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Executive Summary
Environment  Canada's  (EC)  proposed  procedure  for  water  treatment  alternatives 
assessment  includes  a  number  of  procedural  steps  to  address  specific  aspects  of 
alternatives' through a project's life-cycle.

 Project life cycle is generally long term. To comply with EC's guidelines in a 
rational and transparent way uncertainties and variability have to be formally 
included (Example: cost of parts, cost of chemicals, maintenance, waste residue 
disposal etc.).

 Impact prediction also has to include probabilistic uncertainties and variability 
to  be  earnest  and  not  misleading  for  stakeholders,  including  public  and 
regulators (Example: variability of potential spills, unwanted toxicity, etc.).

 The  full  cost  of  an  alternative  cannot  be  grasped  unless  project  risks  are 
considered and the cost is then probabilistically projected for the service life, 
including service life potential risks of natural and man-made origin such as for 
example flooding and human errors and omissions. 

Unless the three points above are considered, any discussion is ill conditioned. From a 
technical perspective, biases will be generated and communication will be censored in 
such  a  way  that  a  broader  stakeholder  group  may  not  be  able  to  meaningfully 
participate in the decision making process, or, at least when objectively looking in 
from  the  outside,  having  confidence  that  the  decision  process  is  unbiased  and 
representative.

Decisions require “two types of judgement ...: technical judgements regarding the  
likely  consequences inherent in  the decision,  and value judgements  regarding the  
importance or seriousness of those consequences”. Both those judgements should be 
based  on  rational,  unbiased,  uncensored  estimates.  Unless  uncertainties  and 
hypotheses are clearly stated and quantitatively integrated judgements will be biased 
in one way or another or censored.

Many risks  such as those linked to loss of life,  impact  on environmental  habitats, 
changes in what is deemed acceptable solution during the project life cycle, criminal 
sanctions,  or  the  corporate  future,  require  the  use  of  sophisticated  mathematical 
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methods to capture the wide scattered stochastic variables and their compounding 
effects.  Model  inputs  are  most  uncertain  at  the  preliminary  evaluation  stages  of 
projects which is precisely why the holistic risk assessment is needed the most in 
order to identify the most viable alternatives for further detailed assessment.

In  order  to  address  the  need  for  a  relatively  simple,  yet  reliable,  and  broadly 
applicable tool to enable communities, governments, and the industry to compare and 
evaluate projects in a transparent and objective way even at the preliminary project 
stages,  Riskope  (C.+F.  Oboni,  2009)  have  developed  a  Comparative  Decision 
Analysis/Economic Safety Margin CDA/ESM methodology that has been subsequently 
successfully  applied  to  support  decisions  in  many  industries/situations  including 
environmental remediation, where uncertainties may be significant. 

Riskope’s CDA/ESM methodology can help governments perform proper and unbiased 
assessments of risks associated with the adoption of innovative technologies during 
the preliminary project stages such as Environmental Assessments. Often the Status 
Quo  solutions  are  seen  as  significantly  less  risky  due  to  the  familiarity  of  the 
government and industry with Common Practices despite less than optimal technical 
performance,  and  high  life  cycle  costs.  It  is  true  that  innovative  solutions  may 
introduce new risks, but the primary drivers behind the development of these new 
solutions include major improvements in technical performance and in life cycle costs 
compared  to  the  Status  Quo.  The  CDA/ESM analysis  is  ideally  suited  to  properly 
assess the value that innovative solutions can bring. 
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1. Introduction
1.1 Summary of EC proposed procedure for water treatment 

alternatives assessments.

Environment Canada  (Guidelines for the Assessment of Alternatives for Mine Waste 
Disposal)  states  that alternatives  assessment  should  objectively  and  rigorously 
consider all available options for mine waste disposal. It should assess all aspects of 
each mine waste disposal alternative throughout the project life cycle (i.e., from 
construction  through  operation,  closure  and  ultimately  long-term  monitoring  and 
maintenance). 

The alternatives assessment should also include all aspects of the project, direct or 
indirect, that may contribute to the predicted impacts associated with each potential 
alternative.  

