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Talk Outline

• Why we do it?
• Why should we do it?
• When we do it?
• When should we do it?
• How we do it?
• How should we do it?



Reality Check

Perfect World

Real World



Why we do alternatives 
selection?

Perfect World
• Find the most suitable 

mine waste disposal 
alternative 
considering 
environmental, 
technical, project 
economic and socio-
economic criteria 
equally

Real World
• Find the most 

economic, technically 
acceptable mine 
waste disposal 
alternative taking into 
consideration 
environmental and 
socio-economic 
criteria



When do we do alternative 
selection?

• Typical Project 
Stages
– Scoping Study
– Pre-Feasibility 

Study
– Feasibility 

Study
– Detailed 

Engineering

• Typical 
Permitting 
Stages
– Baseline data 

collection
– Project 

Description
– Environmental 

Assessment
– Operating 

Permits



How do we do alternative 
selection?

Real World
• Identify the technically and economically most viable alternatives

• Professional judgment and experience of design engineer carries most 
weight

• Environmental/socio-economic criteria get “reverse-engineered” to tell the 
story

• Use simple matrix tables or inherently biased decision making tools

Perfect World
• Allow the process to guide us to an optimal selection that would satisfy most 

stakeholders

• Involve multi-disciplinary technical group early on in process

• Use transparent and “unbiased” decision making tools



Requirement of Alternatives 
Assessment

• Objectively and rigorously consider all 
available options for mine waste 
disposal

• Transparently address all aspects of 
each mine waste disposal throughout 
the project life cycle

• Include all project aspects, which 
either directly or indirectly, may 
contribute to the predicted impacts 
associated with each potential 
alternative

• Assessment should address 
environmental, technical, project 
economic and socio-economic 
aspects of all the above elements

• Involve stakeholders and manage 
bias



Alternatives Assessment 
Approach

• Recognize complexity
• Use multidisciplinary team
• Manage different types of 

judgment
• Make use of decision making 

tools, collectively called 
multiple criteria decision 
analysis (MCDA)

• Manage subjectivity and 
transparency of bias

• Recognize stakeholder 
importance



Alternatives

Assessment

Process



Step 1: Indentify Candidate Alternatives

Threshold Criteria - No master list. Examples include:
– Exclusion based on distance
– Exclusion based on presence of protected areas
– Exclusion based on legal boundaries
– Exclusion based on corporate policy



Step 1: Deliverable

Project 
Phase

Alternative A Alternative B Alternative C

Construction 
approach

Construction of two large 
dams to impound , and 
an engineered diversion 
of stream DEF

Construction of a small 
dam to impound the 
stream XYZ valley

Construction of a ring 
dike on a land saddle at 
the catchment divide

Operational 
approach

Subaqueous deposition 
with discharge of effluent 
via treatment plant

Sub aerial deposition of 
thickened tailings with 
discharge of effluent via 
treatment plant

Sub aerial deposition of 
un-thickened slurry 
tailings with discharge 
of effluent via treatment 
plant

Closure 
approach

Draining of water cover 
and placing a dry cover

Buttressing of dam and 
placement of dry cover

Buttressing of ring dike 
and placement of dry 
cover



Step 2: Pre-Screening Assessment

Pre-Screening Criteria – No master list. Examples include
– Would the tailings area sterilize future reserves?
– Is any part of the tailings disposal system unproven technology?
– Will the tailings capacity be too small?
– Will the tailings disposal system result in negative life of project 

economics?
– Would the disposal area impact known habitat for specific 

endangered species?



Step 2: Deliverable

Pre-Screening 
Criteria

Rationale
Alternative 

A
Alternative 

B
Alternative 

C

Would the tailings 
disposal area 
sterilize a potential 
resource?

A MWDA located over an 
area where there are proven 
indicators of mineralization, 
or a reasonable indication of 
possible mineralization 
based on regional trends 
may be excluded from 
further consideration. 

NO YES NO

Is any part of the 
mine waste 
disposal system 
unproven 
technology?

If a specific deposition 
method relies on unproven 
technology at the project 
site, then it could justifiably 
be argued that the 
alternative should be 
excluded from further 
consideration. 

YES NO NO

Should alternative be excluded from further 
assessment?

YES YES NO



Step 3: Alternative Characterization

Try and answer the following question:
“What would be reasonable questions that a stakeholder, regulator or 
technical reviewer may ask about any of the proposed mine waste 
disposal alternatives?”



