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this report is to assist in the safety management and disaster risk management 

related to dams and reservoirs in Viet Nam. 

The material in this report has been prepared in accordance with generally 

recognised professional standards and guidelines. The content of this report is 

not intended as a substitute for appropriate site specific investigations and 

analysis. It must also be noted that there is always uncertainty inherent in the 

behaviour of natural events and their consequences. 
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PREFACE 

Viet Nam has one of the largest dam networks in the world, comprising over 7,000 dams. 
More than 750 are classified as large dams (over 15 m in height or reservoir storage greater 
than 3 Mm3). There are significant challenges in managing the operational safety of this large 
dam network. 

These Guidelines incorporate internationally recognised procedures for dam safety 
assessment and disaster risk management into a single integrated process at a river basin 
level. The Guidelines allow users to: 

1. Identify and prioritise work needed to improve the safety of a dam 

2. Identify where Disaster Risk Management (DRM) can be improved for communities 
downstream of a dam 

The methodologies outlined in the Guidelines are applicable to the design of new dams or for 
safety evaluations of existing dams, and can be applied to all types and sizes of dams. 

The Guidelines consist of six chapters: 

 Chapter 1: “Introduction”. 

 Chapter 2: “Preliminary Assessment” provides a method to rapidly evaluate the 
downstream hazard potential of dam failure if data, time and resources are 
limited. This method is suited to small and medium dams with reservoir 
storage less than 3 Mm3. 

 Chapter 3: “Hazard Identification” provides comprehensive methods to quantify flood, 
seismic and landslides hazards to a dam. 

 Chapter 4: “Potential Failure Modes Assessment” provides comprehensive methods 
to determine the site specific vulnerabilities of a dam. 

 Chapter 5: “Hazard Impact on Downstream Communities” provides comprehensive 
methods to generate dam failure and dam spillway flood inundation maps 
and quantify the potential impact to people, infrastructure and agricultural 
land downstream. 

 Chapter 6: “Dam Safety and Disaster Risk Management” provides methods to make 
informed decisions to improve Dam Safety and Disaster Risk 
Management practices. 

These Guidelines are relevant to Engineers, Scientists, Planners, Consultants, Dam Owners, 
Asset Managers, Emergency Planners, Regulators, Central Government Ministries, Local 
Government Departments and others who have a responsibility for the management of dam 
safety, downstream urban and rural land management, and emergency response in Viet 
Nam. They have been developed as part of the Dam and Downstream Community Safety 
Initiative (DDCSI) project - a collaboration between Viet Nam and New Zealand dam safety 
experts. 
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LIST OF ACRONYMS 

1D One-dimensional 

2D Two-dimensional 

AEP Annual Exceedance Probability 

ARI Average Recurrence Interval 

ANCOLD Australian National Committee on Large Dams (Australia) 

COSAMD Centre of Survey and Mapping Data 

CN Curve Number 

DARD Department of Agricultural and Rural Development 

DCL Dam Crest Level 

DDCSI Dam and Downstream Community Safety Initiative 

DOIT Department of Industry and Trade 

DEM Digital Elevation Model 

DHI Danish Hydraulic Institute (Denmark) 

DRM Disaster Risk Management 

EA Environment Agency (United Kingdom) 

EPP Emergency Preparedness Plan 

FEMA Federal Emergency Management Agency (United States) 

FERC Federal Energy Regulatory Commission 

FSL Full Supply Level 

GDGMV General Department of Geology and Minerals of Viet Nam  

GEM Global Earthquake Model 

GIS Geographic Information System 

GNS GNS Science International Limited (New Zealand) 

GPS Global Positioning System 

HEC Hydrologic Engineering Centre (United States Army Corps of Engineers) 

ICOLD International Committee on Large Dams 

IDF Inflow Design Flood 

IGP Institute of Geophysics (Viet Nam) 

MARD Ministry of Agricultural and Rural Development 

MFAT Ministry of Foreign Affairs and Trade (New Zealand) 

MOIT Ministry of Industry and Trade 

MDE Maximum Design Earthquake 

MONRE Ministry of Natural Resources and Environment 

NCHMF National Centre for Hydro-Meteorology Forecasting 

NHMF National Hydro-Meteorology Service 

NZSOLD New Zealand Society on Large Dams 
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PFMA Potential Failure Modes Analysis 

PGA Peak Ground Acceleration 

PMF Probable Maximum Flood 

PMP Probable Maximum Precipitation 

PPC Provincial People’s Committee 

PSH Probabilistic Seismic Hazard 

PSHA Probabilistic Seismic Hazard Analysis 

SCS Soil Conservation Service 

UHM Unit Hydrograph Model 

USACE United States Army Corp of Engineers (United States) 

USBR United States Bureau of Reclamation 

USDA United States Department of Agriculture 

USGS United States Geological Survey 

VNCOLD Vietnam National Committee on Large Dams 

WMO World Meteorological Organisation 

WRU Water Resources University (Viet Nam) 
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1.0 INTRODUCTION 

1.1 OVERVIEW 

These Guidelines provide a methodology to: 

1. Identify and prioritise works needed to improve the safety of a dam 

2. Identify where Disaster Risk Management (DRM) can be improved for communities 
downstream of a dam 

These Guidelines promote an approach that considers the entire river basin, including 
upstream and downstream of a dam, as illustrated in Figure 1.1. 

 
Figure 1.1 Overview of assessment methodology. 
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The Dam and Downstream Community Safety Initiative (DDCSI) is a collaboration between 
Viet Nam and New Zealand dam safety experts. The DDCSI project has developed these 
Guidelines to provide a methodology for dam owners and managers to better understand: 

a) The potential risks related to their dams 

b) The natural hazards that can affect dams (e.g. floods, landslides, earthquakes) 

c) The reasons why dams fail, and 

d) Improvements that can be made to mitigate these risks 

Using these Guidelines will allow the user to: 

 Identify and quantify natural hazards and their potential impacts on dams 

 Undertake a general assessment of site specific vulnerabilities to a dam 

 Identify inundation areas from dam spillway flood release and dam failure floods 

 Estimate potential consequences on downstream communities from a dam spillway 
flood release or dam failure flood 

The methodology described in these Guidelines will allow dam stakeholders to make well 
informed decisions to undertake structural and operational improvements to dam structures. 
It will also help to improve Disaster Risk Management practices throughout the river basin. 

The assessment methods outlined in these Guidelines can be applied to all types and sizes 
of dams. These Guidelines are applicable to a single dam or a group of dams on a river 
system. The Guidelines can be used for existing dams and reservoirs or in the planning and 
design of future dam projects. 
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1.2 TARGET READERSHIP 

These Guidelines are relevant to Engineers, Scientists, Planners, Consultants, Dam Owners, 
Asset Managers, Emergency Planners, Regulators, Central Government Ministries, Local 
Government Departments and others who have a responsibility for management of dam 
safety or emergency response in Viet Nam. 

These Guidelines are not intended as a step-by-step guide, but provide sufficient information 
and reference so that the reader can select the best approach for a particular dam or group 
of dams in a catchment. These Guidelines aim to provide information to support decision 
making regarding dam safety and disaster risk management issues. 

If the reader does not have sufficient experience and training in any process outlined 
in these Guidelines, it is recommended that they should engage experts with suitable 
experience and training to undertake the analysis. 
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1.3 STRUCTURE OF THE GUIDELINES 

These Guidelines are divided into the chapters outlined in Figure 1.2. The Guidelines are 
structured so that the assessment can be carried out at a Preliminary, Intermediate or 
Detailed level of assessment as discussed to in Section 1.4. 

 
Figure 1.2 Structure of Guidelines. 

Chapter 2 provides the methodology to perform a Preliminary assessment to rapidly evaluate 
the potential downstream impact of a dam failure based on easily accessible information. 

More comprehensive methods to perform an assessment at an Intermediate or Detailed level 
are provided in Chapters 3 to 6. These chapters provide an integrated assessment over the 
entire river basin, both upstream and downstream of a dam, as illustrated in Figure 1.1. The 
content of Chapters 3 to 6 are summarised briefly as follows: 

 Chapter 3: “Hazard Identification” provides methods to quantify flood, seismic and 
landslides hazards to a dam 

 Chapter 4: “Potential Failure Modes Assessment” provides methods to perform a dam 
safety evaluation using Potential Failure Modes Assessment (PFMA) 

 Chapter 5: “Hazard Impact on Downstream Communities” provides methods to 
generate dam failure and dam spillway flood inundation maps and quantify 
the potential impacts to people, property and agricultural land downstream 

 Chapter 6: “Dam Safety and Disaster Risk Management” provides methods to make 
informed decisions to improve dam safety and DRM practices 
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1.4 LEVEL OF ASSESSMENT 

1.4.1 General 

The amount of effort required for dam safety assessment depends on site specific conditions. 

For example, a more detailed assessment may be warranted for dams with larger reservoirs 
situated upstream of a relatively large population and where the consequences of dam failure 
would have significant downstream impact. Dams with smaller reservoirs situated upstream 
of sparsely populated areas, may rely on less detailed methods of assessment. 

The availability of existing resources and data (such as downstream topography, dam and 
reservoir information, hydrological data, expertise to undertake the assessment, etc.) may 
also influence the level of detail of the assessment that is able to be performed. 

1.4.2 Assessment Levels 

These Guidelines provide for three different levels of detail to perform the assessment, as 
summarised in Table 1.1. 

Table 1.1 Levels of assessment. 

 

Table 1.2 provides a qualitative comparison of the three assessment levels based on the 
following criteria: data requirements, quality of the outputs, time requirements, cost and user 
experience. 

Table 1.2 Comparison of assessment levels. 

Level of 

Assessment 

Criteria 

Data 

requirements 

Quality of 

outputs 

Time 

requirement 
Cost User 

Preliminary Limited 
Approximate 

estimate 
Low Low Limited Training 

Intermediate Best available Moderate Moderate Moderate Experienced 

Detailed 
High resolution/ 

confidence 
High Very high Very high Expert 

• Rapid assessment based on easily accessable dataPreliminary

• Assessment based on existing data and relatively routine 
analysis methods

Intermediate

• Assessment based on site specific data, investigations and 
detailed analysis methodsDetailed
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The Preliminary assessment provides a rapid and approximate understanding of the 
downstream hazard potential of dam failure based on limited data. Once the Preliminary 
assessment has been conducted, further assessment of dams with significant downstream 
hazard potential should be conducted using the Intermediate and/or Detailed level of 
assessment as appropriate. 

The Intermediate and Detailed assessments have the same overall methodology but vary 
due to the amount and quality of data, resources and funding needed to conduct the 
assessment. Components of the Intermediate and Detailed assessments can be used 
interchangeably. For example, if frequent downstream flooding is a significant problem with 
the dam under investigation, then an overall assessment could be carried out at an 
Intermediate level, but with Detailed assessment to identify flood hazards (refer to Chapter 3) 
and downstream flood impacts (refer to Chapter 5). Alternatively, if there is a known defect 
with the dam condition then an overall assessment would be carried out at an Intermediate 
level, but with Detailed assessment for the potential failure modes (refer to Chapter 4) and 
dam safety management (refer to Chapter 6). 

The Detailed assessment described in these Guidelines provides greater understanding of 
the hazards, the condition of the dam and downstream impacts. This understanding can be 
utilised in planning for improvements to dam safety and disaster risk management. 

1.4.3 Selecting the Appropriate Level of Assessment 

Figure 1.3 provides a process to select the level of assessment. Figure 1.3 is for guidance 
only, and the final decision on the level of assessment should be based on consultation 
between dam owners, dam managers, provincial and district authorities, downstream 
communities and those carrying out the assessment. 

Figure 1.3 indicates that for dams with reservoir storage less than 3 Mm3 (at Fully Supply 
Level) it is recommended that a preliminary assessment is performed first, which provides a 
rapid and approximate understanding of a dam’s (or group of dams) downstream hazard 
potential. Chapter 2 of these Guidelines provides the methodology for the Preliminary 
assessment. 

Once the Preliminary assessment has been conducted, further assessment of dams with 
greater than 25 people at risk downstream should be carried out using the Intermediate or 
Detailed level of assessment. 

For dams with reservoir storage greater than 3 Mm3 (at Fully Supply Level) it is 
recommended that an Intermediate or Detailed assessment is carried out as a minimum 
requirement. Chapters 3 to 6 of these Guidelines describe the methodology of the 
Intermediate/Detailed assessment. 
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Figure 1.3 Schematic to determine level of assessment 
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1.5 DATA REQUIREMENTS 

Table 1.3 sets out the typical data requirements for a Preliminary assessment. Table 1.4 and 
Table 1.5 provide the typical data requirements to perform the respective Intermediate and 
Detailed assessment. Use these tables to understand the typical data requirements before 
undertaking the analyses. More specific information regarding data requirements is provided 
in each Chapter. 

Table 1.3 Typical data requirements for Preliminary assessment. 

Level of 

Assessment 
Data Requirements 

Preliminary 

 Dam and reservoir name and location 

 Maximum dam height 

 Dam crest level 

 Dam Full Supply Level 

 Reservoir volume at Full Supply Level 

 Reservoir area at Full Supply Level 

 1:10,000 or 1:25,000 scale topographic maps that cover the reservoir area and 
downstream watercourse 

Table 1.4 Typical data requirements for an Intermediate assessment. 

Level of 

Assessment 

Data Requirements 

Chapter 3 - 

Hazard 

Identification 

Chapter 4 - 

Potential Failure 

Modes 

Assessment 

Chapter 5 - 

Hazard Impact on 

Downstream 

Communities 

Chapter 6 - 

Dam Safety and 

Disaster 

Management 

Intermediate 

Hydrology 

 Rainfall and flow 
records 

 Dam spillway 
rating 

 Reservoir stage-
storage 

Seismic 

 Regional or 
national 
earthquake 
catalogues 

 Existing active 
fault databases 

Landslide 

 Topographic and 
geological maps 

 Aerial imagery 

 Records from 
regional studies 

Potential Failure 
Modes Analysis 

 All available 
information 
regarding dam 
and catchment 
(e.g. drawings, 
construction 
records, reservoir 
hydrology, 
design reports, 
photographs, 
operation 
manuals, 
monitoring/obser
vation records, 
etc.) 

Flood Modelling 

 Best available 
topographic data 
(river cross-
sections or 
1:25,000 scale 
topographic map 
contours) 

 Aerial 
photography 

Consequence 
Assessment 

 1:10,000 or 
1:25,000 scale 
topographic 
maps 

 Aerial 
photography 

Dam Safety 
Management 

 Existing dam 
operation and 
maintenance 
manuals 

 Existing 
Monitoring and 
Surveillance 
Plans 

 Existing 
Emergency 
Preparedness 
Plans 

Disaster Risk 
Management 

 Existing 
information and 
resources for 
DRM planning 
(e.g. emergency 
plans and 
procedures, 
warning systems 
communication 
methods, etc.) 



Dam and Downstream Community Safety Initiative – November 2015 
 

 

Guidelines, Chapter 1 - INTRODUCTION 9 
 

Table 1.5 Typical data requirements for a Detailed assessment. 

Level of 

Assessment 

Data Requirements 

Chapter 3 - 

Hazard 

Identification 

Chapter 4 - 

Potential Failure 

Modes 

Assessment 

Chapter 5 - 

Hazard Impact on 

Downstream 

Communities 

Chapter 6 - 

Dam Safety and 

Disaster 

Management 

Detailed 

Hydrology 

 Rainfall and flow 

records 

 Dam spillway 

rating  

 Reservoir stage-

storage 

Seismic 

 Regional or 

national 

earthquake 

catalogues 

 Existing active 

fault databases 

 Tectonic strain 

rates from GPS 

 Active fault field 

investigations 

Landslide 

 Topographic and 

geological maps 

 Aerial imagery 

 Records from 

local and regional 

studies  

Potential Failure 

Modes Analysis 

 Detailed dam 

information (e.g. 

drawings, 

construction 

records, reservoir 

hydrology, design 

reports, 

photographs, 

operation 

manuals, 

monitoring/obser

vation records, 

etc.) 

Flood Modelling 

 Detailed 

topographic data 

covering river 

channel and 

floodplains (i.e. 

river cross-

sections, 

floodplain 

topographic 

survey) 

Consequence 

Assessment 

 GIS layers of 

flood extent and 

depth (and/or 

velocity) 

 GIS layers 

showing land use 

(e.g. residential, 

commercial, 

agricultural land) 

 GIS layers 

showing building 

footprint and type 

 Aerial 

photography 

Dam Safety 

Improvements 

 Existing dam 

operation and 

maintenance 

manuals 

 Existing 

Monitoring and 

Surveillance 

Plans 

 Existing 

Emergency 

Preparedness 

Plans 

Disaster Risk 

Management 

 Existing 

information and 

resources for 

DRM planning 

(e.g. emergency 

plans and 

procedures, 

warning systems 

communication 

methods, etc.) 
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1.6 CASE STUDY REPORT 

The methodology outlined in these Guidelines has been applied to a river basin containing 
two large dams in Nghe An province, and documented in a separate Case Study report. The 
Case Study report is a companion document to these Guidelines. The Case Study report 
provides an example of application of the assessment process outlined in these Guidelines. 

Figure 1.4 shows the relationship between the Guidelines and the Case Study. 

 
Figure 1.4 Relationship between Guidelines and Case Study report. 

Guidelines

•Provides methodology to carry 
out technical analysis

Case Study

•Provides an example of 
application of technical 
analysis (described in the 
Guidelines) to dams in the 
Nghe An province
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1.7 LEGISLATIVE REQUIREMENTS FOR DAM SAFETY 

1.7.1 Laws and Regulations 

The laws and regulations dealing with dam safety management and disaster risk 
management in Viet Nam include: 

 Law No.8/1998/QH10 on Water Resources 

 Ordinance 32/2001/PL-UBTVQH10 on Exploitation and Protection of Irrigation Works 

 Decree No.72/2007/NĐ-CP on Dam Safety Management 

 to be superseded by the Decree No.72/2013/NĐ-CP (in preparation) 

 Circular 33/2008/TT-BNN on Guidance for a number of articles of Decree 72/2007 

 Law No. 33/2013/QH13 on Natural Disaster Prevention and Control 

 Various standards such as: 

˗ QCVN 04-05 2011/BNNPTNT: National technical regulation on hydraulic structures 

˗ QP.TL.C-6-77: Regulations of hydrological characteristics in design 

The DDCSI dam safety methodology has been developed with recognition of the VNCOLD 
(2012) “Dam Safety Manual” and provides tools for compliance with some aspects of Decree 
No.72/2013/ND-CP on dam safety management. 

Examples of common points between assessment methods outlined in these Guidelines and 
the requirements of Decree 72 are summarised in Table 1.6. 

Table 1.6 Examples of common points between Decree 72 and these Guidelines. 

Clause from Decree No.72/2013/NC-CP Guidelines Reference 

Chapter II, Article 5, No.4(h) 

For large dams: 

Flood maps are developed for downstream areas for 

design floods, emergency and dam-failure scenarios 

Chapters 2 and 4 

Hydrology, dam-failure analysis and flood 

modelling/mapping: 

 Provides simple and detailed methodologies to 

prepare flood maps for dam spillway release and 

dam failure events 

Chapter III, Article 15, No.2 

Appraisals on dam safety 

Chapter 3 

Potential Failure Modes Analysis: 

 Provides comprehensive appraisal of dam 

vulnerabilities and safety issues 

Chapter 5 

Identification of dam safety improvements 

 Helps to identify where dam safety upgrades are 

required 

Chapter IV, Article 20 

Flood and storm prevention and protection for 

downstream communities 

Chapter 4 

Downstream consequence assessment: 

 Provides methods to estimate and quantify 

damages to people, property, infrastructure, 

agricultural land in emergency flood situations 



Dam and Downstream Community Safety Initiative – November 2015 

 

12 Guidelines, Chapter 1 - INTRODUCTION 
 

1.7.2 Regulatory Dam Safety Management Agencies 

Responsibilities for dam safety management in Viet Nam are summarised in Figure 1.5. Use 
this diagram to help understand the responsibilities of Ministries, Agencies and People’s 
Committees at the state, province, district and commune level. It should also be recognised 
that Decree No.72/2013/ND-CP on dam safety management states that “dams owners and 
dam managers are responsible for the safety of the dams that they own and manage”. 

Figure 1.5 illustrates that at the central level the Ministry of Agriculture and Rural 
Development (MARD) and the Ministry of Industry and Trade (MOIT) are the Government 
agencies that regulate dam safety. MOIT is responsible for hydro-electric dams; MARD is 
primarily responsible for irrigation dams, including those for water-supply and flood-control. 

At provincial level the Provincial People’s Committee (PPC) is the highest Government 
management agency for regulation of dam safety. Departments of Agricultural and Rural 
Development (DARD) and Departments of Industry and Trade (DOIT) are authorised by the 
PPC to implement the legal management of dam safety. Provincial Irrigation and Hydropower 
management companies are typically established by PPC, DARD or DOIT to operate, 
maintain and manage specific dam or reservoir systems. 

At the District and Commune level, the District People’s Committees (DPC) and Commune 
People’s Committees (CPC) report to the PPC. At the District level Irrigation Management 
Companies are established by the DPC to provide direct operation and management of 
dams or reservoir. Similarly, at the Commune Level, Agricultural Cooperatives and Water 
User Associations are established by Commune People’s Committees (CPC). 
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Figure 1.5 Reservoir and dam safety management at central, provincial, district and local levels (adapted from 
Dam, et al, 2012 and Decree No.72/2013/NĐ-CP). 
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1.8 DEVELOPMENT OF THE GUIDELINES 

These Guidelines have been developed as part of the Dam and Downstream Community 
Safety Initiative (DDCSI). This project was carried out over 2012 to 2015 by collaboration 
between Damwatch Projects Limited (Damwatch) and GNS Science International Limited 
(GNS) of New Zealand, the Water Resources University (WRU) Hanoi, and the Viet Nam 
National Committee on Large Dams (VNCOLD). The Viet Nam Institute of Geophysics (IGP) 
also contributed to the seismic hazard component. 

The DDCSI project was sponsored by the New Zealand Government Ministry of Foreign 
Affairs and Trade (MFAT). 
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1.0 INTRODUCTION 

1.1 SCOPE 

This chapter provides a methodology to carry out a preliminary assessment of the potential 
impact of a dam on downstream communities. The outputs from this assessment include: 

1. Approximate extent of inundation from a hypothetical dam breach flood 

2. Estimate of the number of people potentially impacted by the dam breach flood 

The Preliminary level assessment can be used to: 

 Rapidly evaluate the potential downstream impact of a dam failure based on readily 
available information 

 Evaluate a large number of dams in a Commune or District to determine their relative 
downstream potential impacts - this information can be useful to prioritise investment 
and repair works to those dams with the highest potential downstream impacts 

 Decide whether a dam requires further analysis at an Intermediate or Detailed level of 
assessment (refer to Chapter 1 - Introduction, Section 1.3) 

The Preliminary level assessment has been developed in these Guidelines applies to 
earthen embankment dams only. 

1.2 LEVEL OF ASSESSMENT 

The level of time and resource to undertake dam safety and disaster risk management 
assessment should be appropriate to the size, complexity and potential downstream impacts 
of the dam or reservoir under investigation. 

For this reason, three different levels of assessment are provided in these Guidelines. 
Chapter 1, Section 1.3 provides a description of the three levels of assessment (i.e. 
Preliminary, Intermediate and Detailed) and when it is appropriate to use them. 

The analysis methods outlined in this Chapter relates to a Preliminary assessment. 
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1.3 OVERVIEW 

A summary of the methodology for the Preliminary assessment is provided in Figure 1.1. 
Section 2.0 provides detail on each component of the methodology outlined in Figure 1.1. 

 
Figure 1.1 Components of the Preliminary assessment methodology. 

1.4 DATA REQUIREMENTS 

The following data is required for a Preliminary level of assessment. 

 Dam and reservoir name 

 Dam location 

 Maximum dam height 

 Elevation of Dam Crest Level (DCL) 

 Elevation of Full Supply Level (FSL) 

 Reservoir surface area at Full Supply Level 

 1:10,000 or 1:25,000 scale topographic maps that cover the dam breach flood area 
downstream of dam 

Further detail on each of these data requirements is provided in Section 2.3. It is anticipated 
that this data can be easily obtained from the dam owner or manager. Note that if 1:10,000 or 
1:25,000 scale maps are not available for the study area, 1:50,000 scale maps should be used. 

1. Data collection

‐ Readily availble data from dam owner and topographic maps of 
area downstream of dam

2. Calculate dam breach flood discharge

‐ Simplified dam breach hydrograph using emperical equations

3. Dam breach flood routing

‐ Rapid dam breach flood routing method using Bowles, et al.(2013) 
and  topographic maps

4. Dam breach flood mapping

‐ Indicative dam breach flood outline scaled on topographic maps

5. Downstream impact assessment

‐ Broad scale assessment of houses in dam breach flood area using 
topographic maps
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1.5 LIMITATIONS 

It should be understood that the Preliminary assessment described in this chapter is based 
on limited data and analysis. As a result the outputs from this analysis are also limited in 
terms of accuracy. The following outlines the main limitations of the Preliminary assessment: 

 The assumptions made, limited resolution of topographic data, and the simplified 
hydraulic modelling approach adopted for the Preliminary assessment methodology 
means that if a reservoir actually failed it could cause flooded areas different from those 
shown in dam breach flood maps derived. 

 Dam breach flood extents estimated with the Preliminary assessment methodology are 
intended to represent the likely extent for a hypothetical dam breach flood event. 
However the extents may not be sufficiently accurate for emergency evacuation 
purposes. 

 No modelling of features on a floodplain which could affect the flood extent are included 
in the Preliminary assessment (e.g. bridges, road embankment, river levees, etc.). 

 Prediction of flood depths and levels with the Preliminary assessment methodology may 
be to within a few metres accuracy at best, with the accuracy diminishing with distance 
downstream from the dam. Hence the accuracy of the inundation extent should be 
considered when using them for applications such as Disaster Risk Management 
activities. 
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2.0 METHODOLOGY 

2.1 INTRODUCTION 

The following sections describe the process for carrying out a Preliminary level assessment. 
The assessment is divided into the components listed in Figure 1.1, and each component is 
described in more detail in the following sections. 

2.2 CALCULATION TEMPLATE 

The process for carrying out a Preliminary assessment has been programmed into a series 
of EXCEL spreadsheets, and presented in Appendix 1 as an example. 

It is recommended that the example provided in Appendix 1 is referenced when reading each 
component Preliminary assessment described in the following sections. 

2.3 DATA COLLECTION 

The dam and reservoir data required for a Preliminary assessment are outlined in Table 2.1 
and illustrated in Figure 2.1. 

It is anticipated that the data listed in Table 2.1 can be sourced from readily available 
information provided by the dam owner. 

Topographic map data can be sourced from the Department of Survey and Mapping 
Viet Nam, Centre of Survey and Mapping Data (COSAMD). Topographic maps should be the 
latest version available and in VN2000 geographic coordinate system.  

Map data from COSAMD is available in raster data format (i.e. Adobe PDF format) or as 
vector data for use in Geographic Information System (GIS) software. If the person 
performing the Preliminary assessment is technically competent with GIS software, 
purchasing the topographic map data in vector data format is recommended. 

Topographic map data should cover the entire extent of the downstream dam breach flood 
area. Table 2.2 provides guidance from ANCOLD (2012) on the recommended extent of the 
dam breach flood routing relative to the storage capacity of the reservoir. It is recommended 
that topographic map data should be collected over the total distances listed in Table 2.2 as 
a minimum. Further guidance on the distance downstream to collect topographic map 
information is provided in Section 2.5. 
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Table 2.1 Data requirements. 

Data Unit Symbol Source 

Dam and reservoir name - - Dam owner 

Reservoir location (1) - - Dam owner 

Maximum dam height m H Dam owner 

Dam Crest Level (DCL) m DCL Dam owner 

Full Supply Level (FSL) m FSL Dam owner 

Reservoir surface area at Full Supply Level m2 AFSL Dam owner (2) 

Reservoir volume at Fully Supply Level (3) m3 VFSL Dam owner  

1:10,000 or 1:25,000 scale topographic maps (4) - - COSAMD 

Notes: 
(1) Reservoir location should be a geographic coordinate in latitude/longitude format (e.g. 19.6963° lat, 105.3720° 

lon) or a description with enough detail to locate the dam (e.g. 6.2 km north-east of Ban Mong village, Quy 
Chau District, Nghe An province). 

(2) Use topographic map or aerial photography to estimate AFSL if data not available from dam owner. 
(3) If VFSL is not available from the dam owner, it can be estimated as outlined in Section 2.4.3. 
(4) Use best available map data (i.e 1:10,000 or 1:25,000 scale). Use 1:50,000 scale topographic maps only if 

1:10,000 or 1:25,000 scale maps are unavailable for study area. Maps need to cover the reservoir area and 
downstream watercourse (refer to Table 2.2 for guidance). 

 

 
Figure 2.1 Schematic of dam parameters in (a) plan and (b) profile. 
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Table 2.2 Total distance to route dam breach flood flow (after ANCOLD, 2012). 

Reservoir Storage (m3) 
Total distance downstream to 

route dam breach flood 

> 2,000,000 m3 60 km or greater 

200,000 m3 to 2,000,000 m3 20 km or greater 

< 200,000 m3 5 km or greater 

2.4 CALCULATION OF DAM BREACH OUTFLOW 

2.4.1 Introduction 

A dam breach is an uncontrolled opening in a dam structure. The following can contribute to 
a dam breach: 

 Deterioration or poor maintenance of the dam structure 

 Natural hazards such as extreme rainfall, floods, earthquakes or large landslides 

 Settlement of the dam or foundation 

 Seepage through the dam structure 

 Design of dam does not meet modern design standards 

 Poor construction of the dam 

 Reservoir not operated properly 

A dam breach outflow hydrograph provides a relationship between the rate of outflow 
through the dam breach as a function of time. The breach outflow hydrograph can be 
influenced by properties such as the dam construction materials, the reservoir volume and 
depth at the time of the breach. 

The following sub-sections provide a simplified methodology to determine a conservative, 
hypothetical dam breach outflow hydrograph for an earthen embankment dam based on 
limited data and information on the dam and reservoir. 

2.4.2 Assumed Breach Scenario 

The dam breach scenario assumed for a Preliminary assessment is a generalised dam 
failure event. However it should be understood that there are multiple potential dam failure 
scenarios which could occur and may differ from the generalised dam failure scenario 
described in this section. 

The parameters for the generalised dam breach scenarios are summarised in Table 2.3. 

A number of simplifying assumptions have been made to develop the generalised dam 
failure event. These assumptions are outlined as follows: 

 Inflow into reservoir: Not explicitly derived or routed, however, implicit in that the 
reservoir is full to the dam crest at time of dam breach. 

 Flow in river downstream of dam at time of breach: Not explicitly derived, but partially 
accounted for as topographic map contours used for flood routing does not account for 
river channel below normal water level. 

 Dams in cascade: Breach in downstream dams if overtopped by breach outflow from 
upstream reservoir is to be considered. Refer to Section 2.5 for methodology. 
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Table 2.3 Assumed parameters for generalised breach scenario. 

Parameter Assumption 

Failure mode Overtopping or piping. 

Height of breach 
Breach is assumed through the entire height of the dam embankment and terminates at 

the base of the dam embankment.  

Reservoir level at time 

of breach 
Reservoir level at Dam Crest Level (DCL) 

Volume of water 

released 

All stored, and escapable, water is released during the breach. Note that dam wave 

walls (e.g. parapet walls) should not be considered if they are designed for wave run-

up. Parapet walls should be considered if designed for flood retention. 

2.4.3 Breach Outflow Hydrograph – Embankment Dams 

The following steps summarises the calculations used in deriving the dam breach 
hydrograph for embankment dams. The objective is to derive a simplified dam breach outflow 
hydrograph assuming triangular hydrograph shape, as illustrated in Figure 2.2, where Qp is 
the peak breach discharge, Tp is the time to peak breach discharge and Te is the time to the 
end of the discharge hydrograph. 

 
Figure 2.2 Illustration of triangular breach hydrograph developed with empirical equations. 
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[Step 1] Derive initial estimate of peak breach discharge (Qp), time to peak (tp) and time to 
end discharge (te) from Table 2.4. 

[Step 2] Modify hydrograph if td, calculated in Step [1], is less than 2tp by: 

 Keeping Qp constant, set et  to 2 pt and reduce pt  so that total breach 

outflow is equal to the reservoir volume (Vw): 

w
p

p

V
t

Q
  

 If to meet the condition above, tp has to be reduced to less than 40.Hw, set 
tp to 40.Hw, and reduce Qp until total breach outflow is equal to the 
reservoir volume (Vw). 

[Step 3] Carry out reality checks: 

 Review credible breach locations from aerial imagery and confirm that Qp is 
not limited by the dam's configuration (e.g. very short crest length). 

 Check peak breach outflow against historic dam failure databases (i.e. Wahl, 
1998; Pierce, 2008 and Xu & Xhang, 2009) which relates the dam height and 
volume against peak breach discharge – refer to Figure 2.3. Check that 
predicted peak breach outflow is within range shown in Figure 2.3. 

 

 
Figure 2.3 Historic peak breach discharge (Qp) as a function of reservoir height and volume. 
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Table 2.4 Simplified Breach Outflow for Embankment Dams. 

Breach Parameter Equation 

Peak breach outflow 
0.295 1.240.607( )p w wQ V H

 (Froehlich, 1995) 

Time to peak breach dischrage 120p wt H
   (Bowles, et al., 2013) 

Time to end of hydrograph 2( / )e w pt V Q  

Where: 

pQ
 = Peak breach outflow (m3/s) 

pt  = Time to peak breach outflow (s) 

wH
 = Height of water (m) in the reservoir at the time of failure above the final bottom elevation of 

the breach. 

