
Mr. Potcharapol Brohmsubha

Head, Dam Safety Inspection and Evaluation Section

DAM SAFETY OVERVIEW

Regional Training Workshop on Dam Safety Dissemination of Preliminary

Design Guidance for Proposed Mainstream Dams in the Lower Mekong

Basin (PDG2022), Including Site Visit to Nam Ngum 1 Dam

3-4 December 2025, Vang Vieng, Lao PDR



25/09/69 Civil Maintenance Division 2

Presentation Outline

• Failure Modes - Concrete Dam

• Dam Safety Overview

• Dam lnspection and Dam lnstrumentation

• Conclusions
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PDG2023

• Hydropower project - “run-of-river” type

Concrete gravity dam
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Dam Failures in Global Context

Source: ICOLD Incident database Bulletin 99 update (2019): from <=1900 to 2018 

(as of May 2018)

Key Summary
§ The ten first years of a dam life is still the period where

50% of the failures occur. For arch dams and buttress

dams this ratio is 100%.

§ Dams failures occur either during normal operation or

during flood events, these two failures’ contexts standing

for 90% of the failures with flood context being

slightly more important. Since 2000, 70% of failures

have occurred during flood events.

§ For rigid dams, foundation failure and internal erosion in foundation are the dominant modes. Structural

failure mainly occurs at gravity dams made of masonry.

§ ICOLD Bulletin 188 PrePrint
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Dam Failures - Concrete Dam

Source: USBR (2017)
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Failure Modes - Concrete Dam

• Static (Normal Loading, Normal Operation)

• Foundation-Related Failure

• Gate Failure

• Hydrologic (Flood Loading)

• Flood-Related Failure

• Seismic

• Earthquake-Related Failure

• Gate Failure

Source: Based on USBR (2025)
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Failure Modes - Static - Foundation-Related Failure

Source: USBR (2025)
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Failure Modes - Static - Foundation-Related Failure

Source: USBR (2025)
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Failure Modes - Static - Gate Failure

Source: USBR (2025)
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Failure Modes - Hydrologic - Flood-Related Failure

Source: USBR (2025)
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Failure Modes - Seismic - Earthquake-Related Failure

Source: USBR (2025)
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Failure Modes - Seismic - Gate Failure

• Overtopping of run-of-river power plant due to failure of gate operation (left) and 
mud deposited on crest of overtopped run-of-river power plant (right) (Wenchuan
earthquake in China)

Source: Martin Wieland, Sanaz Ahlehagh (2017)
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Failure Modes - Seismic - Gate Failure

• Failure of two bays of the Shih-Kang weir caused by (mainly vertical) fault 
movements during the 1999 Chi-Chi earthquake in Taiwan

Source: Martin Wieland, Sanaz Ahlehagh (2017)
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Failure Modes - Seismic - Gate Failure

• Left-over of radial gate destroyed by rockfall during Wenchuan earthquake in China

Source: Martin Wieland, Sanaz Ahlehagh (2017)
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Failure Modes - Operational-Related Failure

• The various ways improper or accidental operation can lead to failure

• Operator error

• Inadvertent operation

• Gate misoperation or malfunction

• SCADA and remote operation

• Access

• Barge impact and towboat misadventures

• Etc.
Source: USBR (2017)
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Failure Modes - Operational-Related Failure

Source: USBR (2017)
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Failure Modes - Operational-Related Failure

Source: USBR (2017)
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Failure Modes - Operational-Related Failure

Source: USBR (2017)
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Failure Modes - Operational-Related Failure

Source: USBR (2017)
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Failure Mode Identification Processes

1. Most Likely Failure Modes
Important Information for Evaluating Failure Modes
1) Site geology
2) Design of dam
3) Construction methods and records
4) Performance history (instrumented and visual)
5) Current earthquake and flood loadings

2. Key Parameters to Monitor
1) Visual Inspections and Expected Performance
2) Instrumented Monitoring & Expected Performance

3. Ranges of Expected Performance

Source: USBR (2025)

Design and Construction

Operation

Any new failure 

modes?
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PDG2023 Cl 274 - Design and Operational Guidance

Source: Preliminary Design Guidance for Proposed Mainstream Dams in the Lower Mekong River Basin (2023)

ICOLD Bulletins

ICOLD Dam Safety Program
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Dam Safety in Hydropower Project Phase

• MRC

• ICOLD

Source: ICOLD Bulletin 191 (2021) PrePrint

Source: Preliminary Design Guidance for Proposed Mainstream Dams in the Lower Mekong River Basin (2023)

Dam safety

Dam safety
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Process for Management of Dam Safety over All Life 
Phases

Source: ICOLD Bulletin 191 (2021) PrePrint
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Dam Safety Program          and PDG2023

Source: ICOLD Bulletin 138 (2009)

Cl 293

Cl 284

Cl 283

Cl 283 Cl 283
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Dam Inspection

Source: ICOLD Bulletin 158 (2018)

Cl 284

Cl 283
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Appurtenant Structures Inspection

Monitoring dam behavior by Instrument data 

and Perform Dam Safety Review to recheck 

dam safety criteria
Dam Safety Remote 

Monitoring System (DS-RMS)

Emergency Action Plan

Dam Visual Inspection

Dam Safety Activities in EGAT
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Surveillance - Visual Inspection and Monitoring

Visual Inspection of 
dam and appurtenant
structures 

Monitoring
e.g. settlement and
displacement of dam
crest, seepage through
dam and foundation
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Surveillance - Monitoring

Source: PNPCA LUANG PRABANG HPP (2019)



Expert System

Dam Instrument Data (Auto & 

Manual)

29

Earthquake Data

Water Information 

(EGAT-WIC)

Design Criteria Reference 

Documents
As-Built Drawing

- Knowledge and experience 

from dam safety experts

- Guideline in Dam Safety by 

International Committee of 

Large Dams (ICOLD)

Dam Safety Remote Monitoring System (DS-RMS)
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Dam Instrumentation

Source: ICOLD Bulletin 158 (2018)
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Capacity Building for Dam Safety

• Domestic training - Universities, etc

• International training - ICOLD, USBR, ASDSO, etc.

• Research projects in collaboration with universities and national center

• International collaboration in dam safety

• Regional (Lower Mekong Basin) training and collaboration in dam safety

• ICOLD Bulletin 174 Action Plan on Capacity Building
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Dam Safety Challenges

• Climate change - Risk of flooding

• Emerging public awareness - Dam safety

• Integrated operation of Mainstream Dams in the Lower Mekong Basin - Advantage

• Etc.

• ICOLD Bulletin 185 CHALLENGES AND NEEDS FOR DAMS IN THE 21ST CENTURY

• ICOLD Bulletin 186 INTEGRATED OPTIMAL OPERATION OF CASCADE 
HYDROPOWER STATIONS AND RESERVOIRS
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References - ICOLD Bulletins 

• National Standards

• ICOLD Bulletins - Example
Dam Safety Management

192 Dam Safety: Governance Considerations PrePrint

191 Dam Safety: Concepts, Principle and Framework PrePrint

175 Dam Safety Management: Pre Operational Phases of the Dam Life Cycle 2021

154 Dam Safety Management: Operational Phase of the Dam Life Cycle 2017

203 Best practices for achieving reliability of flood discharge gates PrePrint

Etc.
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Conclusions

• Dam safety is of paramount importance for the individual dams

• Ensure that up-to-date national and international standards/requirements/best 
practices in dam safety aspects are used through every phase of the project 
(design, construction, and operation)
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