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Presenter Notes
Presentation Notes
The paper co-authored by myself and Agim Lazareni titled ‘Risk Identification and Mitigation through Surveillance and Monitoring’ discusses how Statkraft have been using risk analysis methods to inform their dam safety programs globally. 
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Risk Informed Decision Making

Presenter Notes
Presentation Notes
Risk Informed Decision Making – is fundamental to one of Statkraft’s core principals of being safe and prepared. To ensure optimal operation and maintenance of its assets and to capitalize on opportunities, Statkraft ensure that risks are identified, analysed, and evaluated sufficiently early to establish mitigating actions. 
The standard tools and processes that Statkraft uses to manage risks in other business areas haven’t necessarily been compatible with how we want to be managing risks associated with the safety of our dams, since the statistical probability of a dam failing is low yet the consequences could be devastating. 
To address this issue Statkraft commissioned NGI (Norwegian Geotechnical Institute) to produce an international version of the handbook ‘Risk Assessment and Risk Management for Dams’, with the aim that this would provide Statkraft the necessary tools to allow their personnel to better quantify the risks associated with their dams and therefore assist in making risk-informed decisions.
To test the concepts introduced in the handbook, a dam safety risk assessment workshop took place in Tirana, Albania. The aim of the workshop was to identify credible failure modes for the two dams, Banja and Moglice, and then quantify the annual probability of failure for these dams based on the failure modes.
As this was a pilot project an international team of Statkraft dam safety officers took part, also involved in the WS were members from the local O&M team and personnel involved in the construction of the dams. NGI supported and facilitated this workshop.
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Dam Safety Risk Assessment 
Workshop, Tirana 2021

Presenter Notes
Presentation Notes
The workshop was split into 4 main activities
Site visit to dams – which provided the assessment team the opportunity to see the dams in-situ and also question the personnel responsible for managing the safety of these two dams
NGI introduced the methods that we would be using in the workshop namely, potential failure mode screening and event tree analysis. This included agreeing the method of assigning probabilities (in this case verbal descriptors).
Potential failure mode screening exercise – agreeing which realistic failure modes would be carried forward for further assessment during the workshop.
Event tree analysis of the agreed potential failure modes. ETA is a widely used technique and is perfect for the group discussion environment. The objective of an event tree analysis is to evaluate the probability of failure resulting from an initiating event. The event tree analysis describes the sequence of events that can lead to a failure. The workshop participants select the sequence of events, these often change during discussion, and then they assign probability to each node using the verbal descriptors. For each branch leading to failure the probability is then calculated.
Post workshop the event trees are reviewed and if required iterated.
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Trigger Annual Failure 
Probability

Earthquake 8.6 x 10-6

Flood 1.1 x 10-5

Internal 
Erosion

8.0 x 10-6

Landslide in 
Reservoir

2.3 x 10-7

Results from Event Tree Analyses

ETA Results for Moglice Dam

Presenter Notes
Presentation Notes
Post workshops the results of the event tree analysis are compiled. The failure modes are grouped into different trigger events and an overall risk profile for the dam is developed. This can then be plotted on a risk acceptance chart and this information can then be used to define if risk mitigation measures are required. This initially was the main purpose of the workshop.  This information is very useful when managing a large portfolio of dams.
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• Moglice dam is now into the third year of operation
• The initial phase of operations post impoundment was complete
• Opportunity to revisit how the dam safety program was delivered

• Structure of local team
• Monitoring Instrumentation
• Frequency of Measurements/Inspections

Update of the Dam Safety Program in 
Albania
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Event Tree Analysis for Risk Informed 
Decisions

Presenter Notes
Presentation Notes
Having compiled event trees for all realistic failures modes, it is an easy process to assess how decisions made in delivering the dam safety program will effect the overall risk profile of the dam. 
This example runs through a failure mode considering internal erosion. One of the stages in this failure sequence is ‘can leakage be detected?’. This is directly influenced by the amount of monitoring and surveillance that is carried out in this section of the dam, and during the workshop it was assessed that is was ‘very likely’ that a leakage would be detected that could lead to internal erosion. i.e. 0.98 probability. If we reduce the amount of surveillance and monitoring this directly influences our likelihood of identifying the leakage. The verbal descriptor can be changed from very likely to unlikely. P from 0.98 to 0.1.   that change in the event tree results in an increase overall probability of this failure mode from 6 x 10-6 to 1.8 x 10-4 (40 times more likely). Any takes something that was considered an acceptable risk into something that may now be considered unacceptable.
This type of reassessment requires minimum input from those involved in delivering the dam safety program.
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• Clear benefit to both management and O&M teams in compiling a 
comprehensive quantitative risk assessment for dam safety.

• At a local level, when delivering the surveillance and monitoring 
program a quantitative risk assessment provides useful 
information especially when resourcing the dam safety team and 
developing the inspection and measurement schedules.

Conclusion
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