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1Mineral Economics
Lawrence Devon Smith

The RADR Paradox

Discount Rates, Risk, & Long Life Projects

Risk Adjusted Discount Rates
Risk Adjusted Net Present Values

Risk Adjusted Cash Flows
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Lawrence Devon Smith (Larry) is Principal 
Consultant at LDSA and has been Director of 
Project Evaluations for Barrick Gold, Vale-Inco, 
and Rio Algom as well as SNC-Lavalin.  

He is a mining engineer with over 35 years’ 
experience in project economic evaluations 
including scoping and optimization studies, pre-
feasibility and feasibility studies, risk 
assessment, and due diligence and has 
published a number of papers on these topics.  
He is on the executive of MES and CIM Toronto.  

Larry teaches Mineral Economics as an adjunct 
professor at the University of Toronto, the 
Pontificia Universidad Catolica de Valparaiso in 
Chile and Schulich Business School at York 
University.

LDS@sympatico.ca

416-804-5465
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Oldies But Goodies
Mona Lisa Examples
• Some of the illustrations are older, but classic
• The new versions are not always as good.

MES CIM Vancouver 2016
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Disclaimer

Please read all instructions and warnings before use. Must be 18 years of age or older to proceed further. Enter at your own risk. Do not enter. Speed limit - 28.8 or higher. Stop here on red. Hostess will 
seat you. Trucks over 4 tons excluded. Void where prohibited by law. Some assembly required. This is a test of the emergency broadcast system - this is ONLY A TEST! List each check separately by 
bank number. Batteries not included. Contents may settle during shipment. Any resemblance to persons living or dead is purely coincidental. Use only as directed. For indoor or outdoor use only. Wearing 
of this garment does not enable you to fly. We make no other warranties, expressed or implied. Do not use while operating a motor vehicle or heavy equipment. Postage will be paid by addressee. Postal 
service will not deliver mail without postage. No postage necessary if mailed in the United States. Subject to CAB approval. This is not an offer to sell securities. May be too intense for some viewers. See 
other side for additional listings. This product is meant for educational purposes only. For recreational use only. For office use only. For entertainment purposes only. Only 1 winner per household. Do not 
disturb. All models are over 18 years of age. Apply only to infected areas. If condition persists, consult your physician. Take two of these and call me in the morning. An apple a day keeps the doctor away. 
Now with new plastic applicator. High altitude directions-increase cook time by 10 minutes. This is not an attorney advertisement or referral service. No user-serviceable parts inside. Website contains small 
parts and is not intended for use by children under the age of eighteen. This compact disc was originally recorded on analog equipment. Freshest if eaten before date on carton. Times are approximate. Do 
not disturb. Simulated picture. Please remain seated until the ride comes to a complete stop. Return your seatback and tray table to their normal upright position. Your seat cushion can be used as a 
flotation device. In the event of decreased air pressure, oxygen masks will pop out of the top of your monitor. The call you have made requires a 20 cent deposit. Breaking seal constitutes acceptance of 
agreement. For off-road use only. Do not block intersection. No trespassing. No stopping or standing. Don't even think about parking here. No parking when road is snow covered. As seen on TV. One size 
fits all. Product will be hot after heating. Do not iron clothes on body. Remove clothing before distributing in washing machine. Do not use while sleeping. Do not use on food. Many suitcases look alike. 
Contains a substantial amount of non-Tobacco ingredients. Colours may fade. Insert this end first. We have sent the forms which seem right for you. This page made from 100% recycled electrons. 
Slippery when wet. No substitutions allowed. For a limited time only. Void where prohibited, taxed, or otherwise restricted. Caveat emptor. Provided "as-is" without warranty. Reader assumes full 
responsibility. We are an equal opportunity employer. No shoes, no shirt, no service. Quantities are limited while supplies last. If any defects are discovered, do not attempt to fix them yourself, but return to 
an authorized service centre. Read at your own risk. Parental advisory - explicit lyrics. Text may contain explicit materials some readers may find objectionable, parental guidance is advised. Keep away 
from sunlight. Keep away from pets and small children. Limit one per family please. No money down. No purchase necessary. Not affiliated with the American Red Cross. Drop in any mailbox. Edited for 
television. Keep cool. Process promptly. Return to sender, no forwarding order on file, unable to forward. Not responsible for direct, indirect, incidental or consequential damages resulting from any defect, 
error or failure to perform. Webmaster is also not responsible for items left, lost or stolen. At participating locations only. Sold by weight, not by volume. Penalty for private use. See label for sequence. This 
web site rated 'R' for Mature audiences. Do not take with alcohol. Sealed for your protection - do not use if safety seal is broken. Substantial penalty for early withdrawal. Do not write below this line. Falling 
rock. Use seatbelts even with airbags. Do not stop on railroad tracks. Lost ticket pays maximum rate. Your cancelled check is your receipt. Add toner. Place stamp here. Avoid contact with skin. Sanitized 
for your protection. Employees must wash hands before returning to work. Caution, coffee is served HOT. Be sure each item is properly endorsed. Sign here without admitting guilt. Slightly higher west of 