 Assume Hw = H as defined in Figure 2.1 for Preliminary assessment (i.e. entire height of 

dam is breached, and reservoir water level is at dam crest, or just overtopping the dam 

crest). 

wV
 = Reservoir volume (m3) at time of dam failure. Calculations for Vw are outlined in Table 2.5. 

Table 2.5 Volume Calculation Methods. 

Case Volume Calculation Equation 

Case 1: If VFSL, DCL and FSL is available, use the following 

equation: 
( )w FSL FSLV V A DCL FSL    

Case 2: If VFSL, DCL and FSL is not available, use the following 

equation: 
0.5( . )w FSLV A H  

Where: 

H  = Maximum height of the dam, reservoir wall or embankment (m) from the lowest 

natural ground level at the downstream toe (including stream bed) to the top of 

the dam, wall or embankment (excluding wave wall). 

FSLV
 = Escapable reservoir volume at Full Supply Level (m3). 

FSLA
 = Reservoir surface area at Full Supply Level (m2). 

DCL  = Dam Crest Level (m) 

FSL  = Full Supply Level (m) 

Notes: 

* Volume calculation for Case 2 is a very approximate method that uses a conversion factor of 0.5 to takes into 
account the slope of the sides of the reservoir valley. 
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2.5 SIMPLIFIED ROUTING OF BREACH OUTFLOW 

A simplified method for routing a dam breach flood wave down a valley is outlined in 
Bowles, et al (2013). This method should be used with caution as it may grossly under or 
overestimate the impact of the dam breach. For this reason the simplified routing method 
should only be used for dams with relatively smaller reservoirs, situated upstream of sparsely 
populated areas or as an initial screening tool for larger dams with potentially high 
downstream impacts in the event of dam failure. 

The Bowles, et al (2013) methodology involves: 

 Defining the downstream valley into a number of zones based on inspection of 
1:10,000 or 1:25,000 scale topographic maps. 

 Defining a typical trapezoidal cross-section shape, bed slope and Manning’s n value to 
each zone. 

 Applying a simplified relationship to attenuate the dam breach flood wave through each 
zone - refer to Hughes, et al (2013) for further reference on the attenuation relationship. 

 Estimating an approximate flood depth and flood width for each zone, and using this 
information to develop a simplified flood extent map (refer to Section 2.3.5). 

The simplified routing methodology has been programmed into an EXCEL spreadsheet – 
refer to Appendix 1.  

This method should only be considered as a first approximation to indicate flood depths, 
widths and discharges as the flood wave attenuates down the valley. More detailed methods 
described in the Chapter 3 should be used if there is any uncertainty in identifying population 
at risk with simplified routing methods. 

A number of issues to consider when using the simplified routing methodology are discussed 
as follows: 

(i) Distance to route dam breach flood discharge 

The downstream extent or limit to route a dam breach or dam spillway release flood should 
be evaluated on a site-specific basis. As guidance the flood wave should be routed until one 
of the following holds, based on FEMA, (2013): 

 Flood flows are contained in a large downstream reservoir 

 Flood flows enter the ocean or large tidal channel 

 Flood flows are contained within the channel banks of a downstream river 

Table 2.2 also provides guidance on the minimum distances to route a dam breach flood 
wave from ANCOLD (2012). 

(ii) Saddle dams/multiple-breach locations 

Generally initiation of the dam breach is assumed at the lowest point on the dam crest and 
the direction of the breach outflow is well defined based on local topography. However, if 
there are multiple possible flow paths for breaches at different sections of the dam, which 
would result in significantly different inundated areas (e.g. breach from saddle dams) then 
failure of each section of the dam should be analysed separately. An example would be a 
reservoir that has one or more dam structures retaining it. 
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(iii) Cascade failure 

It is common to find dams constructed in series along a valley such that if failure of an upper 
dam were to occur, the floodwater would pass into lower reservoirs potentially creating a 
“cascade failure” of the lower dam(s) – refer to Figure 2.4. In this situation it is necessary to 
also consider cascade failure of the downstream reservoir(s) triggered by failure of the 
subject reservoir. 

 
Figure 2.4 Illustration of cascade dam failure. 

When considering reservoirs that are in cascade it should be noted that the “subject 
reservoir” is the reservoir for which the dam breach analysis is being undertaken. A “cascade 
reservoir” is a reservoir that is situated on the same river as the subject reservoir, and which 
is downstream of the subject reservoir, such that a release of water from the subject 
reservoir will drain into the cascade reservoir. There may be more than one cascade 
reservoir downstream of a subject reservoir. 

The following summarises the recommended process involved in deriving the dam breach 
hydrograph for cascade reservoirs downstream of the subject reservoir. 

 Identify all potential cascade reservoirs downstream of the subject reservoir. 

 Calculate discharge hydrographs for each cascade reservoir identified in using the 
methodology outlined in Section 2.4.3. 

 Apply additional peak breach outflow from cascade reservoir when performing simplified 
routing using Bowles, et al (2013) methodology – refer to EXCEL spreadsheet in 
Appendix 1. 

(iv) Discharge Attenuation Factor 

Peak breach discharge is initially estimated at the dam using equations provided in  
Table 2.4. The magnitude of the peak breach discharge will reduce as the flood wave travels 
down the valley due to attenuation. The Bowles, et al (2013) methodology applies a 
theoretical discharge attenuation factor to peak breach discharge. The possible range of the 
discharge attenuation factor is 1 to 10. It is recommended that an attenuation factor of 2.5 is 
used based on Hughes, et al (2000). 

Subject Reservoir 

Cascade Reservoir 1 

Cascade Reservoir 2 
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2.6 INDICATIVE FLOOD INUNDATION MAPPING 

The outputs from the simplified breach outflow routing process (refer to Section 2.5) include flood 
depths, levels and flooded widths. These outputs can be used in conjunction with 1:10,000 or 
1:25,000 scale topographic maps to define an indicative dam breach flood extent by: 

 Plotting the flood width at each zone on the map. 

 Tracing flood extent between zones, taking into consideration the flooded depth, level 
and any local topographic features identified on the 1:10,000 or 1:25,000 scale 
topographic map (localised hills or gullies). 

This mapping process can be manually traced on 1:10,000 or 1:25,000 scale topographic 
map(s), or with the support of GIS mapping software (e.g. ArcGIS, QGIS). 

Appendix 1 provides an example of an indicative dam breach flood inundation map 
developed using ArcGIS mapping software. 

2.7 DOWNSTREAM IMPACT ASSESSMENT 

A Preliminary assessment of the downstream impact of the dam breach flood wave is 
undertaken by: 

 Counting the number of households shown on the 1:10,000 or 1:25,000 scale 
topographic maps in the indicative dam breach flood inundation zone developed in 
Section 2.6. 

 Multiplying the number of households by 4.0 (assuming an average of four people per 
household based on data from Nguyen, 2011). 

 If any public buildings (e.g. schools, hospitals), commercial buildings or industrial 
buildings are identified in the dam breach flood inundation zone, estimate the number 
of people working in these buildings and include in the assessment. 

This methodology assumes that the 1:10,000 or 1:25,000 scale topographic maps provide an 
adequate representation of households in the flood extent. However if land use has 
significantly changed since the maps were published (i.e. new housing areas have been 
developed in the flood extent) then this methodology may significantly underestimate the 
number of households in the flood extent. For this reason it is recommended that aerial 
photographs (e.g. GoogleEarth) are checked to determine if the households shown on the 
1:10,000 or 1:25,000 scale topographic maps are representative of actual conditions. 

Appendix 1 provides an example of the Preliminary downstream impact assessment summary. 

It should be understood that the Preliminary downstream impact assessment is very 
simplified and provides a limited indication of the number of people potentially exposed to the 
dam breach flood zone. No account is taken of the impact on transport infrastructure (roads, 
bridges, railways), agricultural land, people working in fields or outside of their households, 
critical or major infrastructure (e.g. power-plants, power-lines, hospitals), etc. These factors 
are considered in an Intermediate or Detailed consequence assessment. 
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A1.0 EXAMPLE OF PRELIMINARY ASSESSMENT 
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PRELIMINARY ASSESSMENT
2. SIMPLIFIED DAM BREACH FLOOD DISCHARGE
Notes: Only yellow cells require user input

Dam Data

Dam name: Khe Lau

Dam type: Earthern embankment

Dam Breach Hydrograph

Reservoir depth1 Hw 12 m

Reservoir surface area at FSL AFSL 290,000         

Reservoir volume at time of failure Vw 2,335,000      m3

Peak breach outflow Qp 1,000            m3/s

Time to peak breach outflow Tp 1,440            s

Time to end of hydrograph Te 4,670            s time (s) flow (m3/s)

Check hydograph 0 0 0

Check if Tp needs reducing? - - 1440 0.4 1000

Time to peak breach outflow (corrected) Tp s 4670 1.297168 0

Check if Qp needs reducing? - -

Time to peak breach outflow (corrected) Tp s

Peak breach outflow (corrected) Qp m3/s

Adopted dam breach hydrograph

Peak breach outflow Qp 1000 m3/s

Time to peak breach outflow Tp 1440 s

Time to end of hydrograph Te 4670 s

Check Peak Breach Discharge

Reservoir Volume x Reservoir Depth Hw.Vw 28,020,000    m4

Calculated Peak Breach Outflow Qp 1000 m3/s

Check calculated peak breach outflow is consistent with historic dam failure databases:

References:
Pierce, M., Thornton, C., & Abt, S. (2010). Predicting peak breach outflow from breached embankment dams . Journal of Hydrological Engineering, 15(5), 338-349.

Wahl, T. (1998). Prediction of Embankment Dam Breach Parameters: A Literature Review and Needs Assessment . Dam Safety Research Report DSO-98-004, U.S. Bureau of Reclamation.

Xu, Y., & Zhang, L. M. (2009). Breaching parameters of earth and rockfill dams. Journal Geotechnical and Geoenvironmental Engineering  (ASCE), 135(12), p. 1957-1970.
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PRELIMINARY ASSESSMENT
5. PRELIMINARY DOWNSTREAM IMPACT ASSESSMENT
Notes: Only yellow cells require user input

Dam Data

Dam name: Khe Lau

Dam type: Earthern embankment

Assumed Household Size

Number of people per household [N] 4 people

Population in Dam-Breach Flood Zone

Zone Map Distance Houses Population Additional

Contour from Dam in Flood in Houses Population

Zone

[A] [B] = [A] x [N] [C]

m RL km no. no.

0 Dam site 67.5 0 ‐
1 Seconday dam (assume cascade failure with 121 m3/s additional peak outflow 65 0.38 0 0 0
2 60 m contour 60 0.8 1 4 0
3 xom 16 57.5 1.33 4 16 0
4 xom 10 55 1.92 6 24 0
5 River downstream of ho 32 reservoir 52.5 2.12 0 0 0
6 50 m contour 50 2.84 5 20 0
7 Upstream of Dong Phu road bridge 47.5 3.44 10 40 0
8 Khe Cay river 45 6.94 0 0 0
9 Khe Cay river 40 12.04 0 0 0
10 Suoi Cai river 37.5 14.44 0 0 0
11 Confluence with Song Con 36 17.44 0 0 0
12

13

14

15

16

17

18

19

20

Population Impacted

TOTAL Population Impacted ( Sum ([B] + [C]) ) 104

Zone Description
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1.0 INTRODUCTION 

1.1 SCOPE 

Floods, earthquakes and landslides are recognised internationally as the primary natural 
hazards that can endanger the safety of dams. Quantifying these hazards in terms of 
magnitude and frequency of occurrence allows for informed decisions to be made on their 
impact on dam safety and methods to mitigate such hazards. 

The following diagram outlines the content of each section of this Chapter. 

 

Section 
2.0

• Flood hazards

Section 
3.0

• Seismic hazards

Section 
4.0

• Landslide hazards
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1.2 LEVEL OF ASSESSMENT 

The level of time and resource to undertake dam safety and disaster risk management 
assessment should be appropriate to the size, complexity and potential downstream impacts 
of the dam or reservoir under investigation. 

For this reason, three different levels of assessment are provided in these Guidelines. 
Chapter 1, Section 1.3 provides a description of the three levels of assessment (i.e. 
Preliminary, Intermediate and Detailed) and when it is appropriate to use them.  

The analysis methods outlined in this Chapter is related to an Intermediate or Detailed level 
of assessment of the hazard impacts to a dam. Table 1.1 provides reference to which of the 
methods outlined in this Chapter are appropriate for these levels of assessment. 

Table 1.1 Hazard assessment methods for Intermediate and Detailed assessments. 

Level of 

Assessment 
Assessment Method Section Reference 

FLOOD HAZARD ASSESSMENT 

Intermediate 
Flood frequency analysis using streamflow data; 

Reservoir routing; 

Section 2.5.4 and 

Section 2.6 

Detailed 

Flood frequency analysis using streamflow data, 

and/or; 

Rainfall run-off modelling using Probable Maximum 

Precipitation; 

Reservoir routing; 

Section 2.5.4 

Section 2.5.5/Section 2.5.6 

Section 2.6 

SEISMIC HAZARD ASSESSMENT 

Intermediate 
Probabilistic and deterministic seismic hazard 

assessment using readily-available data  

Section 3.3.2 

Section 3.3.3 

Detailed 

Probabilistic and deterministic seismic hazard 

assessment using best-available data, including field 

investigations to characterise faults near dam site. 

Comprehensive treatment of uncertainty. 

Section 3.3.2 

Section 3.3.3 

LANDSLIDE HAZARD ASSESSMENT 

Intermediate 

Mapping and characterisation of major landslides by 

interpretation of air photos and satellite imagery, 

followed by brief field verification 

Section 4.3.2 

Detailed 

Mapping of major landslides (as for Intermediate), 

leading to field investigation and assessment of 

specific sites (including drilling, monitoring, numerical 

stability analysis and failure modes). 

Section 4.3.2 
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1.3 OUTPUTS AND LINKS TO OTHER STAGES 

Outputs from the assessment methods outlined in this Chapter include: 

 Quantification of inflow design flood hydrographs, spillway outflow hydrographs and 
peak reservoir water levels for various annual exceedance probability flood events 

 Quantification of seismic hazards to a dam 

 Quantification of landslide hazards to a dam 

Figure 1.1 indicates how the outputs from this Chapter are linked to succeeding stages of the 
of the Intermediate/Detailed assessment methodology described in Chapters 3 to 6 of these 
Guidelines. 

 
Figure 1.1 Schematic showing linkage between assessment stages. 
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2.0 FLOOD HAZARD IDENTIFICATION 

2.1 INTRODUCTION 

Floods and their control are a dominant factor for the design, construction and operation of 
dams (ICOLD, 2003). Evaluation of extreme flood passage into a reservoir and through the 
dam outlet facilities is critical for the safety of new and existing dams. 

This chapter outline methods to determine the Inflow Design Flood (IDF) for a reservoir 
based on current international and Vietnamese design standards. Methods to route the IDF 
through the reservoir and dam spillway facilities are also provided.  

Reference is made to the Inflow Design Flood (IDF) throughout this chapter. The IDF is the 
flood discharge occurring into the reservoir, before the combination of the spillway capacity 
and reservoir storage attenuates and passes the flood. The IDF is taken as the most severe 
inflow flood (peak, volume, shape, duration) for which a dam and its associated facilities are 
able to safely pass. 

Figure 2.1 provides a schematic of the relation between the IDF and the dam spillway outflow. 

 

 
Figure 2.1 Illustration of reservoir inflow, outflow and storage relationships. 
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2.2 WORK PROCESS 

The process to estimate the IDF for a dam and to route the inflow through the reservoir is 
summarised in the following diagram and outlined in the following sections. 

 

Section 2.3
•Determine hydrological design criteria

Section 2.4
•Gather meterological and hydrological data

Section 2.5
• Estimate inflow design floods

Section 2.6
•Perform reservoir routing
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2.3 HYDROLOGICAL DESIGN CRITERIA FOR DAMS 

2.3.1 Introduction 

The following sections provide guidance on criteria used to select the Inflow Design Flood 
(IDF) for design of a new dam or safety evaluation of an existing dam.  

2.3.2 Guidance on Selection of the Hydrological Design Criteria 

For dam construction in Vietnam, regulations that dictate the design, construction and 
operation standards are typically dependant on the funding source for the dam, as outlined in 
the following diagram. 

 For dams designed and constructed through funding by the Vietnamese Government: 

The design criteria for the IDF should be selected based on: 

˗ Regulation QCVN 04-05:2012/BNNPTNT “National Technical Regulation on 
Hydraulic Structures – the Basic Stipulation for Design” 

Refer to Section 2.3.3 for more detail. 

It is strongly recommended that the dam design is also checked against 
recommendations given in Table 2.4 from VNCOLD (2012), which relates IDF criteria 
to the downstream hazard of the dam. 

 For dams funded by the World Bank or other international donors: 

International design criteria are required which base the selection of the IDF based on 
the potential downstream hazard of the dam, such as the system outlined in in: 

ICOLD (2003). Dams and Floods – Guidelines and Case Histories. International 
Committee of Large Dams. 

Refer to Section 2.3.4 (and Table 2.3 or Table 2.4) for more detail. 

The following sections provide further details on the Vietnamese and International methods 
to select the Inflow Design Flood (IDF) for design of a new dam or safety evaluation of an 
existing dam. 

2.3.3 Vietnamese Criteria 

The IDF for dams and reservoirs in Vietnam is related to the “Construction Level” of the dam. 
Construction Levels for dams are provided in Regulation QCVN 04-05:2012/BNNPTNT, and 
listed in Table 2.1. 

Regulation QCVN 04-05:2012/BNNPTNT requires that both a “design flood” and “check 
flood” are analysed for design and are defined from ICOLD (1992) as follows: 

 Design flood: Inflow which must be discharged under normal conditions with a safety 
margin provided by an accepted freeboard limit. 

 Check flood: Inflow above which the safety of the dam cannot be assured. It is 
considered acceptable practice for the crest structure, waterway and 
energy dissipater to be on the verge of failure but to exhibit marginally 
safe performance characteristics for this flood condition. 
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The inflow design flood for both the “design flood” and “check flood” is listed Table 2.2 for 
each Construction Level, based on QCVN 04-05:2012/BNNPTNT. 

Table 2.2 indicates that at the “Special” Construction Level, the most stringent of the 
construction levels, requires the structure to be designed to withstand an IDF with a return 
period of between 0.1 % and 0.02 % AEP (1,000 and 5,000 year ARI) for the design and 
check flood respectively. However Note 2 of Table 2.2 states that the Construction Level, 
and design flood, would be increased by one level when socio-economic and environmental 
damages are extreme. 

In addition, for dams in the Special Construction Level the check flood can be increased to a 
0.01 % AEP (10,000 year ARI) event or a more extreme flood if acceptable to investors. 

2.3.4 International Criteria 

The majority of international dam safety standards link the hydrological design criteria to the 
potential downstream hazard of the dam. The general principle is that a dam where failure 
would cause excessive damage or the loss of many lives should be designed, constructed 
and maintained to a higher standard than a dam where failure would result in less damage or 
fewer lives lost. 

For example, dams with a High hazard classification are typically required to be designed so 
that they can safely pass the Probable Maximum Flood (PMF) discharge, where as a dam 
with a Low potential hazard classification is required to pass a design flood with a magnitude 
between a 1 in 100 AEP to 1 in 1,000 AEP event. 

Table 2.3 lists the dam classification categories and corresponding “design flood” and “check 
flood” flood criteria from ICOLD (2003). 

VNCOLD (2012) proposed the hydrological design criteria listed in Table 2.4 for dams 
rehabilitated under the Vietnam Water Resources Assistance Project (VWRAP), funded by 
the World Bank. This table considers the potential downstream hazard of the dam as the 
basis for selection of the IDF. The Probable Maximum Flood (PMF) is recommended as the 
IDF for dams with high potential downstream hazard. 

Table 2.3 and Table 2.4 both recommend the PMF as the IDF criteria for highest hazard dams. 
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Table 2.1 Level of Construction classes for dams in Vietnam (after QCVN 04 05:2012/BNNPTNT). 

Type of Construction and 

Service Capacity 
Type 

Construction Level 

Special I II III IV 

Irrigated area (x103 hectares) - - > 50 >10 to 50 >2 to 10  2 

Reservoir capacity at 

MNDBT* (x106 m3) 
- >1,000 

>200 

to1,000 
>20 to 200  3 to 20 < 3 

Water supply to industry (m3/s) - > 20 >10 to 20 >2 to 10  2 - 

Earth Dam with dam height (m) 

A > 100 >70 to 100 >25 to 70 >10 to 25  10 

B - > 35 to 75 >15 to 35 >8 to 15  8 

C - - >15 to 25 >5 to 15  5 

Concrete dam with dam height (m) 

A > 100 >60 to 100 >25 to 60 >10 to 25  10 

B - >25 to 50 >10 to 25 >5 to 10  5 

C - - >10 to 20 >5 to 10  5 

Retaining wall height (m) 

A - >25 to 40 >15 to 25 >8 to 15  8 

B - - >12 to 20 >5 to 12  5 

C - - >10 to 15 >4 to 10  4 

Notes: 

1. Foundation geology divided into 3 groups as follows: 

 Group A: Rock; 
 Group B: Sandy, coarse soils, gravels and clay in hard, non-plastic state; 
 Group C: Water-saturated clay in plastic state; 

2. Building height shall be calculated as follows: 

 Earthen embankment dams: the height from the lowest surface (excluding parapet height) to the top of the dam; 
 Concrete dams: the height from the bottom to the top of the lowest cut off works. 
* MNDBT = Normal water level required to achieve design water supply 

Table 2.2 “Design flood” and “Check flood” frequency (after QCVN 04 05:2012/BNNPTNT). 

Type of construction 
Construction Level 

Special I II III IV 

1. Headworks complex types (except tidal headworks) works through river water for irrigation of agricultural systems: 

Design Flood AEP (%) 0.10 0.50 1.00 1.50 2.00 

Design Flood ARI (years) 1,000 200 100 67 50 

Check Flood AEP (%) 0.02 0.10 0.20 0.50 1.0 

Check Flood ARI (years) 5,000 1,000 500 200 100 

Notes: 

1. If socio-economic and environmental damages are extreme, the construction work level should be increased 
by one level. 

2. For Special construction level where feasible and accepted by investors, check flood can be of frequency 
0.01% AEP (corresponding to 10,000 year ARI) or extreme floods. 
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Table 2.3 Dam hazard categories and Inflow Design Floods from ICOLD (2003). 

Dam 

Hazard 

Category 

Downstream hazard potential Inflow Design Flood 

Loss of Life 

Economic, Social, 

Environmental, 

Political Impacts 
Design Flood Check Flood 

High More than 1 person Excessive 
% PMF or 

1,000 to 5,000 

PMF or 

5,000 to 10,000 

Medium Zero to 1 person Significant 
% PMF or 

500 to 1,000 

% PMF or 

1,000 to 5,000 

Low Zero Minimal 100 100 to 150 

Table 2.4 Inflow Design Floods criterion from VNCOLD (2012). 

Number of Residents to Affected 

Downstream Residents 
Danger Level Check Flood 

>10,000 Very High PMF 

1,000 to 10,000 High 
PMF or 

1 in 10,000 AEP 

25 to 1,000 Low 
PMF or 

1 in 10,000 AEP 

< 25 Very Low 1 in 1,000 AEP 
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2.4 HYDROLOGICAL AND METEOROLOGICAL NETWORK 

2.4.1 Introduction 

The following sections provide a general overview of the Vietnam hydrological and 
meteorological network. Data from these networks is typically required as input to 
hydrological models used to estimate the IDF for a dam. 

Hydrological and meteorological data in Vietnam is managed by the National Centre for 
Hydro-Meteorology Forecasting (NCHMF), which is a department of the National Hydro-
meteorological Service (NHMF) of the Ministry of Natural Resources and Environment 
(MONRE). The NCHMF is based in Hanoi and is responsible for collection, storage and 
distribution of hydrological and meteorological data. Data is available on request at cost. 

In general, the meteorological and hydrological record of Vietnam from around the 1960-70’s 
to the present date is relatively complete. Data prior to the 1960-70’s is discontinuous or 
incomplete due to historical reasons. 

2.4.2 Meteorological Network 

There are approximately 182 national meteorological stations in Vietnam which provide daily 
observations of rainfall to the NCHMF. NCHMF should be contacted to provide the most up-
to-date meteorological station information. 

Meteorological stations are listed as either Level 1 or Level 2. Level 1 stations provide data 
on rainfall, evaporation, temperature, wind speed and direction, humidity and hours of 
sunshine. Level 2 stations provide information on rainfall only. NCHMF should be contacted 
to confirm such data records as required. Data from non-automatic rain gauges is recorded 
as daily total precipitation, whereas for automatic recording rain gauges, rainfall intensity is 
recorded in up to 15 minute intervals. 

The majority of these stations are actively operated throughout the period of 1975 to the 
present date. 

A number of additional rainfall stations are located across the country, however data from 
these stations is not continuous and the reliability of the data is not verified by the HMDC. 
For this reason it is recommended that only stations managed by the HMDC are used for 
hydrological analysis. 

2.4.3 Hydrological Network 

Water level gauging stations are located on a large proportion of rivers in Vietnam, and the 
majority are managed by the NCHMF. NCHMF should be contacted to ascertain the latest 
hydrological station location and data record for a given catchment. Typically, hourly water 
levels and daily maximum and minimum water levels are recorded. Water levels are 
converted to discharge via a rating curve. Suspended sediment is also recorded at some 
hydrological gauging stations. 

Hydrological stations are listed as either Level 1 or Level 2. Level 1 stations provide data on 
water level and discharge, as well as other parameters such as water quality, suspended 
sediment, etc. Level 2 stations provide information on water level only. NCHMF should be 
contacted to confirm such data records as required. 
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2.4.4 Data Acquisition 

To obtain meteorological and hydrological data for a given catchment, NCHMF should be 
contacted to ascertain the data availability and cost. At the time of writing, cost for 
meteorological and hydrological data is determined by table unit, defined as follows: 

 1 table unit = 1 year of daily data 

2.4.5 Data Verification 

All meteorological and hydrological data received from NCHMF should be checked prior to 
use for any abnormal or missing values. It is also recommended that the stage-discharge 
rating curve(s) used to transform water levels to flows should be reviewed. In particular, the 
method(s) used to gauge high flows for calibrating rating curve(s) and the extent of the 
extrapolations beyond the gauging’s necessary to estimate peak flows should be presented. 

2.4.6 International River Basins 

A number of river catchments in Vietnam cross international borders. Hydrological and 
meteorological data for such catchments may be required from gauging stations outside of 
Vietnam. The following agencies are recommended to be contacted to obtain such data. It is 
noted that difficulty may be encountered when requesting data from agencies outside of 
Vietnam. 

 Cambodia: Ministry of Water Resources and Meteorology; 

 China: China Meteorological Administration; 

 Lao PDR: Department of Meteorology and Hydrology; 

 Mekong River: Mekong River Commission. 

In cases where data for a river catchment outside of Vietnamese borders is required, but 
data is unavailable from the above agencies or other sources, it is recommended that the 
catchment is treated as un-gauged and methods described in Section 2.5.7 are applied. 
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Figure 2.2 NCHMF Level 1 meteorological and hydrological stations within the territory of Vietnam. 
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2.5 ESTIMATION OF DESIGN INFLOWS 

2.5.1 Introduction 

The following sections provide guidance on methods and tools to derive the inflow design 
flood (IDF) for a reservoir. 

Derivation of the inflow design flood for a reservoir should only be undertaken by those 
experienced in hydrological methods. 

2.5.2 Background 

ICOLD (2012) and ICOLD (1992) state that the procedures to derive the IDF for a reservoir 
vary greatly among practitioners. However, it is generally established that the IDF for a 
reservoir is commonly obtained by either flood frequency analysis or rainfall-runoff modelling, 
which are briefly defined as follows: 

 Flood Frequency Analysis: Statistical analysis of historical flood peaks observed at or 
near the dam site and extrapolation of flood frequency 
curves to obtain low probability events; 

 Rainfall-Runoff Modelling: A deterministic mathematical model that simulates the 
conversion of rainfall to runoff for a specific catchment 
area or drainage basin. 

It is generally accepted that to derive a flood magnitude with a 1.0 % AEP (100 year ARI) 
using flood frequency analysis methods, a record of at least 25 years is required (USGS, 
1982). For floods greater than this magnitude the uncertainty on the extrapolated value will 
not necessarily be reliable or accurate. 

Figure 2.3 provides a qualitative indication of where the limits of extrapolation using flood 
frequency methods are viable based on Nathan & Weinmann (2001). It is recommended that 
flood estimates from precipitation (i.e. rainfall-runoff modelling) are used to derive rare and 
extreme flood events. ICOLD (1992) suggests that the methods listed in Table 2.5 are 
employed to derive the IDF as a function of flood frequency. 

The PMF event, as previously defined in Section 2.2.1, is typically derived by routing the 
Probable Maximum Precipitation (PMP) for a reservoir catchment through a rainfall-runoff 
model. The Probable Maximum Precipitation (PMP) is defined as the “theoretically greatest 
depth of precipitation for a given duration that is physically possible over a particular 
drainage area at a certain time of the year” (ICOLD, 1992). 

Many countries also utilise rational or regional methods developed from regionally-derived 
national data sets of rainfall distribution. Such methods are typically suitable for low hazard 
dams and for relatively small catchment areas. These methods are not discussed in this 
report, however such methods can be employed for low hazard dams where little 
meteorological and hydrological data is available or as a cross-check on the reasonableness 
of results of flood estimation methods listed in Table 2.5. 

Guidelines to determine the IDF using the methods listed in Table 2.5 are provided in the 
following sections. 
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Figure 2.3 Schematic of range of application and limitations of hydrological techniques (after Nathan & 
Weinmann, 2001). 

 

Table 2.5 Recommended estimation methods for inflow design floods. 

Flood frequency Estimation Method for IDF 

1.0% to 0.1% AEP 

(100 to 1,000 year ARI) 
Flood frequency analysis 

0.1% to 0.01 % AEP 

(1,000 to 10,000 year ARI) 
Rainfall-runoff modelling 

PMF Rainfall-runoff modelling using PMP 
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2.5.3 Factors Affecting Choice of Approach 

The choice of approach for hydrological analysis of the IDF for a reservoir should take into 
account the following aspects: 

 Hazard category of the dam: dictates the flood magnitude required to be estimated and 
scope of hydrological analysis required (refer to Section 2.3); 

 Data availability: availability of hydrological data and meteorological data in the 
drainage basin under study (refer to Section 2.4); 

 Financial resources: time and funds available to undertake hydrological study; 

 Human resources: degree of expertise and experience of practitioner undertaking the 
hydrological study. 

It is important to note that there is significant uncertainty associated with all hydrologic 
estimates. It is often advisable to produce estimates by two or more independent methods 
and to perform a sensitivity analysis to gain information regarding reliability of results 
(USACE, 1994). 

2.5.4 Flood Frequency Analysis 

Flood frequency analysis involves statistical analysis of observed annual peak flow discharge 
to calculate flood magnitude at various recurrence intervals. This method is defined in 
publications such as: 

 Regulation QP.TL-C6-77 “Standards for Hydrological Design Calculations”; 

 USGS (1982) Bulletin #17B “Flood Flow Frequency”; 

 USACE (1993) Engineering Manual EM 1110-2-1415 “Hydrologic Frequency Analysis”. 

Flood frequency analysis requires use of an extreme value distribution to derive low 
probability flood events. Regulation QP.TL-C6-77 recommends a Log-Pearson Type III 
distribution is adopted for this purpose. 

When conducting flood frequency analysis at an ungauged site, the flood frequency data can 
be transferred from catchments judged to be hydrologically similar to the subject site for which 
annual maximum flood data is available. The following formula is can be used for this purpose: 

1
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A flood hydrograph can be synthesised by utilizing an observed hydrograph from a major 
historical flood and increasing the ordinates of that hydrograph by the ratio of the peak flow 
determined by frequency analyse to the observed peak flow. 



Dam and Downstream Community Safety Initiative – November 2015 

 

Guidelines, Chapter 3 – Hazard Identification 17 
 

The reliability of results from flood frequency analysis is highly dependent on the extent and 
reliability of flood flow data. For this reason ICOLD (1992) recommends that caution should 
be applied with flood frequency analysis when: 

 Data is scarce, unreliable or from a short recording period; 

 Where flows are highly variable; 

 When deriving low probability events (i.e., < 0.2 % AEP). 

2.5.5 Rainfall Runoff Modelling 

A rainfall-runoff model simulates the movement of rainfall through a catchment by 
considering groundwater loss, soil moisture content, evapotranspiration and run-off. 
Commonly employed rainfall-runoff models include the following, which are examples of 
lumped, conceptual rainfall-runoff models. 

 Danish Hydrological Institutes (DHI) MIKE11-NAM model (DHI, 2012); 

 US Army Corp of Engineers (USACE) HEC-HMS model (USACE, 2010). 

In addition, the TANK model (Sugawara, 1984) has been used previously in Vietnam. This 
model has calculation period in days so is mainly suitable for basins with large catchment 
areas (VNCOLD, 2012). 

Rainfall-runoff models require two sequential operations, as discussed in ICOLD (1992): 

i. Infiltration losses are removed from the precipitation. 

Such losses are commonly estimated using the Curve Number (CN) method devised 
by the Soil Conservation Service of the United States Department of Agriculture. 

ii. The precipitation is routed with a transfer function to compute runoff. 

The MIKE11-NAM and HEC-HMS models employ a Unit Hydrograph Model (UHM) to 
transform excess rainfall to direct runoff. A number of methods are available to model 
direct runoff, with commonly used methods are the: Clark unit hydrograph, Snyder unit 
hydrograph, the SCS unit hydrograph or a user specified unit hydrograph, typically 
derived from analysis of past observed hydrographs. USACE (2010) provides general 
recommendations for choosing a direct runoff method. 

