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ABSTRACT: In this paper we examine various factors which have lead to the trend for using the risk based
approach to support dam safety decision making. The relationship between the standards based and risk based
approachesisreviewed. Dam safety management is cast in the context of comprehensive risk management. The
importance of defining the decision process, the role of decision criteria, and the involvement of owners and
stakeholder in a*“decision-driven” and staged risk assessment processis presented. The role of risk assessment
in short term (emergency) dam safety decisions is addressed, in addition to long term decisions on meeting

extreme events.

1. INTRODUCTION

Risk assessment isstill arelatively new approachinthe
field of dam safety evaluation and decison making.
When properly conducted it can provide vauable
information which may not otherwise be available
from conventiona approaches. Quantitative examples
include: estimated probabilities of dam failure and the
consequences of failure, and estimates of risk
reduction for various structural and non-structural
rehabilitation alternatives. In addition, the process of
conducting a risk assessment can provide qualitative
benefits such asinsightsinto the rel ative importance of
various faillure modes and loading types and ranges,
and the potential value of additional analyses or field
investigations. Even for high hazard dams, where
acceptable risk considerations may lead to the
adoption of “worst case” (evaluation) events, the
systematic risk assessment process can be useful as a
quality assurance tool for identifying risk reduction
options in the design of rehabilitation measures,
project operation, or emergency action planning. Also

the open display of information obtained from a risk
assessment can be a very useful means of conveying
the implications of highly technical issues to non-
technical owners and to the genera public.

Dam safety management isintrinsically a problem
in risk management and decison making under
uncertainty. In the past we have tended to view dam
safety as primarily an engineering problem. In many
countries engineering standards gpproaches are leading
to requirements for very costly remedial measures at
existing dams. Asaresult, the underlying foundations
for these standards are being examined and risk
assessment approaches are being adopted to make
explicit tradeoffs of risks, costs, and benefits. This
leads us to ask the following questions. Are the
standards based and risk based approaches
incompatible? What is driving the trend towards risk
based approaches? How should risk assessment
approachesfit into the broad framework of dam safety
decison making in a world in which regulations are
becoming less prescriptive; dams are being moved
from public to private responsibility; there is growing



competition for financial resources; and the public is
becoming more risk averse and wants to be more
involved in decisions which effect their well being?

In this paper we seek to address these questions
based on the current state-of-the-practice in dam
safety risk assessment and our experience in
performing such assessment for public and private
sector clients in the USA and other countries. For a
discussion of risk assessment procedures and several
case studies, the interested reader is directed to
Bowles (1990).

2 COMPREHENSIVE RISK MANAGEMENT

As dam safety evaluation is to dam safety
management, so is risk assessment to risk
management. A comprehensive dam safety risk
management program should include many other
components in addition to risk assessment for
eva uating existing dam safety and aternative remedial
actions. These other components should include the
following:

1. Provision of an appropriately designed, well
maintained, and regularly exercised emergency
warning system and emergency action plan.

2. A comprehensive monitoring and surveillance
program with clear assignment of responsibilities for
timely review and follow-up on collected data and
reports.

3. A wadll trained operations and maintenance
staff.

4. A wdl planned, adequately funded, and
properly executed maintenance program.

5. Routine inspections and periodic in-depth
ingpections and comprehensive dam safety reviewsand
updates of any previously conducted risk assessments
that are being relied upon for dam safety decisions.

6. An effective public consultation program.

All of these are important interrelated components
in acomprehensive risk management program for any
high hazard dam. Each is necessary for the proper
exercise of duty of care of the owner and each should
play a coordinated role in managing dam safety risks.
A fragmentary approach to dam safety management
can lead to overlooking the implications of information
held in other program components. Damsare integral
structures and their safety should be managed in a
holistic manner (Perrow 1984).

The on-going aspects of a comprehensive dam
safety program, such as monitoring and surveillance,
should play an important and complementary role to
periodic comprehensive dam safety reviews. Neither
the engineering analysis tools that are used in these
reviews nor the monitoring and surveillance programs
provide perfectly accurate or complete insights into
dam performance (Fanelli 1992). Analysis tools are
based on idealized representations of complex
structures and their foundations and must rely on
estimates of materials properties and postul ated future
loading conditions. Monitoring and surveillance of
actual performance can be important in verifying the
results of theoretical analyses. They can aso provide
valuable information where no analysistools currently
exist. However, monitoring and surveillance cannot
always directly measure or observe the parameters
which are of direct importance, and it takes time and
expertiseto makeinterpretations. Analysistools must
often be used as part of the interpretation process for
monitoring data, or for predicting the limits of
acceptable behavior against which satisfactory
performance is judged. Thus in an overal risk
management program both on-going observations and
on-going anayss are important for developing
confidence that a dam is, or is not, performing
satisfactorily. Observations and analyses complement
each other and neither can be entirely substituted for
the other.