the Mississippi. Employees and their families are not eligible. Beware of dog. Contestants have been briefed on some questions before the show. Filmed in front of a live, studio audience. Call now to 
ensure prompt delivery. Leave off the last S for savings. Calls may be monitored for quality assurance or training purposes. Please make your selections from the following menu. All representatives are 
still busy assisting other callers. Please stay on the line and a representative will be with you when they feel the need. Please call back during our normal business hours. You must be present to win. 
Winners need not be present to win. No passes accepted for this engagement.  This space (____________) intentionally left blank.  Do not use this product with a petroleum based lubricant. No animals 
were harmed in the preparation of this web site; only humans. This web page contains no CFCs. Discontinue use if nausea or dizziness occurs. Shading within a garment may occur. Use only in a well-
ventilated area. Keep away from fire or flames. No soliciting. Bridge freezes before road surface. Stop, get ticket. Right lane must turn right. Left lane must turn left. Middle lane must make up their damn 
minds. This site runs on unleaded fuel only. Objects in mirror may be closer than they appear. Buses and carpools with two or more people only. No hitchhiking. Components may be hot. Silica gel - do not 
eat. Not to be used in conjunction with any other offer. Details on reverse side. Shoplifters will be prosecuted to the fullest extent of the law. We reserve the right to check all bags, coats & personal 
belongings upon exiting this page. Recycle. Fragile - handle with care. This side up. No jumping or diving. No running by the pool. Register has less than $50 after dark. Driver does not carry cash. No 
swimming unless lifeguard is present. Swim at your own risk! Please do not wade in fountain. Guaranteed low prices. Not transferable. Actual size not shown. Contents under pressure. Do not intentionally 
inhale vapours. Replace with same type. Approved for veterans. Please be kind, rewind. Booths for two or more. Check here if tax deductible. Action figures sold separately. No preservatives added. Some 
equipment shown is optional. Price does not include tax. Do not remove any HTML tags under penalty of law. Hand wash only - tumble dry on low heat. No Canadian coins. Short circuit may cause fire. No 
more than 3 transactions per car. Not recommended for small children. Pre-recorded for this time zone. Reproduction strictly prohibited. No alcohol, dogs or horses. Not for resale. List at least two alternate 
dates. Blackout dates may apply. Viewing by pregnant women may result in fetal injury, premature birth and low birth weight. First pull up, then pull down. Insert Tab A into Slot B. Call toll free number 
before digging. Some of the trademarks mentioned in this product appear for identification purposes only. Record additional transactions on back of previous stub. Unix is a registered trademark of AT&T. 
Do not fold, spindle or mutilate. No transfers issued until the bus comes to a complete stop. Doors do not rebound or bounce back. Your mileage may vary. This article does not reflect the thoughts or 
opinions of either myself, my company, my friends, or my cat. Don't quote me on that. Don't quote me on anything. All rights reserved. Patent pending. For external use only. Avoid extreme temperatures. 
Avoid contact with eyes and skin. Do not puncture, incinerate, or store above 120 degrees Fahrenheit. Do not place near a magnetic source. Smoking could be hazardous to your health. Cigarette Smoke 
Contains Carbon Monoxide. Smoking Causes Lung Cancer, Heart Disease, Emphysema. The best safeguard, second only to abstinence, is the use of a condom. No salt, MSG, artificial colour or flavouring 
added. If ingested, induce vomiting. Ribbed for her pleasure. Offer valid only at participating locations. Slightly higher west of the Rockies. Allow four to six weeks for delivery. You may distribute this article 
freely, but may not make a profit from it. Actual cash value of this website is 1/1000th of a cent. Listen to your mom. Eat your veggies. Wear your seatbelt. Don't take candy from strangers... or strange 
people... or anyone really. Illustrations are slightly enlarged to show detail. If something offends you, lighten up, get a life and move on. This list was current at the time of printing. Terms are subject to 
change without notice. All decisions are final! This supersedes all previous notices. Disclaimer does not cover misuse, accident, lightning, flood, tornado, tsunami, volcanic eruption, earthquake, hurricanes, 
or other acts of God, neglect, damage from improper use, incorrect line voltage, unauthorized use, unauthorized repair, improper installation, typos, broken antenna or marred cabinet, missing or altered 
serial numbers, electromagnetic radiation from nuclear blasts, sonic boom vibrations, customer adjustments that are not covered in this list, and incidents owing to an airplane crash, ship sinking or taking 
on water, motor vehicle crashing, dropping the item, falling rocks, leaky roof, broken glass, disk failure, accidental file deletions, mud slides, forest fire, hitting of a deer, milk coming out of your nose due to 
laughing while drinking, or projectiles, which can include, but are not limited to, arrows, bullet shots, BBs, shrapnel, lasers, napalm, torpedoes, emissions of X-rays, Alpha, Beta and Gamma rays, knives, 
stones, etc. This disclaimer may not be copied or reproduced in any form without the expressed written consent of whomever I stole it from.  Yogi Berra quotes:  It gets late early out there.  Ninety percent 
of this game is half-mental.  Nobody goes there anymore. It's too crowded.  We made too many wrong mistakes.   When you come to a fork in the road, take it.  It ain't over 'till it's over.  You can observe a 
lot by watching. It's déjà vu all over again.  If you don't know where you're going, you might not get there. The future is not what it used to be.
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Cash Flow Components
Production & Revenue