Basic data requirements for a rainfall-runoff model typically include catchment areas and 
observed times series of precipitation, temperature, evapo-transpiration and stream 
discharge. All rainfall-runoff models require calibration before estimates for design floods can 
be made. In the calibration process, model parameters are systematically adjusted until the 
model can simulate the hydrological behaviour of the catchment as closely as possible. 

Considerable input in terms of data, time and cost is required to setup, calibrate and run a 
rainfall run-off model. Step-by-step detail on the theory and processes to build, calibrate and 
run rainfall-runoff models is beyond the scope of this guideline, and it is recommended that 
rainfall-runoff modelling is only undertaken by a person qualified and experienced in 
hydrological methods. 
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2.5.6 Probable Maximum Flood Derivation 

The probable maximum flood or PMF is the greatest flood that may be expected from the 
most severe combination of critical meteorological and hydrological conditions that are 
reasonably possible in the drainage basin under study (FEMA, 2004b). The PMF is derived 
from the probable maximum precipitation or PMP, and hence the PMF does not have an 
associated frequency of recurrence. The following sub-sections describe methods commonly 
used to estimate the PMP and PMF. 

2.5.6.1 Probable Maximum Precipitation 

There are a variety of methods for determining the PMP. Because of the uncertainties and 
limitations of data and knowledge, the PMP must be considered an estimate and judgement 
must be used in setting its value (Chow, 1988). 

There is currently no standard reference or regulations to calculate the PMF in Vietnam, 
however the following references are used as guidance in the interim (VNCOLD, 2012): 

 Ha, V. K. et al. (2007). Textbook of structure hydrology [in Vietnamese]. Publishing 
house for science and technology. 

 VNCOLD. (2012). Dam Safety Manual. A report prepared by the Vietnam National 
Committee on Large Dams (VNCOLD) for the Ministry of Agriculture and Rural 
Development (MARD). Date: Dec 2012. 

 Khải, N. H., Ruân, D. K. (2009). Determining flood to reservoirs in Ba river basin [In 
Vietnamese]. Vietnam National University. Journal of Science, Natural Sciences and 
Technology 25, Number 3S (2009) 450–460. 

 WMO (2009). Manual on Estimation of Probable Maximum Precipitation (PMP). World 
Meteorological Organisation. 

Two methods are typically adopted to estimate the PMP for a catchment in Vietnam, 
described briefly as follows: 

i. Maximisation of Actual Storms 

If records of actual storms are available they may be maximised to obtain PMP values. 
This process involves increasing the observed storm precipitation by the ratio of actual 
moisture inflow to the storm to the maximum moisture inflow theoretically possible at 
the site. If there are no adequate storm records in the project basin, it is possible to 
transpose storms from other hydrologically similar basins. 

ii. Herchfield Statistical Method 

This method is described in WMO (2009) and is appropriate when rainfall data is 
available for the project basin, however other factors such as dew-point, wind, air and 
pressure data are unavailable. WMO (2009) states that this method is most often used 
to make a quick estimate for basins of less than 1000 km2, however it has also been 
applied to much larger basins. 

Further guidance on the application of these methods is provided in VNCOLD (2012) and 
WMO (2009). It should be reiterated that derivation of PMP for a given basin is only 
undertaken by a person qualified and experienced in hydrological methods. 
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It is noted that WMO (2009) also provides generalised methods for estimation of PMP for 
drainage basins from 5,000 to 25,000 km2 in the Mekong River basin, developed from a 
study by the United States Weather Bureau in 1970 (USWB, 1970). This method is not 
recommended as it provides misleading PMP estimates and most drainage basins in the size 
of 5,000 to 25,000 km2 have adequate meteorological and hydrological data to derive 
estimates using either the Maximisation of Actual Storms or Hirschfield Statistical methods. 

2.5.6.2 Probable Maximum Flood 

Once the PMP has been determined, a hydrological rainfall-runoff model, as described in 
Section 4.2.2, is required to derive the PMF estimate. If insufficient data is unavailable to 
construct and calibrate a rain-fall-runoff model the  Sokolovsky formula (a modified rational 
formula), as specified in Regulation QP.TL-C6-77, Chapter IV, Section 4.13, could also be 
appropriate to convert the PMP to PMF for catchments greater than 100 km2. 

2.5.7 Un-Gauged Catchments 

In some circumstances continuous discharge (streamflow) measurements are not available 
at the site of interest or nearby hydrologically similar catchments. Continuous discharge 
(streamflow) measurements are required for flood frequency analysis methods described in 
Section 2.5.4 and to calibrate rainfall runoff models described in Section 2.5.5. 

In this case it is recommended that methods for ungauged catchments, detailed in 
Regulation QP.TL-C6-77, Chapter IV, Sections 4.11 to 4.15 are used. Regulation QP.TL-C6-
77 recommends the following equations for  

 Sokolovsky method for catchments > 100 km2 

 Alexceyap method for catchments < 100 km2 

2.5.8 Effects of Climate Change 

The report “Climate Change, Sea Level Rise Scenarios for Vietnam” by MONRE (2009) 
describes the probable future effects of climate change for Vietnam. This document indicates 
that by the end of the 21st century, average temperatures in Vietnam are expected to 
increase about 2.3°C; total annual rainfall and the rainy season’s rainfall would increase 
while dry season’s rainfall would decrease. 

Methods to incorporate the effects of climate change into estimation of the IDF for a reservoir 
are not well established within the international community. For this reason it is 
recommended that when carrying out hydrological analysis for new or existing dams, the 
dam owner is consulted on an appropriate strategy to incorporate the effects of climate 
change into the estimation of the IDF for a reservoir. Such strategies to could include: 

 Adjustment of historical rainfall records to reflect monthly climate change projections 

 Hydrological downscaling of global climate models to the catchment under 
consideration 

 Undertaking sensitivity testing on the effect of increasing the peak flood magnitude and 
duration into the reservoir. 
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2.5.9 Construction Floods 

The construction flood is the flood discharge and volume to be safely handled during the 
construction of a new dam or during remedial work to an existing dam. Regulation QCVN 04-
05:2012/BNNPTNT provides the size of construction floods for design of temporary diversion 
works. Information on the size of the construction flood adopted by various countries for the 
construction of embankment and concrete dams is included in ICOLD Bulletin 108.  

The size of the construction flood is generally based on the dam site, the dam type, the 
construction cost and the downstream consequences to people and property if the 
construction flood capacity is exceeded. The dam type is significant as partially constructed 
embankment dams would fail if overtopped by a flood during construction, however concrete 
dams can survive some overtopping. This difference in dam type normally influences the 
construction flood design capacity. In all cases construction workers at the dam site as well 
as people and property downstream of the dam under construction must safeguarded. 

2.6 RESERVOIR ROUTING METHODOLOGY 

2.6.1 Introduction 

This section describes the methodology for routing an inflow flood hydrograph through a 
reservoir to evaluate the dam spillway outflow hydrograph. The process is commonly called 
“reservoir routing” and takes the reservoir inflow, reservoir storage and spillway outflow into 
consideration, as illustrated in Figure 2.1. 

2.6.2 Data Requirements 

The following data is required to perform reservoir routing: 

 Inflow flood hydrograph (rate of reservoir inflow versus time) 

 Reservoir capacity (reservoir storage-elevation relationship) 

 Spillway rating curve (spillway discharge-elevation relationship) 

The following sub-sections describe how to collect or derive this data. 

2.6.2.1 Inflow Flood Hydrograph 

The methodology to derive inflow hydrographs for a reservoir is outlined in the Section 2.5. 

Reservoir inflow design flood hydrographs may also be sourced from the dam owner. Note 
that when sourcing flood hydrology from the dam owner, additional hydrological work may be 
required to check the inflow design flood hydrographs or when there is a need to check or re-
size the spillway capacity against more extreme inflow flood hydrographs (e.g. derivation of 
the Probable Maximum Flood). 

2.6.2.2 Reservoir Capacity 

The reservoir elevation-storage relationship defines the total reservoir volume at given 
elevations above the base of the reservoir. This relationship is typically sourced from the 
dam owner. 

If reservoir capacity data is not available from the dam owner, or if the data requires 
independent verification, the reservoir elevation-storage relationship can be estimated from 
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topographic contour information (where available) and integrating the end area volume 
equation (refer to Equation 1) over the depth of the reservoir. Typically contours from 
topographic maps with vertical intervals of less than 5 m are required for accurate results 
with this method. 

 jV
2

iA A
h

 
  
 

 Equation (1) 

Where: V = Volume stored below contour intervals i and j (m3)  

 Ai = Surface area at contour interval i (m2)  

 Aj = Surface area at contour interval j (m2)  

 h = Vertical distance between contour intervals (m)  

2.6.2.3 Spillway Rating Curve 

The elevation-discharge relation for the dam spillway is typically sourced from the dam 
owner. In cases where this information is not available or the existing spillway rating needs to 
be verified, the elevation-discharge relationship can derived from hydraulic equations relating 
head and discharge, such as those shown in Table 2.6, for various types of spillways and 
outlet works. 

Note that a dam may have a number of spillways and outlet works and the combination of 
these facilities needs to be included in the hydraulic calculations. In addition derivation of a 
spillway rating curve should only be undertaken by personnel with previous experience in 
hydraulic engineering related to dams. 

Discharge equations listed in Table 2.6, are highly sensitive to the discharge coefficient 
selected and care must be taken to ensure the correct discharge coefficient is used. The 
discharge coefficient must be based on the site specific layout of the spillway or outlet. The 
following references are recommended as guidelines to determine the discharge coefficient. 
Note that imperial units are used in USACE (1995) and USBR (1960) and caution is required 
when converting discharge coefficients to metric units. 

 Khatsuria (2004). “Hydraulics of Spillways and Energy Dissipators” 

 USACE (1995) “Hydraulic Design of Spillways” 

 USBR (1960) “Design of Small Dams” 

 Novak, et al (2007). “Hydraulic Structures” 

For spillway arrangements not listed in Table 2.6, such as side channels, shaft (morning 
glory), siphons, fuse-plug spillways and labyrinth weirs, the reader is referred to the following 
references: 

 Khatsuria (2004). “Hydraulics of Spillways and Energy Dissipators” 

 USACE (1995) “Hydraulic Design of Spillways” 

 Visher & Hager (1998) “Dam Hydraulics” 

 USACE (2003) “Hydraulic Design of Labyrinth Weirs” 

If spillway or outlet works have gates, then gate operation procedures during flood events are 
also required. This information is sourced from the dam owner and can be used to derive the 
spillway rating curve under flood operation rules. 
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Table 2.6 Dam outlet discharge equations. 

Outflow Facility Equation 
Indicative 

Range of C* 

Uncontrolled over-flow 

ogee weir 

 

 

Q = discharge (m3/s) 

C = coefficient of discharge  

L = effective crest length (m) 

H = total head over the spillway crest (m) 

1.9 – 2.3 

Uncontrolled over-flow broad 

crested weir 

 

 

Q = discharge (m3/s) 

C = coefficient of discharge  

L = effective crest length (m) 

H = total head over the spillway crest (m) 

1.4 – 1.7 

Radial gate controlled 

ogee crest 

 

 

Q = discharge (m3/s) 

C = coefficient of discharge  

L = effective crest length (m) 

Go = gate opening (m) 

H = total head over the crest (m) 

0.68 – 0.72 

Sluice  

(submerged inlet control) 

 

 

Q = discharge (m3/s) 

C = coefficient of discharge  

A = sluice opening area (m2) 

H = total head over the midpoint of the 

sluice opening (m) 

0.6 – 0.8 

* Indicative range of coefficient of discharge (C) in metric units. Actual coefficient to be determined based on site specific layout of 
spillway or outlet, as recommended in Section 2.6.2.3. 

2.6.3 Reservoir Routing 

Reservoir routing is used to determine the flow attenuation that a hydrograph undergoes as it 
enters a reservoir – refer to Figure 2.1. Typically reservoir routing is performed using either 
level pool or dynamic routing methods, which are described in further detail in the following 
sub-sections. 

2.6.3.1 Level Pool Routing 

Level pool routing is a procedure for calculating the outflow hydrograph from a reservoir 
assuming a horizontal water surface, given its inflow hydrograph and storage-outflow 
characteristics. The advantage of level pool routing is that the calculations are relatively 
straight forward to perform and require only the input data than those listed in Section 2.6.2. 

Level pool routing is based on the concept that inflow, outflow and reservoir storage must 
adhere to the principle of conservation of mass, described in Equation (2). Equation (2) can 
be solved incrementally in a spreadsheet by following the example provided in 
USACE (1994). 

3/2Q CLH

3/2Q CLH

2oQ CLG gH

2Q CA gH
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 Equation (2) 

Where: I = Inflow to the reservoir (m3/s)  

 O = Outflow from the reservoir (m3/s)  

 ∆S = Change in storage within the reservoir (m3)  

 ∆t = Time increment (s)  

2.6.3.2 Dynamic Routing 

Dynamic reservoir routing is a procedure where the reservoir is defined by a number of 
cross-sections and a hydraulic model which solves the one-dimensional shallow water 
equations is used to simulate the flood wave attenuation through a reservoir. This procedure 
provides a more precise and physically correct routing method. However dynamic routing 
requires detailed bathymetric data for the reservoir which is frequently difficult and expensive 
to obtain for existing reservoirs. In addition the time and complexity required to setup and run 
a dynamic routing model is greater than level pool routing procedure. 

Note that it is generally accepted that level-pool routing gives more conservative results than 
the dynamic routing method. Dynamic routing is recommended to be used instead of level 
pool routing where the reservoir is relatively long relative to the depth and it is feasible to 
obtain bathymetric data for the reservoir. 

Dynamic routing can be implemented by 1D hydraulic modelling package such as MIKE11 or 
HEC-RAS. Further details on these hydraulic models are provided in Chapter 5 of these 
Guidelines. 

2.6.3.3 Initial Reservoir Water Level 

Results from reservoir routing are sensitive to the choice of the initial reservoir water level 
assumed before the inflow flood arrives into the reservoir. It is recommended that the 
reservoir pre-flood level is at Full Supply Level unless there are sufficient grounds to adopt a 
less conservative level (e.g. for flood detention dams). 

2.7 HYDROLOGICAL HAZARD CURVES 

Results from hydrological assessment for dams are commonly reported as hydrological hazard 
curves which plots peak discharge and peak reservoir water level as a function of AEP. Refer 
to Figure 2.3 - Figure 2.5 as examples. 

Figure 2.3 plots the results of peak reservoir inflows, derived using techniques outlined in 
Section 2.5, as function of AEP. The design flood hydrographs are then routed through the 
reservoir and dam spillway to evaluate the peak reservoir water level, using the techniques 
outlined in Section 2.6. Figure 2.5 plots the reservoir water level as a function of AEP. 

Hydrological hazard curves are recommended by USBR (2004) as they integrate the results 
of hydrological assessment for a dam and reservoir to provide a clear overview of the 
vulnerability of the dam to failure modes such as overtopping, as well as seepage/piping and 
overstressing of structural components at high reservoir water levels. These hazard curves 
are also used in Potential Failure Modes Analysis described in Chapter 3 and understand the 
adequacy of the dam and reservoir to pass extreme floods. 
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Figure 2.4 Example of a hydrological hazard curve showing peak reservoir inflow as a function of AEP. 

 
Figure 2.5 Example of a hydrological hazard curve showing peak reservoir water level as a function of AEP. 
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3.0 SEISMIC HAZARD IDENTIFICATION 

3.1 INTRODUCTION 

Viet Nam is a country with low to moderate seismicity rates. However, major fault systems 
have the potential to produce large magnitude earthquakes. Therefore dams and safety-
critical elements such as bottom outlets, spillway gates and related control units must be able 
to withstand earthquake induced ground shaking. 

This chapter outlines methods to determine the seismic loading for a dam based on current 
international and Vietnamese design standards. 

3.1.1 Plate Tectonic Setting 

The plate tectonic setting of Vietnam is shown in Figure 3.1. This figure shows that the main 
plate tectonic interaction that impacts Vietnam is the 10 mm/yr relative plate motion between 
the South China and Indochina blocks (shown with arrows indicating sense of movement 
across the boundary), which are respectively parts of the Eurasian and Indo-Australian 
plates. The plate boundary is spread over a wide zone in northern Vietnam, and plate motion 
is assumed to occur by earthquakes, since no faults are known to be moving or “creeping” 
from year to year. 

Seismic hazard is therefore highest in the north of the country (at/close to the plate 
boundary), and decreases towards the south (away from the plate boundary). 

 
Figure 3.1 Plate tectonic setting of Vietnam (adapted from Krobicki et al., 2008). 

 

Viet Nam 
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3.2 SEISMIC DESIGN CRITERIA FOR DAMS 

3.2.1 Introduction 

The following sections provide guidance on methods and tools to derive the seismic hazard 
estimates for a dam. 

Derivation of seismic ground motions for a dam should only be undertaken by those with 
suitable experience in seismic hazard assessment methods. 

3.2.2 Selection of the Seismic Design Criteria 

The choice of seismic design criteria, and degree of detail in the underlying seismic hazard 
assessment would normally depend on the size, downstream hazard and importance of the 
dam. The International Commission of Large Dams (ICOLD 2010) for example provides 
recommendations based on the downstream hazard of the dam. As a generalisation, the 
return period and complexity of seismic hazard assessment for a dam would increase with 
the downstream hazard. As indicated in Chapter 1.1, seismic hazard assessment according 
to level of detail, effort and complexity would be as follows: 

 Intermediate: Probabilistic and deterministic seismic hazard assessment based on 
regional or national earthquake catalogues (if available), and existing publications/data 
on active faults. Production of response spectra for a range of return periods. 

 Detailed: Probabilistic and deterministic seismic hazard assessment (as for 
intermediate), and also incorporating field investigation of known or suspected active 
faults near the dam. Use of diverse datasets (e.g. GPS) to assist the characterisation of 
earthquake sources (faults and distributed or background seismicity). Also, 
comprehensive treatment of uncertainty at all stages of the seismic hazard 
assessment. Production of response spectra and time histories representative of a 
range of return periods. 

Seismic hazard assessment at both “Intermediate” and “Detailed” levels needs to be carried 
out by those with relevant training and expertise (e.g. IGP or International Seismic Hazard 
Experts). 

3.2.3 Vietnamese Criteria 

The Vietnamese Standard TCXDVN 375:2006 earthquake code (based on Eurocode 8: 
Design of Structures for Earthquake Resistance) is the Vietnamese standard for earthquake 
design. It focuses on design of high rise buildings. Despite this focus, Vietnamese Standard 
TCXDVN 375:2006 is adopted as the basis for determining seismic design loading for design 
and assessment of dams in Vietnam. 

Vietnamese Standard TCXDVN 375:2006 states that the structure shall be designed to 
withstand the design seismic action without local or global collapse, retaining its structural 
integrity and a residual load bearing capacity after the seismic event. The design seismic 
action shall have a probability of exceedance of 10% in 50 years or a return period of 475 
years. For the damage limitation requirement, the structure shall be designed to withstand 
seismic action having a larger probability of occurrence than the design seismic action, 
without damages or the limitations of the use of the structure. The seismic action to be taken 
into account for the damage limitation requirement has a probability of exceedance of 10% in 
10 years or a return period of 95 years. 
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In TCXDVN 375:2006, seismic hazard is assessed based on the referenced peak ground 
acceleration (PGA) on ground type A (rock or rock type ground) which can be determined 
from the seismic zone map included in the code. 

International practice adopts two levels of seismic loading for assessment and design of 
large dams, however, the earthquake return periods are longer as explained subsequently in 
Section 3.2.3. 

3.2.4 International Criteria 

ICOLD Bulletin 72 (ICOLD, 2010) defines two levels of earthquake loading for evaluation of 
existing and design of new large dams: 

 Safety Evaluation Earthquake (SEE) 

The SEE is called the Maximum Design Earthquake (MDE) in some jurisdictions. It is 
required that there is no uncontrolled release of reservoir water when the dam is 
subject to a SEE. It is usual to design safety critical elements of the dam, such as 
bottom outlet and spillway gates, and associated operating equipment for the SEE in 
order that the dam can function after the earthquake and the reservoir water level 
lowered if necessary as part of corrective intervention. In some jurisdictions earthquake 
aftershock, often an order of magnitude less than the SEE, is assessed for the dam as 
impacted by the initial SEE shaking. 

 Operating Basis Earthquake (OBE) 

The OBE is the level of ground motion at the dam site for which only minor damage is 
acceptable. The dam, appurtenant structures and equipment should remain functional 
and damage should be easily repairable. 

Return periods for SEE and OBE adopted internationally for dams with different downstream 
social hazard (adopted in terms of population at risk as set out for flood hazard in the 
Vietnamese Dam Safety Manual, VNCOLD 2012) are suggested in Table 3.1. 

Table 3.1 Suggested criteria for ground motions as a function of downstream hazard. 

Number of Residents 

Affected in 

Downstream Area* 

Danger 

Level* 

Annual Exceedance Probability 

OBE SEE/MDE 

> 10,000 Very High 
1 in 150 1 in 10,000 

1,000 – 10,000 High 

25 – 1,000 Low 
1 in 150 1 in 2,500 

< 25 Very Low 

* Adopted from the Vietnamese Dam Safety Manual (VNCOLD 2012). 

Reviewers and designers need to be aware that an earthquake will affect all elements of a 
dam including appurtenant structures, underground structures, equipment, temporary 
structures like cofferdams etc. Therefore, all these elements have to be able to withstand 
earthquakes as well. For these elements, lower levels of design earthquake motions may be 
used than for the dam body and the safety-critical elements. Also, in the case of equipment, 
the motion of the equipment’s support must be used as input. For elements located on the 
dam crest significant amplification of the support motion has to be expected, especially in the 
case of concrete dams. 



Dam and Downstream Community Safety Initiative – November 2015 

 

28 Guidelines, Chapter 3 – Hazard Identification 
 

3.3 SEISMIC HAZARD ASSESSMENT METHODS 

3.3.1 General 

The following sections provide brief explanations of the methods that would be applied in 
each of the Intermediate and Detailed approaches to the assessment of seismic loadings for 
dams. Intermediate and Detailed levels of seismic hazard assessment need to be 
undertaken by specialists from a variety of different disciplines. These are seismologists, 
geologists, and hazards experts. 

The general approach to seismic hazard assessment involves the following steps: 

Identification of Earthquake Sources: Earthquake sources can be identified from both 
seismological and geological data. Earthquake catalogues provide information on the 
distribution and size of earthquakes that have occurred in the region over the time period of 
written and instrumental records. Active fault data provide information on prehistoric 
earthquakes. Many of these active fault sources have been quiet over the historical period, 
so it is important to capture the prehistoric earthquake data to provide a fuller picture of 
earthquake sources (Figure 3.2). This typically involves detailed field investigations to gather 
earthquake data such as recurrence intervals (e.g. trench investigations). Geodetic strain 
data are also increasingly used to identify potential earthquake sources. Typically the 
historical and geodetic data are used to define sources that cover diffuse areas of relatively 
homogenous seismicity (area sources), whereas the fault data are used to develop more 
discrete fault sources. A Detailed level of study may investigate multiple methods of defining 
these sources. 

Earthquake occurrence relations: Each source is assigned earthquake rates, which are 
assigned a minimum and maximum magnitude of earthquake. The maximum magnitude is 
the maximum size of earthquake considered possible within the area source or on the fault 
source. Various earthquake occurrence relations are available, from a single or narrow range 
of magnitudes (e.g. the simple characteristic earthquake model; Schwartz and Coppersmith, 
1984) to a range of magnitudes (e.g. the Gutenberg-Richter model; Gutenberg and Richter, 
1944). Detailed studies would address uncertainty in the earthquake rates and magnitudes, 
and uncertainty surrounding the choice of alternative occurrence relations. 

Ground motion prediction equations: Equations that provide estimates of the strength of 
ground shaking from the magnitude of the earthquake and distance to the site are an 
important tool in seismic hazard analysis. The choice of equation is made on the basis of 
geological conditions and plate tectonic setting. The equations are not usually perfectly 
suited to a particular region for various reasons (e.g. no equation developed for the region), 
so a selection of different equations is often made to collectively represent the region, 
especially in the case of Detailed levels of study. 

Seismic hazard assessment: Two methods of hazard assessment are commonly applied to 
seismic loadings for dam sites. These are deterministic seismic hazard analysis and 
probabilistic seismic hazard analysis. The following sections describe these two methods. 
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Figure 3.2 Generalised earthquake occurrence relation, showing the relative contributions of historical and 
prehistorical earthquake data to a combined earthquake source model. 

3.3.2 Deterministic Seismic Hazard Analysis (DSHA) 

Intermediate and Detailed approaches to developing seismic loadings for dam sites would 
utilise Deterministic Seismic Hazard Analysis (DSHA), in addition to probabilistic methods 
(refer to Section 3.3.2). 

DSHA is a scenario-based hazard analysis, basing hazard on a single, or limited number of 
earthquake sources, and these are usually the closest, most active sources to the site. 
DSHA has the advantage of being simple, as only a limited number of earthquake sources 
are considered, and earthquake recurrence information is not included in the hazard model 
development. 

The main difficulty with DSHA is in the appropriate selection of deterministic earthquake 
sources, which can run the risk of under or over-estimating the hazard. The development of a 
DSHA therefore needs to be achieved by specialists who have knowledge in the various 
components of DSHA (e.g. from IGP, IGS, and/or International Seismic Hazard Experts). 

The main differences in DSHA for Intermediate versus Detailed approaches to defining 
seismic loadings for dam sites are in the comprehensive treatment of uncertainty in ground 
motion estimates, and more complex tasks such as development of time histories for the 
scenario events in Detailed studies. 

The outputs of DSHA that are utilised in the assessment of seismic loadings for dams include 
the following: 

 Definition of design earthquakes 

 Development of scenario response spectra for the design earthquakes 

 Selection of time histories for design earthquakes  
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3.3.3 Probabilistic Seismic Hazard Analysis (PSHA) 

Intermediate and Detailed approaches to developing seismic loadings for dam sites would 
utilise Probabilistic Seismic Hazard Analysis (PSHA), in addition to DSHA (refer to 
Section 3.3.1). 

The PSHA process is summarised in Figure 3.3. PSHA uses information on the location, 
magnitude, rate and predicted ground motions of earthquakes surrounding a site to estimate 
the ground motion levels for user-specified probability levels or return periods (e.g. 10,000 
year return period relevant to large dams). The PSHA therefore involves an integration of all 
earthquakes and the associated predicted ground motions at the site. 

PSHA and DSHA (Section 3.3.1) need to be conducted together for Intermediate and 
Detailed studies, since DSHA provides the predicted ground motion estimates for specific 
earthquake sources identified as the most important contributors to the PSHA. The 
development of a PSHA can only be achieved by specialists who have knowledge in the 
various components of PSHA, as well as the DSHA and PSHA processes (e.g. from IGP, 
IGS, and/or International Seismic Hazard Experts). 

Detailed approaches to defining seismic loadings for dam sites utilise best-available data for 
source model development, while Intermediate approaches generally use readily-available 
data. Furthermore, comprehensive treatment of uncertainty in source model and ground 
motion estimates, and development of time histories for the selected scenario events are 
characteristic of Detailed PSHAs. 

The outputs of PSHA that are utilised in the assessment of seismic loadings for dams include 
the following: 

 Hazard curves for a range of spectral periods 

 Response spectra for relevant return periods (Figure 3.4) 

 Hazard maps (Figure 3.5) 

 Deaggregation graphs for relevant return periods to identify relevant design 
earthquakes (Figure 3.6) 

 Scenario response spectra for the design earthquakes derived from deaggregation of 
the hazard estimates (Figure 3.4, Figure 3.6) 

 Selection of time histories for design earthquakes 
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Figure 3.3 The four step procedure of probabilistic seismic hazard analysis (PSHA) developed originally by 
Cornell (1968). Deterministic seismic hazard analysis (DSHA) is limited to Steps 1 and 3. 

 
Figure 3.4 Example of response spectra for a site from PSHA and DSHA. The solid lines show (from bottom to 
top) spectra for 150, 475, 2500 and 10,000 year return periods, and the dashed lines (from bottom to top) show 
the spectra for a scenario earthquake on a local fault. 
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Figure 3.5 Example of a hazard map, which shows the peak ground accelerations expected (units of g) for a 
10,000 year return period. The red lines show modelled active faults that form part of the overall seismic hazard 
model. 

 
Figure 3.6 Example of a deaggregation plot, which shows the contribution to hazard of various earthquake 
sources, graphed according to magnitude (Mw) and distance (D). 

Mw 

D (km) 

C
o

n
trib

u
tio

n
 (%

) 



Dam and Downstream Community Safety Initiative – November 2015 

 

Guidelines, Chapter 3 – Hazard Identification 33 
 

3.3.4 Reservoir Triggered Seismicity 

As discussed in ICOLD (2012) it is widely accepted that the impounding of large reservoirs 
sometimes results in an increase in earthquake activity at or near the reservoir. This 
phenomenon is known as reservoir triggered seismicity (RTS). The number of accepted 
cases of RTS worldwide is somewhere in the range of 40 to 100 (ICOLD, 2012). RTS is 
activated by the effect of reservoir loading and the increase in pore water pressure under 
new reservoirs. 

Case histories in ICOLD (2012) indicate that if RTS does occur, it usually starts within a few 
months or years of first reservoir filling and does not usually last for more than about twenty 
years. Fell (2015) states that once the stress field and the pore pressure fields under a 
reservoir have stabilised, then the probability of future earthquakes reverts to a value similar 
to that which would have existed if the reservoir had not been built. 

The maximum observed magnitude for RTS ranges from 6.0 to 6.3 and was associated with 
very large dams and reservoirs (i.e. dams with heights greater than 80 m and reservoir 
volumes greater than 1,000 Mm3). Case histories in ICOLD (2012) indicate that if RTS does 
occur, it is more common to trigger small shallow earthquakes with magnitudes between 1 
and 5. 

The probability of RTS occurrence increases with increasing dam height and volume of the 
reservoir. It is recommended that for very large new dams (i.e. dam height > 80 m) located in 
tectonically active regions, RTS activity is monitored:  

 Prior to construction 

 During impounding of the reservoir, and 

 During first years of reservoir operation 

RTS ground motions are generally significantly smaller than that of the SEE (refer to Section 
3.2.4), so earthquake safety of a dam is generally covered by satisfactory design for the 
SEE. However for very large new dams (i.e. dam height > 80 m) the safety of appurtenant 
structures, slopes and buildings in the dam vicinity should be checked for safety at expected 
RTS magnitudes. RTS may also cause rockfalls damaging appurtenant structures and hydro-
mechanical and electromechanical equipment. 

 



Dam and Downstream Community Safety Initiative – November 2015 

 

34 Guidelines, Chapter 3 – Hazard Identification 
 

4.0 LANDSLIDE HAZARD IDENTIFICATION 

4.1 INTRODUCTION 

Landslides, simply defined as “the movement of a mass of rock, debris or earth down a 
slope” (Cruden, 1991), range in size from less than 10 m3 to more than 100 million (M) m3. 
This range in size means that landslide impacts may range from little or nothing through to 
damage of individual dwellings at the smaller end of the size scale to major impacts on 
critical infrastructure at the larger end of the scale. 

The following sections outline how to quantify landslide hazard to dams and reservoirs. The 
main focus is on larger landslides, and as outlined in Section 1.2, the level of detail for 
assessment of landslide hazard should be appropriate to the dam under investigation or 
consideration. Table 1.1 provides guidance on which methods outlined in the following 
sections are relevant to an Intermediate or Detailed level of assessment. 

4.2 BACKGROUND 

Landslide hazards affect dam safety in three main ways: 

1. The first is a landslide in the immediate vicinity of the dam which could potentially 
damage the dam and its appurtenant structures or prevent the operation of facilities like 
intakes or spillways, by blocking them. 

2. The second is a landslide on the reservoir rim that have potential to cause an impulsive 
wave (seiche) which may endanger the dam due to wave run-up or overtopping of the 
dam crest. 

3. The third is a landslide in the reservoir or river valley upstream of the dam that could 
potentially create a landslide dam whose eventual failure could create damaging flood 
flows at the dam. 

Landslide hazard assessment is primarily based on a thorough understanding of the geology 
and the past and current landscape forming processes in the reservoir rim and the upstream 
river valleys. It is particularly important to identify and understand the landslides that have 
occurred in the past and whether any potential slope stability issues remain. This information 
is then used to identify the potential for future landslides and to evaluate their effects at the 
dam. 

The focus of landslide hazard assessment methods outlined in the following sections is on 
large landslides with volumes larger than 10 Mm3 that have the potential to block valleys or 
cause impulsive waves in the reservoir that may endanger the dam. However, consideration 
should also be given in the design of new dams or safety assessment of existing dams to 
slope stability hazards that could damage the dam (including the abutments and foundation) 
and its appurtenant structures or block facilities like intakes or spillways. These slope stability 
hazards should also be addressed as part of Potential Failure Modes Analysis (refer to 
Chapter 4 of these Guidelines). 

Landslides can be classified by the style and rate of movement (Table 4.1 and Table 4.2). 
A range of triggering mechanisms may initiate movement, including rainfall, earthquake and 
man’s activity. More severe consequences can often be associated with higher speeds of 
movement (though not always), and larger landslide volume. 
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Table 4.1 Abbreviated classification of slope movements (after TRB 1996). 

Type Of Movement 

Type Of Material 

Bedrock 
Engineering Soils 

Coarse Fine 

FALLS rock fall debris fall earth fall 

TOPPLES rock topple debris topple earth topple 

SLIDES ROTATIONAL rock slump debris slump earth slump 

TRANSLATIONAL rock slide debris slide earth slide 

LATERAL SPREADS rock spread debris spread earth spread 

FLOWS rock flow debris flow earth flow 

COMPLEX Combination of two or more principal types of 

movement e.g. rock slide and debris flow 

Table 4.2 Landslide movement velocity scale (after TRB 1996). 

