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The consequence of hiding a risk is, in fact, increasing it.
(Ulrich Beck, Expert in the type of information that requires the 
public opinion in case of danger, crisis or catastrophe).

Juan Carlos de Cea Azañedo

Ministry of Environment  - Chief of the Dam Safety Department 
Secretary General of SPANCOLD
Politechnic University of Madrid

II Semana Internacional sobre la aplicaciII Semana Internacional sobre la aplicacióón del n del 
AnAnáálisis de Riesgos a la Seguridad de Presaslisis de Riesgos a la Seguridad de Presas



Overview

• ≈ 1.250 Large Dams on operation (ICOLD’s Criteria) + 27 Under Construction

• Volume of water stored : 56.400 Mm3

• 1º Place (Europe) - 4º (World)

• 30% Ministry of Environment

• Oldest dams: 

Cornalbo (H=24 m) [II Century]

Proserpina (H=19 m) [II Century]

• Average Life: 43,5 Years
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Holder: Dam Safety responsibleHolder: Dam Safety responsible

Duties: Duties: 

–– Classification depending on the potential hazardsClassification depending on the potential hazards
–– First Filling Plan (New Dams)First Filling Plan (New Dams)
–– Operation ProceduresOperation Procedures
–– Periodic Dam Safety ReviewPeriodic Dam Safety Review
–– Emergency Action PlansEmergency Action Plans
–– Technical ArchiveTechnical Archive

 Bulletin 59 (ICOLD, 1989): Dam Safety

Technical Regulations for Dam and Reservoir Safety (1996)
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Can provide: 

• Potential Failure Modes
• Engineering assessment ratings against engineering 

standards.
• A list of needed investigations, their prioritisation, urgency, 

schedule, and status (now based on an expert judgment).
• A list of needed potential structural and non-structural 

measures for increasing safety, fulfill engineering 
standards, possible prioritisation, urgency, schedule, etc 
(now based on an expert judgment).

Periodic Dam Safety Review. Main Conclusions
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Are dams structures safe enough according with the Technical 
Regulations for Dam and Reservoir Safety (1996)?
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Conclusions:

• The traditional approach is familiar to dam engineering 
professionals, but it cannot relate dam safety levels to 
public safety levels in other fields.

• While the traditional engineering standards approach is 
designed to protect public safety, dam owners have to 
address additional considerations:

– Optimising the priority of risk reduction programs
– Justifying dam safety capital and operating expenditures
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 Risk = Probability of Load x Probability of Adverse Response x Consequences 

 Risk Assessment: An alternative process for examining & 
evaluating the structural/operational integrity of a dam.

Engineering Assessment: 
What can go wrong, why and how

Potential Failure Mode Analisys

RISK AS PART OF 
ASSESSING DAM SAFETY

It is a model that describes the physical & functional performance of a system
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• Risk Based Prioritization System (RBPS)
• Portfolio Risk Asssesment Dam and priority indexing (PRA, CI)
• Comprehensive Facility Review (CFR)
• Technical Priority Rating; Dam safety priority indexing (TPR, CI)
• Dam security risk (and vulnerability) assessment. (RAM-D, EPRI tool) 
• Failure Modes and Events Analysis (FMEA)
• Separable construction upgrade packages (SCUPS) 
• As-low-as-reasonably-practicable (ALARP)
• Cost per statistical life saved (CPSLS) 
• Failure Index  (FI)
• Condition Indexing Method for Embankment Dams (CIMED)
• Decision Trees (DT)
• Influence Diagrams (ID)
• Surrogate Worth Trade off Method (SWT) 
• Multi Attribute Utility Theory (MAUT) 
• Analytical Hierarchy Process (AHP) 
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Risk Reduction for the PFRA Approach
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Main Conclusions:

• In Spain, for dam engineering profession, Risk Based Dam 
Safety Management continues being a very discussed 
matter.

• Limitations must be fully considered and risk assessment 
approaches should be used only as a supplement and not as 
a replacement for the traditional approach (White Paper on Dam 
Safety, USSD, Committee on Dam Safety).

• Dam engineering profession must be confident that change 
will lead to improvements in dam safety and even more 
importantly in public safety.
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Are dams vulnerable? 
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Attacks to Dams
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Chastise Operation (1943)

Presa Mohne

Presa Eder
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Peruça Dam (1993)
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Sabotages on Itoiz 
Dam during its 

construction (1996)

Economic losses: 6 M€
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Conclusion: Dams are vulnerable structures; 
therefore dam security risks must be taken into 
account and they must be managed, …..

……. properly managed.
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Why Dam Security?

• Recognition that security of dams against terrorist 
attack/sabotage is nowadays a hot critical issue in 
European countries; dams are a vital part of Europe 
Infrastructures.

• Lack of systematic and rational approaches for the 
security assessment of dams, either at national and 
European level.

• Lack of technical and decisional tools to support risk 
mapping of dams, with regards to terrorist threats at 
European level.
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Committee on Dam Security (New)
or

Committee on Dam Safety & Security
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Dam Security in U.S.A
After September 11
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Conclusions: 

It is necessary: 

1. A threat assessment procedure for the determination of the 
likelihood of terrorist attacks, sabotages and  intrusions to 
dams.

2. A procedure for the consequence assessment in case the 
threats would succeed in compromising the ability of the 
dam to accomplish its mission.

3. A procedure for determining the effectiveness of the 
security protection system to prevent an attack against the 
dam or an operational component of it.
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4. The methodology today shown, risk based, seems 
to be nowadays the best method to determine dam 
vulnerability and to identify the needs of security 
upgrades or risk reduction: to determine where to 
place sensors, cameras, lights, or whether is 
necessary invest in walls, barriers, higher fences, 
better doors, or improved policies).

Conclusions:
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 Thanks for your attention