5



Th
e 

R
A

D
R

 P
ar

ad
ox

LD
Sm

ith

MES CIM Vancouver 2016

6Project Cash Flow
Discounted Cash Flow (DCF) Metrics

Evaluation Metrics Cash Flow & DCF:
• Total Cash Flow
• IRR
• Payback Period
• NPV
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Net Present Value 
Equations and Exponents
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8Project Cash Flow
NPV vs Discount Rate  & IRR

IRR
(Discount rate where NPV=0)
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Cash Flow Components
Net Cash Flow

9

DCF metrics are based on the single value 
of the net cash flow which is the sum of all 
of the revenues and costs.  Individual items 

are not treated differently for DCF.
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The Problem With DCF 
Impact Of Discount Rate On Net Present Value

10

The main criticism of the DCF method is that it 
does not recognize the value of long-life projects.

Another 25 years would add no value to the 
project’s NPV at a 10% or higher discount rate.
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The Problem With DCF 
Impact Of Discount Rate On Net Present Value

11

No amount of discounting of a positive cash 
flow will drive its NPV negative.  

But some components could be more risky 
and could impact the cash flow.  Placing risk 

only in the discount rate does not address this.
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The Problem With DCF
Does Not Recognize Value of Long Life Projects
• The Discounted Cash Flow (DCF) method of valuations is universally used 

and accepted.
• The main criticism of the method is that it does not recognize the value of  

long life projects.
• As discount rates increase, the present value of cash flows in later years are 

small.  Doubling or even tripling the project’s life will add almost no value to  
total project NPV.

• A non-mining example:
• In the evaluation of a pulp and paper project it was determined that it was 

not possible to justify planting the trees as they took too long to grow and so 
had no appreciable NPV.  The mill had to purchase wood to feed the plant.

MES CIM Vancouver 2016
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Discount Rates and Long Life Projects
The RADR Paradox

MES CIM Vancouver 2016
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Selecting The Discount Rate
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Discount Rates - RADR
Risk Adjusted Discount Rate Build-Up
• The Risk Adjusted Discount Rate is often build up starting with the corporate 

Weighted Average Cost of Capital (WACC) and adding increments of risk.
• This can also be expressed in terms of the real risk free interest rate (the 

basic time value of money) plus market Risk Premium plus Project Risk plus 
Country Risk.

MES CIM Vancouver 2016

14

Country Risk

Project Risk
Other

Country Risk

WACC

Project Stage

12%
11%
10%
9%
8%
7%
6%
5%
4%
3%
2%
1%
0%

Market Premium

Risk Free Interest
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15Discount Rates - RADR
Risk Adjusted Discount Rate Based on WACC

+  WACC Expected return for company (real)  (1,2) X%
+  Adjust for metal X%
+  Adjust for stage of project development X%
+  Adjust for technology risk  (3) X%
+  Adjust for remoteness  (3) X%
+  Adjust for country risk X%
=  Risk adjusted discount rate for project (real) (2) X%

Notes:
1. Using WACC assumes the project is funded from general corporate 

funds.
2. If the cash flow is in real terms, the discount rate must be real.  If the cash 

flow is in nominal terms, the discount rate must be nominal.
3. Not all practitioners chose to address technology risks and remoteness 

risks in the discount rate.
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16Discount Rates – RADR
Risk Adjusting for Metals
• Gold companies typically have a low WACC

• Typically around 4%-5% real

• Base Metal companies typically have a slightly higher WACC
• Typically around 7%-8% real

• A gold company with a base metal project or operation will typically increase 
the RADR for these metals:
• Copper in a Gold company:  2%
• Base Metals in a Gold company: 3%
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Discount Rates - RADR
Risk Adjusting for Different Project Stages (Real)
• This graph shows the combined results of three MES surveys of industry 

practitioners.  The surveys were undertaken to obtain an indication of 
common industry practice regarding discount rates for project stages.