Step 3: Deliverable

Account: Technical Characterization
Characteriza
tion Criteria

Rationale Alternative A Alternative B Alternative C

Dam size

Larger dams are more 
complex, pose greater 
risk, require more 
construction materials, 
require a larger footprint

One dam, 300 m 
long, 20 m total 
height, final dam 
footprint of 2 ha

Two dams; first is 
150 m long, 30 m 
high with a 
footprint of 1 ha; 
second is 200 m 
long, 15 m high 
with a footprint of 
2 ha

Two dams; first is 
400 m long, 30 m 
high with a 
footprint of 3 ha; 
second is 50 m 
long, 20 m high 
with a footprint of 
0.5 ha

Dam 
foundation 
conditions

Dams constructed on 
poor foundation 
conditions are more 
complex, pose greater 
seepage and stability risk

Shallow (3 m thick) 
glacio-fluvial soil 
overlying competent 
intact bedrock 

Shallow (0.5 m 
thick) organic 
layer overlying 5-8 
m thick bouldery 
till, overlying 
fractured bedrock

Shallow (3 m 
thick) glacio-
fluvial soil 
overlying 
competent intact 
bedrock 

Supporting 
infrastructure

More supporting 
infrastructure results in 
greater demand on 
construction material, 
occupy larger footprint

5 km access road, 
and 4 km service 
road for discharge 
spigots

3 km access road 
and 8 km ring road 
to service 
discharge spigots

10 km access 
road and 7 km 
service road for 
discharge spigots



Step 4: Multiple Accounts Ledger

Evaluation Criteria (Sub-Accounts) guidelines:
– Impact driven
– Differentiating
– Value relevance
– Understandability
– Non-redundancy
– Judgmental independence



Step 4: Deliverable (MAA Ledger)

Account Sub-account Indicator
Indicator 

Parameter
Unit Indicator 

Quantity

Environmen-
tal

Effect on traditional 
land use during 

construction

Hunting impact Time Yr 2 years
Fishing impact Value # 3

harvesting impact Area ha 400 ha
Mine waste 

geochemistry
ARD potential Value # 2

Metal leaching potential Value # 6

Technical

Containment 
design

Dam height Height m 25 m
Foundation conditions Value # 4

Diversion design
Channel length Length km 3.8 km
Catchment size Area ha 134 ha

Project 
economics

Life of mine cost 
Capital cost Cost $ 10 million

Operational cost Cost $ 2 million/yr
Closure cost Cost $ 3 million

Economic risk
Capital Value # 2

Operational Value # 3
Closure Value # 5

Socio-
economic

Landowner 
perception

Land owner perception Value # 4

Archaeological 
sites

Presence of immovable 
sites

Quantity # 2

Presence of mitagable 
sites

Quantity # 33



Step 5: Value-Based Decision Process

Score Descriptor
6 (Best) Less than $10M

5 Between $10 and $20M
4 Between $20 and $30M
3 Between $30 and $40M
2 Between $40 and $50M

1 (Worst) Greater than $50M

Score Descriptor
6 (Best) No impact

5
Short term temporary loss of fishing. During construction fishing in the area will be 
prohibited for health and safety reasons

4 Loss of fishing for foraging species for at least 10 years
3 Loss of fishing for foraging species and 1 large bodies specie for at least 10 years
2 Loss of fishing for foraging species and 2 large bodies species for at least 10 years

1 (Worst) Complete and permanent loss of all fishing for the life of the project and into perpetuity



Step 5: Deliverable

Account: Socio-Economic
Sub-Account: Effect on traditional land use during construction

Indicator
Indicator 
Weight 

(W)

Alternative A Alternative B
Indicator 
Value (S)

Indicator Merit 
Score (S x W)

Indicator 
Value (S)

Indicator Merit 
Score (S x W)

Hunting impact 2 6 12 1 2
Fishing impact 5 3 15 4 20
harvesting impact 1 5 5 2 2

Sub-account merit score (� {S x W}) 32 24
Subaccount merit rating (Rs = � {SxW}/ � W) 4 3

Account: Socio-Economic

Sub-Account
Indicator 
Weight 

(W)

Alternative A Alternative B
Sub-

account 
Merit 

Rating (R s)

Sub-Account 
Merit Score 

(Rs x W)

Sub-
account 

Merit 
Rating (R s)

Sub-Account 
Merit Score 

(Rs x W)

Effect on traditional 
land use during 
construction

6 4 24 3 18

Archaeology 1 6 6 6 6
Aesthetics 3 5 15 3 9

Account merit score (� {Rs x W}) 45 33
Account merit rating (Ra = � {RsxW}/ � W) 4.5 3.3



Step 6: Sensitivity Analysis

Analysis ID Scenario Description
Merit Rating

Alternative A Alternative B
Base Base case as per Tables 13, 14 and 15 4.4 4.1

#1
Change weighting of indicator "berry harvesting imp act" in 

Table 13 from 1 to 5
4.5 4.0

#2
Change weighting of sub-account "Aesthetics" in Tab le 14 

from 3 to 1
4.4 4.1

#3
Change weighting from account "Project economics" i n 

Table 15 from 3 to 0
4.6 3.8

#4
Apply all the changes from cases #1, #2 and #3 

simultaneously
4.7 3.7

#5

Change weighting of all indicators in Table 13 as f ollows; 

"hunting impact" from 2 to 0; "fishing impact” from 5 to 6; 

and "berry harvesting impact” from 1 to 0

4.2 4.3



Step 7: Document Results



Closing Comments

• Process is:
– Transparent
– Repeatable
– Rigorous
– As “unbiased” as 

practical

• Benefits include:
– Stakeholder buy-in and 

trust
– Proponents don’t give up 

their right to an economic 
project 


