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What is Risk?

RISK= Measure of both likelihood and severity of adverse consequences

CONSEQUENCE
HAZARDS
Who and what are in harm’s way?
What are the
hazards and PERFORMANCE How susceptible to harm are they?
how likely are How much harm is caused?

How will the
levee perform
in the face of
these hazards?

they to occur?
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Risk = P(Hazard) x P(Failure|Hazard) x (Consequences|Failure)



(Probability of Loading x Probability of Failure under loading)
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Why use risk to manage dams?

A=COM

Many dams do not
meet standard

criteria and o
'YX Wstandard criteria ‘

do not address all
ways dams can fail

Helps decision
makers prioritize
resources and
justify decisions in a
transparent
framework

Supports
community
awareness,

planning,

and action to
further manage
risks
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Standards-Based Approach vs. Risk Informed Approach

Standards-Based
* Pre-established standards and criteria (Factor of Safety, PMF, MCE)

 May over-emphasize criteria for rare events (flood and earthquake)
versus normal “sunny” day criteria.

» Does not cover all potential failure modes (e.g., Internal Erosion, Spillway
erosion)

 Established acceptable factors of safety based on modeling approaches
that may differ from more modern methodology (2D or 3D)

» Does not explicitly account for uncertainty

 Not a wide consensus of seismic deterministic criteria




A=COM
Standards-Based Approach vs. Risk Informed Approach

Risk-Informed

« Systematically think through PFMs and their likelihood to justify decisions.

Recognizes that dams that do not meet deterministic criteria have varying
degrees of failure probability and consequential impacts

Recognizes that dams that do meet deterministic criteria still fail.

Uncertainty is recognized and considered in decision making

Supplements (not supersedes) standards-based criteria
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Range of Risk Evaluation Efforts

Quantitative Risk Analysis (QRA)

— Typically issue-specific

— Requires additional analyses (to quantify uncertainty influence)
— Facilitated with larger team

— Performed with risk software

Semi-Quantitative Risk Analysis (SQRA)

— Review of all potential failure modes identified for specific site
— May warrant additional information gathering

— Facilitated, often with larger teams

— Qualitative assessment of uncertainties

Screening Level Risk Assessment (SLRA)
— Rapid, simplified

— Using available data

— Smaller team

— Good for relative ranking of an inventory
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Examples of Risk
Application
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New Mexmo SLM PrOJect

To complete independent screening level risk
prioritization associated for all high hazard dams
regulated by the State of New Mexico.

g 0 e SEER s« Prioritization will be based on:

A 1sanraFe Titas o e AR - Dam inspection reports and existing information
wﬁ- P ST 24 on the dam’s current condition

rnahllo O
' Guadah%e

lw%c.a; | Polie s 8 - Dam breach inundation analyses

dgrance |

§ NSwiMexico LR - PAR analyses

« AECOM has paired up with GEI to develop an
efficient, consistent, and repeatable process utilizing
the ‘New Mexico SLRA Tool’

High Risk Dams Inventory
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New Mexico SLRA Project
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9 0 e Purpose:
' « Improved prioritization

_ : « Risk analysis of a portfolio of dams can help
| AMOQ TE | R focus on dams and dam features that pose the
B3 it NS SRS TN greatest risk
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High Risk Dams Inventory
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Risk Prioritization Matrix for Individual Dam
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Likelihood of Failure
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Key
Slope Stability
Internal Erosion
Global Stability
Structural Failure
Operational/ Mechanical Failure to Open
Scour
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Internal Erosion
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Scour
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or Applicable

w— Aggregate Risk




A=COM

Total Risk of each Dam Plotted on Risk Matrix
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(Probability of Loading x Probability of Failure under loading)

ANNUAL PROBABILITY OF FAILURE
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Risk Evaluation

Relative risk prioritizes portfolio of
dams, but does not answer if risk
is acceptable

Risk Tolerability Framework
supports decision making on
whether risk reductionis
warranted

o Individual Life Risk
o Societal Life Risk
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Range of Risk Evaluation Efforts

Quantitative Risk Analysis (QRA)

— Typically issue-specific

— Requires additional analyses (to quantify uncertainty influence)
— Facilitated with larger team

— Performed with risk software

Semi-Quantitative Risk Analysis (SQRA)
— Review of all potential failure modes identified for specific site