It is normal practice to perform comprehensive
dam safety reviews approximately every five years
(ICOLD 1987). In part, the purpose of such reviews
isto assess the effects on dam safety of any changesin
technical standards or the state-of-the-art. If arisk
based approach is adopted, the risk assessment should
be updated as part of the comprehensive review. Any
changes to risk assessment inputs, such as loading
conditions, factors that would effect predicted
performance of the dam, the consequences of failure,
or other operational outcomes should be updated. In
this way a risk assessment becomes a “living
document” which can be used by decision makers to
periodically reassesstheir current duty of care position
in light of changing business considerations, evolving
community values, and other factors.



3 TREND TOWARD RISK BASED APPROACH

Interest in the potential for applying risk based
approaches to dam safety decison making has
accelerated in the last two decades. An increasing
number of organizations have begun to routinely use
risk based approachesin dam safety evaluation. These
now include the U.S. Bureau of Reclamation (Von
Thun and Smart 1996), the Government of South
Africa (Oosthuizen et al, 1991), the Government of
the Netherlands (CUR 1990), various Australian dam
owners and regulators (SMEC/RAC 1995), and B.C.
Hydro (1993). Many other organizations are actively
considering using the risk based approach.

Somefactorswhich havelead to theincreasing use
of risk based approaches are common to dam owners
and operatorsin different countries. They include the
following:

1. The absence of functional features, which are
now considered to be the state-of-the-art in dam
design, but which were not incorporated in many
existing dams (e.g. downstream filtersin embankments
to dissipate pore pressure in the event of significant
seepage).

2. The greater magnitude of extreme (worst case)
evaluation (design) flood and earthquake events (i.e.
PMF and MCE, respectively) which are prescribed
using today’ s standards based approaches compared
with those for which existing dams were designed or
are capable of accommodating.

3. Thehigh cost of correcting state-of-the-art and
extreme event “deficiencies’ which has lead to
guestion the justification for the standards, cost
effectiveness, and due diligence from a lega and
overall business perspective.

When considering the need for remedia worksto
address state-of-the-art “deficiencies’ under a risk
based approach, the goa should be to confidently
predict that the dam will perform satisfactorily under a
full range of loading conditions.  Satisfactory
performance can be defined using tolerablerisk criteria
such as those summarized in Section 6.

One of the following four outcomes could result
from arisk based evaluation of an existing dam with
state-of-the-art and extreme event “deficiencies’:

1. Accept the existing dam, without modification,
if it can be demonstrated, with sufficient confidence,
that the existing dam can be expected to perform

satisfactorily, even though it might not meet current
standards.

2. Modify the existing dam so that the modified
dam would be expected to perform satisfactorily, with
sufficient confidence, but not necessarily to current
standards.

3. Remove and reconstruct the dam, so that the
new dam would be expected to perform satisfactorily,
with sufficient confidence, and meet current standards.

3. Decommission the dam so that it no longer
poses a threat to downstream populations at risk.

The costs and risks associated with the drastic
action of removing an existing dam and reconstructing
it would often be unacceptably large, and the resulting
benefits might be questionable or difficult to prove.
Nevertheless, in some cases this may be the only way
to achieve the goa of satisfactory predicted
performance with sufficient confidence.

Satisfactory performance under loading conditions
that are within the range experienced at an existing
dam may be demonstrated through monitoring and
surveillance and engineering analysis. For extreme
floods, earthquakes, and static loading conditions,
which are outsde of the range that has been
experienced since adam was constructed, the sole use
of monitoring and survelllance to demonstrate
satisfactory performance is problematic. However,
testing of material properties, structural and stability
analyses, and the transfer of experience from similar
dams can all be used to predict performance under
extreme loading conditions.

The degree of confidence in performance
predictions can often be improved with additional
testing, monitoring, and analysis. Risk based
approaches focus on predicting dam performance and
the confidence (or uncertainty) associated with these
predictions. In contrast, the sole use of traditional
approaches emphasizes factors of safety and
compliance with standards provides only vague
indications of the level of confidence that is being
attained in achieving satisfactory performance. Thusit
isseldom clear if thelevel of confidenceisunjustifiably
excessive or undesirably small.