Magnitude 

class 
Description 

Velocity 

(mm/sec) 
 

Typical 

velocity 
Probable destructive significance 

7 
Extremely 
rapid 

  
Catastrophe of major violence; buildings 
destroyed by impact of displaced material; many 
deaths; escape unlikely  

  
5 x 103 5 m/sec 

 

   

6 Very rapid   
Some lives lost; magnitude too great to permit all 
persons to escape 

  
5 x 101 3 m/min 

 

   

5 Rapid   
Escape evacuation possible; structures, 
possessions and equipment destroyed 

  
5 x 10-4 2 m/hr 

 

   

4 Moderate   
Some temporary and insensitive structures can 
be temporarily maintained 

  
5 x 10-3 15 m/mth 

 

   

3 Slow   

Remedial construction can be undertaken during 
movement; insensitive structures can be 
maintained with frequent maintenance work if 
total movement not large 

  
5 x 10-5 2 m/yr 

 

   

2 Very slow   
Some permanent structures undamaged by 
movement 

  
5 x 10-7 15 mm/yr 

 

   

1 
Extremely 
slow 

  
Imperceptible without instruments; construction 
possible with precautions 
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Lakes formed upstream of landslides that have either partially or fully filled the valley have a 
low probability of survival. The longevity of landslide-dammed lakes is influenced by factors 
such as volume, size, shape of the dam and water flow into the newly formed lake. Costa & 
Schuster (1988) estimated that 56 percent of such dams exist for less than one month after 
formation and 86% exist for less than one year after formation. 

The most well-known example of a large landslide that impacted into a reservoir was at 
Vaiont in northern Italy in May 1963 (Figure 4.1). In this event a >270 Mm3 landslide slid at 
high velocity (up to 30 m/sec) into the newly formed Vaiont reservoir (Hendron & Patton, 
1987). The impact of the landslide in the reservoir caused a wave that overtopped the dam 
and resulted in extreme damage and several thousands of deaths in the valley downstream. 

 
Figure 4.1 Vaiont landslide. The red arrow shows the path of the 270 Mm3 landslide into the reservoir that 
resulted in the wave that overtopped the dam (blue arrow). 

 

 

 

 

 

 

 



Dam and Downstream Community Safety Initiative – November 2015 

 

Guidelines, Chapter 3 – Hazard Identification 37 
 

4.2.1 Landslides in Vietnam 

Landslides occur throughout Vietnam, mainly as a consequence of steep and varied terrain, 
in combination with high annual rainfall levels and deep surficial weathering. With their 
frequent occurrence and impact on community and infrastructure, landslide-related studies 
are common in Vietnam (e.g. Long et al. 2012), and a nationwide mapping programme is 
underway by the Vietnam Institute of Geosciences and Mineral Resources (VIGMR) in 
Ministry of Natural Resources and Environment (MONRE). 

Many of the landslides in Vietnam are individually on a small to intermediate scale (volume 
up to 50,000 m3), and often associated with excavated (cut) slopes formed in the weathered 
profile (engineering soil/regolith), such as along highways. Natural slope failures are also 
widespread (Duc, 2013), particularly in remote areas where the topography is steeper. 

Many of the landslide studies relate to rainfall-induced landslides triggered during storm 
events (e.g. 15 December 2005 in Binh Dinh province, Duc, 2013) or use Geographic 
Information System (GIS) spatial analysis to develop susceptibility zonation’s (e.g. Bui et al 
2013, Lee & Dan 2005 in north-eastern and north-western Vietnam respectively). Few 
studies have identified larger scale (volume >10 Mm3) landslides, or landslide-dammed 
lakes. One regional-scale study that considered the influence bedrock structure (Lee & Dan, 
2005) did not give data for landslide size or area, with identification of individual landslides 
based on factors such as breaks in forest canopy. 

Large landslides with valley and reservoir blocking potential are not directly included in 
reservoir management practice in Vietnam (VNCOLD, 2012). However, the VNCOLD 
guidelines do recognise that dam breach may happen outside of the flooding season (i.e., 
landslide-induced disruption). Recognition of the potential for large valley-blocking landslides 
affecting a reservoir area in Vietnam is a new contribution to hazard assessment. 
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4.3 ESTIMATION OF LANDSLIDE HAZARD 

4.3.1 Introduction 

The following sections provide guidance to quantify landslide hazard for dams and 
reservoirs. Section 4.3.2 provides general background, Section 4.3.3 describes the data 
sources required and Section 4.3.4 and 4.3.5 provides an overall evaluation and assessment 
process for recognition of reservoir landslide potential. 

4.3.2 Background 

The intent of these Guidelines is to provide guidance for the recognition of the potential for 
large landslides affecting a dam and its reservoir area. ICOLD Bulletin 124 (ICOLD 2002) 
with guidelines and case histories provides the main reference relating to current 
international practice. 

The landslides that are the subject of these Guidelines are: 

1. Landslides on the margins of the reservoir that can cause an impulsive wave that may 
overtop and damage the dam. 

2. Landslides that block the river valley, either in the reservoir or in tributary catchments 
upstream of the dam, forming a natural landslide dam. As indicated in Chapter 4.2 the 
unconsolidated nature of landslide debris and absence of controlled spillway, can result 
in catastrophic failure of a landslide dam with the resulting flood wave endangering 
dams constructed downstream. 

Ideally landslide hazard assessment is carried out at the feasibility stage of dam design, so that 
if there is a potential for a significant impact on a project it is identified sooner rather than later. 
Recognition of such a threat typically translates into the need for more specific investigation 
and stability assessment of a particular feature on the reservoir margin (or upstream). 

Landslide hazard assessment in the project design and development process is far less 
costly than during or after reservoir filling which can also add delays to project completion 
and normal reservoir operation. ICOLD (2002) also point out that the most critical time for 
reservoir landslide events has generally been associated with the initial filling of the reservoir 
(85% of landslide events occur during construction, impoundment or within two years of 
project completion). 

It is important to realise, as noted in the ICOLD Bulletin on reservoir landslides (ICOLD, 2002), 
that it is not possible to provide a prescriptive investigation programme for all cases. Several 
publications do include listings of, or outline, investigation methods (e.g., Part 2 in TRB (1996)). 
However, reflecting ICOLD (2002), these Guidelines are targeted towards the approach of 
‘Questions to Ask’, or ‘Checklists’, as illustrated in Table 4.3 and Table 4.4 respectively. 

Not all the questions listed in Table 4.3 and Table 4.4 can be answered within the scope of 
an Intermediate assessment or even a Detailed assessment. Intermediate level assessments 
are based information from surface investigations (e.g. mapping) and regional assessment to 
identify the potential for a landslide on the reservoir margin or upstream. Therefore the 
questions to be answered relate more to those in the upper third of Table 4.3 and Table 4.4. 
Detailed level assessments extend to obtaining more specific information from subsurface 
investigations (e.g. drilling, monitoring) required with recognition and assessment of a 
potential threat at a specific site. The questions to be answered are therefore more 
comprehensive, including risk and stabilisation options in the lower parts of both Tables. 
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ICOLD (2002) includes four case histories where either a notable slope failure has occurred, 
or remedial measures have resulted from dedicated investigation with drilling and monitoring 
and stability assessment of identified landslide features. 

ICOLD (2002) also makes a distinction between investigations into existing landslides 
compared with those for potential first-time landslides. Identification of the potential for first-
time landslides is more difficult and generally follows evaluation of existing landslides and/or 
structural geology in the reservoir vicinity indicates the possibility of their occurrence.  
Table 4.3 and Table 4.4 are for existing landslides, and Questions and Checklist tables for 
first- time landslides are included in the ICOLD Bulletin. Investigation of first-time landslide 
potential is more likely to form part of a Detailed level assessment. 

Table 4.3 Questions to ask during reservoir landslide investigations for existing landslides (after ICOLD, 
2002). Note that the sources (e.g., air photos) discussed in this document are associated more with Intermediate 
level assessments. Others (e.g. drilling) are part of more specific investigations associated with Detailed level 
assessments. 

Question Source of answer 

Geological setting 

 Regional, local geology seismicity 

Published information, satellite and air photo interpretation, field 

mapping, seismicity catalogue, local microearthquake network  

Geological controls on slope development 

and geometry 

 Faults, sheared zones, joint sets 

 Bedding/foliation 

Satellite and air photo interpretation, mapping, data evaluation 

Type of slope failure Air photo interpretation, mapping 

Rates and direction(s) of movement(s) Air photos, mapping, monitoring 

Past movement history Geological and geomorphological evidence, sequential or repeated 

air photos (in particular vertical), historical records, monitoring 

Current activity Field mapping, monitoring 

Boundaries, dimensions and volume Air photo interpretation, mapping, calculation. Reliable volume 

calculation requires sub-surface information 

Is the slide part of a larger one? Air photo interpretation, field mapping 

Configuration and properties of the basal 

failure zone/plane 

Subsurface investigations, testing 

Configuration and properties of bounding 

surfaces or zones 

Mapping, subsurface investigations, testing 

Internal structures of the slide Subsurface investigations 

Relationships between slide limits (side, 

base) and parent rock mass 

Mapping, subsurface investigations 

Regional groundwater Mapping (springs, streams, geological controls), regional 

databases 

Groundwater distribution and pressures 

 Within slide mass, parent rock mass 

Mapping, investigations drilling, piezometric monitoring 

Relationships between groundwater 

systems and structure 

 Slide mass, parent rock mass 

Mapping, investigations drilling, piezometric monitoring, 

geological/hydrogeological models 
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Question Source of answer 

Effect of reservoir filling on groundwater 

system 

Piezometric monitoring, modelling 

Effect of reservoir operation on 

groundwater system 

Piezometric monitoring, modelling 

Presence of soluble or swelling rocks or 

soils 

Mapping, subsurface investigations, testing 

Presence of soils or rocks (or sheared 

zones within them) known to weaken on 

inundation 

Mapping, subsurface investigations, testing 

Slide mechanism Mapping, subsurface investigations, deformation monitoring, 

geological model 

Cause of movements Monitoring, geological precedent evidence including dating of past 

events and/or potential trigger mechanisms such as earthquakes 

Relationships between slide movement 

rate and rainfall/ stream flows 

Monitoring 

Factors of safety (and assumptions) 

 Existing conditions, seismic loading 

 Rainfall, Extreme flood 

 Reservoir filling, reservoir operations 

 Rapid drawdown 

Field evidence, historical records, observation, analysis 

Allowances for extreme rainfall or seismic 

events 

Historical record, statistical information, precedent 

Probability of such events Historical record, statistical information 

Likely effects on slopes if not stabilised Hazard/risk assessment, analytical model 

Probabilities of failure of slope under these 

conditions 

Risk assessment 

Can it block the valley? Compare cross sectional areas of slide and valley 

Consequences of failure of this mass Risk assessment 

Stabilisation options Depend on conditions, check suitability by analytical modelling 
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Table 4.4 Checklists for reservoir landslide investigations for existing landslides (after ICOLD, 2002). Like for 
Table 4.3 only some of the checklist items (e.g., geological setting) are described in this document. are 
associated more with Intermediate level assessments. Others (e.g. groundwater in slide mass) are part of more 
specific investigations associated with Detailed level assessments. 

Geological setting 

 Regional, local, seismicity 

Geological controls on slope development and geometry 

 Faults, sheared zones, joint sets, bedding/foliation 

Type of slope failure 

Rates and direction(s) of movement(s) 

Past movement history 

Current activity 

Boundaries, dimensions and volume 

Is the slide part of a larger one? 

Configuration and properties of the basal failure zone/plane 

Configuration and properties of bounding surfaces or zones 

Internal structures of the slide 

Relationships between slide limits (side, base) and parent rock mass 

Regional groundwater 

Groundwater distribution and pressures 

 Within slide mass, within parent rock mass 

Effect of rainfall stream flows on groundwater pressures 

Relationships between groundwater systems and structure 

 Slide mass, parent rock mass 

Effect of reservoir filling on groundwater system 

Effect of reservoir operation on groundwater system 

Presence of soluble or swelling rocks or soils 

Presence of soils or rocks (or sheared zones within them) know to weaken on inundation 

Slide mechanism 

Cause of movements 

Relationships between slide movement rate and rainfall/stream flows 

Factors of safety (and assumptions) 

 Existing conditions, seismic loading, rainfall, extreme flood 

 Reservoir filling, reservoir operations, rapid drawdown 

Allowances for extreme rainfall or seismic events 

Probability of such events 

Likely effects on slopes if not stabilised 

Probabilities of failure of slope under these conditions 

Consequences of failure of this mass 

Stabilisation options 
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4.3.2.1 Data Collection 

The assessment of a planned or existing reservoir area or catchment for large landslide 
potential, for either an Intermediate or Detailed level of assessment starts with the collation 
and examination of data and information from several sources including: 

 Topography 

 Geology 

 Aerial imagery 

 Ground inspection 

 Related studies 

Examples of the data types from an area in Vietnam are also shown in Figure 4.2. The 
following sub-sections describe each of these data sources in further detail. 

  

  
Figure 4.2 Examples of data in area of Nghệ An province. Images are at same scale with top left topography, 
top right geology, bottom left satellite (Landsat) and bottom right vertical aerial photograph. Data from several 
Departments in MONRE. 
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Topography 

Many large dams and their associated reservoirs are in more remote areas where regional 
topographic maps on a scale of 1:100,000 (with 40 m contours) or 1:50,000 (with 20 m 
contours) are the primary initial source. More detailed maps with closer contour spacing may 
be available (e.g. 1:10,000 scale with 5 m contours), in particular closer to or in more populated 
regions. Available in either hard copy or digital form these maps serve primarily as a reference 
base map, and when in digital format Digital Elevation Models (DEMs) may be prepared. 
However, it should be noted that the DEM resolution reflects the contour interval of the 
topographic data (i.e. their vertical resolution is not more precise than the contour interval). 

Geology 

Regional geological maps, which are available either on a national (1:2,000,000) or more 
provincial (e.g. 1:100,000) scale, typically illustrate the distribution of rock lithologies, their 
geological structure, and when accompanied by a written text, their geological history. They 
provide a first step overview of the geological setting of a catchment or reservoir area. 

As they are generally not based on detailed specific mapping in a particular area, they often 
do not include any detail on more engineering oriented data (e.g. weathering) or the 
Quaternary history (e.g. river valley evolution). In some cases, such information (e.g. 
Quaternary subdivision) can be displayed on specialised maps. The geological maps are 
available in either hard copy or digital form, and in either format are an essential input into 
the landslide assessment process (see also Table 4.3 and Table 4.4). 

Aerial imagery 

Vertical aerial photographs taken using an aeroplane overflying an area have been the 
traditional method of visualising three-dimensional ground surface models of the landscape. 
The photographs are taken with ground overlap so that the vertically viewed (top down) 
landscape model is formed when pairs of photographs are viewed stereoscopically. The 
photograph scale is dependent on camera specification and flying height. Used in 
conjunction with ground control marks, one of their traditional uses has been for the 
preparation of topographic maps. 

The advent of satellite imagery has resulted in a wider range of approaches. Resolution, 
currently in association with a greater cost, is constantly improving (e.g. Landsat at 30 m to 
RapidEye at 5 m). When the images are draped over a ground model (Digital Terrain Model - 
DTM) which may have vertical elevation resolutions ranging from 90 m or 30 m (e.g. ASTER) 
down to 10 m (e.g. from RapidEye), the landscape can be viewed obliquely as well as 
vertically (e.g. when using Google Earth). 

Another imagery (remote sensing) tool is radar, which may be satellite (e.g. Shuttle Ranging 
Transmission Mission – SRTM) or aircraft based (e.g. Laser Imaging, Detection and Ranging 
- LiDAR). These have the advantage of obtaining elevation data for the construction of 
DTMs. The value of the technique is also very dependent on whether the effects of 
vegetation may be filtered out so that ‘beneath canopy’ landscape morphology can be 
obtained. In the case of LiDAR, which is for use in a more specific area data, like for aerial 
photography ground control is required to establish model framework. 
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Ground Inspection 

Ground inspection follows the use of aerial imagery to identify the locations of potential 
landslides. It has two major aims – firstly to view the terrain where landslides have been 
identified using the aerial imagery, and secondly to relate their locations to lithologies and 
structural data on the geological maps of the vicinity. In more rugged terrain where there is 
limited roading or thick vegetation cover access may be restricted or very time consuming. In 
such cases there may well be time and cost benefits from the use of aerial inspection, either 
by fixed wing aircraft or helicopter. 

Related studies 

Related studies involve searching the literature for relevant landslide and geological 
publications. These may include studies of landslide types and distribution in nearby 
catchments, definition of structural geology and Quaternary geology in the catchment. 
Searching of historical records for previous landslide events should also bring to light the 
largest or those with the most serious consequences in the catchment vicinity. Existing 
landslide-dammed lakes in the region should also be noted. 

Case studies of similar evaluations, including those with more detailed investigations, are 
also relevant, in particular those in a similar geological setting. Contact and interaction with 
practitioners with experience in reservoir landslide or landslide dam studies is an essential 
adjunct, particularly where initiating the project framework or a new catchment is being 
studied. 

4.3.3 Data Evaluation 

A critical aspect in the evaluation of the potential for large landslides affecting a dam and its 
reservoir area is an appreciation of their large scale. For example a landslide with a volume of 
10 Mm3 may be 300 m wide by 700 m long with a failure plane 50 m below the ground surface). 
As a consequence there needs to be sufficient topography present in the valley sides, such as 
that in steeper and more mountainous terrain, for landslide potential to be present. 

Geomorphic examination of valley sides is typically performed for an Intermediate level 
assessment or in the initial stages of a Detailed assessment, It is done using three 
dimensional topographic models of valley slopes, such from the examination of overlapping 
pairs of vertical aerial photographs in a stereoscope, or use of Goggle earth terrain models 
(e.g. Figure 4.3). Features looked for include arcuate scarps, hollows representing vacated 
areas and blocks or lobes of slide landslide debris. Where a valley-blocking landslide has 
been breached, evidence of river course changes may be preserved in the valley floor, along 
with remnants of the original landslide dam. 

In the case of a Detailed assessment where a specific site for more thorough investigation 
has been identified from the geomorphic examination, further data will be collected from a 
range of technigues, including drilling, monitoring, numerical stability analysis (Table 4.3 and 
Table 4.4). The evaluation of this level and quantity of data, including for first-time landslides, 
is not specifically covered in these guidelines, with relevant information being included in 
ICOLD Bulletin 124 (ICOLD, 2002). 

Because of their smaller scale, and shallow (surficial) failure planes, landslides like those 
related to loss of vegetation during heavy rain forming surficial or erosion-type scars, and 
which are often the subject of GIS-based studies, are not a primary focus for these 
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guidelines. However such smaller slope failures, like those related to instability of road cuts, 
need to be acknowledged, as they have the potential to disrupt access to dams and 
communities or damage infrastructure and associated (appurtenant) dam structures. 

 
Figure 4.3 Example of valley blocking landslide in a Nghệ An province river valley. Stream has been diverted 
and subsequently flowed around the toe of landslide body (ld) after it moved down the slope. Image using Google 
earth terrain model. 

4.3.4 Assessment 

Assessment of the likelihood of reservoir landslides has several considerations, including: 

3. Is there evidence of previous landslides of sufficient scale to block the valley (and 
future reservoir)? 

4. Is there a preference for them to occur in terrain formed in a particular lithology (schist 
and slightly calcareous sediments are two likely candidates)? 

5. What types of landslides are they, in particular with respect to their likely rate of 
movement and possible triggers? 

6. What is the rate of process i.e. how many landslides in the Holocene (past 10,000 
years)? 

7. Is formation of a reservoir going to cover the toes of existing landslides, thereby 
(negatively) changing the loading on the slope? 

8. Is there a possible threat from first time landslides (mainly influenced by the geological 
structure of the valley)? 

The assessment of geological hazards, such as seismic and flood, are based on substantial 
catalogues of previous events. While a rate of process could potentially be derived for large 
landslides that impact on dam safety there are several impediments. Firstly the number of 
events is small and secondly their age of occurrence is rarely known (often relying on 
inferred ages of valley alluvial terraces pre- or post- dating landslides). These factors do not 
lead to a probabilistic model, in the same sense that they may be developed for seismic and 
floods hazards. 
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The formation of a reservoir also changes the loading on the valley slopes. Assessment of the 
impact on the stability of a landslide or slope requires the preparation of geological models and 
the performance of numerical stability calculations at specific sites. Such assessments are very 
deterministic in nature and a decision as to whether there is any need to develop a probabilistic 
landslide model should only be in cases where the availability of sufficient data constraining 
landslide locations, volumes and ages across the entire area of interest. 

The potential for large landslides with valley blocking or reservoir filling potential should be 
an integral part of a thorough dam and reservoir characterisation programme. This is best 
addressed early in project history, and where potential for landsliding is identified, then some 
prioritisation of the need for further investigations is required. Where considered significant in 
terms of the project, either new or existing, specific geotechnical investigations of landslide 
features should be planned for and initiated, including subsurface drilling, development of 
geological models and monitoring, numerical stability evaluation (before and with reservoir), 
so that their stability is evaluated and appropriate mitigation and/or risk management 
strategies put in place during design and construction of the project. 
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1.0 INTRODUCTION 

1.1 SCOPE 

This chapter provides methods to perform Potential Failure Modes Assessment (PFMA) for a 
dam in accordance with internationally accepted current practice. PFMA is a tool used as 
part of safety evaluation of an existing dam or for design of a new dam. The following 
diagram outlines the content of each section of this chapter. 

 

1.2 LEVEL OF ASSESSMENT 

The level of time and resource to undertake dam safety and disaster risk management 
assessment should be appropriate to the size, complexity and potential downstream impacts 
of the dam or reservoir under investigation. 

For this reason, three different levels of assessment are provided in these Guidelines. 
Chapter 1, Section 1.3 provides a description of the three levels of assessment (i.e. 
Preliminary, Intermediate and Detailed) and when it is appropriate to use them. 

Sections 3.0 and 4.0 of this Chapter provide the methodology to perform PFMA at an 
Intermediate and Detailed level respectively. 

Section 
2.0

• Steps to Conducting PFMA

Section 
3.0

• Intermediate PFMA

Section 
4.0

•Detailed PFMA
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1.3 BACKGROUND 

The intent of PFMA is to identify and obtain a clear understanding of how a dam might fail so 
that necessary mitigation methods can be taken to reduce the risk of dam failure. 

PFMA is an exercise to identify potential failure modes to a dam under a range of operating 
conditions (e.g. static loading, normal operating water level, floods, earthquakes and 
landslides). A dam potential failure mode is defined as a chain of events leading to 
unsatisfactory performance of the dam which could lead to uncontrolled release of the 
impounded reservoir. 

The potential failure modes which are judged to be “credible” are then mitigated by design 
and construction of remediation measures, or through monitoring and surveillance as 
appropriate. Mitigation measures for potential failure modes are also outlined in Chapter 6, 
Section 2.6 of these Guidelines. 

PFMA involves development of potential failure modes for a dam and related structures, by 
persons who are qualified by experience to evaluate a particular dam structure. The typical 
inputs and outputs from PFMA are summarised in Figure 1.1. 

 
Figure 1.1 Overview of PFMA. 

Inputs

•Existing dam data, drawings, 
reports, information, engineering 
analysis , construction records (if 
available), etc

•First hand input from field and 
operational personnel

•Site inspection

POTENTIAL FAILURE 
MODES ASSESSMENT

Outputs

•Identification of credible 
potential failure modes

•Failure mode causes and steps 
that cause failure
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The PFMA should be viewed as a supplement to the traditional process in which dam safety 
is judged based on its ability to pass internationally recognised criteria for stability and other 
conditions. The PFMA process can help to: 

 Provides a comprehensive list of Potential Failure Modes (PFM) including the steps 
that must occur for the failure mode to develop 

 Identify PFM not covered by commonly used analytical methods (e.g. slope stability 
and seismic analyses), such as seepage-related potential failure modes and flood gate 
failure modes 

 Identify PFMs associated with possible mis-operation, or other human oversights or errors 

 Identify the most effective dam safety risk reduction measures 

 Enhance the dam safety visual surveillance/inspection process and the instrumentation 
monitoring program by helping to focus on the most critical areas 

 Identify shortcomings and oversights in data, information, or analyses necessary to 
evaluate dam safety 

 Document the results of the process for guidance regarding future dam safety 
inspections and future monitoring of the dam and appurtenant structures 
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1.4 KEY TERMS 

Definitions for a number of the key terms used in PFMA are provided below. 

Dam Failure 

 The complete or partial collapse of the dam or failure of one or more of its appurtenant structures 

leading to an uncontrolled release of water in sufficient quantities or rate to cause harm or damage to 

downstream communities, infrastructure or environment. 

Potential Failure Mode (PFM) 

 A series of events that could lead to dam failure. The three elements of a failure mode are: 

Potential Failure Mode Assessment (PFMA) 

 An examination of all of the ways that a dam might fail by identification of potential failure modes. 

Based on a review of existing data and information, input from field personnel, site inspection, 

engineering analyses, hazards and consequences. 

1.5 FURTHER REFERENCES 

PFMA is documented in a number of international references which include the following. 
These references can be consulted for further information regarding PFMA. 

 USBR. (2012). Best Practices in Dam and Levee Safety Risk Analysis. A Joint 
Publication by U.S. Department of the Interior, Bureau of Reclamation, and U.S. Army 
Corps of Engineers. 

 EA (2013). Guide to risk assessment for reservoir safety management. UK 
Environment Agency. 

1. Initiation

•The condition, 
hazard or event 
that triggers the 
failure mode (e.g. 
increase in 
reservoir level due 
to flooding; strong 
earthquake ground 
shaking; 
malfunction of 
spillway gate 
equipment during 
a flood; seepage 
through dam 
embankment; etc.)

2. Progression

•Step by step 
progression of the 
failure. (i.e. the 
chain of events 
that has to occur 
for dam failure to 
happen). The 
location where the 
failure is most 
likely to occur 
should also be 
highlighted.

3. Intervention / 
Breach

•Ways human 
intervention can be 
used to stop the 
PFM from 
progressing

•A description of 
the breach 
including how 
rapidly it is likely to 
develop
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1.6 OUTPUTS AND LINKS TO OTHER STAGES 

Outputs from the PFMA methods outlined in this Chapter include: 

 Identification of site specific potential failure modes for a dam 

 Prioritisation of the most important failure modes to manage for dam safety 

 An understanding of the what data and analyses are required for more detailed 
analysis, if required 

 Identification of hypothetical dam failure scenarios 

Figure 1.2 indicates how the outputs from PFMA are linked to previous and succeeding 
stages of the Intermediate/Detailed assessment methodology described in Chapters 3 to 6 of 
these Guidelines. 

 
Figure 1.2 Schematic showing linkage between assessment stages. 
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2.0 STEPS TO CONDUCTING PFMA 

2.1 GENERAL 

Specific steps and actions for carrying out a PFMA for a dam are outlined in the diagram 
below. These steps are recommended, as a minimum, for a PFMA to be comprehensive, 
consistent and complete. 

 

The following sections of the report provide further detail on performing these steps at an 
Intermediate or Detailed level of assessment (refer to Section 1.3) 

In completing these six specific steps it is very important that the principles of PFMA process 
is understood and followed in order for the full value of the process to be achieved. These 
principles include:  

 Diligence in searching for and collecting all the background information 

 An open investigative attitude toward identifying and understanding potential failure 
modes and failure scenarios 

 Dedication of the assigned persons to the reading and reviewing of all the background 
information on the dam prior to the PFMA workshop 

 For Detailed level of assessment there should be diversity of inputs to the process; field 
personnel, operations personnel, technical personnel, management personnel and 
others all contribute to the pool of information 

 Documentation that captures the insight and ideas from all participants during the 
PFMA process 

 Willingness of all parties to set aside their normal roles and focus on what the data, 
information, experience and knowledge of individuals can teach us about the dam. 

• Appoint Potential Failure Mode Assessment ParticipantsStep 1

• Collection of Data and Information Relevant to the DamStep 2

• Read and Review Background InformationStep 3

• Site visitStep 4

• Conduct a PFMA WorkshopStep 5

• Document the PFMA Workshop FindingsStep 6
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2.2 CATEGORISATION OF FAILURE MODES 

Potential Failure Modes (PFM) can be categorised to: 

 Prioritization of actions to be taken to improve dam safety for a single dam 

 Prioritise risks across a portfolio of dams 

 To provide a relative sense of the importance of each Potential Failure Mode 

 To assist in designing the surveillance and monitoring plans 

 To provide focus for routine dam inspections 

PFM categorization is intended to focus awareness and attention to areas of greatest 
potential vulnerabilities in the dam. 

The method of PFM characterisation used in this report is given in Table 2.1. The PFMs are 
placed into categories by engineering judgment and consideration during the PFMA workshop. 

It should be acknowledged that some PFMs may fall under more than one category and in 
these cases the highest category is to be used. For example a failure mode is found to be 
highly credible (Category I), but also further information is required to understand the failure 
mode (Category III). In this example, the failure mode should be categorised as Category I 
and III, but treated as Category I until further information can confirm otherwise. 

Table 2.1 Categories of Identified Potential Failure Modes (after USBR, 2012). 

Category Description 

Category I 

Highly credible 

Highly Credible Potential Failure Modes 

These potential failure mode have initiated and are in progress, or are expected to 

progress under normal operating or design loading conditions. Urgent emergency 

actions, surveillance or mitigation measures may be required if the situation appears to 

be dangerous in terms of likelihood of failure and the resulting consequences of failure.  

Category II 

Credible 

Credible Potential Failure Modes 

These are judged to be significant but do not require immediate action to mitigate. Note 

that even though these potential failure modes are considered less significant than 

Category I they are described in the same amount of detail as Category I. The reason for 

the lesser significance is noted and summarized in the documentation report or notes. 

Category III 

Insufficient 

information 

More Information or Analyses Required 

In order to classify these potential failure modes further information to allow a confident 

judgment was required. Further investigative actions or analysis is required to 

understand these failure modes. Because action is required before resolution the need 

for this action may also be highlighted. 

Category IV 

Not credible 

Potential Failure Mode Ruled Out 

These potential failure modes may be ruled out because the physical possibility does not 

exist. Information was available which eliminated the concern that had generated the 

development of the potential failure mode, or the potential failure mode is clearly so 

remote the possibility is determined to be not credible. 
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3.0 INTERMEDIATE PFMA 

3.1 INTRODUCTION 

The following sections contain guidance on how to perform PFMA for an Intermediate level of 
assessment (refer to Section 1.2). 

3.2 STEP 1: APPOINT POTENTIAL FAILURE MODE ASESSMENT PARTICIPANTS 

PFMA to an Intermediate level of assessment should be carried out by a team of at least two 
suitably qualified engineers (or engineering geologists) who are familiar with dam safety 
evaluation, dam design, dam failure mechanisms and PFMA. Any reports or findings 
produced from PFMA should be peer reviewed by an experienced Senior Dam Engineer. 

3.3 STEP 2: COLLECTION OF DATA AND INFORMATION RELEVANT TO THE DAM 

It is expected that some detailed information on the dam construction and operation will be 
available for this level of assessment. Not all of the following information will be available but 
the list is provided as a guide to the type of information that should be collected if possible: 

 Reports, drawings and other information and studies so that the dam and reservoir 
system and the role of the appurtenant structures in preventing dam failure are 
established and understood. These should include where available: 

˗ Construction drawings and records 

˗ Construction specifications 

˗ Boring logs and foundation details  

˗ Design reports including flood assessments, stability analysis etc. 

˗ Monitoring and surveillance data 

˗ Discussions with the dam operational and surveillance staff 

˗ Operations manuals 

˗ Maintenance manuals 

˗ Site photographs (during and after construction) 

˗ Details of dam performance during past incidents and events such as large 
floods, earthquakes, etc. 

˗ History of any changes or modifications to the dam since construction, 
particularly if these are different from the details on the drawings 

˗ Details of any operational problems such as flood gate failures 

 Current dam Emergency Preparedness Plan (if available) 

 Aerial photographs and topographic maps of downstream areas that could potentially 
be impacted by failure of the project structures. 
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3.4 STEP 3: READ AND REVIEW BACKGROUND INFORMATION 

It is important that the team undertaking the PFMA reads and understands all of the available 
information and uses it to piece together a clear understanding of the construction of the dam 
and how it relates to modern dam design and construction practice. 

The Intermediate assessment should include a site visit to the dam to allow the team to 
obtain a good understanding of the layout of the dam, the operational constraints and any 
site specific issues.  Discussions with the dam owner and operators are a valuable source of 
unwritten information that can enhance the collected information. 

In Viet Nam some of the dams have been designed by the same designers with very similar 
construction details. If there is a lack of information on the dam being assessed then 
additional information may be available from these other dams. However, this information 
should be treated with caution and noted in the PFMA report. 

3.5 STEP 4: SITE VISIT 

A site visit by the assessors is important in order to obtain an understanding of the layout of the 
dam and the appurtenant structures.  The site visit should be attended by the operational staff for 
the dam so that they can provide additional details regarding the historic behaviour of the dam 
and any other site specific issues that may be applicable.  The areas downstream of the dam 
should also be visited to get an early impression of the likely consequences of a dam failure. 

3.6 STEP 5: CONDUCT BASIC PFMA ASSESSMENT 

The Intermediate assessment requires a detailed understanding of the construction of the 
dam and in particular its internal details and knowledge of the geology of the foundations and 
abutments allow the failure modes to be developed in adequate detail. 

The PFMA process involves the following steps and is to be conducted in a workshop 
environment: 

 Identify the components of the reservoir system and their role. This could include the 
dam body, spillway, draw-off tower and pipework 

 Identify any design aspects that do not meet modern dam practice such as lack of 
filters, poor drainage layouts, poor detailing around embankment structure interfaces, 
poor grout curtain layout, etc. 

 List all significant external hazards (initiating events or sources such as flood, earthquakes, 
flood gate failure, operator error, etc.) that could initiate a failure mode. The list provided in 
Table 3.1 for embankment dams and Table 3.2 for concrete dams is an initial guide and 
other site specific external hazards for the dam should be considered if applicable. 