The assessment should address environmental, technical and socio-economic 
aspects  of  all  of  the  elements  as  described  above  for  each  alternative 
throughout the project life cycle. A comprehensive economic assessment of the 
alternatives is also required and should consider the full costs of each alternative 
throughout the project life cycle. 

1.2 Conclusions derived from Environment Canada 
procedure.

The  following  are  easy  to  derive  conclusions  which  would  ensure  transparent 
compliance with EC proposed procedure. They add a layer of very necessary analysis 
to the common practice and ensure defensible, easy to communicate results.
    
1)  Project  life  cycle  is  generally  long term.  To  comply  with  these  guidelines  in  a 
rational  and  transparent  way  uncertainties  and  variability  must  be  formally 
included.

2) Impact prediction should include probabilistic uncertainties and variability to 
be  earnest  and  to  not  mislead  the  involved  parties,  including  public  and 
regulators.
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3) The full cost of an alternative cannot be grasped unless project risks (on 
pricing volatility,  on construction mishaps) are considered and the cost is 
then  probabilistically  projected  for  the  service  life,  including  service  life 
potential risks (natural, man-made, including logistics).

Unless the three points above are considered any discussion geared towards obtaining 
input and striving to achieve consensus on the decision from a broad stakeholder 
group  is  ill  conditioned.  From  a  technical  perspective  biases  will  generate  and 
communication  will  be  censored  in  such  a  way  that  a  broader  stakeholder  group 
cannot  meaningfully  participate in  the  decision  making process,  or,  at  least  when 
objectively looking in from the outside, have confidence that the decision process is 
unbiased and representative.

Decisions require “two types of judgment ...: technical judgments regarding the likely  
consequences inherent in the decision, and value judgments regarding the importance  
or seriousness of those consequences”.  Both those judgments should be based on 
rational,  unbiased,  uncensored  estimates.  Unless  uncertainties  and hypothesis  are 
clearly stated and quantitatively integrated judgements will be biased in one way or 
another and censored.

1.3 A Note on Projects Comparisons with Particular 
Emphasis on Long Term Water Treatment Alternatives 
Assessment.

Recently Riskope published two short notes that are applicable to the field of water 
treatment, including long term water treatment options.

http://www.riskope.com/2015/09/03/estimating-risks-time-and-cost-of-a-project/  
http://www.riskope.com/2015/08/27/integrating-mitigations-with-redundancies-in-
an-industrial-process/.

The themes developed in those notes align extremely well with Environment Canada's 
proposed procedure for  water treatment alternatives assessment,  summarized and 
commented in the next section below.

Riskope masters the methodologies, has the skills and the experience to tackle the 
requirements set forth by EC, as described in Appendix 1 below.
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2. The conundrum of (life cycle) 
cost estimates and its solution.
2.1 Classic project comparison NPV,NPC

The Net Present Value (NPV) (and its next of kin NPC (Net Present Cost)) is a standard 
method  for  financial  evaluation  of  long-term  projects.  Used  widely  throughout 
economics, engineering and planning it measures the excess or shortfall of cash flows, 
in Present Value (PV, PC) terms, once financing charges are met. By definition,

NPV = Present value of net cash flows.

Each cash inflow/outflow is discounted back to its PV and then added together.

NPV is extremely sensitive to the choice of the discount rate; expenses that incur 
towards  the  end of  the  life  span are  “reduced”  quite  considerably.  NPV does  not 
include any potential uncertainties or risks in an explicit way. Often people arbitrarily 
increase  the  discount  rate  “to  cover  risks”  with  the  inevitable  consequence  of 
generating confusion and hiding issues which reduces the credibility and confidence in 
the outcome of the evaluation.

Examples of variabilities and risks that should be included in a meaningful life cycle 
evaluation include:

 cost of part, cost of chemicals, maintenance, waste management, etc.;
 projects' pricing volatility, construction mishaps
 natural events such as flooding;
 operators' errors and omissions.

Impacts are  also uncertain and variable like for example potential spills and unwanted 
toxicity mishaps.