The magnitudes of extreme eval uation events have
increased over the past few decades for various
reasons, including the following:

1. The*unknowable” nature of worst case events.

2. Changing methodologies which tend to
produce increasingly more conservative design events.



3. Difficulty in determining the plausibility of
combinations of contributing factors used to calculate
worst case events (e.g. very small lossrates coinciding
with worst case precipitation to define a probable
maximum flood event).

4. Thetendency for design professionalsto favor
more conservative definitions of worst case events.

5. Animproved understanding of the potential for
inadequate performance of dams and their foundations
under dynamic seismic loads.

A danger of focusing dam safety studies on worst
case scenarios is that deficiencies associated with
lower magnitude more frequently occurring loading
conditions may be given too little attention. Thus, by
focusing on the most unlikely fraction of one percent
of the event magnitudes, one might overlook the range
of events which are much more likely to cause failure
of an existing dam. An examplewould befocusing on
the capability of a spillway to cope with aPMF while
deficiencies under static (water) loads are given little
attention.

4 STANDARDSV. RISK BASED APPROACHES

We use theterm, “ standards based approach”, to refer
to the approach to design and evaluation of damsin
which a satisfactory safety condition is defined by
either: @ compliance with prescribed performance
measures or loading conditions; or b) use of the
current state-of-the-art (or practice) meaning the
generally accepted present-day approach to dam
design, evaluation, and construction.

Theterm “risk based approach” isused to refer to
the approach to design and evauation of dams in
which an acceptable safety condition is defined using
information provided from arisk assessment and other
decison inputs. Risk assessment is a systematic
process wherein experienced dam engineering
professionals provide decision makers with estimates
of the risks and associated uncertainties of system
responses, outcomes, and consequences, which
characterize the performance of an existing dam and
various remedia action alternatives under afull range
of loading conditions.

It might appear that the choice between a
standards based v. arisk based approach is between a
“clear cut” standards approach and a risk based
approach which might lead to the acceptance of a
higher risk of failure than would be the case under the

standards approach. However, a standards based
approach is not necessarily asclear cut asit might first
appear. For example, under the standards based
approach professional opinions and practice can vary
over the selection of appropriate design criteria. A
standards based approach does not ensure a “zero
risk” solution to adam safety concern. Furthermore, a
standards based approach involves “blind” risk
tradeoffs whereas these tradeoffs can be made more
explicit under the risk based approach. If a purely
standards based approach isused it isunlikely that the
implied risk tradeoffs will be understood by the
decison makers, their technical advisors, other
stakeholders, and their legal and financia advisors. In
contrast, aproperly conducted and well communicated
risk assessment can be expected to provide al parties
with valuable understanding and insights of potential
risk tradeoffs. In addition, risk assessment can be
expected to provide: a basis for prioritizing remedial
works; a clearer picture of the potential benefits of
non-structural measures, such as emergency warning
systems and a basis for deciding on any temporary
operating restrictions.

In some cases the outcome of a risk assessment
could be a decision to adopt standards based design
criteria. In fact, the standards based approach can be
thought of as a prescribed point on a continuum of
different performance standards or design (evaluation)
loading conditions. The risk based approach can be
readily used to examine arange of these performance
measures or loading conditionsto evaluate the effects
on reliability, consequences, cost effectiveness, and
due diligence of deviating from the standards based
approach. In thisway the risk based approach can be
used to explore the appropriateness of a standards
based approach. Sole use of a standards based
approach without risk assessment can lead to the
adoption of design criteriawhich might be unjustifiably
conservative or lax for a particular dam.

There is an important difference between the way
in which the standards and risk based approachestreat
different worst case event estimates. The standards
based approach tends to treat less conservative and
more conservative estimates of evaluation events
without recognition that they differ in their likelihood
of occurring. In the risk based approach smaller
probabilities of occurrence (annual exceedance
probabilities) can be associated with more
conservative estimates of extreme events. Inthisway,



risk assessment provides a framework within which
differences in the degree of conservatism in extreme
even estimates can be accounted for in selecting and
justifying an evaluation event for a particular dam.
This can be done using the joint probability
distribution for the occurrence of various contributing
factors which define an evaluation event (e.g. initia
reservoir level and antecedent moisture levels for a
flood event). It aso provides ameansfor quantifying
the uncertaintiesthat exist in defining worst case event
scenarios. Other benefits of using a risk based
approach are presented in Bowles (1996b) and Bowles
(1987).