• Respondents were asked to express their values in real terms.
• The bold lines represent the mathematical averages of the responses.  

Please note that these results fall within broad bands.

LDSmith CIM-MES Industry Surveys: 1996, 1999, 2005
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18Discount Rates - RADR
Risk Adjusting for Different Project Stages (Real)
• The values below are the mathematical averages of the results of three MES 

surveys and they fall within broad bands.  
• It is assumed that any risks related to an operating mine are included within 

the WACC and so have a zero increment above the WACC. 

• Gold Projects - Increment above Operating Mine
• Operating Mine 0.0% (zero risk increment above WACC)

• Feasibility Study 3.3%
• Pre-Feasibility Study 5.7%
• PEA (Scoping Study) 6.9%

• Base Metal Projects - Increment above Operating Mine 
• Operating Mine 0.0% (zero risk increment above WACC)

• Feasibility Study 2.5%
• Pre-Feasibility Study 4.5%
• PEA (Scoping Study) 5.5%

LDSmith CIM-MES Industry Surveys: 1996, 1999, 2005
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19Discount Rates - RADR
Risk Adjusting for Technology & Remoteness
• Technical Premium 

• Low Risk  0.0%
• Moderate risk 0.5%
• Large risk 1.0%

• Remoteness Premium:
• Not remote 0.0%
• Somewhat remote 0.5%
• Very remote 1.0%
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20Discount Rates - RADR
Risk Adjusting for Country
• Industry practice is to define “safe” jurisdictions as zero risk and to express 

the risk increment as the difference between sovereign risk ratings of the 
target jurisdiction and the “safe” jurisdiction.

• For example, Canada, USA, and Australia are generally considered “safe” 
jurisdictions.  
• Be careful, some states and provinces are less “mining friendly” than the 

country as a whole and so might be considered higher risk.

• Example:
• A Canadian company has a project in another country.  Assume the 

Canadian sovereign risk rate is 5.8%  (Damodaran 2013).
• The project is in a country where the sovereign risk rate is 10.0%
• The incremental risk premium for the company based in its base in a 

“safe” jurisdiction would be 4.2%   (= 10.0% - 5.8%)

• Note: Some practitioners only add a portion of this sovereign risk increment 
because some of the risks (metal price, oil prices, large equipment, ocean 
transportation) are international and not within the target country.
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Discount Rates - RADR
Country Risk Premiums   (ERP=Equity Risk Premium)

MES CIM Vancouver 2016
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A Damodaran  Q1 2013
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Discount Rates - RADR
Examples

MES CIM Vancouver 2016
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Item or
Risk 
Adjustment

Gold
FS

Gold
Operating

Copper in 
Gold 

Company
FS

Copper in 
Copper 

Company
FS

Copper in 
Gold 

Company
FS

WACC 5.0% 5.0% 5.0% 7.0% 5.0%
Metal - - 2.0% - 2.0%
Stage 3.3% - 2.5% 2.5% 2.5%
Other - - 1.0% 1.0% 2.0%
Country Risk - 2.0% - - 7.5%
RADR 8.3% 7.0% 10.5% 10.5% 19.0%

All values are in real terms
WACC is the expected return for the company
RADR is the Risk Adjusted Discount Rate for the project
Using WACC assumes the project is funded from general corporate funds.
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Discount Rates and Long Life Projects
The RADR Paradox
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A Fundamental Problem?
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Risk Adjusted Discount Rates

• The use of a Risk Adjusted Discount Rate is standard industry practice:
• Develop the RADR
• Apply the same RAADR to all items in the cash flow by applying it to the 

overall net cash flow.
• Apply the same RADR in all years

• But
• Risk Adjusted Discount Rate is a rather blunt instrument.

• The risk adjustment is applied equally to all cash flow items.
• No consideration to possible variations in their levels of risk.

• And…
• Is there a fundamental problem with the basic concept?
• Is there a fundamental problem with the math?
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Discounted Cost Flows
A Problem With The Math?
• Consider a comparison of Owner versus Contractor water transport options.
• The analysis showed that the contracted trucks had a lower Net Present 

Cost at the project’s 5% discount rate and so was the favoured option.
• But the engineer indicated that this did not sound right as the contractor 

option was deemed to be more risky.
• To reflect increased risk the discount rate for the riskier option was increased 

to 8% which reduced the Net Present Cost and favoured the contracted 
trucks even more.

• Question:  Why?    What is wrong with this picture?
• Answer:  With costs, discounting works the opposite to what is expected .

