areas, protected environments.

•
•
•
•

Who owns the land over and around the deposit?
Are there risks to the Social Licence to Operate?
Advocacy groups are increasingly sophisticated in challenging mining.
Have environmental and social considerations been adequately addressed?

Technical Factors
• Infrastructure

• Is there established infrastructure to support the mine?
• What must be built and by whom? (power, water supply, roads, rail lines, dams, bridges,
airports).

• Hydrology & Geohydrology

• How will surface and ground water affect your intended mining?

• Environmental Impact

• Surface disturbance, flora and fauna protection measures, community impact, pollution
potential, beneficial impacts.

Technical Factors
Mining Method Selection
• Open Pit vs Underground
• Selective mining vs Bulk mining
• Transition between open pit and underground
• The many mining method decision factors include:
•
•
•
•
•
•
•

Geometry of the deposit
Depth of cover and mineralisation
Concentration of the mineral (grade and thickness)
Environment
Production rate
Project timing
Available funds

Technical Factors
Mining Equipment Selection

• Productivity, cost and selectivity.

Geotechnical

• Do you understand the rock-mass sufficiently to produce reliable mine designs?
• Geotechnical factors influence:
•
•
•
•
•
•
•

Safety
project risk
mining method
waste volumes
dilution
mining costs
mining rates.

Technical Factors
• Recovery Methods (Processing)

• Method used to recover the mineral?
• A processing plant
• Bulk recovery such as Heap Leach
• In-situ recovery

• Product characteristics
•
•
•
•

Bullion
Concentrate
Refinery
Marketing and Transport logistics

• Processing

• Recovery efficiency
• Processing cost (Capital and Operating)

Economic Factors
Relationship between INCOME & EXPENDITURE
• Will the J-Curve satisfy investors?

• Income
•
•
•
•

How reasonable are the Revenue estimates?
Is there a market for the product? – (Industrial Minerals)
Can the market sustain your production volumes?
Do you understand your selling costs?
•
•
•
•

Refining
Transport
Deleterious element penalties
Royalties

www.wikipedia.org

Economic Factors
• Expenditure
At a minimum - based on a pre-feasibility study with +/- 25% confidence.

• Capital costs

• The up-front cost to get into production and ongoing expenditure to stay in business.
• Usually there is a capital allowance to make provision for closure costs.

• Operating costs

• The cost associated with a unit of ore to produce revenue.
•
•
•
•
•

Waste mining costs (including underground development)
Ore mining costs
Processing costs
General and administration costs
Rehabilitation costs

• A combination of periodic & variable costs
• Periodic – incurred if you produce or not
• Variable – incurred only if you produce

Economic Factors
• Cut-off grade (Ore vs Waste)
• Marginal cut-off grade

• The minimum grade of a unit of ore to pay the operating cost of that unit of ore.

• Incremental cut-off grade

• The minimum grade of a unit of ore to pay for the variable cost and opportunity cost of that unit of ore. Does
not contribute to the fixed cost burden of the operation.

• Optimal cut-off grade

• The grade that maximises project NPV. This is difficult to determine, requiring many iterations of a mine plan
and will vary over time to reflect the time value of money and as the mine depletes. Scenario development
may improve NPV but achieving a theoretical optimum COG is unlikely.

Simplified COG Calculation:
Open Pit:

Cut-off Grade (unit/t) =

Processing cost ($/t)
(Recovery (%) x Revenue ($/unit))

Underground:

Cut-off Grade (unit/t) =

(Mining cost ($/t)+Processing cost ($/t))
(Recovery (%) x Revenue ($/unit))

Economic Factors
Open Pit Optimisation
• Optimisation relates to a mathematical algorithm described by Helmut Lerchs
and Ingo Grossmann (Lerchs & Grossmann, 1964)
• The algorithm “optimises” an open pit shell to maximise cashflow while
satisfying requirements such as safe wall slopes and vertical advance sequence.
• The last block mined → Cost = Revenue
• Whittle is the best known of several competing software tools
• A shell shouldn’t be used for Ore Reserves – Use a detailed mine design based
on the shell

Waste

Ore

Waste

Ore

Is this block
worth the cost
of the extra
waste?

Economic Factors
Underground mining
• There is no elegant solution for underground mining like Whittle for open-pits
• The underground problem has more degrees of complexity.
• More selectivity and access options
• Many sequence options
• Multiple mining methods
= Time consuming and labour intensive design process

ORE is based on a Mine Plan
•
•
•
•
•

3-Dimensional design and schedule of work, expenditure and revenue
Sequencing thousands of interdependent activities
Controlled by the Modifying Factors
Every factor is resisting profitability
Engineered outcome that balances all of the competing factors to produce a plan that is:

SAFE

CREDIBLE

PROFITABLE

• A mine schedule must be realistic
• Over-optimistic schedules under-estimate the impact of fixed costs on the cut-off grade

Financial outcomes
Cash flow analysis
• Use the Mine Plan to generate a profile of Revenue and Costs over time.
• Total net cash flow from operations will identify a positive or negative cash flow.
• A negative cash flow = not economically viable = not an Ore Reserve.
• A positive cash flow needs more analysis:
• Discount the net cash flow to represent the time value of money.
• The discount rate should represent the investment risk and cost of capital.
• Add up the discounted cash flow to generate a Net Present Value (NPV)
• Calculate the Internal Rate of Return (IRR)
• Calculate the pay-back period

• Do these measures meet the project’s investment hurdles?
• If “Yes” then the project is likely to be economically viable

Financial analysis
Other financial considerations, not essential for Ore Reserve estimation, but
important for understanding the project financial risks:
• Project funding and commitments to investors
• Debt and debt servicing costs

• Ownership and resulting impact on the development strategy
• Tax is important for project funding, but is dependent on the business structure and not the
deposit. – NI 43-101 does require you to take the financial analysis all the way to after-tax
profit for reporting.

Project Sensitivity & Risk Management
• Can the plan withstand unforeseen events and remain viable?
• How sensitive is the project viability to variance in key assumptions?
• In almost every case, the most sensitive parameter is commodity price, followed
by grade and processing recovery, then operating costs.
• Capital expenditure that increases processing recovery or reduces operating cost
over the life, generally improves project value (within limits…)
• Have risk management strategies been identified and costed into the plan?

Ore Reserve Statement
• An Ore Reserve is the sum of the Indicated & Measured Mineral Resource,
delivered to the processing facility at a positive economic margin in the Mine
Plan.
• Statement of delivered ore tonnes and diluted grade presented to an appropriate
number of significant figures that reflect your confidence.
• Accompanied by a completed JORC Table-1 section 4 (Reference Sections 1 to 3).

• All public reports quoting the Ore Reserve must have the Competent Person’s
consent - confirming content and context.

Lessons of a CP
• Trust your experience – question assumptions until you are satisfied.
• You have real power in performing your task – you are obliged to be diligent.

• Don’t be unduly influenced by a CEO looking for short-cuts to their “answer”.
• A good CP is the short-cut to a favourable answer!

• Everybody loses out if you do a poor job - so stick to your guns.
• Don’t be over-cautious – Compounded conservatism can quickly destroy a good project.

• Don’t get sucked into “saving” a failed project – direct your attention to the key reasons for failure
and rationally address these.
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