5 DEFINING THE DECISION PROCESS

In our experience it is important to clearly define the
decision process that will be used to make a dam
safety decision. ldeally this should be done before a
risk assessment can be designed, in consultation with
the stakeholders, to provide information inputs that
will be useful at each stage in the process, and on an
agreed upon schedule. The National Research Council
(1996) refers to this type of approach to risk
assessment as “decision driven”. Adopting such an
approach will provide a basis for appropriate and
judtifiable limits on the level and detail of risk
assessment efforts.  This is important since there is
virtually no end to the amount of effort which could be
put into a detailed risk assessment. It is therefore
important to remember that risk assessment should
become an end in itself; the end should be a qudlity,
well communicated and highly defensible dam safety
decision.

In clearly defining the decison process the
following questions should be addressed:

1. Who are the decision makers?

2. Wha will be the role for community
consultation and for the various stakeholders in the
decision process?

3. What decision criteria will be used by the
decision makers? Thisshould include an evaluation of
the entire framework in which the dam safety decision
will be made including regulatory, legal, financid,
business, economic, environmental, social, and other
considerations.

4. What information from risk assessment is
needed by the decison makers and stakeholders
throughout the decision process?

6 DECISION CRITERIA

Various criteria can be useful to judge results from a
risk assessment when along term dam safety decision
(Bowles 1996a) is to be made (for a short term
decisions see Section 9). They include life safety,
economic, and other types of criteria. Care must be
taken that the selected criteria are consistent with the
dam safety decision framework and that they servethe
dam safety decision process which isidentified at the
outset of the risk assessment (see Section 5). A search
for internationally applicable dam safety risk criteria
could result in criteria which do not serve all dam
owners in al countries equally wel. This is
particularly true if, as is often the case with a strict
standards approach to accommaodating extreme events,
the focusison selecting and meeting a criterion rather
than prioritizing a sequence of risk reduction
measures, giving consideration to the cost
effectiveness of each measure.

Life safety isaways an important consideration. It
can be evaluated using both societal and individua
tolerable risk criteria such as those in the ANCOLD
(1994) Guidelines on Risk Assessment and by BC
Hydro (1993). Societal criteria are commonly
expressed as F-N curves of cumulative frequency, F,
of life loss exceeding various magnitudes, N. It
provides a means of judging the scale of potential life
lossfrom individual failure modes, or combinations of
failure modes, for asingle dam. Overdl life loss can
also be evaluated against an expected annual life loss
criterion asin USBR (1997). In either caseit is still
important to evaluate individual life safety criteriato
assess the potentia for individuals to be excessively
exposed to the risk of dam failure.

Public and private investments are typicaly
evaluated against a benefit/cost or rate of return
criterion. Dam safety projects seldom fair well in such
evaluations because the probability of failure is often
small and thus the expected benefits are very small
relative to the certain investment of capita and
maintenance funds. Out of more than seventy dam
safety risk assessments we have completed only one
has shown a benefit/cost ratio greater than unity.
Benefit/cost ratios could be increased by adding a
value for human life to the assessment of benefits.
However, we feedl that this raises serious ethical and
moral issues and we do not recommend such an



approach to evaluating the benefits of increased public
safety.

We have found that a useful approach to
cons dering the benefits of increased public safety isto
evaluate the cost effectiveness of structural and non-
structural alternatives. Thiscan be done by caculating
a cost-per-life-saved for each dternative and
comparing these with similar costs for other facilities
which expose the public to risk of life loss. By
pursuing aternatives with costs-per-life-saved which
are less than those in these other fields, an owner is at
least being consistent with the extent to which these
other fields invest in public safety. Care must be
exercised in sdlecting fieldsinwhich risksaresmilar in
nature to those created by dams. The U.S. Office of
Management and Budget (OMB 1992) argued that the
cost effectiveness approach is a “sensible” way to
justify the investment of federal government dollars, or
private funds as the result of regulations in public
health and safety measures.

Cost effectiveness measures can aso provide a
very useful basis for prioritizing dam safety
investments such that those which are expected to
result in the greatest reductionsinrisk for agiven level
of avallable funding are undertaken first. When this
approach is applied to a portfolio of dams it should
maximize the rate of (public) risk reduction to which
the dam owner is exposed. Typically one can expect
that such an approach to prioritization will lead to a
high priority being given in a dam safety program to
implementation of early warning systems (EWS). In
this case, EWSs would not necessarily be used as a
substitute for structural options, but as an early and
typicaly very cost effective step in improving public
safety. If structural measures are subsequently
implemented, an EWS might be retained as a
supplement to structural measures.