2.2 Are there ways around NPV?

In the last decade various authors started discussing the “risk cost” of facilities.
Vick  (1966)  stated for  example  that  the  total  annual  cost  Ct of  a  facility  can  be 
expressed as:

Ct = Cc + Ca + Pi(Ci)
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Where:

Cc = annualized initial construction cost
Ca = annual operating cost
Pi = annual probability of loss
Ci = loss cost

The last term Pi(Ci) of the equation above is, according to Vick, the "risk cost" of the 
facility, where the probability of loss Pi expresses the likelihood that it  may fail  to 
perform as expected, and the loss cost Ci expresses the economic consequences that 
would result. Such equations apply in principle to any project or facility whose costs 
are subject to factors that cannot be predicted with complete certainty. 

However, Riskope has noted along their two decades of experience in this field that 
the use of such an equation in terms of expected cost only may result in severe errors 
and  poor  decisions.  Indeed,  how  can  the  failure  consequences  be  characterized 
uniquely  with  a  specific  "central"  value?  As  a  matter  of  fact  specific  dollar  value 
attached to direct economic losses cannot fully capture failure effects possibly related 
to loss of life, environmental attributes, criminal sanctions, or corporate future. These 
results  can  at  best  be  evaluated  as  widely  scattered  stochastic  variables,  and 
reasonable  estimates  of  their  compounded  effect  can  only  be  achieved  if  these 
scatters are taken into account. This requires the application of highly sophisticated 
methods of probabilistic determination of costs and risks (Oboni, Oldendorff, 1998, 
Course  at  UBC),  that  are  not  suited  for  preliminary  stages  of  assessment  and 
comparison of various options for example during environmental assessment and/or 
scoping or pre-feasibility stages of mining projects. 

In  order  to  address  the  need  for  a  relatively  simple,  yet  reliable,  and  broadly 
applicable tool to help industry and government to carry out truly holistic assessment 
of projects incorporating risks even at the preliminary project stages, Riskope (C.+F. 
Oboni,  2009)  have  developed  and  successfully  applied  a  Comparative  Decision 
Analysis/Economic Safety Margin (CDA/ESM) methodology. The CDA/ESM has been 
used  at  preliminary  design  level  (Oboni  and  Oboni  2007,  2008;  Oboni  1999-
2000,2005)  to  support  decisions  in  many  industries/situations  by  comparing 
alternatives in financial terms, including:

a) life’s cycle economic balance encompassing internal and external risks and 
b) project implementation and demobilization costs and risks.

Figure 1 shows, as an example, one of Riskope's CDA/ESM analysis application input 
screen.

©Oboni Riskope Associates 
Inc. www.riskope.com

Page 6 of 13 Vancouver 11/10/2015

mailto:foboni@riskope.com
http://www.riskope.com/
mailto:coboni@riskope.com


Water Treatment Alternatives Life Cycle Assessments- Risk Based Decision Making

coboni@riskope.com +1-604-341 4485
foboni@riskope.com +41-79-621 8795

Examples  of  the  successful  applications  of  the  CDA/ESM  method  include  the 
assessment of industrial alternatives such as: rope v.s.  road transportation, surface 
v.s.  underground solutions,  environmental  rehabilitation projects,  water treatments 
alternatives, transportation networks and go/no-go decisions. The method is currently 
explained in two Edumine.com e-courses by Riskope's principals and colleagues. 

The CDA/ESM method is particularly useful when comparing long term projects, as its 
“risks  included” cumulative cost  evaluation eliminates the “zeroing effect”  and the 
“rosy scenario  syndrome” linked to Net  Present  Value (NPV).  It  has already been 
shown in many instances that attempts to tweak the NPV to include risks are generally 
misleading (C.+F. Oboni, 2009).

The aim of the Economic Safety Margin (ESM) is to enable communities, governments, 
design groups, corporations etc. to compare and evaluate projects in a transparent 
and objective way.

The  ultimate  goal  is  to  limit  the  chances  of  poor  decisions,  ruinous  choices  and 
industrial fiascos when comparing projects or alternatives1.