 For each hazard consider the potential ways in which the dam could fail given an 
understanding of the components of the dam system – Table A3.1 of Appendix 3 can 
assist in this process. 

 Categorise the failure modes as either credible or non-credible in accordance with 
Table 2.1. Select the failure modes that have been identified as being “Highly Credible” 
or “Credible” or “Insufficient Information” for the dam being investigated. 
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 It is recommended that a minimum of three failure modes are selected. An internal 
erosion PFM through an embankment dam should always be fully documented for 
embankment dams. 

An example of the summary of findings from a PFMA at an Intermediate level of detail is 
provided in Appendix 1. 

3.7 STEP 6: DOCUMENT THE PFMA WORKSHOP FINDINGS 

The findings of the PFMA should be recorded and reported in a report which should include 
the following details: 

 References for all the data used in the assessment including names of the people who 
provided an input to the background information and data collection, including: 

˗ Description of the hazards and failure modes considered and the reasons why 
they are applicable to the specific dam 

˗ Clear summary of the findings of the PFMA (refer to Appendix 1 as an example) 

˗ Recommendations, if any, for further studies or more detailed investigations 

˗ Recommendations on the breach characteristics to be used in any dam breach 
consequence analysis. 

3.8 SUGGESTED TIMEFRAME 

The suggested time frame for conducting an Intermediate PFMA is provided below: 

 Data collection 4 days 

 Data review by assessor 2 days 

 PFMA assessment 2 days 

 Preparation of PFMA findings report 3 days 

 Peer review of PFMA findings report 1 day 

 Finalise report 1 day 
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Table 3.1 Possible failure modes for an Intermediate assessment for an Embankment Dam. 

Initiator Failure Mechanism Impact on Structure 

Embankment dams 

Floods Crest overtopping leading to scour of 

embankment 

Embankment collapse 

Spillway chute overtopping leading to scour 

of embankment or abutment 

Wind generated waves Crest overtopping leading to instability of 

downstream slope 

Intense rainfall Saturation of downstream slope, leading to 

instability 

Earthquake Excessive deformation leading to overtopping 

Cracking of impermeable element leading to 

internal erosion and piping through the 

embankment 

Deterioration of dam body Internal erosion – piping through the 

embankment 

Embankment collapse 

Leakage from or into pipe/culvert leads to 

internal erosion of embankment 

Local collapse along interface 

with structure 

Leakage along interface between 

embankment and structures such as spillway 

walls or conduits through the embankment 

leads to internal erosion of embankment 

Deterioration or weakness in 

dam abutments or 

foundations 

Internal erosion – piping through the 

abutment or foundation 

Abutment or embankment 

collapse 

Abutment or foundation failure due to existing 

weakness such as bedding plane or fault 

Operational Failure to open flood gates (if applicable) to 

pass flood leading to overtopping of dam 

crest and scour of embankment 

Embankment collapse 
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Table 3.2 Possible failure modes for an Intermediate assessment for a Concrete Dam. 

Initiator Failure Mechanism Impact on Structure 

Concrete dams 

Flood Instability of gravity structure – sliding on 

internal plane 

Blocks slide or overturn 

Instability of gravity structure – sliding on 

foundation plane 

Overtopping of dam crest leading to 

abutment or foundation scour and instability 

of gravity or arch structure 

Blocks slide or overturn or 

collapse of arch structure 

Earthquake Instability of gravity structure – sliding on 

internal plane 

Blocks slide or overturn 

Instability of gravity structure – sliding on 

foundation plane 

Deterioration of foundation or 

abutment of dam 

Differential settlement or sliding along 

existing geological feature initiates stability 

failure 

Blocks slide or overturn or 

collapse of arch structure 

Deterioration of dam body 

(ASR, poor joints, weak 

concrete) 

Instability of structure Blocks slide or overturn 

Operational Failure to open flood gates (if applicable) to 

pass flood leading to overtopping of dam 

crest and abutment or foundation scour and 

instability of gravity or arch structure 

Blocks slide or overturn or 

collapse of arch structure 
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4.0 DETAILED PFMA 

4.1 INTRODUCTION 

The following sections contain guidance on how to perform PFMA to a Detailed level of 
assessment (refer to Section 1.2). 

4.2 STEP 1: APPOINT POTENTIAL FAILURE MODE ASSESSMENT PARTICIPANTS 

For Detailed analysis the PFMA is to be carried out by a team of at least four individuals 
including a Team Leader. The team shall all be experienced in dam safety evaluation, with 
past experience of the design, construction, analyses, performance and operation of dams. 
They will obtain knowledge of the project through the reading of all of the background 
material and shall be involved with both the PFMA and the preparation of the report. The 
Team Leader shall be responsible for assuring the PFMA process is followed and recorded. 

The primary advantage of having a variety of people participate in the potential failure mode 
identification process is that more ideas and more questions are put forward and discussed; 
more knowledge and information is available; and a greater diversity of opinion is input to the 
process. Some of the team members have specific roles and responsibilities and need to 
have the requisite experience and capability to fulfil these roles. The roles and requirements 
of the team members are given below. 

The Team Leader should have the following skills: 

 Be a civil, geotechnical engineer or engineering geologist with a broad background and 
experience in dam safety engineering and experience in performing a PFMA similar to 
that described in this guidance. 

 A recommended qualification for the Team Leader is that they have been involved in a 
number of previous PFMAs, either as a team member or Team Leader. This ensures 
that the person leading the PFMA process knows not only how the process is carried 
out, but also is aware of what can be accomplished. 

The Team will generally consist (as a minimum) of the persons listed in Table 4.1. It is 
recommended that a range of engineers and scientists from different disciplines (e.g. civil, 
geotechnical, structural, mechanical, electrical, hydrology, hydraulics, geology, seismology) 
are included as Team Members to provide a broad range of skills and experience. It is 
important to include Team Members with skills that are appropriate to the dam being 
assessed (e.g. structural engineers for concrete gravity dams, geotechnical engineers for 
earthen embankment dams, seismologists for dams constructed on or near active fault 
sources). 

It is considered inappropriate for dam owner personnel to facilitate the PFMA on their own 
structures. 
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Table 4.1 Team members for Detailed PFMA. 

Person Description 

Team Leader 
The Team Leader of the PFMA session who will facilitate the session and peer review 

the PFMA Report on behalf of the dam owner and all the participants. 

Dam engineer* 

An experienced dam engineer, who preferably has not been previously involved with 

design, construction or operation of the specific dam and who will be responsible for 

preparation of the PFMA report. 

Team members* 
Engineers and scientists from different disciplines as required. It is important to include 

Team Members with skills that are appropriate to the dam being assessed. 

Engineering geologist 

or geotechnical 

engineer* 

An engineering geologist or geotechnical engineer, with dam design and construction 

experience, should be included in the team. The tasks of this team member is review all 

geological background material, make appropriate observations during the field review 

and participate in discussions of foundation related PFMs. Experience has shown that 

this expertise has proven valuable during the PFMA sessions.  

Dam owner 

representative 
Technical Representative(s) of the dam owner (i.e. engineer or manager). 

Dam operating staff 

The PFMA sessions should include the key operating staff of the dam, who can clarify 

operating rules and procedures and also will learn about the failure modes developed in 

the process. 

Peer reviewer 
A peer reviewer who will not be part of the PFMA workshop, but can be called on for 

technical oversight, and will review the final report. 

* This person or persons can be trained as Team Leaders as they participate in a number of PFMA studies. 
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4.3 STEP 2: COLLECTION OF DATA AND INFORMATION RELEVANT TO THE DAM 

Collect all data, studies and information on the investigation, design, construction, analysis, 
performance and operation of the project. All studies and investigation reports existing that 
relate to the ongoing safety of the dam must be included and reviewed and evaluated. A 
listing should be made of the data available for review and considered in the PFMA 
workshop (refer to Step 4) and the reference list included in the PFMA report documentation. 

The types of material which should be collected (if available) include but are not limited to the 
items listed below: 

 Discussions with the dam operational and surveillance staff 

 Operations manuals 

 Maintenance manuals 

 Site photographs (during and after construction) 

 Details of past incidents and events such as large floods, earthquakes, etc. 

 History of any changes or modifications to the dam since construction, particularly if these 
are different from the details on the drawings 

 Construction inspection reports 

 Current or most recent dam safety engineering analyses, including stability and stress 
analyses 

 Most recent monitoring and instrumentation data along with the historic records 

 Most recent surveys for each of the project structures (i.e. horizontal and vertical survey 
data) 

 Detailed survey of the crest of all structures including principal and emergency spillway 
crest elevations to confirm the freeboard assumed in the discussions. Elevations of natural 
grounds that could result in overflows around the structures should be considered. Also, 
the datum of the project relative to surrounding grounds should be stated 

 Recent and historic meteorological and pertinent river records from project or nearby dam 
or gauge records 

 Current hydrologic studies and the associated flood routings and any hazard / 
consequence analyses 

 Current Emergency Preparedness Plan 

 Aerial photographs and topographic maps of downstream areas that could potentially be 
impacted by failure of the dam or related structures 

 Original and subsequent modification construction design reports, specifications, as-built 
drawings, photographs 

 Boring logs, geological records and foundation details 

 Operation records (particularly historic) of primary and secondary (e.g. fuse plugs) spillway 
discharge rating curves, mechanism and response times for opening (i.e., stanchion gates, 
bulkheads, flashboards, gates) and problems (i.e., debris, mechanism malfunction) 

 The most recent seismic loading parameters that have been prepared for the site 

 Any incident reports such as flood gate failures or unexpected seepage 
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A listing of the data available for review and considered in the PFMA should be prepared for 
use by the team in reviewing the materials and included in the PFMA report documentation. 
Time must be allowed prior to the workshop to allow all members of the review team to read 
the collected data. 

4.4 STEP 3: READ AND REVIEW BACKGROUND INFORMATION 

The team is to review all the background information for general understanding and with 
these specific questions in mind: 

 Is there sufficient information to fully understand the design of the dam and the likely 
dam safety issues? If not where are the gaps and can the missing information be 
provided. 

 How could this dam fail (i.e. a site-specific consideration of loadings, structure 
condition, and dam operations)? 

 Are currently identified potential failure modes recognized and being appropriately 
monitored by visual surveillance or instrumental monitoring? 

 What actions (immediate or long term) can be taken to reduce dam failure likelihood or 
to mitigate failure consequences? These actions could include any of the following: 
data collection, analysis or investigations, operational changes, communication 
enhancement, monitoring enhancement and structural remediation measures. 

 What happens if the dam fails? 

It is recommended that the Team Leader reviews the PFMA process and the objectives of 
the reading with the rest of the team prior to reading the material. 

4.5 STEP 4: SITE VISIT 

The purpose of the site visit by the PFMA team is to improve their understanding of the 
layout of the dam and its appurtenant structures and to identify site specific issues. It also 
allows them to investigate potential failure modes, observe the structural and geologic 
conditions, and interview the dam owner’s operators for their input on operational criteria and 
potential failure modes. 

Typically the PFMA team are first assembled at the site. The dam owners operating staff are 
probably unfamiliar with the PFMA process. Therefore, a quick review of the PFMA process 
to make sure everyone understands the process is a good idea. The Team Leader should 
review the basic concept of the PFMA process and the objectives of the site review and ask 
if there are any questions (of the order of 10 to 30 minutes). 

The duration of the site visit is dependent on the type and size of the dam and appurtenant 
structures. 
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4.6 STEP 5: CONDUCT PFMA WORKSHOP 

A description of requirements for conducting a Potential Failure Mode Asessment workshop 
is given in this section. 

4.6.1 PFMA Workshop Introduction 

At the beginning of the PFMA workshop the Team Leader should give some introductory 
remarks about the PFMA session, (goals, objectives, process), and should provide everyone 
a hand-out on the Potential Failure Mode Categories (refer to Table 2.1). 

It is also useful to provide a summary of the dam and key features of the scheme to the 
workshop participants before the PFMA workshop discussions begin. Providing a review of key 
hydrological, seismic and geotechnical design parameters as well geological conditions at the 
dam site is also useful to ensure all workshop participants are aware of significant features. 

It should be pointed out by the Team Leader that the product of PFMA is not a decision 
document but rather an informational, resource document, developed from the combined input 
of the team, that is intended for use with respect to dam safety and reference for many years. 

It is important for the Team Leader to involve all participants in the workshop discussions and 
give everyone an opportunity to provide their knowledge, understanding and views on the 
potential failure modes, consequences and possible risk reduction actions / measures. 

The Team Leader should provide a workshop environment that facilitates discussion 
between the participants. In this respect it is useful to put scale drawings or sketches up on 
the wall of the workshop room and use whiteboards, flip-charts or projectors to sketch and 
record the potential failure modes during the workshop. 

The PFMA workshop should contain all the reference materials collected under Step 2 (refer 
to Section 4.3), so that they are easily accessed and consulted during the workshop. A 
detailed list of all of the references should be provided to the team members and added to if 
more information is provided during the PFMA workshop. 

It is recommended that a person other than the Team Leader should take the notes during 
the PFMA workshop to assure the team members can actively participate in the discussions. 
The note taker should be a civil engineer with suitable experience so they can understand 
and record the discussions accurately. It is beneficial if the note taker is a young engineer so 
that they can learn the PFMA process. 

4.6.2 Develop and Describe Potential Failure Modes 

To begin development of PFMs, the Team Leader shall direct the team to start considering 
PFMs specific to the dam. Appendix 1 provides a list of common potential failure modes for 
dams, listing their initiating events/hazards and progression. This list can be useful to start 
the discussions to develop site specific PFMs. 

It is recommended that PFMs are developed in a systematic way, by considering PFMs that 
may result from each of the types of initiating hazards listed in Table 4.2. The impact of the 
initiating hazards listed in Table 4.2 should be considered on each component of the dam 
(e.g. the main dam, saddle dam, spillway, gates, outlet works, power plant, etc.). 
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Table 4.2 Types of initiating hazards for potential failure modes. 

 

At this stage, each PFM must be described from initiation to failure progression. Refer to 
Section 1.4 for the definition of initiation and failure progression for a PFM. 

The reasons for thoroughly describing the PFM are to ensure the team has a common 
understanding for the follow-on discussions, and to ensure that someone reading the report 
in the future will have a clear understanding of what the team was thinking. An example of a 
well described PFM is provided in Appendix 3. 

It is recommended that diagrams or sketches to help describe each PFM are developed 
during the workshop and included in the PFMA summary report (see Step 6, Section 5.7). 

PFMs related to acts of terrorism are generally not considered. However, the PFMA process 
may be applicable in assisting the owner in evaluating the vulnerability and risks to the dam 
associated with acts of terrorism, if included. 

4.6.3 Develop Adverse and Favourable Factors 

After the workshop team has completely described a PFM, it is then evaluated by listing: 

 Adverse factors that make the failure mode “more likely” 

 Favourable factors that make the failure mode “less likely” 

These are based on the teams understanding of the dam and background material. The 
Team Leader should record these factors in bullet form. After the workshop these adverse 
and favourable factors should be elaborated in the PFMA report (refer to Step 6, Section 4.7) 
so that someone reading the report in the future will understand what the team was thinking. 

Appendix 2 provides an example of an appropriate amount of description for adverse and 
favourable factors for a PFM. 

•Normal operating conditions (e.g. seepage through the dam under 
normal reservoir operating levels)

Static 

•Large rainfall events causing flooding and raised reservoir water 
levels (e.g. overtopping of dam crest during a flood)

Flood

•Dynamic loading at site caused by earthquake induced ground 
motions (e.g. seismic shaking causes dam instability)

Seismic

•Operation errors/malfuntions that could endanger dam (e.g. 
failure to open spillway gates)

Operational

•Other loadings relevant to the site (e.g. landslides, wind induced 
wave overtopping)

Other
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4.6.4 Screening of Potential Failure Modes 

After a PFM has been identified, described and discussed it should be categorised according 
to the classification system given in Table 2.1. The following provides some background on 
selection of categorisation levels listed in Table 2.1: 

 Category I: Failure Mode is Highly Credible 

This category is used if the workshop team believes that the failure mode has a high 
likelihood of occurring during normal operation conditions or under design loadings. 
Increased surveillance or other means to reduce the risk of Category I failure modes 
should be undertaken with urgency. 

 Category II: Failure Mode is Credible 

This category is for PFMs that are considered credible but development would take a 
long time to develop and could be observed prior to failure or a number of component 
would have to fails before breach would occur (e.g. flood event causes reservoir level 
to rise, spillway gates are unable to open and operators are unable to intervene to 
open gates, etc.). This category includes PFMs that are caused by very remote events 
and where the dam is not required to be designed to remote level of events. 

 Category III: Failure Mode is Credible but Insufficient Information to Confirm 

These PFMs are thought to be credible but requires further proof to determine which of 
the other categories it fits into. This PFM must be assumed to be credible until it can be 
proved otherwise. During the discussion and reporting of this failure mode, additional 
studies that could be conducted to understand the risk of failure of a structure should 
be provided. 

 Category IV: Failure Mode is Not Credible 

The sequence of events that have to occur for this PFM are judged to be so remote 
that it is not considered feasible. Therefore the PFM is not credible. 

After all potential failure modes have been discussed the classifications made are reviewed 
and discussed to confirm workshop members are in general agreement. Note that if team 
members do not reach consensus on the category, dual categorization is permissible (e.g. I/II 
or III/II), requiring only that the reasoning behind each category used be provided. 

If there is insufficient information to provide a comprehensive understanding of the PFM, this 
should be recorded. For example, additional hydrological or seismic assessments could be 
performed to determine if these loadings could lead to a failure of a given structure. 

In some cases previous hydrological, geotechnical, structural or seismic analysis have been 
conducted but additional work is required to understand these impacts or require updating to 
reflect modern design standards and methodologies. In this case recommendations for 
possible further investigations or analyses should be recorded. However, if there is 
significant information to categorise a PFM in Category I or II it should be categorised as the 
higher level until further information is provided. 

The categorization of PFMs is intended to give the dam owner a relative sense of the 
importance of the PFMs, and to assist in decision making to mitigate each failure mode, as 
described further in Chapter 6 of these Guidelines. 
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4.6.5 Other Considerations 

Appendix 4 provides a list of PFMs that have been identified from past experience by USBR 
(2012). This is not an exhaustive list, but nevertheless provides a list of common PMFs to 
consider when conducting a PFMA workshop. 

4.6.6 Intervention and Breach 

When each potential failure mode is identified, the nature of the resulting impacts of the 
failure mode should be discussed. 

As part of this discussion, the range of failure scenarios and consequences that may result 
shall be identified. The discussions should include the following aspects: 

 What is the likely breach size, geometry and development time? Provide a qualitative 
understanding of the breach dimensions and development time based on engineering 
judgement. This information is used to provide a relative indication of how significant 
the PFM in terms of downstream impact (i.e. will the dam fail catastrophically due to, or 
will only a partial breach develop resulting in a relatively small outflow). This 
information is also used in the dam breach flood modelling as part of detailed 
consequence analysis (refer to Chapter 5 of these Guidelines). 

 What are the PFM performance indicators? Discuss and describe the key performance 
indicators that might provide indication that the PFM is in progression. For example for 
the performance indicator for a flood overtopping failure mode would be a rising 
reservoir water level; the performance indicator for internal erosion through an 
embankment dam would be seepage on the downstream embankment face, or high 
piezometric levels in the downstream embankment. 

 Is observation of the PFM possible? Discuss and describe what is currently being 
monitored at the dam (i.e. reservoir water level, visual inspections of the dam, pore 
water pressures via piezometers in the dam body, seepage via leakage weirs on 
downstream toe of embankment) and whether there could be added observations to 
increase the likelihood of the PFM being observed prior to failure. 

 Is rapid intervention possible within a short period of time to arrest a developing PFM 
once it has been observed? An answer to this question provides an understanding of 
how likely a specific PFM can be arrested if observed. 

 What is the Emergency Preparedness Plan (EPP) response? If an EPP is available for 
the dam, determine if the PFM is covered by it and if there are any other concerns with 
the plan that are identified. 

Appendix 2 provides an example of an appropriate amount of detail to record the discussion 
regarding the resulting impacts for a PFM. 
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4.7 STEP 6: DOCUMENT THE PFMA WORKSHOP FINDINGS 

A report should be prepared by the Team Leader which documents the following information: 

 Participants of the PFMA and the workshop stating their roles and inputs 

 Describe the process carried out from the initial data collection stage through the site 
visit to the workshop 

 Summarise the potential failure modes identified during the early stages of the 
workshop and those which were agreed as credible. The failure modes that were not 
deemed to be credible should be listed with reasons why they were not credible and if 
there were failure modes that were considered not to be likely to lead to failure but 
needed further attention then these should also be documented 

 The detailed discussions and findings of the credible potential failure modes should be 
documented. An example of a template to document the PFMs is provided in 
Appendix 2 

 The findings of the workshop and PFMA should be summarised 

 Further studies or analysis recommended by the workshop should be listed 

 Potential improvements to the surveillance and monitoring system should be listed 

 Potential mitigation proposals should be listed 

 Breach characteristics for use in dam breach assessments should be clearly presented 

 A detailed list of all information used during the PFMA should be included in an 
Appendix to the report 
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4.8 SUGGESTED TIMEFRAME 

The suggested time frame for conducting a PFMA to a Detailed level of assessment is 
provided in Table 4.3. The time between the PFMA workshop and the preparation of the draft 
report should not be greater than 2-3 months. This timeframe helps to increase the quality of 
the PFMA report as it is increasingly difficult for team members to remember discussion 
items beyond 2-3 months. 

Table 4.3 Dam and reservoir assumptions for Sunny Day and Flood Failure scenarios. 

Action Approximate Time Frame 

Participants in the PFMA are appointed, the team is established identifying 

the Team Leader and team member responsible for reporting (TMR) 
14 days 

Collection of background material and disemination to PFMA core members 30 days 

Core members read and review background material 14 days 

Site visit by core members 1 day 

Conduct PFMA workshop 2 to 5 days 

Dam engineer transcribes the major findings and understandings and sends 

them to the Team Leader and the team members for comments 

Within 14 days of PFMA 

Workshop 

Review and comment by core team 
Within 14 days of PFMA 

Workshop 

Dam engineer prepares the draft PFMA report and sends it to the Team 

Leader and Peer Reviewer for review 

Within 30 days of PFMA 

Workshop 

Peer Review of draft PFMA Report completed 
Within 14 days of receipt of draft 

PFMA Report 

Dam engineer considers reviewer comments and revises the PFMA Report 

and sends the revised report to each participant of the PFMA 

Within 7 days of receipt of 

reviewed draft PFMA Report 

Participants of the PFMA review the draft PFMA, report and send comments 

to dam engineer 

Within 14 days of receipt of the 

draft report 

Dam engineer considers all comments received from the participants of the 

PFMA, makes any necessary revisions to the PFMA Report and finalises 

and issues the PFMA report 

Within 7 days of receipt of the 

draft report (i.e. within 90 days of 

PFMA workshop 
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A1.0 EXAMPLE OF AN INTERMEDIATE PFMA SUMMARY TABLE 
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Table A1.1 Example of a completed PFMA table for an Intermediate assessment. 

PFM 

No. 

Failure Mode Description Categorisation 

Hazard Failure Mechanism Impact on the Structure Credible Justification Category 
Additional Information 

Required? 

1 Flood 
Spillway gates fail to open (power failure) and embankment 

dam overtops 
Overtopping leads to erosion of embankment Yes 

Potential for spillway gate failure (mechanical, power 

failure) 
I  

2 Flood 
Flood larger than spillway capacity leads to overtopping of 

saddle dam embankment 
Overtopping leads to erosion of embankment Yes 

Revised flood study indicates overtopping of saddle 

dam in check flood event 
I  

3 Adverse Rainfall 
Intense rainfall causes local scour at embankment dam 

abutments 

Overtopping of abutments leads to dam 

erosion of embankment 
No Embankment well grassed and maintained IV  

4 Wind Waves overtop crest and scour downstream embankment  Overtopping erosion of embankment No 
Parapet wall on dam crest designed to mitigate wave 

overtopping 
IV  

5 Earthquake Earthquake shaking triggers dam embankment slope failure Overtopping erosion of embankment Yes Possible, but seismic performance not known III Check seismic performance 

6 Earthquake 
Earthquake induced settlement of crest, loss of freeboard, 

overtopping and erosion of fill 
Overtopping of dam or erosion through cracks Yes Possible, but seismic performance not known III Check seismic performance 

7 
Normal operating 

conditions 

Piping along irrigation conduit leads internal erosion of 

embankment 

Internal erosion leads to embankment 

collapse 
Yes Poor compaction around culvert III 

Check culvert seepage detailing 

and performance 

8 
Normal operating 

conditions 

Defect or incompatible material in embankment causes 

internal erosion 

Internal erosion leads to embankment 

collapse 
Yes Filter properties unknown III 

Check filter properties and 

performance 

9 
Normal operating 

conditions 

Erosion of material under spillway when passing flood leading 

to erosion of embankment 

Failure of spillway slab leads to uncontrolled 

release 
Yes 

Spillway concrete deteriorating and founded on 

erodible material  
II  

10 Adverse Rainfall Landslide causes wave which overtops dam embankment 
Overtopping and erosion leads to 

embankment collapse 
No Low topographic relief and no evidence of landslides IV  

 

PFM Categories 

I Highly credible 

II Credible 

III Insufficient information 

IV Not credible or extremely unlikely 
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A2.0 EXAMPLES OF DETAILED DESCRIPTION OF A PFM 

Table A2.1a Example 1 of PFM description at a detailed level of assessment. 

PFM No.1 Internal erosion along conduit through embankment 

Hazard Condition Normal (static) reservoir operating conditions 

Failure Mode 

Description 

Seepage through a flaw in the embankment leads to internal erosion of silty sand embankment 

material along the low level irrigation conduit. Internal erosion progresses unchecked allowing 

widening of the flaw leading to collapse of the crest of the embankment dam. 

Most Likely 

Location 
Along low level water supply conduit 

Adverse and 

Positive Factors 

Adverse Factors that make this PFM 

more likely 

Positive Factors that make this PFM less 

likely 

 Homogeneous embankment dam with 

no downstream filters or drains 

 Difficult to observe seepage along 

conduit as outlet is submerged. 

 Control gate for conduit is downstream, 

so conduit is pressurised, increasing 

likelihood of seepage developing along 

conduit 

 Seepage collars around conduits have 

historically shown higher rates of failure 

due to internal erosion 

 Silty sand materials are likely to hold a 

“roof” of an erosion pipe as well being 

highly erodible 

 Seepage flows would have to be 

significant for piping to progress and 

erode bank materials 

 The dam is wide and has relatively flat 

slopes 

Breach 

Development  

 Internal erosion would take some time to develop (months/years), but once pipe forms, 

breach development could be rapid (minutes/hours) 

 Breach width could extend over entire face of dam could develop 

Performance 

Indicators 

 Seepage flows at conduit outlet (difficult to observe as outlet is submerged under 

normal operating conditions) 

 Settlement of embankment over conduit centreline 

Observation 

Possible? 

 Downstream embankment is observed regularly, however failure mode is difficult to 

observe as outlet is submerged under normal operating conditions 

Rapid 

Intervention 

Possible? 

 Yes, if observed in early stages of seepage erosion, however, breach would be very 

difficult to prevent once rapid erosion is occurring 

PFM 

Category 
Category II This failure mode is credible. 

Limits to 

Understanding 
 Compaction around seepage collar unknown and material gradations are limited 
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Table A2.1b Example 2 of PFM description at a detailed level of assessment. 

PFM No.2 Overtopping of embankment due to gate failure to operate during flood 

Hazard Condition Flood 

Failure Mode 

Description 

A flood occurs and gates are opening to pass the flood. Two of the five gates fail to open, can 

be opened partially or are blocked by debris. As a result the reservoir level rises above flood 

pool level. Intervention fails to fix the gate failure or blockage during the flood. The reservoir 

level continues to rise and overtops the dam leading to erosion of the crest and breach. 

Most Likely 

Location 
Gates 1 and 2 have had operational difficulties in the past and are most prone to failure 

Adverse and 

Positive Factors 

Adverse Factors that make this PFM 

more likely 

Positive Factors that make this PFM less 

likely 

 Spillway gates have failed to open in 

the past  

 There is no power supply backup and 

need to be operated manually in the 

case of power failure 

 Access to the gates may be obstructed 

due to blockage of access road in the 

past during extreme rainfall events 

 A large amount of debris is expected 

during flooding 

 Embankment dam is constructed of 

erodible materials if overtopped 

 No debris boom 

 Large radial gates are of simple design 

should not be plugged easily by debris 

 Abutment overtopping away from the 

dam on the right side may minimize 

overtopping risk to the dam 

Breach 

Development  

 Overtopping of the embankment would lead to rapid erosion of the embankment 

(minutes) 

Performance 

Indicators 

 Gate operation especially during flood 

 Debris boom operation during flood 

Observation 

Possible? 
 Yes 

Rapid 

Intervention 

Possible? 

 If gates do not operate during a flood, emergency measures can be taken but it is 

unlikely that gates can be lifted to required opening 

PFM 

Category 
Category I This failure mode is highly credible. 

Limits to 

Understanding 
 Cause of past gate failure 
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Table A2.1c Example 3 of PFM description at a detailed level of assessment. 

PFM No.3 Seismic Overtopping and Internal Erosion through the Embankment  

Hazard Condition Seismic 

Failure Mode 

Description 

An earthquake causes foundation settlement and cracking and/or deformation of the overlying 

embankment. If the dam settles more than freeboard the dam will overtop. Otherwise, seepage 

flows through a concentrated leak in a crack in the dam embankment leading to erosion along 

the crack. The erosion progresses along the crack in the embankment and the flaw widens. The 

seepage goes unnoticed or intervention efforts are not successful. Ultimately the embankment 

erodes causing lateral erosion of the dam and the dam breaches. 

Most Likely 

Location 
The central section of the dam in the deepest valley section is likely to settle the most 

Adverse and 

Positive Factors 

Adverse Factors that make this PFM 

more likely 

Positive Factors that make this PFM less 

likely 

 Homogeneous embankment dam with 

no downstream filters or drains 

 Dam is thought to be constructed of 

moderately erodible material 

 Deep alluvial material may have 

layers that are susceptible to 

liquefaction 

 Dam is thought to be prone to 

differential settlement due to 

significant change of alluvium 

thickness 

 No upstream zones will limit flows 

through the dam if it cracks 

significantly 

 The dam is wide and has relatively flat 

slopes 

Breach 

Development  

 If overtopping occurred immediately then breach would be rapid 

 Internal erosion through cracks would take time to develop and would allow for 

intervention to have a moderate success rate 

Performance 

Indicators 
 Deformation and cracking of embankment during an earthquake 

Observation 

Possible? 
 Yes 

Rapid 

Intervention 

Possible? 

 No, if overtopping occurs 

 Yes if intervention occurs soon after the earthquake and in early stages of seepage 

erosion, however, breach would be very difficult to prevent once rapid erosion is 

occurring 

PFM 

Category 
Category III More information or Analysis is Required 

Limits to 

Understanding 

 There are significant limits to understanding of embankment materials, foundation 

materials, seismic loadings, and construction techniques of the embankment. 
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A3.0 EXAMPLES OF PFM INITIATING HAZARDS AND PROGRESSION 
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Table A3.1 Examples of initiating hazards and failure mode initiators (after EA, 2013). 

INITIATOR / 

HAZARD 

DAM COMPONENT FAILURE MECHANISM 

Scour Downstream 

Face 

Adjacent to 

Spillway Chute 

Structural Failure of Stability Failure 
Liquefaction 

Foundation 

Reactivation of 

Fault 
Internal Erosion 

Crest Wall Spillway Chute 
Body of 

Embankment 

Body of Concrete 

Dam 
Dam Foundation 

Flood 
Overtop crest and spill 

over downstream face 

Exceeds capacity of 

chute 
  

Overtop crest, fill 

saturates leading to 

slope instability 

Tensile crack on lift 

joint 

Tensile strength on 

foundation contract 
  

Elevated hydraulic 

gradient causes 

hydraulic facture 

Wind 
Waves overtop crest, 

scour fill 
 

Wave loading causes 

shear overturn 
 

Waves overtop crest, 

saturate fill 
     

Adverse Weather 

Intense rain causes 

local scour down 

groin/other 

concentrated run-off 

   

Intense rain saturates 

downstream slope 

leading to slope 

instability 

     

Reservoir     
Slow drainage of 

upstream face 
     

Earthquake     
Seismic load causes 

slope instability 

Seismic load causes 

dam instability 

Seismic load cause 

dam instability 
Seismic load 

Major displacement on 

fault 
 

Uncontrolled 

Inflow 
Overtop crest and spill 

over downstream face 
   

Increase pore 

pressure in fill 
     

Actions of Man 
Fail to open gates to 

pass floods 
   

Trees removed – 

increase in pore 

pressures and loss of 

strength of roots 

     

Deterioration 

Body of Dam 
    

Flow through crack in 

core increases pwp in 

downstream shoulder 

Degradation of body 

(e.g. alkali-silica 

reaction) leads to loss 

of strength/water 

tightness 

   

May be 

intermittent/time 

related 

Deterioration Dam 

Foundation 
      

Differential settlement 

stress transfer lead to 

sudden (brittle) failure 

  

May be 

intermittent/time 

related 

Deterioration 

Interface 

Structure and Fill 
         

Commonly due to 

hydraulic separation 

Deterioration 

Structural Material 

Through Dam 

Pipe burst within fill 

supporting core 
        Leak from pipe 
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A4.0 POTENTIAL FAILURE MODE CONSIDERATIONS 

Potential Failure Modes Considerations (after USBR, 2012) 

The following list of issues is based on USBR (2012) and have been identified based on past 
experience in PFMA by the United States Bureau of Reclamation. This is not an exhaustive 
list; however it provides valuable information and background of common issues to consider 
when conducting a PFMA workshop. 