In addition to these life safety and economic
criteria, consideration should be given to financidl,
business, legal, and other factors which the owner and
other stakeholders must take into account in their
decision process. This should include an appropriate
rolefor community consultation in the overall decision
process so that the dam owner meets its socia
responsibilities as well as its business objectives and
regulatory requirements.

7 STAGED APPROACH TO RISK ASSESSMENT

Much of the information needed to perform a risk
assessment is commonly developed in the course of a
traditional periodic comprehensive dam safety review.
However, some additional work isawaysrequired to
provide the necessary inputs for a risk assessment.
The amount of additional work depends on the scope
and level of detail of the risk assessment.

In conventional engineering analysisit iscommon
practice to select parameters conservatively. In
performing these analyses to provide inputs to risk
assessment, it is usualy desirable to rerun these
analyses using best estimates of parameters to obtain
realistic performance predictions. Also it may be
useful to analyze steps partially failed sections in the
case of progressive failure mechanisms that would be
expected to result from foundation liquefaction, for
example. In addition, sensitivity analyses using ranges
of values for key input parameters can provide
valuable information upon which to base risk
assessment inputs and judgements that experienced
engineers are expected to make in conducting risk
assessments.

We advocate using a staged approach to risk
assessment. Under this approach, later more detailed
stages are performed only if warranted by the potential
value added to the dam safety decision making process
through reduction in the level of uncertainty in risk
assessment outputs. More detailed stages of risk
assessment usualy require that more detailed inputs be
obtained from additional field investigations, testing,
or engineering analyses. Before proceeding with a
more detailed risk assessment, the extra cost it would
entail should be weighed against the expected
improvement in the quality of the decision that isto be
made using risk assessment outputs. This is another
example of making dam safety risk assessment a
“decision driven” activity.

8 OWNER AND
INVOLVEMENT

STAKEHOLDER

We have had direct experience with involving water
users groups, regulators, owners, operators, legal
advisors, senior management, and politicians in the
dam safety decision process using risk assessment. So
far our involvement with community groups has been
mainly through our clients. However, we have found



that in most cases the understanding provided by the
systematic and transparent risk assessment process has
been acclaimed by all parties. In our experienceit has
been important to involve these groups throughout the
process and not just through the presentation of afind
report. Such a process of continua involvement
presents communications challenges and one must be
careful in presenting preliminary risk assessment
results to lay audiences. Credibility can be shaken if
significant changes occur intheseresultsin later stages
of the risk assessment. Of course smilar difficulties
can exist with a standards based approach if
conclusions based on preliminary analyses are made
public, and significantly different conclusions are
released after additional analyses are completed. The
open and honest communication of uncertainties is
highly recommended. Alsoitisrecommended that the
technical risk assessment team enlist the assistance of
experts in risk communication and community
consultation.

Where they exist, community consultation
requirements contained in environmental impact
assessment processes might be used to provide for
community consultation in dam safety decision
making. However, care should be taken to avoid
diluting dam safety issues.

We have repeatedly found that it isdifficult for lay
people, and in many cases technical people, to have a
holistic and balanced perspective on dam safety issues
when a purely standards based approach isused. The
difficulty is that the standards approach often masks
the true nature of dam safety management which is
intringcally a problem in risk management and
decision making under uncertainty. When a standards
approach is used, there is a danger of misleading the
public into thinking that the adoption of standards
based design (evaluation) criteriawill provide absolute
protection against the risk of dam failure (i.e. zero
risk). Thisis obvioudy false and the fact that dams
have been built to meet these standards have failed
proves the point. Even though following arisk based
approach presents challenges in risk communication,
we have found that the additional effort is well
worthwhile considering the benefits of sharing amore
complete and honest picture of the true risks and
uncertaintiesthat are inextricably associated with dam
safety decisions. This has been repeatedly borne out
by client testimonials such as Waite (1989).