1http://www.riskope.com/2009/08/19/stop-procrastinating-npv-is-dead-use-risk-as-a-  
key-decision-parameter/
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Figure 1. Input screen for a CDA analysis of a "status quo" alternative. 
Uncertainties are included for each life cost element.
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Figure 2 shows a CSA/ESM case history result. For a long term (40 years) evaluation 
of  the cost  (hence the negative values in  M$) of  a large Canadian environmental 
rehabilitation  project  three  cases  were  studied:  Status  quo,  Rehabilitation,  Failing 
Rehabilitation.  CDA/ESM showed that due to risks  and life cycle  costs Status  Quo 
would cost more than double the proposed Rehabilitation over the projected life span. 
Interestingly, Rehabilitation was more robust than Status Quo, hence ended up having 
less overall uncertainties. The decision maker then asked Riskope to perform a third 
analysis considering the very unlikely event of a total failure of the Rehabilitation. As it 
can be seen the differential between Failing Rehab and Status Quo turned out to be 
significantly  smaller  than  the  differential  between  Status  Quo  and  Rehab,  which, 
considering the very low likelyhood of full rehabilitation failure gave a very positive 
indication for the Rehab implementation.

The ESM part of the methodology is geared towards allowing comparison of projects in 
a  simplified  preliminary  way  while  still  capturing  the  uncertainties  and  stochastic 
aspects of reality. Details are discussed in Appendix 2.

The evaluation of projects is carried out by evaluating their Economic Safety Margin 
(ESM).  As  the  ESM includes  lifelong  expected  gains,  implementation  and  running 
costs, total risks, the proposed methodology encompasses and requires a simplified 
and preliminary Life Cycle Risk Assessment for Projects (LCRAP).

A  large safety margin indicates a strong and robust project.  Similar to structural 
reliability, ESM has to be evaluated in probabilistic terms, as all its terms are indeed 
stochastic, and the probability of the  ESM<0 indicates the probability of economic 
failure of the project. Like in the case of risk assessments, the ESM approach should 
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Figure 2. Long term (40 years) evaluation of the cost (hence 
the negative values in M$) of three scenarios for a large 
Canadian environmental rehabilitation project: Status quo, 
Rehabilitation, Failing Rehabilitation. Note the different 
impact of uncertainties on the various scenarios.
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be used in relative terms, not in absolute terms, i.e. to compare alternatives rather 
than  to  evaluate  a  single  alternative  in  absolute  terms,  due  to  the  numerous 
assumptions and hypotheses on which the ESM is based.

The  ESM  approach  significantly  differs  from  a  classic  “provisional  balance  sheet” 
because  risks  and  uncertainties  are  explicitly  taken  into  account,  as  well  as  the 
stochastic nature of the costs. Figure 3 below provides an example where the “Pro-
active rehabilitation” shown in Figure 2, actually reduces the exposure of the Status 
Quo alternative to possible energy cost escalation over the 40 year Life Cycle.

Appendix 1: Riskope's specific 
qualifications
Riskope's model 
Riskope solves Companies' doubts about the best decisions to make regarding natural 
and  man-made  risks  mitigations.  We  reduce  the  pain  of  failures  by  mapping 
understandable,  transparent  and  defensible  solutions  with  ORE  (Optimum  Risk 
Estimates).

Riskope helps private and public companies, governments regulators and institutions, 
executives  and Boards  to  reach their  growth,  protection,  diversification  objectives 
while  preserving enterprise and societal  value,  saving executives'  time with ORE's 
dashboards.
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Figure 3. What if scenario based on possible energy cost increase along the considered 40 years of 
the same project in Figure 2.
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Riskope lives thanks to our ORE consulting, research and teaching fees, paid by clients 
to gain a leading competitive edge, enhance their resilience, anti-fragility and improve 
their long term results.