A4.1 FLOOD LOADINGS 

 Flood hydrology and flood routing should be performed using current practice 
methodologies and be appropriate for site conditions. 

 Careful attention must be paid to the flood routing. In some cases the dam crest may 
lower than assumed or shown on the drawings, crest elevations may vary between 
reservoir impounding structures, or the elevation of a single structure may vary. 

 High tail-water floods can flood the downstream power-plant (if applicable), power 
supplies to the spillway gates (if applicable) or access roads to the spillway gates, 
leading to loss of flood release capacity, resulting in premature overtopping. 

 Spillway discharge capacity is reduced when the reservoir rises to levels not envisioned 
in the original design and impinges on the bottom of open gates, transitioning from free 
flow to orifice flow, leading to overtopping. 

 Overtopping of concrete dams may be acceptable. However the quality of the rock on 
which the overtopping flows impinge must be evaluated.  

 A “fuse plug” may be relied on for flood routings that indicate the dam will not be 
overtopped. In such cases, the design and construction of the fuse plug should be 
reviewed to ensure it will perform as intended. 

 Some reservoirs produce debris during flood events that could plug spillway gates and 
lead to premature overtopping. Log booms may or may not be able to sustain the debris 
load; they should be evaluated also. 

 Spillways can fail to perform as anticipated due to overtopping of spillway walls, uplift of 
chute slabs due to “stagnation” pressures, cavitation, or erosion of deteriorated materials. 
The resulting erosion can progress and breach the reservoir. Defensive measures for 
these scenarios should be reviewed. 

 Large spillway gates could release life-threatening flows to downstream communities, if 
they failed under normal operating conditions. Buckling of radial gate arms under 
operation (pin friction) or seismic loading may be an important consideration. 
Deterioration due to lack of maintenance can be a contributing factor. 

 Loss of power or communications due to lightning, earthquake shaking, or other causes 
can lead to gate mis-operation, and overtopping or life threatening downstream releases. 

 Opening the gates in accordance with the standard operation rules rule curves may flood 
downstream communities. There may be reluctance on the part of the operators to do this, 
which in turn could lead to a delay in releases and premature overtopping of the dam. 

 Jamming of spillway gates (possibly from concrete expansion due to alkali-silica reaction) 
or mechanical failure can lead to inability to open gates and premature overtopping. 
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A4.2 SEISMIC LOADINGS 

 Seismic stability analysis of earth and concrete structure should be performed using 
current practice methodologies and be appropriate for site conditions. In many cases 
this analysis may not have been performed and should be recommended. 

 Two-dimensional seismic stability analyses can sometimes indicate a potential problem 
when three-dimensional effects will result in a stable condition (for example, a narrow 
concrete gravity section wedged between a solid rock wall and massive spillway 
section, with a keyed joint). 

 Spillway piers are designed to carry loads in the upstream-downstream direction; cross 
valley seismic loading could produce high moments about the weak axis. Moment 
failure of a pier could result in the loss of two adjacent gates. 

 Seismic soil-structure interaction between an embankment and spillway wall can lead 
to separation at the contact and seepage erosion through the gap. 

 Liquefaction of loose foundation or embankment soils can lead to deformation and loss 
of freeboard, perhaps leading to overtopping, or otherwise possibly leading to cracking 
and subsequent seepage erosion through the cracks. 

 “Kinks” or changes in slope on a concrete gravity dam can lead to stress 
concentrations during seismic loading, cracking through the structure, and sliding 
failure. Post-earthquake analyses are helpful in evaluating this condition. 

 Shake table model studies on concrete arch dams indicate the most likely seismic 
failure mode is horizontal cracking near the centre of the structure, diagonal cracking 
parallel to the abutments, and rotation of concrete blocks isolated by the “semi-circular” 
cracking downstream. 

 Fault displacement within the foundation of an embankment dam could crack the core 
and lead to seepage paths and internal erosion. If fault displacement occurred within 
the foundation of a concrete dam, severe cracking and structural distress could result, 
perhaps leading to foundation erosion, differential displacement and rupture of gates, 
loss of the reservoir through the created gap, or loss of ability to carry load. 

A4.3 OTHER LOADING CONDITIONS 

 Large landslides on the reservoir rim may fail quickly into a reservoir creating a wave 
that overtops and erodes the dam. 

 Landslides can create a debris dam in a valley upstream of a dam that will 
subsequently overtop during heavy rainfall and send a wall of water that may endanger 
downstream dam(s). 

 Landslides can create a debris dam in a valley downstream of a dam that will 
subsequently overtop due to dam spillway releases and endanger communities 
downstream. 

 Landslide movement within the abutment of a dam could lead to cracking of the core 
and internal erosion if an embankment, or foundation instability or severe structural 
stress to the point where load carrying capacity is lost if a concrete dam. 

 Overtopping of the embankment crest of earth dams due to wind generated waves in 
the reservoir can lead to erosion of the downstream face and potential failure of the 
structure. 
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A4.4 OPERATIONAL AND MAINTENANCE ISSUES 

 Faulty instrumentation could indicate reservoir levels and flows are within normal 
ranges, but dangerous inflows, outflows, or water levels are developing. 

 The deterioration of mechanical gates, valves, etc. due to improper maintenance can 
lead to inability to operate these devices during an emergency (e.g. during floods, 
reservoir drawdown). 

 Operational and communication systems may fail during an extreme event (e.g. floods, 
earthquakes). Backup systems for dam safety critical operation and communication 
systems should be considered. 

 Access routes to the dam may be blocked as a result of road washout during a flood 
event or landslides triggered due to earthquake shaking or heavy rainfall. Alternative 
access routes to the dam in an emergency should be considered. 

 High piezometric levels in the downstream embankment of an earth dam can lead to 
progressive slope failure. 

A4.5 FOUNDATION CONSIDERATIONS 

 The rock foundation beneath the core of an embankment dam can contain open joints 
that were not treated with slush grout or dental concrete, leading to the possibility of 
piping of the embankment into the foundation. A similar concern exists if the 
embankment core material was placed directly against foundation soils that may not be 
filter compatible. 

 In some cases, no engineering geology or rock mechanics evaluation has been 
performed for a concrete dam, and the rock is pronounced to be “good” due to its 
hardness, even though adversely oriented joints, faults, shears, foliation planes, or 
bedding planes can be observed in construction photos and downstream of the dam. 
Foundation instability could occur under a change in loading conditions. 

A4.6 INTERNAL EROSION OF EMBANKMENT DAMS 

 Internal erosion should be considered through the dam embankment as well as into the 
dam foundation, along the dam foundation interface and through the dam abutments. 

 Internal erosion along conduits and other penetrations through the dam should be 
considered. Insufficient compaction around conduits can result in low density zones 
prone to hydraulic fracture beneath the conduit. 

 Internal erosion can also occur into and out of cracks or unknown defects in 
pressurized conduits. 

 In some cases, incidents related to piping and sinkholes have developed in the past, 
but are buried in the archives. A careful review could identify significant potential piping 
paths. 

 Piping of material into under-drain systems can leave a void adjacent to or beneath a 
conduit or structure. This provides an unfiltered exit (into the void) closer to the 
reservoir than would otherwise exist and increases the average gradient. This can be 
especially problematic in low plasticity soils. 

 Piping of material from beneath concrete dams founded on alluvial soils can lead to a 
rapid draining of the reservoir beneath the dam and life threatening downstream flows. 
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 Seepage occurring from an unprotected/unfiltered exit could lead to piping through the 
dam or foundation. In some cases the flows may be measured by flumes, which cannot 
trap and detect sediments in the seepage flow. In other cases, seepage, if occurring, 
cannot be observed due to vegetation, tail-water, or an unfiltered blanket at the toe that 
dried up the area. 

 Any internal erosion potential failure modes may be more likely after damage to the 
dam following a seismic event or from elevated reservoir levels during a flood event. 
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1.0 INTRODUCTION 

1.1 SCOPE 

This chapter provides methods to (i) determine a hypothetical breach outflow hydrograph for 
a dam (ii) routing of the flood hydrograph through the downstream valley and (iii) performing 
a downstream consequence assessment. The following diagram outlines the content of each 
section of this chapter. 

 

Section 
2.0

•Calculation of dam breach outflow hydrograph

Section 
3.0

• Flood inundation modelling and mapping

Section 
4.0

•Downstream consequence assessment
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1.2 LEVEL OF ASSESSMENT 

The level of time and resource to undertake dam safety and disaster risk management 
assessment should be appropriate to the size, complexity and potential downstream impacts 
of the dam or reservoir under investigation. 

For this reason, three different levels of assessment are provided in these Guidelines. 
Chapter 1, Section 1.3 provides a description of the three levels of assessment (i.e. 
Preliminary, Intermediate and Detailed) and when it is appropriate to use them. 

The analysis methods outlined in this Chapter related to an Intermediate or Detailed level of 
assessment. Table 1.1 provides reference to which of the methods outlined in this Chapter 
are appropriate to an Intermediate or Detailed level of assessment. 

Table 1.1 Level of Assessment for flood hazard identification. 

Level of 

Assessment 

Derivation of Dam 

Breach Outflow 

Downstream Routing of 

Outflow Hydrograph 

Downstream 

Consequence 

Assessment 

Section 2 Section 3 Section 4 

Intermediate 

Empirical Equations and/or 

Breach Modelling 

[refer to Section 2.3] 

1D or 2D hydraulic Model 

[refer to Section 3.2] 

Semi-quantitative evaluation 

[refer to Section 4.3] 

Detailed 
Breach Modelling 

[refer to Section 2.3] 

1D, 2D or linked 1D-2D 

hydraulic Model 

[refer to Section 3.2] 

Quantitative geospatial 

modelling methods with a 

range of impacts using risk 

modelling software (e.g. 

RiskScape) 

[refer to Section 4.4] 
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1.3 BACKGROUND 

The three elements outlined in the following chapters are briefly summarised below: 

 

The three components are an important part of dam safety management and are used for a 
wide variety of purposes, including: 

 Assessing the hazard potential of a dam 

 Developing an Emergency Preparedness Plan (EPP) for a dam 

 Emergency response planning 

 Hazard mitigation planning 

 Communicating the hazard potential of dams to those outside the industry 

Dam breach outflow  
hydrograph

•Evaluation of 
hypothetical dam 
breach outflow 
hydrograph

Flood Inundation 
Modelling & 
Mapping

•Routing of flood 
hydrographs 
through 
downstream 
valley

Consequence 
Assessment

•Evaluation of 
people, property 
and infrastructure 
at risk from 
flooding and 
determining loss
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1.4 OUTPUTS AND LINKS TO OTHER STAGES 

Outputs from the assessment methods outlined in this Chapter include: 

 Evaluation of a dam breach outflow hydrograph 

 Generation of flood inundation maps for: 

˗ Dam failure events 

˗ Extreme flood discharges resulting from a dam spillway 

 Evaluation of people, property and infrastructure at risk from flooding 

Figure 1.1 indicates how the outputs from the assessment methods outlined in this Chapter 
are linked to previous and succeeding stages of analysis methodology described by these 
Guidelines. 

 

 
Figure 1.1 Schematic showing linkage between assessment stages. 
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2.0 DAM BREACH OUTFLOW HYDROGRAPH 

2.1 INTRODUCTION 

The methodology to estimate the hypothetical dam breach outflow hydrograph is 
summarised in the following sections. This includes a description of dam failure scenarios to 
analyse and how to derive dam breach outflow hydrographs for earthen embankment and 
concrete dams. 

2.2 DAM FAILURE SCENARIOS 

Dam breach assessment involves two types of failure scenarios, referred to as “sunny day 
failure” and “flood failure” scenarios. These scenarios are defined as follows: 

 Sunny day failure – occurs with the reservoir full under normal operating conditions. 
Failure is typically initiated by events such as an earthquake or uncontrolled seepage 
through an embankment. 

 Flood failure – occurs during a flood event. Failure is typically initiated by raised 
reservoir water levels which lead to overtopping of the dam crest or can trigger internal 
erosion or foundation uplift. 

Note that there is typically little to no warning of a sunny day failure event, whereas a flood 
failure scenario takes place during a developing flood with attendant raised awareness of 
potential flooding issues. 

Table 2.1 lists the key assumptions regarding the dam and reservoir conditions when 
performing dam breach analysis for sunny day and flood failure scenarios. Note that spillway 
gates are present on the dam, it is common practice to analyse the case where partial failure 
of one or more of the spillway gates occurs during an extreme flood event. 

Typically there is a greater volume of work required in analysis of flood failure scenario as 
consideration of the reservoir and downstream catchment under flood conditions is required. 

Table 2.1 Dam and reservoir assumptions for Sunny Day and Flood Failure scenarios. 

Parameter Sunny Day Failure Scenario Flood Failure Scenario 

Initial Reservoir Inflow Normal stream flow Flood event into reservoir 

Reservoir Water Level at 

Time of Dam Failure 
Full supply level 

Reservoir water level determined by reservoir 

routing of flood (refer to Section 3.2.3) 

Downstream catchment Normal stream flow In flood 
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2.3 DERIVATION OF DAM BREACH OUTFLOW FOR EMBANKMENT DAMS 

2.3.1 Background 

Embankment dams are made of earthen materials and may be filled with earth or other 
materials resistant to erosion (e.g. rockfill). 

Embankment dams do not usually have a complete or sudden failure, but rather tend to 
breach to the point where the reservoir is depleted or to where the breached materials resist 
erosion, such as at the dam foundation. According to Costa (1985) flood an overtopping 
failure is the most common cause of embankment dam failure, followed by foundation 
defects and piping through the dam embankment. These two failure mechanisms 
(overtopping and piping failure) are described briefly as follows: 

 Overtopping failure occurs when the reservoir water level exceeds the height of the 
dam and starts to overflow the crest of the dam, an abutment or low point in the 
reservoir rim. Figure 2.1 from Hanson, et al (2005) shows the typical stages of 
embankment failure due to overtopping. This figure indicates that the downstream 
slope of the dam firstly begins unravel as a result of sheet and rill erosion (refer to 
Figure 2.1a). If unchecked, the erosion then migrates towards the upstream face of the 
dam (Figure 2.1b), eventually resulting in a breach through the dam body (Figure 2.1c). 
After this the dam crest begins to lower and the breach gradually widens as the 
reservoir empties through the breach (Figure 2.1d to f). 

 
Figure 2.1 Field tests showing overtopping breach development (from Hanson, et al, 2005 and reproduced 
with permission). 
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 Piping failure occurs when internal soil erosion allows water to flow through poorly 
compacted soil or a crack in the embankment dam, which can enlarge over time to 
form a ‘pipe’. If the pipe continues to grow, it may lead to the complete collapse of the 
dam. Figure 2.2, from Hanson, et al. (2010), shows the typical stages of embankment 
failure due to piping. This figure indicates that after pipe formation, the pipe begins to 
enlarge on the downstream slope (Figure 2.2a to 2.2d) after which the pipe roof 
collapses and a breach through the dam occurs (Figure 2.2e). The breach then begins 
to widen as the reservoir empties through the breach (Figure 2.2f). 

 
Figure 2.2 Field tests showing piping breach development (from Hanson, et al. 2010 and reproduced with 
permission). 
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Embankment breach development is typically described by key breach dimensions listed in 
Table 2.2 and illustrated in Figure 2.3. These parameters quantify the size, shape and 
development time at the final breach stage. 

As described in the following sections, a number of methods are available to predict these 
breach parameters based on analysis of historic dam failures and/or hydraulic modelling. 

Table 2.2 Description of breach parameters. 

Parameter Symbol Description 

Breach depth Dw 
Vertical extent of the breach measured from a specific elevation to the 

invert of the dam breach 

Breach width Bw 
Average of the final breach width, typically measured at the vertical 

centre of the breach 

Breach side slope z 
The angle of the breach sides represented as 1 vertical to z horizontal 

(1V:zH) 

Breach formation time tf 

The duration of time between the first breaching of the upstream face of 

the dam (breach initiation) and when the breach has reached its full 

geometry 

Peak breach outflow Qp Maximum discharge through the dam breach 

 
Figure 2.3 Illustration of breach parameters for earthen embankment dams. 
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2.3.2 Empirical Equations 

Empirical equations use regression relations from historic dam failures to provide a 
relationship between the breach parameters illustrated in Figure 2.3 and key dam 
parameters such as dam height and reservoir volume (refer to Wahl, 2004 and ASCE, 2011). 
These equations can be used to derive an indicative dam breach outflow hydrograph. 

Table 2.3 lists the empirical equations recommended to estimate the peak discharge and 
breach formation time, as well as the inputs required for these equations. The peak breach 
discharge equation of Froehlich (1995b) was selected as this was shown by Wahl (2004) to 
contain the least uncertainty of a number of empirical equations analysed. 

However it important to note that the Froehlich (1995b) equation contains significant 
uncertainty as it is derived from a dataset of approximately 22 homogeneous, zoned earthen, 
earthen with claycore wall and rockfill dam failures. Time to peak breach discharge is a 
simplified relation based on guidance from Hughes, et al. (2000). 

To derive the breach outflow hydrograph, a triangular hydrograph shape is adopted – refer to 
Figure 2.4 where time to peak breach outflow is estimated as Tp from Table 2.3 and time to 
peak discharge (Qp) is estimated from the Froehlich (1995b) equation. 

The time to the end of the hydrograph (Te) is estimated by conserving the volume under the 
hydrograph so that it is equal to the reservoir volume. Note that as outlined in Hughes, et al. 
(2000) if the value of Te is less than 2 times the value of Tp, then Tp should be reduced whilst 
at the same time keeping the Te at a value of 2.Tp. Under these conditions the flood 
hydrograph will be symmetrical with a peak value of Qp and a peak time Tp of somewhere 
between 40H and 120H. It is not recommended to reduce to Tp to less than 40H. 

Table 2.3 Empirical equations for estimation of peak breach outflow and breach formation time. 

Breach Parameter Equation 

Peak breach outflow (Qp) 
Froehlich (1995b): Qp = peak breach outflow (m3/s) 

Vw = reservoir volume at time of failure (m3) 

Hw = reservoir depth at time of dam failure (m) 

Time to peak breach 

dischrage (Tp) 

Hughes, et al. (2000): 

 

Tp = time to peak breach discharge (s) 

Vw = reservoir volume at time of failure (m3) 

Hw = reservoir depth at time of dam failure (m) 

Time to end of 

hydrograph (Te) 

 
Te = time to end of hydrograph (s) 

Vw = reservoir volume at time of failure (m3) 

Qp = peak breach outflow (m3/s) 

 0.295 1.240.607p w wQ V H

120p wT H

2 w
e

p

V
T

Q




Dam and Downstream Community Safety initiative – November 2015 
 

 

10 Guidelines, Chapter 5 – Hazard Impacts on Downstream Communities 
 

 
Figure 2.4 Illustration of triangular breach hydrograph developed with empirical equations. 

2.3.3 Breach Modelling 

Breach modelling involves two tasks: 

1. Predicting key breach parameters and; 

2. Estimating the flow through the breach. 

The first task involves estimating the final breach geometry and breach development time by 
using empirical equations derived from regression analysis of historic dam failures. 
The second task involves the use of one-dimensional hydraulic models to simulate the flow 
through a developing breach. These two processes are described in more detail below. 

Table 2.4 provides equations recommended to predict breach dimensions for embankment 
dams. It is important to note that the Froehlich (1995a) and (2008) equations contain have 
been derived from data sets of 63 and 74 embankment dam failures respectively. 
This includes homogeneous, zoned earthen, earthen with clay-core and rockfill dam failures. 
There is significant uncertainty in the breach parameters developed using empirical 
equations and therefore a range of likely estimates should be determined by using the 
equations listed in Table 2.4 to allow for sensitivity analysis to be carried out (refer to 
Section 3.2.3.4 is carried out). 

Once a range of breach parameters has been developed from equations listed in Table 2.4, 
they are used as inputs into a computational hydraulic model. The two recommended 
hydraulic models to perform breach analysis are: 

 HEC-RAS (refer to USACE, 2010) 

 MIKE11-DB (refer to DHI, 2012) 

Both of these are models one-dimensional computational hydraulic models and require 
specialist expertise in hydraulic modelling to setup and run. Further detail on these models is 
provided in Section 3.2.2.2. The following data is usually required to build a 1D breach model: 

 Reservoir storage-elevation relationship 

 Dam geometry 

 Spillway rating curve (for flood failure scenario) 

 Tail-water conditions in the downstream channel 

 Initial reservoir elevation. 
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Table 2.4 Empirical equations for estimation of breach geometry and breach formation time. 

Breach 

Parameter 
Equation 

Breach depth (Dw) 

Dw should be based on site specific conditions. Generally, the maximum breach 

depth is measured from the dam crest level to embankment foundation level at 

the downstream toe of the dam. However the final height of a breach might be 

limited by the volume of water in the reservoir at the time of failure, or by the 

presence of a layer of erosion-resistant material in the embankment. 

Average breach 

width (Bw) 

Froehlich (1995a): 

 

 

Froehlich (2008): 

 

 

Bw = average breach width (m) 

Ko = coefficient equal to 1.4 for overtopping 

failure and 1.0 for piping failure (-) 

Vw = reservoir volume at time of failure (m3) 

Dw = breach depth (m) 

Breach side slope (z) 

Froehlich (2008): 

 z = breach side slope (1V:zH) 

Breach formation 

time (tf) 

Froehlich (1995a): 

 

 

Froehlich (2008): 

 

 

Vw = reservoir volume at time of failure (m3) 

g = gravitational acceleration (m/s2) 

Dw = breach depth (m) 

The 1D hydraulic models listed previously both simulate the outflow through a developing 
breach in the dam body as outlined in Figure 2.5. Flow through a piping hole is calculated as 
orifice flow and flow through the breach is calculated as weir flow. The water surface profile 
upstream of the dam is back-calculated using unsteady momentum and hydraulic principles 
for each time step and the resulting drawdown through the hole and/or breach produces an 
outflow hydrograph. 

To model the breach development the following inputs are required, estimated using the 
Equations listed in Table 2.4. 

 Failure mode (overtopping or piping) 

 Breach width 

 Breach side slopes 

 Failure Time 

 Discharge coefficient for piping (typically equal to 0.7) 

 Discharge coefficient for overtopping (typical equal to 1.7) 

Detailed instructions on how to build a MIKE11-DB or HEC-RAS model are not within the 
scope of this document. However the reader is referred to CDSB (2010) for an example of a 
preliminary dam breach model setup in HEC-RAS. 

 0.32 0.19
00.1803 . .w w wB K V D

 0.32 0.04
00.27 . .w w wB K V D

1.0 for overtopping failures

0.7 for other failure modes
z


 


 0.53 0.900.00254 .f w wt V D

 2
w63.2 / .Df wt V g   
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Figure 2.5 Cross-section through dam indicating breach development (from DHI, 2012). 

2.3.4 Sensitivity Analysis 

Predicting the reservoir outflow hydrograph remains a great source of uncertainty in the dam 
breach modelling process, especially for embankment dams in which dam failure is usually a 
complex progressive process that is difficult to model (Wahl, 2010). 

A wide range of methods are available to assign breach parameters that can result in large 
variation in results for breach width and breach formation time. Therefore sensitivity analysis 
should be performed for the breach parameters prior to selecting the final breach 
parameters. 

Sensitivity analysis should be included as part of the breach modelling methodology 
described in Section 2.3.3 and include the impact of varying the key breach parameters 
(breach width, depth and formation time) on the peak breach outflow and breach hydrograph. 
Note that that the choice of breach side slope typically does not have a large effect on the 
final breach hydrograph. 

The final choice of breach parameters relies on engineering judgement. Realistic breach 
parameters which result in the largest peak breach outflow are typically selected. 

2.3.5 Verification of Breach Parameters 

It is recommended that any peak breach discharges estimated with either empirical 
equations or by breach modelling are compared against the peak discharge estimated from 
historic dam failures. 

Figure 2.6 and Figure 2.7 plot the respective peak breach outflow and average breach width 
from historic dam failures, presented in Wahl (1998), Pierce (2010) and Xu & Xhang (2009), 
against the product of the dam volume and height. Any estimated breach parameters should 
be checked that they are within the envelope of historic dam failures plotted in these figures. 

Breach 
Development Dam Crest 

Limiting Section
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Figure 2.6 Historic peak breach discharge as a function of reservoir height and volume. 

 
Figure 2.7 Historic average breach width as a function of reservoir height and volume. 
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2.3.6 Additional Considerations for Rockfill Dam Types 

Rockfill is generally considered to be more stable and less erosive than compacted soil and 
therefore rockfill dams are expected to behave differently relative to earthen embankment 
dams during overtopping or piping failure. This section provides recommendations for 
consideration of breach parameters for these dam types. 

Rockfill dam types are included in the data-sets used to develop the regression equations 
listed in Table 2.3 and Table 2.4 and therefore these equations are applicable to rockfill dam 
types. However due to the limited number of rockfill dams included in the datasets used to 
derive equations in Table 2.4 it is recommended that sensitivity analysis is performed, as 
described in Section 2.3.3 when defining breach parameters for rockfill dams. 

Relatively little guidance has been published on estimation of breach characteristics for 
CFRDs. For this reason it is recommended to estimate breach characteristics for CFRDs 
using the formulas outlined in Table 2.4 and performing sensitivity analysis outlined in 
Section 2.3.4. Sensitivity analysis should include reducing the dam failure time from those 
estimated with equations listed in Table 2.4 as it is expected that failure of the upstream 
concrete face of a CFRD would result in a more rapid release of the reservoir contents 
relative to gradual erosion of an earthen embankment dam. 

2.3.7 Derivation of Dam Breach Outflow for Concrete Dams 

Concrete dams include arch, buttress, concrete, gravity, masonry, multi-arch, and roller-
compacted concrete (RCC) and are typically constructed of concrete or masonry components. 

Current guidelines (e.g. ICOLD, 1998; USACE, 1997; Hughes, et al. 2000) recommend that 
breach characteristics for concrete dams are based on site-specific construction details. 
USACE (1997) states that concrete gravity dams tend to have a partial breach as one or 
more monolith sections formed during the dam construction are forced apart by the escaping 
water, and the time for breach formation is in the range of a few minutes. The same source 
notes that arch dams are generally assumed to breach over the entire width, with near 
instantaneous failure. 

It is recommended that site specific construction details, dam drawings and dam engineers 
experienced in concrete dam design and dam breach analysis are consulted to determine a 
breach width appropriate for a concrete dam. In the absence of site specific construction 
details, Table 2.5 provides guidance complied from Hughes, et al. (2000) and USACE (1997) 
for breach widths and failure times for concrete dams where site specific construction details 
are not available. 

The peak breach outflow is estimated with Equation (2), which assumes a rectangular cross-
section and instantaneous failure of the dam. Derivation of this equation is outlined in Hunt 
(1966) and the equation is republished in USACE (1997). 

To derive the breach outflow hydrograph, a triangular hydrograph shape is adopted where time 
to peak breach outflow is from Table 2.5 and time to peak discharge from Equation (1). The time 
to the end of the hydrograph (Te) is estimated by conserving the volume under the hydrograph so 
that it is equal to the reservoir volume (similar to the concept illustrated in Figure 2.4). 
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Table 2.5 Recommended breach parameters for concrete dams. 

Breach Parameter Breach Width Breach Formation Time (tf) 

Arch Entire dam width 5 minutes 

Multiple Arch and Buttress Entire dam width 5 minutes 

Gravity Arch Half of dam width 5 minutes 

Gravity (including RCC) 
A number of monolith widths 

(not less than one-third of dam width) 
15 minutes 

 

 3/28

27PQ gBD  Equation (1) 

Where: Qp = Peak outflow (m3/s)  

 g = Gravity (m/s2)  

 B = Width of the breach (m)  

 D = Initial depth of the breach (m)  

 



 

 

This page is intentionally left blank. 

 



Dam and Downstream Community Safety initiative – November 2015 
 

 

Guidelines, Chapter 5 – Hazard Impacts on Downstream Communities 17 
 

3.0 FLOOD INUNDATION MODELLING AND MAPPING 

3.1 INTRODUCTION 

Flood inundation modelling and mapping involves estimating the downstream extent, depth 
and land areas affected by flood waters. The process is summarised in the following steps, 
and is applicable to model both the flood resulting from both: 

 Hypothetical dam failure event; or 

 Extreme flood discharges resulting from a dam spillway 

 

Guidance to carry out flood inundation modelling and mapping is described in the following 
sections. 

Data collection

• Collection of 
data requied 
to build the 
hydrauilc 
model 
(hydrology, 
topography, 
etc)

Flood Modelling

• Routing of 
flood 
hydrographs 
through 
downstream 
valley using a 
computational 
hydrauilc 
model

Flood mapping 

• Mapping of 
the flood 
inundation 
zone including 
annotation 
with flood 
travel times if 
applicable
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3.2 FLOOD MODELLING 

3.2.1 Introduction 

A key component of dam flood hazard assessment is the prediction of the arrival, depth and 
extent of flooding resulting from a dam breach flood wave or spillway release. Such 
information is important for identification of the downstream population at risk, and also 
provides information for emergency planning and evacuation purposes. 

This section provides a summary of tools that can perform downstream routing of dam 
breach hydrographs (refer to Section 2.3 of this Chapter) and dam spillway hydrographs 
(refer to Chapter 3, Section 2.0 of these Guidelines). The hydraulic routing methods are split 
into the following types: 

 Simplified routing methods 

 One-dimensional (1D) hydraulic models 

 Two-dimensional (2D) hydraulic models 

 1D-2D linked hydraulic models 

The following sections provide further detail on each of these model types. Only a brief 
summary of the hydraulic models is given as it is assumed that persons performing flood 
modelling is competent and experienced in hydraulic modelling techniques. 

With a wide range of hydraulic models available, it is essential that the user is able to select the 
best model for the application and is aware of the shortcomings and uncertainties of the chosen 
method. Section 3.2.3 provides a summary of the advantages and disadvantages of each model 
type and provides guidance on when it is appropriate to select one model over another. 

3.2.2 Flood Routing Methods 

3.2.2.1 Simplified Routing Methods 

A simplified method for routing a dam breach flood wave down a valley is outlined in Bowles, 
et al (2013) and described in Chapter 2 of these Guidelines. This method should be used 
with caution as it may grossly under or overestimate the impact of the dam breach. For this 
reason the simplified routing method should only be used for dams with relatively smaller 
reservoirs, situated upstream of sparsely populated areas or as an initial screening tool for 
larger dams with potentially high downstream impacts in the event of dam failure. 

The Bowles et al (2013) methodology involves: 

 Defining the downstream valley into a number of zones based on inspection of 
1:10,000 or 1:25,000 scale topographic maps 

 Defining a typical trapezoidal cross-section shape, bed slope and Manning’s n value to 
each zone 

 Applying a simplified relationship to attenuate the dam breach flood wave through 
each zone 

 Estimating an approximate flood depth and flood width for each zone 
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This method should only be considered as a first approximation to indicate flood depths, 
widths and discharges as the flood wave attenuates down the valley. More detailed methods 
described in the following sub-sections should be used if there is any uncertainty on 
identifying population at risk with simplified routing methods. 

3.2.2.2 One-Dimensional Hydraulic Modelling 

1D hydraulic models numerically solve the one-dimensional, form of the St-Venant shallow 
water equations. These models resolve flow, depth and discharge at user defined river cross-
sections and assume that the flow is unidirectional with uniform velocity and water surface at 
each cross-section. 1D models are capable of modelling unsteady flow regimes along with 
the effects of bridges, culverts, weirs and other hydraulic structures. 

Table 3.1 lists a number of commonly used 1D hydraulic modelling packages and the 
developers of the software. With the exception of HEC-RAS, all of the models listed in Table 
3.1 require a licensing fee for use. 

Table 3.2 lists the typical data requirements for 1D models. Cross-sections of the river 
channel is a key data requirement, however such information is often costly and time 
consuming to obtain. A summary of the advantages and disadvantages of 1D models and 
when it is appropriate to use them is provided in Section 3.2.3. 

Table 3.1 Examples of 1D hydraulic models. 

Model Name Developer Software License Arrangement 

HEC-RAS US Army Corp of Engineers Free 

ISIS CH2M HILL 
Purchase of software license key required for models 

larger than 250 nodes 

MIKE11 Danish Hydraulics Institute Purchase of software license key required 

SOBEK Deltares Purchase of software license key required 

Table 3.2 Typical data inputs for 1D hydraulic models. 

Topographic Data Hydrological Data 

River channel cross-sections and floodplain topography Inflow hydrograph 

Channel and floodplain roughness 
Downstream boundary condition (e.g. water level, tidal 

level, rating curve) 

Hydraulic structure geometry (if required) Tributary inflow hydrographs (if applicable) 

Aerial photography and topographic maps (to gain an 

understanding of the catchment) 
Historic flood data (for model calibration) 
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3.2.2.3 Two-Dimensional Hydraulic Modelling 

Two dimensional hydraulic models solve the two-dimensional (2D) shallow water equations 
using finite difference methods. Water levels and depth averaged flows are resolved on a 
numerical grid (or mesh) covering the area of interest. 2D models assume vertical velocities 
and accelerations are negligible (depth averaged). 

Table 3.3 lists a number of commonly used 2D hydraulic model packages and the developers 
of the software. All of the models listed in Table 3.3 require a licensing fee for use. 

Table 3.4 lists the typical data requirements for 2D models. 2D models require a digital 
terrain model (DTM) to represent the channel and floodplain topography downstream of the 
dam. DTM’s are typically developed from LiDAR data which has a vertical accuracy of 
±0.15 m with and horizontal resolution of approximately one point per square meter. 
However the time and cost of obtaining such data is considerable. 