— May warrant additional information gathering
— Facilitated, often with larger teams
— Qualitative assessment of uncertainties

Screening Level Risk Assessment (SLRA)
— Rapid, simplified

— Using available data

— Smaller team

— Good for relative ranking of an inventory




McClure and Nichols Dams

 Performed an SQRA for these two
dams to:

— ldentify potential dam safety risks
— Understand their level of urgency

— Develop a prioritization of risk
reduction actions at these specific
sites

Inclined Intake

» Potential failure modes evaluated
* Major findings
— Risk driving failure modes

— Several failure modes with low
confidence judgements

— Helped inform modification design




Lake Maloya

- Performed an SQRA to: AL N
— ldentify potential dam safety risks g/ e e N
— Understand their level of urgency T W N i
— Develop a prioritization of risk | T = = == I \
reduction actions at the site - o TE——o !
« Potential failure modes evaluated |
* Major findings , \‘
— Risk driving failure modes NG ﬁﬂ
— Will be used to help inform ? / e
modification design and communicate i SNSRI T

how the risks will be managed
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Windy Gap Dam - Issue Specific SQRA

* Methodology
* Potential failure modes evaluated

» Selection of failure likelihood category
and consequence level

« Significance of potential filter
incompatibility between adjacent
existing embankment zones
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Improved Evaluation of Modification Alternatives

— Comparison of risks for different alternatives can help owners get better “bang for
the buck” in dam safety modifications

— The detailed understanding of failure modes from risk analysis can result in more
robust modification designs

MAXIMUM NORMAL POOL EL 5522
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Range of Risk Evaluation Efforts

e .3y =  Informed justification to take urgent,
Risk™ is a delayed, or no action

tool more » Prioritize a portfolio of dams for
and more allocation of resources

dam safety * |[dentify effective risk reduction actions
agencies . Eval.uate alter.natlves |
are usina to: B Review effectiveness of designs
g9 ;  Review construction risks
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Condition of a Portfolio of Dams

® Unsatisfactory, 3

¥ No Data Provided,
1

M Satisfactory

W Fair

® Poor (analyses)

B Poor (deficiency)
B Unsatisfactory

W No Data Provided

63% are poor or
unsatisfactory

Too many deficient dams to
address timely

Life safety is paramount;
which deficiencies have
higher likelihood of causing
severe consequences?




A=COM
Benefits and Value of Risk

Improved Prioritization

Recognition of the Importance of Consequences

Improved Balance Between Everyday Risks and Risks From Rare Events

Improved Surveillance and Monitoring

Improved Evaluation of Modification Alternatives
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Examples of Risk-Informed Decision Making
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New Mexico SLRA Project
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Benefits and Value of Risk Analyses

Improved Prioritization

- Risk analysis of a portfolio of dams can help focus on dams and dam features
that pose the greatest risk

- Limited resources can be better focused on reducing the greatest and most
urgent risks first

FIGURE 3
DISTRICT 12 DAM PORTFOLIO TOTAL RISK PROFILE

o mmmm Total Risk

Total Risk
_Score
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Benefits and Value of Risk Analyses

Improved Prioritization

- Risk analysis of a portfolio of dams can help focus on dams and dam features
that pose the greatest risk

- Limited resources can be better focused on reducing the greatest and most
urgent risks first

27



Benefits and Value of Risk Analyses

Recognition of the Importance of
Consequences

- Dams with the same probability of
failure do not have the same risk

- For the same probability of failure, a
dam with 100 times greater life loss
poses 100 times greater risk.

- To achieve the same risk, the first dam
must have a probability of failure two
orders of magnitude lower than the
second

aecom.com
28 e
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Benefits and Value of Risk Analyses

Improved Balance Between Everyday Risks and Risks From Rare Events
- Increased focus on internal erosion risk (IE) may be the best example

- Because IE risks can result from everyday reservoir loads, it is often found that
|E failure modes pose greater risks than those for extreme floods or
earthquakes

Earthquake-
Induced Failure s
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Benefits and Value of Risk Analyses

Improved Surveillance and Monitoring

- With an improved understanding of failure modes and risks, visual surveillance
and instrumentation monitoring can be better focused on the most important
concerns for the dam

Trees and brush
= B odent activity Low area in chest
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