Riskope's credentials
Riskope works on four continents with clients including Vale, Teck, Codelco, Antamina, 
Mackenzie River Environmental Board. In the mining field Riskope has assessed over 
fourty  major  operations  from  Canadian  and  US  Arctic  to  Africa,  South  America, 
Europe,  including  over  one  hundred  dams,  one  hundred  kilometers  of  protective 
dykes. Riskope is also advising the Darlington Nuclear Power Plants Refurbishment 
project consortium. Riskope designs the Cyber Defence Risk program for the Swiss 
Army  Interforces  CYD  command  and  has  advised  General  Electric  for  three 
acquisitions.

Riskope is  unbiased  and free  of  any  conflict  of  interest  as  the  company  stopped 
designing civil geotechnical and underground works over twenty years ago to devote 
exclusively to risk based decision making and risk and crises assessments. Riskope's 
Principals have taught in continuing education at UBC starting at the end of the '90s, 
are present on the Edumine.ca e-campus with various courses for miners, present in 
courses world-wide and have been selected by a leading European Business School to 
present a short course at the 2016 spring session of their MBA program.

Cesar and/or Franco Oboni personally ensure liaison with Riskope's clients. Detailed 
information  on  Riskope's  group  is  delivered  in  the attached  “Riskope  Group 
Description 29-06-2015” document. 

Riskope  has  been  working  in  Risk  Assessment/Risk  Management/Decision  Making 
Support  since  the  early  '90s.  Riskope  has  served  Placer  Dome,  Homestake,  Teck 
(Cominco,  Teck  Cominco),  Antamina,  Vale,  Codelco  and has  vast  experience  with 
mining operations, water treatment plants,  transportation & logistic, hazardous sites 
around the world. In the attached “Riskope Group Description 29-06-2015” document 
the following is delivered:

 
 a general 360 view of our company's capabilities (pages 3-8) 
 major projects around the world

Riskope's  relevant  jobs  experience  for  the  review  of  risk  assessment 
methodologies, and quantification of probabilities, as well as quantifying 
the impacts of various forms of mitigation) include:

 Risk  assessment  review  of  the  Giant  Mine  (NWT,  Canada) 
environmental  rehabilitation   project's  risk  assessment  and  public 
hearings support.
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 Risk technical support to the project Risk Manager as well as the 
quantification of probabilities pre-  and post-implementation of 
mitigation to lead toward a better decision making process in a large 
Canadian nuclear refurbishment project.

 At the orphan site of Balangero Asbestos Mine (Northern Italy), a 
site rated as top priority by Italian environmental protection agency at 
national  scale  an  international  RfP  requested  a  design  solution  to  be 
formulated  with  a  very  precise  economic  threshold  for  the  project. 
Riskope was  asked by  a  design  grou  to  guide  them with  Risk  Based 
Decision  Making  through  every  phase  of  the  design.  The  cooperation 
proved to be a very successful one, since the group supported by Riskope 
won the bid, praised by the transparency of the proposed solution and 
the level of comfort they gave to the various stakeholders. The project 
was built,  within budget, schedule and stands as an example of 
Risk Based design solutions.

 Comprehensive  study  of  alternative  waste-water  disposal 
procedures and risks for Oman's largest oil field was undertaken to find 
an alternative to costly conventional methods. The study encompassed a 
complete risk management approach for the  comparison of the five 
alternatives, and their mitigations.

 SOPs for worker and traffic safety during construction and monitoring of a 
large  Italian  asbestos  mine  environmental  rehabilitation.  Updated  the 
pre-execution  risk  register  with  possible  implementation  of 
mitigations which were evaluated to understand their effects on 
the overall risks.

 At  the  Bellerive,  Lausanne,  Switzerland  site  wastes  and  pollutants  of 
different origins were detected.  A site-specific risk assessment was 
conducted.

 Review  of  extant  risk  register,  and  related  enhancements to 
support  management's  decision  making  process  were  developed  for 
Special mining vehicles and heavy machinery suppliers (General Electric, 
US, Australia, China).
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Appendix 2: Basic principles of ESM
In the ESM concept, the “best alternative” among a given set for a given application is 
the  one  that  has  the  largest  Economic  Safety  Margin  (ESM),  evaluated  as  the 
difference between:

the Expected Net Gain (ENG)

ENG = Expected Returns (ER) – Costs (C) 

and the Total Risk (TR), i.e. the value obtained with the Life Cycle Risk Assessment for 
Projects (LCRAP).