MES CIM Vancouver 2016

25

Cost Flows Net Present Costs
Discount Rate 0.0% 5.0% 8.0% 10.0%
Owner Trucks 73.8 52.4 44.1 39.8

Contract Trucks 76.8 50.6 40.6 35.4

Discount Rate 0.0% 5.0% 8.0% 10.0%
Owner Trucks 73.8 52.4 44.1 39.8

Contract Trucks 76.8 50.6 40.6 35.4

Original Results

The Solution?
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26Risk Adjusted Discount Rates
Discounted Cash Flows
• If discounting costs works in the opposite direction of what is expected:

• How does this impact the costs in a cash flow?
• What does one see if one goes back and takes a second look?
• Does the same pattern show up?

• Let’s take a closer look . . .
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Discounted Cash Flow Components
Risk Adjusted Revenue
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Are grade, recovery, 
mineralogy, payment terms 
all changing in a way that 

reduces revenue at a 
compounding rate?   No.
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Discounted Cash Flow Components
Risk Adjusted Operating & Sustaining Costs

MES CIM Vancouver 2016
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Discounted Cash Flow Components
Risk Adjusted Initial Capital Costs

MES CIM Vancouver 2016
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Is this a Risk Penalty?

It is more like a Discounting Advantage

Time Value of Money  ~2.5% real

No change has occurred in 
the Initial Capital that would 

reduce its impact at a 
compounding rate.  The 
effect is due only to the 

discounting
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Discounted Cash Flow Components
Is this really what we want to happen?
• Conventional Risk Adjusted Discount Rates appear to be:

• Addressing the time value of money
• Applying a compounding risk penalty on revenue and other positive cash 

flows 
• Applying a compounding risk advantage on costs and other negative 

cash flows.
• Is this what we really want discounting to do?

• Let’s look at the math.

MES CIM Vancouver 2016
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Discounted Cash Flows 0.0% 2.5% 5.0% 10.0% 15.0%

Concentrate Net Smelter Return 3,647.4 2,524.3 1,810.3 1,021.4 636.6
Dore Net Revenue 1,492.4 1,032.8 740.7 417.9 260.5
Revenue 5,139.8 3,557.1 2,551.0 1,439.3 897.1
Operating Costs -1,181.8 -818.7 -587.7 -331.9 -207.0
NSR Royalty -77.1 -53.4 -38.3 -21.6 -13.5
Operating Cash Flow 3,880.9 2,685.0 1,925.1 1,085.8 676.6
Capital - Initial -917.9 -873.7 -832.9 -760.3 -697.8
Capital - Sustaining -79.2 -54.8 -39.3 -22.3 -14.0
Capital - Decommissioning -17.0 -8.5 -4.3 -1.2 -0.3
Change in Working Capital 0.0 0.0 0.0 0.0 0.0
Cash Flow Before Taxes 2,866.8 1,748.0 1,048.5 302.0 -35.5
Income & Mining Tax -1,190.2 -780.8 -527.0 -259.1 -138.9
Total Cash Flow 1,676.6 967.2 521.4 42.9 -174.3

Discounting
What is actually happening in the math?

MES CIM Vancouver 2016
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For illustration purposes 5% (real) is used in the following examples.  It is a typical rate 
used by analysts for operating gold companies.
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Risk Adjusted Cash Flows NPV Factor RADR NPV
5.0% 11.3%

Concentrate Net Smelter Return 1,810.3 0.49 895.6
Dore Net Revenue 740.7 0.49 366.5
Revenue 2,551.0 0.49 1,262.1
Operating Costs -587.7 0.50 -291.1
NSR Royalty -38.3 0.49 -18.9
Operating Cash Flow 1,925.1 0.49 952.0
Capital - Initial -832.9 0.89 -743.2
Capital - Sustaining -39.3 0.50 -19.6
Capital - Decommissioning -4.3 0.20 -0.8
Change in Working Capital 0.0 0.00 0.0
Cash Flow Before Taxes 1,048.5 0.18 188.5
Income & Mining Tax -527.0 0.41 -218.7
Total Cash Flow 521.4 -0.06 -30.2

Risk Adjusted Net Present Values
Is this what we want to happen?

MES CIM Vancouver 2016
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Do we really 
want to 
REDUCE the 
impact of 
Initial Capital 
in a riskier 
project?

Do we really 
want to reduce 
revenue this 
much?

Do we really 
want to 
REDUCE the 
Opex this 
much?