Lower resolution DTM’s can also be derived from Synthetic Aperture Radar Interferometry 
(InSAR) or topographic map contours provided the vertical interval of the contours is 
sufficient to represent the floodplain topography. The resolution of the DTM dictates the 
quality of the 2D model results, and the use of a less accurate DTM will result in greater 
uncertainty in the model results. Further discussion on DTM development is provided in 
Section 3.2.4.5. 

A summary of the advantages and disadvantages of 2D models and when it is appropriate to 
use them is provided in Section 3.2.3. 

Table 3.3 Examples of 2D hydraulic models. 

Model Name Developer Software License Arrangement 

DELFT-3D Deltares Purchase of software license key required 

FLO-2D FLO-2D Software Purchase of software license key required 

HEC-RAS 5.0 US Army Corp of Engineers Free (expected to be released to public in late 2014) 

InfoworksRS-2D HR-Wallingford Purchase of software license key required 

MIKE21 Danish Hydraulics Institute Purchase of software license key required 

TUFLOW BMT WBM Purchase of software license key required 

Table 3.4 Typical data inputs for 2D hydraulic models. 

Topographic Data Hydrological Data 

Digital Terrain Model (DTM) Inflow hydrograph 

Channel and floodplain roughness Tributary inflow hydrographs (if applicable) 

Hydraulic structure geometry (if required) 
Downstream boundary condition (e.g. water level, tidal 

level, rating curve) 

Aerial photography and topographic maps (to gain an 

understanding of the catchment) 
Historic flood data (needed for calibration of the model) 
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3.2.2.4 Dynamically Linked 1D-2D Hydraulic Modelling 

A number of commercial software packages include the possibility to link a 1D river model to 
a 2D floodplain grid. This allows the modeller to take advantage for the traditional 1D 
modelling approach for the river while at the same time modelling the floodplains in two 
dimensions. This approach results in computational savings over full 2D approaches where a 
finer grid would normally be required to correctly model the river channel geometry in 2D. 

Linked 1D-2D models require the data inputs listed in both Table 3.2 and Table 3.4. 
Considerable user input is required to setup and run 1D-2D models and only modellers with 
sufficient experience should attempt to do so. 

A summary of the advantages and disadvantages of linked 1D-2D models and when it is 
appropriate to use them is provided in Section 3.2.3. 

3.2.2.5 Summary 

Table 3.5 provides a summary of the hydraulic modelling methods described in the previous 
sub-sections. 

Table 3.5 Summary of hydraulic model types. 

Method Description 
Typical 

Computation Time
Outputs 

Simplified 

Routing 

Simplified discharge 

attenuation approach 

using Mannings’ equation 

Minutes 
Indicative water depth and discharge at key 

locations downstream of the dam 

1D 
Solution of 1D St-Venant 

equations 
Minutes 

Water depth, cross-section averaged velocity 

and discharge at each model cross-section. 

2D 
Solution of 2D shallow 

water equations 
Hours 

Inundation extent, water depths, depth-

averaged velocity over 2D domain. 

1D-2D 

Linked 

Dynamically linked 1D-2D 

model 
Hours 

Inundation extent, water depths, depth-

averaged velocity over 2D domain. 

3.2.3 Hydraulic Model Selection 

The choice of hydraulic model for hazard assessment depends on a number of factors 
which include: 

 The required level of model accuracy 

 Scale (i.e. length and area) of the river-floodplain system requiring modelling 

 Data availability 

 The time and resources available 

With a wide range of hydraulic models available, it is essential that the user is able to select 
the best model for the application and is aware of the shortcomings and uncertainties of the 
chosen method. 
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Table 3.6 provides guidance on when it is appropriate to use the different hydraulic model 
types. This table provides guidance only and it is the responsibility of the hydraulic modeller 
to select a methodology that is appropriate for the dam under consideration. 

It should be recognised that when modelling low probability flood events such as dam breach 
and PMF events the wave of water that flows down the river valley below the dam will be 
considerably larger any flood events experienced in the recent past (e.g. 1 in 10 to 1 in 100 
AEP flood events). In these cases flood depths are often dictated by the valley and floodplain 
geometry as opposed to the river geometry – refer to Figure 3.1. In such cases it may be 
acceptable to neglect river conveyance below the water surface when the discharge capacity 
of the river channel is small relative to the floodplain and valley. 

Table 3.6 Guidance for selection of hydraulic model type. 

Modelling 

Approach 
Recommended For Not Recommended For 

Simplified 

Routing 

Model 

 Routing of dam breach flood flows for 

dams with low downstream hazard 

potential 

 Initial screening of extent of dam 

breach flood for dams with medium or 

high downstream hazard potential 

 Where detailed flood hazard information is 

required 

 Dams with medium or high downstream hazard 

potential 

 Routing of dam spillway release floods 

1D 

Modelling 

 Routing of dam breach and dam 

spillway flood when river channel and 

floodplain topography are incorporated 

into the model. 

 For both small and large river systems 

unidirectional flow assumption is valid.  

 Unconfined, flat floodplains where unidirectional 

flow assumption is not valid 

 Where localised depth and velocity information 

on floodplains is required 

 Where river cross-section data is not available 

or is unfeasible to obtain 

2D 

Modelling 

 Routing of dam breach and low 

probability dam spillway release floods 

(i.e. PMF) where river channel 

conveyance is negligible relative to 

floodplain conveyance. 

 Where localised depth and velocity 

information on floodplains is required 

 Where the river channel cannot be resolved 

within model grid and conveyance of river 

channel is important 

 Where topographic data of sufficient resolution 

is not available or is unfeasible to obtain 

 For very large river systems where CPU 

restricts model extent 

 Where fast model run times (in order of 

minutes) is required 

1D-2D 

Linked 

 Where additional detail is warranted to 

define flood hazard 

 For large scale models where river 

channel is modelled in 1D and 

floodplains in 2D 

 Where topographic data of sufficient resolution 

is not available or is unfeasible to obtain 

 Where sufficient expertise and resources to 

build model are not available 
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Figure 3.1 Illustration of normal and flood river levels. 

3.2.4 Additional Model Considerations 

The following sub-sections provide guidance on additional considerations that should be 
taken into consideration when constructing a hydraulic model. 

3.2.4.1 Model Calibration/Verification 

1D and 2D models require calibration to ensure that the model schematisation accurately 
represents the system being modelled. For this purpose calibration data is required which 
included historic flood discharges, water levels and flood photographs. 

Model calibration involves comparison of predicted discharge and water levels with those 
observed during historic flood events. Ideally a number of historic flood events should be 
considered where such data is available. If required, modifications to key model parameters 
such as the Manning’s n roughness coefficient are altered until an adequate match between 
the predicted and observed values are obtained. 

It is important to calibrate a model to an appropriate level of accuracy which should be 
agreed at the start of the project. Typical water level accuracy between predicted and 
observed data for a hydraulic model would be ±0.3 m or better. If calibration is unsuccessful 
a number of potential sources of error can be considered, as outlined in EA (2010): 

 Channel survey, topographic data errors; 

 Data handling errors; 

 Errors in historic flood data (stage datum, timing and rating curves); 

 Errors in hydrological analysis used to derive tributary flows; 

 Changes in channel bathymetry post flooding; 

 Inappropriate schematisation and model approximation errors; 

It is fundamental to identify the likely source of error before attempting to resolve the issue. 
Random adjustment of model parameters outside expected ranges to improve calibration is 
not acceptable (EA, 2010). 

Calibration data is not always available and, in such circumstances, greater emphasis should 
be put on understanding the model sensitivity and model uncertainties. 

Normal river level

1 in 10 AEP flood level 

1 in 100 AEP flood level 

Low probability flood level 
(e.g. dam break, PMF) 
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3.2.4.2 Model Sensitivity 

Sensitivity analysis involves varying key hydraulic parameters such as Manning’s n 
roughness coefficient, model inflows and downstream boundary conditions to determine the 
influence these parameters have on the results (i.e. flood depths, velocities and flood wave 
propagation times). Examples of sensitivity testing to help quantify a hydraulic models 
uncertainty are listed in ARR (2012) and reproduced as follows: 

 Adjust hydraulic roughness parameters values up and down by 20%. 

 Increase inflows by 20%. 

 For downstream boundaries, not at a receiving water body such as the ocean, vary the 
stage discharge or water level upwards to check that the water levels in the area of 
interest are not greatly affected. 

Other useful sensitivity tests include: 

 Making the model’s resolution finer to check that results do not demonstrably change. 

 Varying the time-step and other computational parameters. 

3.2.4.3 Model Extent 

The downstream extent or limit to route a dam breach or dam spillway release flood should 
be evaluated on a site-specific basis. As guidance the flood wave should be routed until one 
of the following holds, based on FEMA, (2013): 

 Flood flows are contained in a large downstream reservoir 

 Flood flows enter the ocean or large tidal channel 

 Flood flows are contained within the channel banks of a downstream river 

3.2.4.4 Hydraulic Structures 

For traditional flood modelling it is essential to consider all hydraulic structures if they impose 
a hydraulic control on the flow. However, for dam breach modelling, judgement has to be 
made on whether such features should be included in inundation modelling based on 
whether they are likely to have a significant effect on water levels or whether they will be 
destroyed due to the flood wave. The following guidance is suggested for the treatment of 
hydraulic structures: 

 Bridges, culverts, weirs and all other online hydraulic structures should be considered if 
they impose a critical control on the flow and it is feasible to obtain sufficient data to 
represent such structures in the model. 

Road, rail and flood embankments located on floodplains can also have a significant 
influence on controlling flood extents and flood wave propagation. These structures should 
also be included in the hydraulic model where they impose a significant control on the flow 
and sufficient data is available to represent them in the model (i.e. embankment crest levels). 
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3.2.4.5 Terrain Data for Modelling 

Topographic data is a key requirement for hydraulic modelling and mapping. Topographic data 
sources that are currently available in Vietnam for developing hydraulic models are summarised 
in Table 3.7. This table also provides a summary of the advantages and disadvantages of each 
data source to give guidance on when it is appropriate to source such data. 

It should be understood that a DTM that is required for flood modelling and mapping 
purposes. The difference between a Digital Surface Model (DSM) and Digital Terrain Model 
(DTM) is illustrated in Figure 3.2. A DSM (also known as a Digital Elevation Model or DEM) 
represents the earth’s surface and includes all objects on it, for example, buildings and trees. 
A DTM represents the bare ground surface without any objects. A DSM is usually converted 
to a DTM using by editing to remove trees, buildings and other objects. 

 
Figure 3.2 Illustration of DTM and DSM. 

A combination of topographic field survey, bathymetric (underwater) survey and topographic 
map contours are the most commonly used data sources for development of hydraulic 
models in Vietnam. It is understood that LiDAR has only been used infrequently in Vietnam 
and primarily for in urban areas for planning purposes. SAR is available on request from 
international suppliers, however it is unknown if this data has been applied for flood 
modelling purposes in Vietnam. 

Note that photogrammetry, LiDAR and SAR surveying methods can not penetrate below the 
water surface. Therefore these methods do not include the topography on the river channel 
below the water level at the time of survey. 
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Table 3.7 Topographic data sources for hydraulic modelling. 

Method 

Typical 

vertical 

accuracy 

Typical 

spatial 

resolution 
Advantages/Disadvantages 

Photogrammetry 

(1:25,000 scale 

topographic 

map contours) 

2 – 10 m 10 -20 m grid 

Advantages: Easily obtainable, inexpensive, coverage for 

most of Vietnam available. 

Disadvantages: Some areas of Vietnam not covered. 

Relatively coarse resolution, not applicable for detailed 

floodplain modelling. No information on topography below 

water surfaces. 

Topographic 

field survey 
±0.05 m As required 

Advantages: Well established practice with expertise 

available within Vietnam. Commonly uses to define river 

cross-sections. 

Disadvantages: Costly to obtain for large survey areas or 

long river reaches. 

Bathymetric 

(underwater) 

survey 

±0.05 m As required 

Advantages: Well established practice with expertise 

available within Vietnam. 

Disadvantages: Costly to obtain for large survey areas or 

long river reaches. Only applicable for rivers where boat 

access is possible. 

InSAR 

(Synthetic 

Aperture Radar 

Interferometry) 

1 – 5 m 5 - 10 m grid 

Advantages: Less costly to obtain than LiDAR, can obtain 

data over very large areas. 

Disadvantages: Relatively expensive to obtain. Requires 

specialists to obtain and post-process data. Minimum survey 

area ~100 km2 if coverage not already available. Insufficient 

resolution for some hydraulic modelling applica tions. No 

information on topography below water surfaces. 

LiDAR 

(Light Detection 

and Ranging) 

±0.15 m 1 m grid 

Advantages: Very high resolution, vegetation can be 

removed as a post-process to obtain a “bare earth” DTM. Can 

obtain data over large areas. 

Disadvantages: Costly, requires specialists to obtain and 

post-process data. No information on topography below water 

surfaces. 
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3.2.4.6 Concurrent Flooding 

Flooding occurs during a period of high rainfall, often resulting in flood conditions on tributary 
river catchments downstream of the dam. This is referred to as concurrent flooding. Flood 
conditions on the tributary river catchments can increase the flood depth, timing and extent 
resulting from the flood wave. Note that for the “sunny day failure” scenario (refer to 
Section 3.3.2) concurrent flooding is not required to be considered. 

The simplest approach to account for concurrent flooding is to arbitrarily select flood events 
for major downstream tributary rivers, as outlined in Table 3.8. The timing of flood peaks for 
downstream tributaries should be aligned to give the maximum peak discharge. This 
approach is best suited for tributary catchments which are smaller than the focus catchment. 

A more detailed approach is to carry out joint probability analysis for concurrent flooding of 
downstream tributaries however such a procedure is beyond the scope of this guideline. 

Table 3.8 Guidelines for arbitrary treatment of concurrent flooding. 

Dam Spillway 

Release Flood 

Concurrent Flood on 

Downstream Tributaries  

1 in 50 AEP 1 in 10 AEP 

1 in 200 AEP 1 in 20 AEP 

1 in 1000 AEP 1 in 50 AEP 

1 in 5000 AEP 1 in 100 AEP 

PMF 1 in 100 AEP 

“Sunny Day Failure” Scenario Not required 

“Flood Failure” Scenario 1 in 100 AEP 

3.2.4.7 Cascade Dam Failure 

It is common to find dams constructed in series along a valley such that if failure of an upper 
dam were to occur, the floodwater would pass into lower reservoirs potentially creating a 
‘cascade failure’ of the lower dam(s) – refer to Figure 3.3. In this situation it is necessary to 
consider cascade failure of the downstream reservoir(s) triggered by failure of the subject dam. 

If the crest of an earthen embankment dam downstream of a subject dam is overtopped by 
0.3 m or more it is recommended that the downstream dam is assumed to breach and 
contribute to the total dam breach flood wave. Note that the United States Federal 
Emergency Management Agency (FEMA) provides critical depths of reservoir overtopping 
ranging from zero to 0.6 m that depend on the physical condition of the embankment 
(Froehlich, 2008). Cascade failure of concrete dams that are designed to overtop is not 
typically required, but site specific analysis of whether the downstream dam could fail needs 
to be considered. 

Routing effects through the downstream reservoir (refer to Chapter 3, Section 2.6) must be 
accounted for when undertaking analysis of cascade dam failure. In some circumstances the 
downstream reservoir will have sufficient capacity to absorb the flood resulting from the 
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upstream dam without crest overtopping of the downstream dam. This is often the case when 
the downstream reservoir volume is significantly greater than the upstream reservoir volume. 

 
Figure 3.3 Illustration of cascade dam failure. 

3.2.4.8 Model Quality Assurance 

Due to the amount of data inputs and complexity of the hydraulic modelling process it is 
important to keep detailed records for any modelling project. This is important for quality 
assurance purposes but also so that someone not involved in the original model can pick up 
the model at a later date and understand: 

 How and why the model was created 

 Why certain decisions and assumptions in the model development process were taken 

 Which versions of the model should be used to extract results from or continue model 
development 

 Limitations of the hydraulic model 

As a minimum the following records are recommended to be produced for any hydraulic 
model study: 

 A report which provides a technical overview of the model, outlining data inputs, 
methodology, results and model limitations 

 A model run log-sheet which records all model runs, file naming convention and where 
the model files and results are stored 

Subject Reservoir 

Cascade Reservoir 1 

Cascade Reservoir 2 
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3.3 FLOOD MAPPING 

3.3.1 Introduction 

Flood inundation maps can have a variety of uses which include: 

 Dam Emergency Preparedness Plans (EPPs) 

 Emergency response 

 Planning for flood mitigation options 

 Dam breach consequence assessment 

It is important to define the end users of flood maps at the start of the flood hazard 
assessment process to identify what map outputs are required. The following sub-sections 
describe the methods available to produce flood maps and the recommended components to 
include when generating hard-copy flood maps. 

3.3.2 Flood Mapping Guidelines 

Flood maps are generally required to contain some or all the information listed in Table 3.9 
depending on the end users requirements. 1D and 2D models produce different outputs and 
there are limitations as to what flood mapping information they can produce. Table 3.9 lists 
what flood mapping information can typically be produced by 1D and 2D models. 

A limitation of 1D models (as outlined in Section 3.2.3) is that they only represent velocities 
as averages over a cross section. This makes extracting velocity information difficult, 
especially for complex flow over floodplains.  

The following sub-sections describe the general process for producing mapping outputs from 
1D and 2D hydraulic models. 

Table 3.9 Guidelines for arbitrary treatment of concurrent flooding. 

Flood mapping parameter 1D Models 
2D (and 1D-2D 

Link Models) 

Maximum flood extent √ √ 

Maximum flood depth √ √ 

Maximum flood velocity * √ 

Maximum flood intensity (product of depth x velocity) * √ 

Initial flood arrival time (for dam breach events only) √ √ 

Peak flood arrival time (for dam breach events only) √ √ 

Note: * 1D models provide cross-sectional averaged velocity only so detailed velocity and flood intensity typically not available 
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3.3.2.1 Flood Mapping from Simplified Routing Methods 

Simplified methods for routing a dam breach outflow are summarised in Section 3.2.2.1. 
An output from this method is the approximate flood width at user defined cross-sections. Flood 
boundaries can be approximated from these flood widths on available topographic mapping. 

This flood mapping methodology is approximate only and the limitations of such maps should 
be clearly stated to any end users for the maps. 

3.3.2.2 1D Model Flood Mapping Outputs 

1D models provide cross-sectional averaged depth, water level, velocity and discharge at 
model each cross-section. Therefore spatial extents of flood velocity and hazard are unable 
to be reliably produced with a 1D model. However, if a ground surface DTM of sufficient 
resolution is available, spatial extents of flood depth can be produced from 1D model water 
level results. The resolution of the ground surface DTM will dictate the resolution of any flood 
depths extents produced. 

The process to produce flood extents with a 1D model is illustrated in Figure 3.4 from FEMA 
(2013). This process is automated within the 1D software packages listed in Table 3.1 or can 
be manually carried out with GIS packages such as ArcGIS, MapInfo or QuantumGIS. 

Initial and peak flood arrival times are commonly required for flood maps of dam breach 
events. This information can be extracted from 1D hydraulic models by inspection of 
discharge-hydrographs at various cross-sections downstream of the dam. 

 
Figure 3.4 Delineation of flood extents using a DTM and 1D hydraulic model results (from FEMA, 2013). 

 

 

Bare earth DTM 

Cross-sections with 
flood elevation 

Ground and water-surface terrain 
models intersected to identify 

flood extent 

Artificial 3D water surface created 
by triangulating flood elevations 

between cross-sections 
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3.3.2.3 2D Model Flood Mapping Outputs 

2D hydraulic models produce a geo-referenced grid of flood levels, depths and velocities at 
regular time intervals throughout each model simulation. These grids can be opened and 
viewed by the hydraulic modelling software or GIS and drafting packages such as ArcGIS 
and AutoCAD. The maximum values at each grid cell are also recorded as separate grids. 

The digital outputs from 2D models can be directly used by GIS or drafting software to 
produce flood maps. Flood initial and peak arrival time can be extracted from the 2D model 
by inspection of water level hydrographs at locations of interest. 

3.3.2.4 Mapping Flood Intensity 

The intensity of flooding can be useful to estimate potential damage to people and buildings 
as part of downstream consequence assessment (refer to Section 4.0). Flood intensity is 
often quantified in terms of depth multiplied by velocity (DV). Both 1D and 2D hydraulic 
models can be used to produce grids of DV for mapping, however as outlined in Section 
3.2.3, 1D models only provide limited velocity information. 

Tables 3.10 and Figure 3.5 provides guidance on how the flood intensity parameter (DV) 
relates to when flow conditions become dangerous to adults exposed to flood waters (e.g. 
people evacuating or people outside of buildings at the time of flooding). This table and figure 
relates to able bodied adults. Vulnerable people in the community, for example small children 
and the elderly, may be unsafe for DV values less than those shown in Table 3.10 and 
Figure 3.5.  

Tables 3.11 and Figure 3.6 provides guidance on how the DV parameter relates to where 
flow conditions can start to damage one to two story buildings of masonry, concrete and brick 
construction type. Damage for three-storey masonry, concrete and brick buildings is also 
provided in Figure 3.6 from data presented in USACE (1985). 

Similar damage relationships to that shown in Table 3.11 and Figure 3.6 for one to two storey 
timber buildings can be found in RESCDAM (2000) but these damage relationships apply to 
residential timber buildings constructed in the United States of America and Europe. For 
Vietnamese timber stilt houses and other less robust timber buildings damage at smaller 
flood intensity (DV) values than those shown in RESCDAM (2000) can be expected.  

An analysis of 16 historic dam failures by Graham (1999) demonstrated that the flood 
intensity parameter (DV) and corresponding damage and loss of life was greatest in areas 
close to the dam. Of a total of 449 deaths reported for the 16 dam failures, 61% were within 
5 km of the dam, 35% between 5 and 11 km and 4% beyond 11 km. However site specific 
factors such as local topography, effectiveness of evacuation and the distance from the dam 
to downstream communities will dictate damage and losses due to an actual dam failure or 
dam spillway release event. 
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Table 3.10 Relationship between flood intensity (DV) and safety of adults exposed to flood water (adapted from 
Cox, et al, 2010) 

Flood Intensity Parameter 

(Depth x Velocity = DV) 

(m2/s) 

Safety for Adults Exposed to Flood 
Water 

DV = 0 Safe 

DV < 0.6 

(and depth < 1.2 m and velocity < 3 m/s) 
Low Hazard 

DV = 0.6 – 1.2 

(and depth < 1.2 m and velocity < 3 m/s) 
Significant Hazard 

DV > 1.2 Extreme Hazard 

Low Hazard: Flow condition where most adults should be able to walk and stand  

Significant Hazard: Flow condition are dangerous to most adults 

Extreme Hazard: Flow conditions are dangerous to all people 

 

 

Figure 3.5 Relationship between flood depth and velocity and safety of adults exposed to flood water 

(adapted from Cox, et al, 2010) 
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Table 3.11 Relationship between flood intensity parameter (DV) and damage to one to two storey masonry, 
concrete and brick buildings (adapted from RESCDAM, 2000) 

Building Type Flood Intensity Parameter 

(Depth x Velocity = DV) 

(m2/s) 

Damage to 1 to 2 Storey,          

Masonry, Concrete and Brick 

Buildings 

Masonry, concrete & brick 

DV < 3 

(and V < 2 m/s) 
Inundation damage 

DV = 3 to 7 

(and V > 2 m/s) 
Partial damage 

DV > 7 

(and V > 2 m/s) 
Total destruction 

Inundation damage: Damage similar to that caused by a natural low-velocity river flood. No immediate 
structural damage. 

Partial damage: Moderate structural damage, i.e. windows and doors knocked out. Little damage to the major 
structural elements of the building. 

Total destruction: Total structural collapse or major damage to the structure necessitating demolition and 
rebuilding. 

 

 

Figure 3.6 Relationship between flood depth and velocity and damage to masonry, concrete and brick 

buildings (adapted from RESCDAM, 2000 and USACE, 1985) 

 

 

 

 

 



Dam and Downstream Community Safety initiative – November 2015 
 

 

34 Guidelines, Chapter 5 – Hazard Impacts on Downstream Communities 
 

3.3.3 Recommended Hard-Copy Map Components 

If hard-copy flood maps are required by end users the following map elements are 
recommended as a minimum: 

 Background mapping tiles: clear, easy-to-interpret base maps are required to 
provide a background from which flood information is overlaid. It is recommended that 
Vietnam VN2000 series 1:50,000 or 1:25,000 scale topographic maps are used for this 
purpose. 

 Map scale: An appropriate scale of map should be used, dependant on the size of the 
modelled inundation area. A minimum scale of 1:50,000 should be used, with finer map 
scale (e.g. 1:25,000 or 1:10,000) for areas of high population density. 

 Map size: Flood maps should be produced so that information can be clearly read 
when printed on A3 size paper. 

 Basic map information: the following items should be included on any flood map – 
map title block, index map, north arrow, map scale bar, legend, date of map creation. 

 Flood inundation information: Flood inundated area should be shaded in dark blue 
colour with sufficient transparency to view background mapping tiles. Markers should 
be placed on the map to show the distance, in terms of river chainage, downstream of 
the dam at intervals of either 1 km or 5 km depending on the scale of inundation. 

 Flood wave arrival time: For the “sunny day” dam breach scenario maps should show 
the initial and peak flood arrival times. 

An example of a flood map with the above map elements included is provided in Figure 3.7 
from FEMA (2013). 
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Figure 3.7 Example flood map from FEMA (2013). 

LEGEND 
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4.0 DOWNSTREAM CONSEQUENCE ASSESSMENT 

4.1 INTRODUCTION 

This section describes the process for applying the results of flood hazard modelling (refer to 
Section 3.0) and determining potential consequences for communities affected by flooding. 

In this section key terms related to consequences modelling are firstly introduced in 
Section 4.2. Secondly, guidelines for undertaking consequence assessments at varying levels 
of detail and complexity are provided in Section 4.3 and 4.4, including the use of RiskScape 
loss modelling software for undertaking detailed quantitative consequences analysis. 

4.2 KEY TERMS 

Hazard 

A hazard is an event that has the potential to impact human life, property, buildings, lifelines 
and the economy. The level of hazard depends on the event characteristics. Natural hazards 
are often classified by: 

 Magnitude/Intensity – how large is the event? What is depth and velocity of flood water? 

 Duration – how long will the event last? 

 Extent – what geographical area will potentially be affected? 

 Speed of onset – will the onset be a few seconds to a few hours (e.g. earthquakes, 
local source tsunami, flash floods); a few hours to a few days (e.g. storm winds, storm 
surge, river floods) or will it have a slow onset (e.g. drought)? 

Elements-at-Risk 

The elements that are impacted by a hazard (e.g. human life, property, buildings, 
infrastructure, economy, etc.) are often referred to as the “elements-at-risk”. 

Likelihood 

How often is an event of a particular size likely to occur? Flood modelling scenarios are often 
described by Annual Exceedance Probability (AEP). The AEP is the chance or probability of 
a natural hazard event (usually a rainfall or flooding event) occurring annually. Flood 
consequence modelling often considers more frequent, smaller events such as the 1 in 50 
AEP flood, and high consequence, low probability events such as the Probable Maximum 
Flood (PMF) flood. 

Consequences 

Consequences describes the impacts or outcome of a hazard acting upon something we 
value (elements-at-risk) such as people, livelihoods (jobs), buildings, infrastructure and 
agriculture. Consequences are controlled by the magnitude of the hazard (e.g. depth of flood 
water), exposure of elements-at-risk and the vulnerability of the elements-at-risk. 
Consequences can be described qualitatively (e.g. the effects could be described as minor, 
moderate, severe or catastrophic) or quantitatively (e.g. numbers of deaths or injuries, dollar 
losses, cost of reconstruction, number of jobs lost). 
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Exposure 

Exposure is a function of the location of elements-at-risk relative to the hazard. The area of 
floodwater inundation is an important input to consequence modelling, but when determining 
whether there will be actual damage or loss, we also need to know where our elements-at-
risk are located,whether they will actually get wet, and what damage is caused if the 
elements do get wet. Exposure ideally will include information based on geospatial mapping 
of elements-at-risk, and also the elevation level of the elements relative to the floodwaters. 

Vulnerability 

Vulnerability is determined by the attributes or qualities of elements-at-risk that make them 
more susceptible to damage, loss or injury when affected by a hazard. An element that is 
more vulnerable will experience greater damage/loss during the same flood than one that is 
less vulnerable. 

Quantitative Loss Modelling 

Quantitative modelling involves determining hazard impacts to produce numerical results, 
such as numbers of fatalities, numbers of buildings destroyed, the cost of reconstruction or 
duration of displacement. Producing quantitative results from hazard loss modelling requires 
numerical data inputs such as numbers of people and houses exposed. 

Displacement 

Displacement refers to the duration a building is not fit for purpose. The unit for displacement 
is days or weeks. Displacement occurs when a structure is damaged to the degree that it is 
dangerous to occupy or requires significant cleaning, repair or reconstruction before it may 
be re-occupied. 
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4.3 INTERMEDIATE CONSEQUENCES ASSESSMENT METHODOLOGY 

4.3.1 Introduction 

This section outlines a methodology to determine the downstream impacts from floods on 
people, property and agricultural land. The method relies on flood inundation extents derived 
using the methods outlined in Section 3.0 in combination with aerial photographs and 
topographic maps at 1:10,000 or 1:25,000 scale that cover the flood extent downstream of 
the dam. 

For a given flood scenario, the outputs from this methodology include: 

 An estimate of the total population-at-risk (PAR) affected by flood inundation 

 The main elements-at-risk affected by flood inundation (i.e. residential houses, 
agricultural land, critical and major infrastructure such as bridges, roads, emergency 
services, large commercial or industrial buildings). 

Note that the method outlined in this section does not estimate the expected loss of life or 
damages and economic costs to the elements-at-risk. Approaches to estimate expected loss 
of life and economic impacts from flooding are outlined in the more detailed methodology 
provided in Section 4.4. 

4.3.2 Data Requirements 

The following data are required to carry out this assessment: 

 Flood hazard layers in GIS format derived using hydraulic modelling and mapping 
techniques outlined in Section 3.0. 

 Topographic maps that covers the flood extent in GIS format. The highest resolution 
topographic mapping data should be used where possible. 1:10,000 scale is preferred, 
but if such data is not available 1:25,000 scale mapping is satisfactory. 

 Aerial photography that covers the flood extent in GIS format. 

4.3.3 Methodology to Determine Elements at Risk 

4.3.3.1 Overview 

The data listed in Section 4.3.2 is used as an input into Geographic Information System 
(GIS) software (e.g. ArcGIS, QGIS, etc.) to determine which elements are at risk to the flood 
inundation extent (e.g. households, infrastructure, agricultural land, etc.) - see definition of 
elements-at-risk in Section 4.2. Figure 4.1 provides an illustration of this process and the 
following sub-sections provide further detail. 
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Figure 4.1 Illustration of intermediate consequence assessment methodology. 

4.3.3.2 Scope of Assessment 

The methodology described in this section is a scenario based assessment, where the 
elements at risk are determined for a given flood scenario. Multiple scenarios are typically 
analysed to estimate the flood impacts for a range of events (e.g. 1 in 100 AEP, 
1 in 500 AEP, dam failure scenarios). 

This method provides an estimate of the number of people who would be directly exposed to 
water within the flood inundation zone if they took no action to evacuate. This is known as 
the pre-evacuation PAR. In an actual event only a small percentage of the population will be 
affected by flooding due to warning and evacuation. 

Many factors affect the actual number of people impacted by flooding, including the depth of 
flow, velocity, time of day, advance warning, topographic, transportation routes and mobility 
of population. Many of these factors are considered in the more detailed consequence 
assessment outlined in Section 4.4. 

4.3.3.3 Determine Elements at Risk 

To determine the elements at risk for a given flood scenario, the flood depth layer, 
topographic map data and aerial photography should be analysed in a GIS. 

The river reach should be divided into several zones downstream of the dam to allow 
assessment of large river reaches in manageable sized lengths. Figure 4.2 illustrates this 
process. The length of the zone should be around 1 km, but the exact length should depend 
on the extent of the flood inundation and density of the buildings impacted by flooding. 

Elements-at risk downstream of the dam and within the flood extent should be determined in 
a GIS by analysis of topographic map data and aerial photography. The following elements-
at-risk listed below should be identified in each zone and tabulated: 
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 Residential buildings 

 Critical or major infrastructure facilities, including: 

˗ Emergency facilities (e.g. hospitals, police, fire services) 

˗ Large industrial, commercial or community facilities (e.g. schools, power stations, 
factories, airports) 

 Transportation systems (e.g. major roads, bridges, railway lines) 

 Utility systems (e.g. electricity supply, water supply, telecommunication lines) 

 Agricultural land 

An example of tabulation of elements-at-risk is provided in Table 4.2. 

It is recommended that as much detail as possible is provided when describing the elements-
at-risk, including the area of agricultural land inundated and the length of roads or railways. 
Site inspections are recommended if building use cannot be determined from analysis of 
topographic maps and aerial photographs and accurate building use information is critical to 
the assessment. 

An estimate of the occupancy of each of the elements-at-risk identified in the flood zone is 
required. Occupancy estimates for permanent buildings can be assessed based on the 
guidance provided in Table 4.1. When determining occupancy rates, consideration should be 
also be given to temporary populations (e.g. fishermen, campgrounds, agricultural 
workers, etc.) within the flooded area. 

Table 4.1 Guidelines for arbitrary treatment of concurrent flooding. 

Element-at-risk Occupancy 

Residential buildings 4 people per household 

Commercial, Industrial or 

Community buildings 

User judgement based on building size, type and/or 

information provided by building owner or local authority 
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Figure 4.2 Illustration of intermediate consequence assessment 
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Table 4.2 Example of tabulation of elements-at-risk. 