ESM=ENG-TR=ER-C-TR=ER- (C+TR)

Like the structural Safety Margin, the ESM is the difference between the capacity (the 
strength of a project is the Expected Returns) and the demand (the loading is Costs 
plus  Risks).  Like  in  structural  reliability  analysis  it  is  then  possible  to  define  the 
probability of failure (pf ) of a project as the probability that ESM<=0 .

Obviously ER, C and TR are known at best, at preliminary level, by their expected 
value  (mean,  average)  and  their  bounds  (min/max),  or  their  average  and  first 
moment (variance, standard deviation). Thus calculations have to be performed either 
using a second moment approximation, a point estimate method or the Monte-Carlo 
simulation, being clear that the latter one necessitates further assumptions on the 
type of distributions, leading to a false sense of confidence on the results.

In reality, the calculations end up being possible,  most of the time with a second 
moment approximation: if the mean value and variance of each component are known 
it  may  easily  be  shown  that,  under  the  assumption  that  the  components  are 
independent, the expected value of a variable Z described as the sum of i components 
Zxi, noted E(Zx) is equal to the sum of the expected values of the components, and the 
variance VAR(Zx) is the sum of the variances of the components. That is:

E(Zx)=∑(E(Zxi))
VAR(Zx)=∑(VAR(Zxi)) 

Thus to evaluate the cost of a facility as a sum of the cost of its components, there is 
no need to use complicated methods, as the simple direct formula above suffice. From 
the above formula, it results that highly scattered components, more specifically the 
components affected by a greater uncertainty, impact more heavily on the scatter of 
the  function  Zx than  the  better  known  or  less  uncertain  components.  Indirect 
components such as the public image cost of an accident are typically affected by 
more uncertainty than other components because of their very nature, as well as the 
possible  implications  of  irrational  and  subjective  perceptions  of  the  media,  the 
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workforce, the unions and the public.

In most cases these formula allow the calculation of the mean value and the variance 
of all the important elements of the ESM and the ESM itself. Indeed, if 

Zx=k1x1+k2x2+k3x3…+knxn

Where ki are constants, then 

E(Zx)=∑(E(kixi))
VAR(Zx)=∑(ki

2VAR(xi)) 

Life Cycle Risk Assessment for Projects

LCRAP are particularly useful not only to assess the total risk (TR) of a civil application 
(like a road, a bridge, a tunnel a waste water treatment plant, etc.), but, as stated 
above,  constitute  an  essential  element  for  the  ranking  of  projects  in  terms  of 
Economic Safety Margin (ESM), or public interest. 

The methodology presented herein for LCRAP and ESM does not include a compliance-
to-code  check  and  is  therefore  universal  in  terms  of  geographic  location,  legal 
environment etc.

Twelve criteria are used to assess projects during the various steps of their Life Cycle 
(LC),  from inception  to  grave.  LC  is  split  into  two  main  phases  (i.e.  1.  Design/ 
Construction and 2. Usable Life), respectively five steps including: a)infrastructure, 
b)superstructure, c)service, d)maintenance and e)demolition/reclamation.

When applying the methodology for LCRAP to an alternative, each one of the twelve 
criteria is paired with an estimated probability of non success:

• Zero means the criteria is not met at all, never met, totally deficient.
• One means the criteria is met entirely, always met, absolutely positive.

These estimates encode a probability of meeting the criteria.
For example, a solution using a mud-brick wall in a poor African country will receive 
an availability probability of nearly one, whereas a solution using a composite ceramic 
material in the same country would receive a very low availability probability.

As each probability is paired with a cost of non achievement, the risk can be obtained 
by simple term by term multiplication.
The twelve criteria referenced above are not the only possible criteria to examine. 
They constitute however a starting point. We strongly recommend keeping this type of 
lists as short and to the point as possible in order to mitigate against another project 
risk: paralysis by analysis! 
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