9 LONG TERM AND SHORT TERM DECISIONS

Dam safety risk assessments have most commonly
been conducted to provide inputs to long term
decisions on the level and priority of remedial works
needed to meet extreme events. Risk assessment can
also be used to provide inputsfor short term decisions,
including emergencies and the need for reservoir
operating restrictions (for example, USBR 1996).
Three time frames can be distinguished for such
decisions:

1. Prior to construction of remedia works,

2. During construction of each phase of remedial
works; and

3. At the completion of each phase of remedial
works.

The outcome of these short term decisions can be
used to establish reservoir level restrictions during
each phase of remedia work, and perhaps the timing
of the works with respect to seasona reservoir
inflows. At the completion of each phase of remedial
works, risk assessment can be used to provide inputs
to the decision to allow increases reservoir levelsasa
result of the additional margin of safety added by those
remedia works.

In long term decision applications of risk
assessment the emphasis is on balancing risks, costs,
and benefits over along period of time when selecting
an appropriate level of protection against extreme
events. When using risk assessment in support of
short term decisions the concern is for the imminent
development of a failure condition. In this case the
long term time frame can not be counted on for
balancing risks, costs, and benefits. We suggest that
when used in support of short term decisions, risk
assessment should be used for the following primary
purposes.

1. To identify the relative risk (likelihood and
consequences) of various failure modes; and

2. Toreducetherisk of each failure mode through
a) management actions (e.g. reservoir operating
restrictions, emergency repairs); b) improved detection
of worsened conditions that could lead to failure; ¢)
contingency planning covering al aspects of the
owner’s responsbilities, including the decision and
notification steps that lead to initiating a downstream
evacuation; and d) coordination of contingency
planning with the local authoritieswho are responsible
for evacuation.



It must be stressed that the use of risk assessment
in support of short term decisons must not delay
taking immediate emergency action, when such action
is prudent and necessary. However, we believe that
even when immediate action has been taken risk
assessment can be used to help guide the on-going
decision process. Benefits of this use of risk
assessment in this short term context include the
following:

1. Understanding of the development of event
sequences which might lead to imminent failure.

2. Assessment of the need for additional
instrumentation to identify changed conditions.

3. Identification of critical values of performance
parameters for initiating additional investigation or
emergency action.

4. Assessment of the benefits of various short
term actions such as reducing reservoir levels, or
improving response times for making emergency
releases.

5. Assessment of the adequacy of warning time
and ways to increase warning time and its reliability.

10 CONCLUSIONS

We have stated that the true nature of dam safety
management is intrinscaly a problem in risk
management and decision making under uncertainty.
In a world in which regulations are becoming less
prescriptive, dams are being moved from public to
private responsibility. There is growing competition
for financia resources, and the public is becoming
more risk averse and wants to be more involved in
decisons which effect their wel being. The
continuous risk management framework can providea
valuable approach to meeting these challenges. The
risk management approach should treat dams as
integral structures whose safety should be managed in
aholistic manner. It should also take into account the
uncertainties which exist as a result of the current
limitations in our capabilities to predict and monitor
dam performance.

Risk assessment is a component of the risk
management approach. It providesthe opportunity for
engineering inputs to be considered along side the
many other factors that owners and others must
consider when making dam safety decisions. In our
experienceit isimportant to clearly definethe decision
process that will be used. Adopting a “decision

driven” approach to risk assessment will provide a
basis for appropriate and justifiable limits on the level
and detail of risk assessment efforts with the goal of
reaching a quality, well communicated and highly
defensible dam safety decision.

In some situations the funds needed to meet
extreme event standards smply do not exist. In many
other cases reliance on a purely standards based
approach does not provide adequate justification to
convince lay decision makers of the need to meet these
standards and a “stalemate” has resulted. We do not
argue with the desirability, and even the necessity, of
meeting extreme event standards in many cases.
However, we observe so many cases in different
countries in which no risk reduction has been
accomplished even though it is well recognized that
standards are not being met. We suggest that in many
cases the focus should be on identifying and justifying
the next most cost effective risk reduction stepsrather
than waiting to meeting an extreme event standard. In
addition, correcting for al state-of-the-art
“deficiencies’ is often impracticable and must be
addressed by risk management rather than structural
approaches. The irony is that even when expensive
works are completed to meet standards, a dam may
remain much more at risk to the malfunctioning of
gate systems, to inadequately trained operators, or to
the absence of a properly maintained early warning
system, than it was to under capacity of aspillway, for
example. Of course each case must be individually
evaluated, and as we have sought to emphasize, in
some cases standards based solutions will be justified.
When properly implemented, risk assessment can serve
as a vauable tool within a comprehensive risk
management framework for effective dam safety
management. We further suggest that such a
comprehensive and systematic approach is necessary
for the proper exercise of duty of care of adam owner
and to assist in meeting due diligence.
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