11.3% = RADR for a gold company with a base metal project at the 
Feasibility Study stage in moderate risk country.
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Discount Rates and Long Life Projects
The RADR Paradox
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A Proposed Solution
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Risk Adjusted Cash Flows 5.0% Factor RANPV

Concentrate Net Smelter Return 1,810.3 0.95 1,719.8
Dore Net Revenue 740.7 0.97 718.5
Revenue 2,551.0 2,438.2
Operating Costs -587.7 1.05 -617.0
NSR Royalty -38.3 1.00 -38.3
Operating Cash Flow 1,925.1 1,782.9
Capital - Initial -832.9 1.25 -1,041.1
Capital - Sustaining -39.3 1.10 -43.3
Capital - Decommissioning -4.3 1.50 -6.5
Change in Working Capital 0.0 1.00 0.0
Cash Flow Before Taxes 1,048.5 692.0
Income & Mining Tax 50.3% -527.0 1.00 -347.9
Total Cash Flow 521.4 344.2

Risk Adjusted Net Present Value
Isn’t this what we really want to happen?

MES CIM Vancouver 2016
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Risk Adjusted NPV

RADR NPV
11.3%
895.6
366.5

1,262.1
-291.1
-18.9
952.0
-743.2
-19.6
-0.8
0.0

188.5
-218.7
-30.2
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Discounted Cash Flow Components
Isn’t this what we really want to happen?
• The Risk Adjusted NPV approach is to:

• Use a “risk free” discount rate that contains minimum risk characteristics 
so that the NPV only reflects the time value of money

• Apply risk factors to the “risk free” NPVs

• Note:  
• This approach uses the same discount rate for all items.
• This approach uses the same discount rate for each year.
• This approach DOES NOT use a different discount rate for each item. 

MES CIM Vancouver 2016
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36Risk Adjusted Net Present Value
NPV vs Discount Rate

344,000

6.4%

The Risk Adjusted NPV can be used 
to determine its corresponding Risk 

Adjusted Discount Rate.
Note that the NPV includes all of the 
risk that RADR otherwise addresses.
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Risk Adjusted Net Present Value
Develop A Range Of Outcomes With High/Low Cases

MES CIM Vancouver 2016

37

Base Low High Low High
Risk Adjusted Cash Flows 5.0% RANPV RANPV Factors Factors
Concentrate Net Smelter Return 1,810.3 1,719.8 1,828.4 0.95 1.01
Dore Net Revenue 740.7 718.5 748.1 0.97 1.01
Revenue 2,551.0 2,438.2 2,576.5
Operating Costs -587.7 -617.0 -570.0 1.05 0.97
NSR Royalty -38.3 -38.3 -38.3 1.00 1.00
Operating Cash Flow 1,925.1 1,782.9 1,968.2
Capital - Initial -832.9 -1,041.1 -816.2 1.25 0.98
Capital - Sustaining -39.3 -43.3 -38.5 1.10 0.98
Capital - Decommissioning -4.3 -6.5 -4.3 1.50 1.00
Change in Working Capital 0.0 0.0 0.0 1.00 1.00
Cash Flow Before Taxes 1,048.5 692.0 1,109.1
Income & Mining Tax 50.3% -527.0 -347.9 -557.5
Total Cash Flow 521.4 344.2 551.6
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Risk Adjusted Net Present Values
Develop A Range Of Outcomes With Monte Carlo
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R
isk A

djusted N
et 

Present Value

Risk Adjusted Cash Flows 5.0% Factor
Concentrate Net Smelter Return 1,810.3
Dore Net Revenue 740.7
Revenue 2,551.0
Operating Costs -587.7
NSR Royalty -38.3
Operating Cash Flow 1,925.1
Capital - Initial -832.9 -
Capital - Sustaining -39.3
Capital - Decommissioning -4.3
Change in Working Capital 0.0
Cash Flow Before Taxes 1,048.5
Income & Mining Tax 50.3% -527.0
Total Cash Flow 521.4
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Determining The Risk Factors
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40Risk Adjusted Net Present Values
Determining the Factors - Revenue

Component Sources & Ranges
Price Recommend  assessing three approaches:  

1) Always run a flat long-term price case; 
2) test prices to find break-even price; 

3) price forecasting techniques including regressing & 
non-regressing stochastic methods

Tonnes +/- range based on reserves and/or resources
Grade +/- range based on reserves and/or resources
Recovery Confidence levels in recovery curves & test work
Payment terms Smelter contract  & refinery terms; product freight
Process Technology Recovery risk with new technology 
Ramp-Up McNulty Curves
Delays Delays in metal payment (private & government)
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41Risk Adjusted Net Present Values
Determining the Factors – Operating Costs

Component Sources & Ranges
Labour Labour rates, productivity
Power Power contract; range of possible values (due to 

market forces as opposed to escalation)
Fuel Brent or WTI trends and sensitivities (due to market 

forces as opposed to escalation)
Consumables Wide range of products that may be impacted by 

supply, demand
Delivered Cost Freight, tariffs, duties
Quality of Estimate Scoping, Pre-Feasibility, Feasibility, Operation
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42Risk Adjusted Net Present Values
Determining the Factors – Capital Costs

Component Sources & Ranges
Labour Labour rates, productivity
Quantities Basis & Quality of estimate
Unit Costs Basis & Quality of estimate
Schedule Productivity, camp quality, winter works
Earthworks “The devil is in the dirt”
Remoteness Elevation; Arctic; Third World
Technology Difficult installations; Skilled workers
Delivered Costs Freight, tariffs, duties
Management Skilled and experienced people
Execution Skilled People; EPCM or Owner?
Quality of Estimate Scoping, Pre-Feasibility, Feasibility, Operation; 

AACE Accuracy and Contingency ranges
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43Risk Adjusted Net Present Values
Determining the Factors – Revenue & Ramp-Up

After McNulty, Mining Engineering, Oct 1998
C Twigge-Molecey ,CIM Management & Finance Day, 2012

Type 1 Well proven.  Mature technology. Used elsewhere.  Similar scale
Type 2 Well demonstrated components to be integrated in a new way.  Similar scale
Type 3 Adaptation to new circumstances or new scale.  Limited pilot testing or 

limited knowledge of feed variation
Type 4 New.  First time implementation. Complex flow sheet.
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Determining The Factors – Other Items 
• Remoteness

• High elevation (usually accompanied by severe weather)
• Arctic (with severe weather conditions)
• Third world (accompanied by poor infrastructure and political instability)
• Suggest adding up to 50% to costs and schedule.

• Unconventionality
• New process, construction or engineering concepts.
• Problems with ramp-up and reaching full capacity.
• Suggest adding up to 50% to costs and schedule.

• Earthwork
• “The devil is in the dirt.”
• Suggest adding up to 100% to earthwork capital budget.

• Schedule
• Suggest adding ~ 10% to the schedule and increase the capital cost 

to reflect this delay  (in addition to the effects noted above)

PAH “Pincock Perspectives”, Issue 86, September 2007
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46Risk Adjusted Net Present Values
Determining the Factors - Country Risk
• Traditionally country risk has been included in the discount rate because:

• the ranking is provided as an interest rate
• that is how the lending institutions have assessed risks for sovereign 

loans
• Mining companies using sovereign risk rankings have long recognized that 

not all of their risks occur within the country where the mine is located:
• Metal prices are international
• Equipment, fuel and consumable prices are largely driven by the 

international market
• Country risks these days are associated with resource nationalism:

• Increased taxes
• Windfall taxes
• Withholding taxes
• Outright expropriation of the asset

• Can these be adequately captured by a discount rate?
• Would a probability factor be more appropriate?
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Determining The Factors - Country Risk

Fraser Institute Survey – Policy Potential - 2012-2013

There is a possibility 
of losing it all
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Conclusions
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49Where is Risk Best Addressed? 
Risk Adjusting Cash Flows & Discount Rates

Risk Cash Flow Discount Rate
Time Value of Money X Yes
Reserves & Resources Yes X
Tonnes and Grade Yes X
Metal Prices & Market Yes X
Metallurgical  Recovery & Issues Yes X
Initial Capital Yes X
Technical Risk & Remoteness Yes X
Execution Risk Yes X
Foreign Exchange in Estimates Yes X
Royalties Yes X
Operating & Sustaining Yes X
Stage of Development Yes X
Taxes Yes NEVER!
Country Risk Possibly Likely
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50Risk Adjusted Net Present Values
Where To From Here?
• Risk adjusting cash flows in the source data:

• Is a better way to reflect risk for most technical and cost issues.
• Is how we address risk with scenario cases.
• But, 
• The results will look worse than competing projects that do not risk 

adjust their cash flows.

• Risk Adjusting NPV with a risk free discount rate (suggest WACC):
• Corrects the RADR Paradox with costs.
• Corrects the deteriorating impact of long term compounding.
• Is effectively what we do when we calculate NPV using Monte Carlo.
• Uses risk factors that are available from statistical and historical 

assessments of operations, projects, and industry practice.
• But, 
• The method and protocols are not well established yet.  
• There is little industry practice to use as a reference.
• It is not what the industry is used to.
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Where To From Here?
Recommendation:
• Accept that RANPV will not replace the RADR approach in the short term.
• Continue the RADR approach for calculating NPV.
• In parallel, calculate the Risk Adjusted Net Present Values:

• To begin to develop a meaningful experience of values.
• To socialize the concept with management.

• Compare and Report:
• Risk Adjusted Net Present Value
• Risk Adjusted Discount Rate (RADR) NPV 

• The RANPV alternate view has advantages:
• RANPV may highlight understated, or overstated, value.
• If everyone else is using RADR NPVs to value a project, you may 

spot more value using Risk Adjusted NPV
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Where To From Here?
What do we do with “tried and true” RADR?
• Keep using it as a reference point because we are used to it
• Use it as the hurdle rate for threshold levels for IRR

Parting Thought

The Risk Adjusted Net Present Value approach will face resistance:

• “It’s not what we have always done!”

• Given the industry’s track record of projects and valuations . . . what 
better reason to try Risk Adjusted Net Present Values than “it’s not 
what we have always done”?
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Questions?
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Notes

MES CIM Vancouver 2016
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LDSmith CIM-MES Industry Surveys: 1996, 1999, 2005

Discount Rates - RADR
Risk Adjusting for Different Project Stages (Real)

Level of Study Gold Δ Base Metals Δ
Scoping 12.4% 6.9% 14.0% 5.5%
Pre-Feasibility 11.2% 5.7% 13.0% 4.5%
Feasibility 8.8% 3.3% 11.0% 2.5%
Operating Mine 5.5% 0.0% 8.5% 0.0%

Base Metals

Gold

2%
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6%

8%

10%
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18%
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Risk Adjusted Discount Rates
In Finance Text Books
• How did this mathematical inconsistency become part of our standard 

practice?
• Where did the idea of risk adjusted discount rates come from?

• The answer can be seen in most finance text books:
• The math is based on an investment at a single point in time.

• The single investment occurs at t=0 so it is not discounted.
• Repayments follow over a series of years coming from an unspecified 

source (not as a cash flow with revenue and operating costs).
• If the borrower is “safe” a low RADR is used.
• If the borrower is risky, the RADR is high to ensure that the lender recovers 

capital as repayments or as interest before the risky borrower has the 
opportunity to default.

• Mining project cash flows do not follow this ideal pattern:
• Mining initial investments are spread over many years
• Mining repayments are the net of revenue, operating costs, and taxes.

• Revenue & costs do not reduce continuously on a compounding basis.
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Discount Rates - RADR
Example
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Item or
Risk Adjustment

Base Metal Project in 
Gold Company

WACC 5.0%
Metal 2.0%
Stage (FS) 2.5%
Other -
Country Risk 1.8%
RADR 11.3%

All values are in real terms
WACC is the expected return for the company
RADR is the Risk Adjusted Discount Rate for the project
Using WACC assumes the project is funded from general corporate funds.
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Risk Adjusted Net Present Values
Going One Step Further – Add Schedule Delay
• Expand the single “Factor” to reflect uncertainty, schedule, and risks
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Risk Adjusted Cash Flows NPV Uncertainty Risk Schedule RANPV
5.0% 1

Concentrate Net Smelter Return 1,810.3 0.95 0.95 0.95 1,556.0
Dore Net Revenue 740.7 0.97 0.97 0.95 663.7
Revenue 2,551.0 2,219.7
Operating Costs -587.7 1.05 1.02 0.95 -599.4
NSR Royalty -38.3 1.00 1.00 1.00 -38.3
Operating Cash Flow 1,925.1 1,582.0
Capital - Initial -832.9 1.10 1.50 1.03 -1,408.6
Capital - Sustaining -39.3 1.05 1.10 0.95 -43.3
Capital - Decommissioning -4.3 1.05 1.25 0.95 -5.4
Change in Working Capital 0.0 1.00 1.00 0.95 0.0
Cash Flow Before Taxes 1,048.5 124.7
Income & Mining Tax 50.3% -527.0 1.00 1.00 1.15 -72.1
Total Cash Flow 521.4 52.6
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Risk Adjusted Net Present Values
What Discount Rate To Use?
• What is right discount rate to use?

• Suggest using the corporate WACC as the reference discount rate for 
RANPV
• WACC is the rate for the company’s operations, it is the closest thing to 

the company’s sense of “risk free”.
• WACC is the same starting point as the RADR calculation.
• WACC is the reference hurdle rate for any risk adjusted evaluation:

• RANPV ≥ zero meets the corporate WACC
• RANPV < zeros does not meet the corporate WACC
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Risk Adjusting Cash Flows 
Concerns With Risk At Source
At this point in time, there is a major problem with presenting an evaluation 
wherein the risks have been fully represented in the cash flow:
• The results will look worse than competing projects that do not do this

• With costs for risk included in the cash flows, DCF metrics will drop.
• IRR will be lower
• NPV will be lower at traditional discount rates

• People won’t understand the results from a risk adjusted NPV
• At this point there is no experience to which to compare the results
• A whole new set of experience will have to be developed.
• Management will not understand the lower hurdle rates
• There will be a lot of explaining to management ... and shareholders.

• How do we get a measure of the true, fully risked cost factors when we have 
effectively institutionalized the system for not acknowledging or including 
them (“Value Engineering”).

• People don’t like change.
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