Zone 

Distance 

from Dam Description of element-at-risk Unit 
Max. flood 

depth 
Occupancy 

Start End 

1 0 km 1 km Hydro-electric power station 1 No. 3.2 1 

2 1 km 2 km 

Residential building, Xόm 22 1 No. 1.1 4 

Residential building, Xόm 22 1 No. 0.8 4 

Residential building, Xόm 22 1 No. 1.6 4 

Residential building, Xόm 22 1 No. 0.3 4 

Residential building, Xόm 22 1 No. 0.5 4 

Residential building, Xόm 22 1 No. 0.5 4 

Residential building, Xόm 22 1 No. 0.6 4 

Residential building, Xόm 22 1 No. 0.5 4 

Sealed road  1.3 km 1.5 4 

Agricultural land, Xόm 22 23 ha 1.2 - 

Agricultural land, Xόm 22 141 ha 1.1 - 

Rural road bridge - - - 

3 2 km 3 km None - - - 

4 3 km 4 km 

Urban road bridge (DT 545) - - - 

Residential building, Xόm 12 1 No. 2.3 4 

Residential building, Xόm 12 1 No. 3.1 4 

Residential building, Xόm 12 1 No. 2.9 4 

Residential building, Xόm 12 1 No. 2.2 4 

5 4 km 5 km 

Residential building, Xόm 12 1 No. … 4 

Residential building, Xόm 12 1 No. 0.5 4 

Residential building, Xόm 12 1 No. 0.6 4 

Residential building, Xόm 12 1 No. 0.5 4 

Residential building, Xόm 12 1 No. 1.5 4 

Sealed road 0.8 km 1.2 - 

Textile processing factory 1 No. 1.3 24 

Agricultural land, Xόm 22 257 ha 1.1 - 

TOTAL POPULATION AT RISK 97 
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4.3.4 Summary 

This methodology provides the pre-evacuation population-at-risk (PAR) and a list of the 
elements-at-risk from a flood event. The results from the assessment can be summarised in 
tabular form, as shown in Table 4.2. 

Note that the method outlined in this section does not estimate the expected loss of life or 
estimate damages and economic costs to the elements-at-risk. Approaches to estimate 
expected loss of life and economic impacts from flooding are outlined in the more detailed 
methodology provided in Section 4.4. 

Table 4.3 Summary table. 

Category Unit No. 

People 

Total Population at Risk No. 97 

Buildings 

Residential No. 17 

Business No. - 

Industrial No. 1 

Public Buildings No. - 

Historical Buildings No. - 

Infrastructure Services 

Water Supply (#) No. - 

Sewerage (#) No. - 

Electricity Substation (#) No. - 

Telecommunications (#) No. - 

Cemetery (#) No. - 

Sealed Road (km) km 2.7 

Unsealed Road (km) km - 

Rail (km) km - 

Transmission Line (km) km - 

Number of Bridges No. 2 

Agricultural Assets (ha) ha 421 

Dam Owner Assets 

Dam No. 1 

Power station, machines, switchyard, irrigation assets No. 1 
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4.4 DETAILED CONSEQUENCES ASSESSMENT METHODOLOGY 

4.4.1 Introduction 

This section outlines a methodology for detailed consequence assessment using the 
RiskScape quantitative loss model. Quantitative loss modelling involves determining hazard 
impacts and produces numerical results, such as numbers of fatalities, numbers of buildings 
destroyed, the cost of reconstruction or duration of displacement. 

 Quantitative loss modelling is appropriate or recommended in the following situations: 

 Detailed information on life safety (i.e. number of people injured and expected loss of life) 
and economic losses to buildings and infrastructure due to a flood events are required. 

 When there is a large exposure of assets (buildings and people) and it is necessary to 
consider a range of different flood scenarios. 

 Emergency planners require detailed information to explore options for improving the 
effectiveness of emergency planning and response. 

Quantitative loss modelling for flooding requires detailed geospatial information on the flood 
hazard and the elements-at-risk to provide valid model results. This section describes the 
creation of datasets that can be used in RiskScape to model potential consequences for a 
range of flood scenarios. 

The following sections describe the process involved for consequence modelling with 
RiskScape software. It is assumed that anyone using RiskScape software for consequences 
modelling has had prior training and is familiar with the RiskScape software installation, 
operation and interpretation of results. 

4.4.2 RiskScape Overview 

RiskScape multi-hazard quantitative loss modelling software has been developed in New 
Zealand by GNS Science and the National Institute of Water and Atmosphere Research 
(NIWA) for use in natural hazards consequences and loss analysis (RiskScape, online; 
Schmidt et al, 2011). RiskScape can be used to model the following 

 Population impacts: casualties (deaths and injuries); 

 Social impacts: numbers and duration of people displaced;  

 Economic impacts: direct costs for repair or replacement of assets and clean-up 

 Damage state: the degree of damage to structures and the number of 
structures damaged; 

 Economic downtime: the number of people hours of production lost; and 

 Agricultural losses: economic cost. 

The minimum requirements to model flood consequences using the RiskScape software are: 

1. Flood hazard: Geospatial layer with a hazard intensity parameter (e.g. flood depth) 

2. Asset dataset: Geospatial layer of buildings and infrastructure with necessary 
attributes for determining vulnerability (e.g. for a building dataset construction material, 
floor height and reconstruction costs information) 
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3. Fragility functions: To approximate the vulnerability of the elements-at-risk and 
calculate the degrees of damage that will occur at different hazard intensities 

4. Aggregation units: To group results into useful administration areas (e.g. geospatial 
boundaries of communes) 

A summary of the components of RiskScape and the data requirements are shown in Figure 4.3 
and Table 4.4. 

Modelling in RiskScape requires that all input layers use the same coordinate projection 
system. The VN-2000 / UTM Zone 48N or 49N projection is recommended. 

More information on the data requirements, methodologies, and operation of the RiskScape 
software can be found on the RiskScape website (overview) and the RiskScape wiki 
(technical information): 

 RiskScape Website (overview): 

www.riskscape.org.nz 

 RiskScape Wiki (technical information): 

https://wiki-riskscape.niwa.co.nz/index.php/Main_Page 

 
Figure 4.3 Schematic showing the key components of RiskScape. 

Table 4.4 RiskScape data requirements and potential outputs. 

Method Data Requirements Outputs 

Quantitative loss 

modelling including 

fragility and damage 

functions using 

RiskScape software 

 Geospatial datasets: 

 Flood scenarios including flood extent 

and depth 

 Buildings, population and agriculture 

asset datasets including attribute 

information 

 Flood damage curves for Viet Nam 

building types and agriculture  

 Aggregation boundaries for communes 

and districts  

 Numbers of buildings damaged, type of 

damage and cost of reconstruction and 

repair,  

 Number of people affected, causalities 

(deaths, injuries), 

 Losses to agriculture and businesses 

(VND). 

 Duration population is displaced due to 

damage to buildings.  

 Loss of productive work hours 

The process for undertaking a detailed flood consequence analysis using RiskScape is listed 
in Table 4.2. Each of the steps listed in Table 4.2 are outlined in more detail in the following 
sub-sections. 
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Table 4.5 RiskScape data requirements and potential outputs. 

No. Component Description Section Reference 

1 Hazard Define flood inundation extent, depths and using hydraulic 

model and mapping techniques 

4.4.3 

2 Asset 

Databases 

Create spatially defined asset datasets for elements-at-risk 

within flood inundation extent 

4.4.4 

3 Fragility 

Functions 

Use flood fragility functions outlined in this Guideline or 

develop new functions where necessary 

4.4.5 

4 Aggregation Define the aggregation boundaries for viewing and 

interpreting results (e.g. communes or districts) 

4.4.6 

5 Run scenarios Determine impacts people, property and agricultural land 4.4.7 

6 View results View results within Riskscape or export results in tabular or 

GIS format 

4.4.8 

4.4.3 Flood Hazard 

Geospatial layers of flood hazard can be derived from the computational hydraulic models, 
using the methodology outlined in Section 3.0. Flood hazard information typically includes: 

 Flood extent 

 Flood depth and/or velocity 

 Flood duration (if available from flood models) 

Georeferenced flood hazard data in GIS format can be imported into RiskScape using the 
“Hazard Builder” tool. 

4.4.4 Asset Databases 

4.4.4.1 Introduction 

Geospatial datasets of buildings, population distribution, economic information and 
agricultural land are required for RiskScape. 

In RiskScape, people are associated within buildings. If a building is damaged by flooding 
then there is a possibility that people inside may be injured or killed, depending on the 
degree of building damage. 

The following sub-sections outline the methodology for generating asset datasets for 
buildings and agricultural land. 
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4.4.4.2 Building Asset Information 

Overview 

Topographic maps of Viet Nam (VN2000 series) show basic density and distribution of 
buildings but do not include the necessary attribute information required for conversion into 
RiskScape geospatial asset modules. Therefore local building surveys, mapping and 
extrapolation is recommended to develop a building asset dataset for a given study area. 
This method requires ground sampling, interpretation of available aerial data, some 
knowledge of construction and engineering properties of buildings and a method for 
extrapolating sampled buildings into non-sampled areas. 

Development of building asset datasets consists of five major tasks: 

1. Delineation of flood hazard extent 

2. Collection of building attributes in the flood hazard extent (field survey using digital data 
capture tool, RiACT, along with information on the local construction practice). 

3. Development of a typical building mapping scheme by: 

˗ Categorising regions of interest into homogeneous areas of development (i.e. 
similar use category, construction age and material, and others that are important 
to flood damage modelling) and determining building numbers in each 
homogeneous area. 

˗ Characterising building attributes within each homogeneous areas using 
statistical results (i.e. the distribution of use category, construction age and 
material, storeys, ground floor height etc.) from field surveys along with 
information on local construction practices. 

4. Homogeneous map development, including population and house numbers development. 
Estimating number of buildings, distribution of construction material, construction ages, 
number of storeys, ground floor height, etc. for all the interested areas. 

5. Input the building assets dataset into RiskScape. 

Categorising Homogeneous Areas 

Building use categories are required to be defined in the building asset database. Table 4.6 
provides the recommended land use categories to consider. 

The study area should then be categorised into polygons of similar building use through 
examination of aerial images. These polygons of similar building use are defined as 
‘homogeneous areas’. For example the centre of a town is usually mapped as a polygon with 
commercial use and residential areas are grouped into low and high density polygons – refer 
to Figure 4.4. 

The homogeneous areas map can firstly be delineated using aerial images, and further 
refined after field surveying. For some building use categories such as education and 
hospitals it is simple to map the polygons as the locations are well known and the boundaries 
of the polygons are easily identified. 

Note that although the homogeneous areas are grouped by use categories, it does not mean 
every asset in that homogeneous area is in that use category. For example, there may be 
some residential buildings in a commercial area. Because of potential for ‘mixed-use’ areas, 
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it is important to calibrate the number of each use type with statistical data from Government 
Statistical year books. This ensures the overall number of commercial, residential, and 
government buildings are correctly represented. 

Table 4.6 Major use categories for homogeneous area mapping. 

Homogeneous Area Map Abbreviation 

Commercial COM 

Education EDU 

Government GOV 

Hospital HSP 

Industry IND 

Residential RES 

Agriculture (mapped separately) 

 
Figure 4.4 Example of homogeneous mapping scheme to identify polygons of similar building use. Note GOV 
is near the river and HSP is in the bottom right of the map. 

Categorising Building Attributes 

The following attributes are required to be defined for each building in the asset database: 

 Floor height (above ground level) 

 Ground floor area 

 Total floor area (ground floor multiplied by the number of storeys) 

 Construction materials (e.g. frame and wall materials) 

 Use category (see Table 4.6) 

 Quality of construction (rated on a scale of 1 to 5) 

 Structural design (any significant weakness) 

Commercial 

Education 

Government 

Hospital 

Industrial 

Residential 
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These attributes are determined for each building category (refer to Table 4.6) based on field 
surveys combined with available information on local construction practices. 

Field surveys should be conducted with the RiACT (real-time individual asset attribute 
collection tool) mobile application (refer to Figure 4.5). This is a digital data capture tool and 
which can access and populate an online asset database (refer to Figure 4.6). Building 
attributes, listed previously, can be identified in the field and entered into the RiACT 
application. The RiACT application has been specifically designed to interface with 
RiskScape software and therefore makes conversion of collected data into asset modules a 
relatively streamlined process. 

When conducting field surveys of building attributes it is important to include team members 
with building construction engineering expertise. Prior to the field survey non-engineers in the 
team should be trained in visual identification of construction materials, structural types and 
other building attributes to ensure that data collected would be accurate. 

It is recommended that for each individual homogeneous area (refer to Table 4.6) sample areas 
which cover at least 10% of the building stock should be identified for field survey sampling. 

From the attributes collected in the field typical for each use category it is possible to create 
some rules around typical materials and attribute distributions. For example, residential 
houses are often built using similar construction methods and materials, but with variation in 
the number of stories and the quality of finish and additional features (refer to Figure 4.7). 

Following examination of each use category and distribution of attributes it is possible to 
determine specific construction types (e.g. Commercial A; commercial B, Residential A, 
Residential B etc.). The proportions of these building types present are known from the 
survey sample and they can then be distributed throughout the homogeneous areas. 

 
Figure 4.5 Interface of the RiACT building data collection application. 



Dam and Downstream Community Safety initiative – November 2015 
 

 

50 Guidelines, Chapter 5 – Hazard Impacts on Downstream Communities 
 

 
Figure 4.6 Online asset repository showing a selection of surveyed data points that have been uploaded in 
real time from the RiACT application. 

 
Figure 4.7 Modern construction method for new residential homes, steel reinforced brick frames and masonry 
infill with concrete slab floor and concrete slab upper storeys supported by a wooden frame. 
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Building Reconstruction Costs 

Determining potential economic losses from building damage requires a function for 
estimating reconstruction costs of buildings. Buildings should be designated into classes to 
determine reconstruction costs. The classes represent the construction type and finished 
quality of the building. The building classes listed in Table 4.7 are recommended: 

A default reconstruction cost per square metre (for structure, cladding and permanent fittings) 
should be defined for a standard building in (Class 3). The default reconstruction cost should 
be based on local information on cost per square metre to rebuild a standard Class 3 building. 

A multiplier scale to develop reconstruction per square metre values for other building 
classes can then be applied. Recommended multipliers for determining reconstruction costs 
per square metre are listed in Table 4.7. The equation for calculating building replacement 
costs is defined as follows: 

Reconstruction Cost = (Total Floor Area) x (Class 3 replacement cost) x (Building quality class multiplier) 

Table 4.7 Recommended building classes and multipliers for reconstruction cost estimation. 

Building Class Description 
Building quality 

class multiplier 

Class 1 
Informal/Temporary: 

Low quality buildings, little more than temporary shelters 
0.1 

Class 2 
Below Average: 

Buildings of lower quality than the average construction (Class 3), 
0.6 

Class 3 
Average: 

Buildings of average construction 
1.0 

Class 4 
Above Average: 

Buildings above average in appearance 
1.2 

Class 5 
Superior: 

Buildings with superior or luxury construction and appearance. 
2.0 

Building Occupancy 

Field surveys of population density provide the most robust method for determining the 
occupancy attribute for each building type. However the time and resources involved in such 
surveys can be prohibitive. For large areas representative sampling combined with statistical 
data can be used to estimate building occupancy. 

Statistical yearbooks include the numbers of people and population densities for communes 
and districts. They also contain information on urban and rural population densities. When 
time and resources are unavailable to undertake detailed population surveys, the use of 
statistical data is recommended to provide an average population per building which when 
calibrated against actual population counts provides a correct population count. 

An average of four citizens per building is estimated by Nguyen (2011) as representative of 
residential household occupancy for rural and urban areas. It is noted that this is an average 
value based on census data from the General Statistics Office, however there will be 
considerable variation house by house occupancy. 
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Extrapolation of Sampled Data 

Extrapolation is recommended to take information from the surveys, homogeneous area 
sampling and mapping, and apply it to all communes in the study area. The extrapolation 
process involves: 

 Determining the density of buildings in the surveyed sample area from examination of 
aerial imagery and comparison with statistical data and field surveys (Figure 4.8) 

 Assigning the proportion of building types derived from surveys (including attributes 
such as number of storeys, quality of construction etc.) to develop building asset 
datasets for all of the homogeneous zones in the sample area 

 Compare the total number of buildings in the sample area with statistical yearbook data 
to calibrate and ensure total buildings are representative of actual conditions 

 Extrapolate building assets for remaining communes affected by flooding by delineating 
populated areas from aerial imagery and assigning building attribute data based on 
surveyed sample area (Figure 4.9) 

 
Figure 4.8 Estimating building portfolio and densities in a sample region using aerial imagery. 
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Figure 4.9 Example of homogeneous maps used for building replication for an initial sample area (inset) and 
then using a homogeneous map for an entire study are to extrapolate assets for all communes of interest. 

4.4.4.3 Agricultural Assets 

Overview 

The following sections outline the process for creating agriculture asset datasets. 

Agricultural assets can be broadly divided into production and capital types. Production 
assets are defined as assets that comprise the productive base of the sector such as milk, 
wool, meat, fruit, vegetables, grain, wood etc. These products are often the saleable 
products for agriculture, horticulture and forestry land holdings. Capital assets are defined as 
fixed assets, such as land, fences, buildings and permanent crops. 

Agricultural assets fall into two broad asset types; grass (pasture) and crops. Both of these 
assets can be included in RiskScape. Grass (pasture) is generally considered as a capital 
asset in the agricultural sector while crops are ‘production’ assets. 

Crops 

Crop production is the mainstay of Viet Nam’s agricultural economy in terms of quantity 
produced, export and consumption (FAO, 2014a). 

Crop production area polygons should be developed for the study area using GIS software 
and aerial photography (refer to Figure 4.10). Crop types should then be assigned to the 
production area polygons. Appendix 3 provides a list of common crop types. 

Commercial 
Education 
Government 
Hospital 
Industry 
Residential: High Density 
Residential: Medium Density 
Residential: Low Density 
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It is recommended that crop types should be defined based on analysis of land use maps 
where available. However land use maps often do not included detailed crop information and 
show large areas of land as simply “herbaceous plants” or “crops”. Analysis of statistical data 
and reports on local agricultural production should be used where crop types are unknown. 

Pasture (Grass Cover) 

Information on pasture (grass cover) is available from land use maps, however, the value and 
productive capacity of pasture for grazing livestock is not. Therefore attributes for productive 
grass cover should be estimated based on general information reported by Quang (2001). 
Average grass production per-hectare is estimated at 15 t (tonnes) dry matter per-year. 

 
Figure 4.10 Example of flood inundation model spatial overlay on agricultural asset inventory grass, rice paddy 
and crop (herbaceous plant) polygons. 

Grass 
Rice Paddy 
Plant 

Flood Depth 
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4.4.5 Fragility Functions 

4.4.5.1 Introduction 

The level of damage to people, property and agricultural land due to flooding depends on 
many factors including the water depth, water velocity, inundation duration, building 
characteristics, value of contents, mobility of the population and advance warning. Flood 
fragility functions are used to relate the amount of damage to the elements-at-risk due to a 
hazard intensity parameter (e.g. flood depth). 

Flood fragility functions are described in the following sections, and have been developed 
based on available literature (e.g. Thanh Tu, 2014) and experience gained from consequence 
assessment carried out in New Zealand and the Pacific. Many fragility functions described in 
the following sections have been developed specific to Viet Nam conditions. 

It should be noted that the fragility functions described in the following sections relate to the 
depth of flooding only (i.e. water velocity and inundation duration are not considered). 
However fragility functions that are based on flood velocity and inundation duration can also 
be developed for use with RiskScape if required.  

Damages to elements-at-risk are often categorised as “direct” or “indirect” damages. Direct 
damages are those where the loss is due to direct contact with flood waters, such as damage 
to buildings and their contents. Indirect damages are losses that occur due to the interruption 
of some activity by the flood (e.g. the loss of production due to business interruption). 
Damages are further classified as “tangible” or “intangible”. Tangible damages can be 
specified in monetary terms. Intangible damages are losses which are far more difficult to 
assess in monetary terms, such as health effects or damage to ecological systems. Table 4.8 
provides examples of different types of damages. 

Table 4.8 Examples of damage types (after Floodsite, 2009). 

Damage Type Tangible Intangible 

Direct 

Physical damage to assets, e.g.: 

 Buildings 

 Contents 

 Infrastructure 

 Loss of life 

 Health effects 

 Loss of environmental areas 

 Loss of heritage areas 

Indirect 

 Loss of industrial production 

 Traffic disruption 

 Emergency costs 

 Inconvenience of post-flood recovery 

 Increased vulnerability of survivor 

RiskScape provides the fragility functions to determine damages to the following, and these 
functions are described in more detail in the following sub-sections: 

 Building damages using depth-damage functions for concrete, masonry and timber 
residential and non-residential buildings and building contents (i.e. direct, tangible damage) 

 Human loss and vulnerability using depth-damage functions to estimate fatalities and 
injuries from flood hazard exposure (i.e. direct, intangible damages) 

 Functional downtime of businesses and human displacement using empirical 
relationships derived from past flood events (i.e. indirect, tangible damage) 

 Agricultural damage to crops and pasture using depth-damage functions to estimate 
the primary economic cost from loss of these assets (direct, tangible damage). 
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4.4.5.2 Buildings 

General 

Direct and indirect flood damage to building assets are often estimated from functions 
designed to derive an average percentage of damage (repair cost) or damage ratio (repair 
cost/total building replacement cost) from the corresponding flood depth. Functions are 
typically based on either empirical curves developed from historical data or synthetic 
functions developed independently from local flood damage survey data. 

Both approaches are employed to develop flood damage functions for building components 
as synthetic damage curves calibrated against observed damage have been demonstrated 
internationally to provide reliable damage estimates (McBean et al. 1986). 

Damage to Buildings 

Building vulnerability is estimated from the impact of flood water on building components at 
different depths. The components vulnerable to flood damage are sub-divided based on fixed 
and non-fixed features. Fixed features relate to components that comprise the building 
structure or fabric such as, foundations, framing, external and internal cladding, joinery, 
utilities and decorations (e.g. wall paint, wall paper etc.). Non-fixed features refers to the 
building’s contents and may also include stock for sale, inventory, plant and equipment in 
non-residential buildings. 

Due to the largely homogenous nature of the building stock in Viet Nam, flood depth-damage 
functions have been developed to estimate building vulnerability based on only on their 
construction type, use and number of stories. 

Buildings are divided into residential and non-residential categories then further separated 
into concrete/masonry and timber construction types for each category. Depth-damage 
functions were developed for each use-construction category based on whether the building 
is composed of one or more than one storeys. 

Concrete and masonry residential and non-residential buildings are formed from a reinforced 
or unreinforced frame fixed to a concrete slab floor system. Internal partitions are formed 
from similar construction materials and commonly lined with stucco cladding. Roof structures 
are formed from either a masonry or timber frame with the latter cladded. Flood damage 
functions for concrete and masonry residential building types were reported by Thanh Tu 
(2014), and reproduced in Figure 4.11a for one storey buildings. The exponential function 
shows a gradual increase in building damage, reaching 0.2 at 2 m depth. Damage ratio (DR) 
rapidly increases at greater depths reaching DR = 1 (total collapse) at 3.9 m, the typical 
ground floor ceiling height for these building types. 
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Figure 4.11 Depth-damage functions for a) concrete/masonry (Thanh Tu, 2014), and b) timber (Paulik et al. 
2013) residential one storey buildings. 

Although, Thanh Tu (2014) developed a single depth-damage function for residential 
buildings, other authors have noted the average flood damage for residential and commercial 
buildings was often similar (Reese, 2003). The damage function shown in Figure 4.11a is 
therefore also applied to non-residential buildings based on an assumption the difference in 
structural damage is not expected to be significant given the similar construction materials. 

Timber buildings are categorised as those comprised of a timber frame structure with timber 
wall cladding. Other structural attributes generally include concrete slab floor and sheet metal 
roof with either gable or hip geometry supported by a timber frame. Timber residential buildings 
damage curves developed for buildings in the Pacific (Paulik et al. 2013) have been applied to 
these building categorises in the absence of locally applicable models (refer to Figure 4.11 
Figure 4.11b). The damage curve for timber buildings shown in Figure 4.11b demonstrates 
greater structural vulnerability to flood damage than the equivalent one storey concrete and 
masonry building category at comparable flood depths up to 4 m. This relationship is observed 
and represented in damage curves developed for similar building classes in other countries 
(USACE, 1996; Reese and Ramsey, 2010; Penning-Roswell et al. 2005). 

Multi-storey buildings generally provide more resistance to flood damage than single storey 
buildings as they provide the opportunity for reducing loss or casualties through relocating 
assets and people to upper stories, and the foundations are generally stronger to support a 
heavier multi-story structure. As the damage functions presented are developed for one 
storey buildings, when applied to multi-storey buildings an assumed damage reduction rate is 
applied to reduce the overall damage ratio for the building based on the number of non-
flooded storeys. As the additional multi-storey function has not been adequately validated 
with empirical flood damaged building data for the categories identified, use of impact and 
loss model results for buildings with more than one storey should note this limitation. 

Building Contents 

Building content damage functions for residential buildings and non-residential buildings are 
developed from the observations of Paulik et al. (2013) from 2012 Tropical Cyclone Evan in 
Samoa (Figure 4.12). Compared to residential buildings, commercial building damage 
functions estimate higher damage for flood inundation levels less than 0.7 m as floor 
covering required replacement upon inundation. Floor coverings in residential buildings form 
a relatively lower proportion of total building content value while living and bedroom furniture 
and joinery flooded at lower flood inundation levels is likely to be cleaned and re-used. 

As inundation levels increase above 0.7 m the estimated likelihood of complete contents 
replacement increases greatly for residential buildings with content damage reaching nearly 

Depth (m) Depth (m) 

D
am

ag
e 

R
at

io
 

D
am

ag
e 

R
at

io
 



Dam and Downstream Community Safety initiative – November 2015 
 

 

58 Guidelines, Chapter 5 – Hazard Impacts on Downstream Communities 
 

DR = 0.85 at 1.2 m inundation on average. This is consistent with residential content damage 
observations from other countries (Reese and Ramsay, 2010; Penning-Rowsell et al. 2005). 
Non-residential building contents are deemed to be more resilient at flood depths greater 
than 0.7 m as contents at these levels are generally composed of more resistant materials. 
For instance, metal shelving and hardwood office furniture and joinery are more likely to be 
cleaned and repaired following inundation. 

At 2 m inundation, damage ratios are similar for all building types as most contents are likely 
to require replacement irrespective of material composition. A maximum content damage 
ratio of 0.95 is assumed for all building types as some flood resistant contents (e.g. cutlery, 
cooking equipment, metal shelving) are often recovered and re-used even for buildings with 
flood inundation depths above floor greater than 2 m. Similar to building damage functions 1st 
storey ceiling height is assumed to be 3.9 m above ground floor height and second floor level 
at 4.1 m for both residential and non-residential building types. When flood depth exceeds 
4.1 m the relevant content function will be reapplied to estimate content losses for the upper 
storey. The damage functions also distribute contents amongst building storeys by dividing 
replacement value by the number of storeys. 

 
Figure 4.12 Contents damage functions for residential and non-residential buildings. Source: Paulik et al. (2013). 

Functional Downtime 

Building functional downtime is the number of productive people-hours following flood 
damage a building cannot undertake ‘normal’ business activities. The duration of any 
potential relocation for the affected business is not considered functional downtime. For 
instance, a business may have to temporarily relocate its premises but may resume services 
during the relocation. This impact is restricted to non-residential buildings (i.e. businesses). 

A function downtime model developed by FEMA (2001) will be applied to relevant flood 
affected non-residential buildings. The model suggests if building damage is less than DR = 
0.1, one day of functional downtime occurs for each DR = 0.01 increment. However, if damage 
exceeds DR = 0.1 downtime estimates are scaled between 10 and 45 days using a log-normal 
function. An assumption is made that the maximum functional downtime is 45 days and after 
this time the business would have relocated elsewhere or has ceased operation. 
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Building Loss Calculation 

The flood depth-damage and vulnerability functions for buildings described previously are 
used in RiskScape to estimate the following reinstatement cost types: 

 Asset repair cost 

 Content repair cost 

 Business disruption 

Asset repair costs are an estimate of the total cost incurred to return a building to its pre-
damaged condition. The damage ratio derived from the damage functions, described 
previously, is used to estimate asset repair cost (Assetrep) by the following equation, where 
Buildrep is the building replacement cost (refer to Section 4.4.4.2): 

 .rep repAsset DR Build  

4.4.5.3 People 

General 

A number of methodologies are available for estimating human losses from flood hazard 
exposure. Most empirical models are derived from European and US flood events 
(Ramsbottom et al. 2003) and attempt to estimate human fatality rates for populations 
exposed to flood depth (Jonkman et al. 2008) or velocity (USACE, 1993). Other models 
include flood depth and water rise rate (Kok et al. 2005) or flood depth, velocity and water 
rise rate whereby flow velocity indicates possible building collapse (Asselman and Jonkman, 
2003). Tapsell et al. (2009) highlighted other factors (such as, human behaviour, social-
economic status, building characteristics and flood warning) that influence casualty rates in 
25 locations across six European countries. 

It should be noted that RiskScape represents people inside buildings only (refer to  
Section 4.4.4.1). People in open spaces (i.e. outside of buildings) are not included in 
RiskScape at present, although future software releases are planned to address this restriction. 

The following sections outline methods for estimating human losses in RiskScape. 

Injuries 

Injuries result from people coming into contact with flood waters both during and after an 
event. Injury related health effects are generally categorised as: 

 Injuries experienced during or immediately after the flood event, 

 Health effects experienced weeks or months after the flood event, and 

 Psychological or mental health effects. 

There are some studies that provide empirical information for modelling injury types and 
rates for people exposed to flood hazards. Tunstall et al. (2006) interviewed 983 affected 
people in the aftermath of the 1998 UK floods. The majority of responders (59%) reported 
some form of health effect from flooding. Approximately, 54% of interviewees suffered 
immediate physical health effects while 33% report physical health effects experienced in the 
weeks after the event. Immediate effects were predominantly shock and colds, with gastro or 
respiratory illnesses more commonly experience in the following weeks. Psychological 



Dam and Downstream Community Safety initiative – November 2015 
 

 

60 Guidelines, Chapter 5 – Hazard Impacts on Downstream Communities 
 

illnesses were also suffered by 71% of people with anxiety, stress and sleeping problems the 
most prevalent effects amongst responders. Only 20% consulted a doctor and received 
medical treatment. Tunstall et al. (2006) also indicates that various pre-existing social and 
physical factors can influence people’s likelihood of experiencing psychological or physical 
illnesses from flood events. 

In the absence of local empirical information, observations by Tunstall et al. (2006) are used 
to inform the development of functions to estimate injury types and rates for Viet Nam. 
Similar to the 1998 UK flood survey responders it is assumed that 59% of people exposed to 
flood hazards will experience some form of health effect. This gives an average injury or 
illness rate of 0.59 per-person exposed. The rate is categorised into RiskScape human loss 
type standards ‘no or light’, ‘moderate’, ‘serious’ and ‘critical’ based on the physical and 
psychological illnesses cited by flood survey responders in Tunstall et al. (2006). 

An attempt to assign physical and psychological injury or illness to RiskScape human loss 
type standard categories is presented in Table 4.9. 

Most injuries or illnesses potentially sustained during or after flood hazard exposure are 
considered ‘light’ and do not require medical attention. These losses make up 0.45 (77%) of 
the proposed average injury or illness rate of 0.59. ‘Moderate’ injuries or illness that require 
low levels of medical treatment account for 0.12 (20%) of the injury rate. The remaining 0.02 
is covered by ‘serious’ (2%) and ‘critical’ (1%) injuries. The injury rates proposed do not 
account for local conditions (e.g. population demographics) or dam breach failure flooding 
characteristics and therefore, should be treated as preliminary loss estimates until empirical 
evidence of flood related injury rates is available for calibration. 

Table 4.9 Proposed injury rates based on Tunstall et al. (2006) survey results for people exposed to flooding 
in the 1998 UK floods. 

Human 

Loss 

Category 

RiskScape Type 

Standard Description 

Flood related physical and 

psychological heath issues 

cited by 1998 UK flood 

respondents in Tunstall et al. 

(2006) 

Percentage 

(%) of 1998 

UK flood 

response 

Average 

injury rate 

per-person 

exposed to 

flood 

hazards 

No or light 

injury 

The person is either 

uninjured or only injured in 

ways that can be treated 

without trained medical 

assistance (e.g. 

bruising/contusion, minor 

cuts, sprains). 

Shock, Headaches, Injuries due to 

over exertion, Injuries (e.g. cuts and 

bruises due to being knocked over by 

flood water), Skin irritation, Stiffness 

in joints, Muscle cramps, High blood 

pressure, Sprains and strains, Cuts 

and bruises, Insect or animal bites, 

Anxiety when it rains, Flashbacks to 

the flood, Difficulty in concentrating 

on tasks, Mood swings/bad moods, 

Nightmares, Sleeping problems, 

Increased stress levels, Increased 

tension in relationships e.g. more 

arguing, Mild depression, 

Lethargy/lack of energy, 

Anger/tantrums, Increased use of 

alcohol/drugs. 

77 0.45 
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Human 

Loss 

Category 

RiskScape Type 

Standard Description 

Flood related physical and 

psychological heath issues 

cited by 1998 UK flood 

respondents in Tunstall et al. 

(2006) 

Percentage 

(%) of 1998 

UK flood 

response 

Average 

injury rate 

per-person 

exposed to 

flood 

hazards 

Moderate 

injury 

The person is injured such 

that they require expert 

treatment (paraprofessional 

or doctor), but which are not 

immediately life threatening 

if such treatment is not 

available (e.g. cuts requiring 

stitches, serious sprains, 

dislocations, significant 

burns (1st degree, or 2nd 

degree over small part of 

body), minor concussion. 

Colds, coughs, flu, sore throats or 

throat infections, Exposure to 

chemicals and contaminants in flood 

waters, Gastro-intestinal illness, 

Respiratory/chest illness, Panic 

attacks, Moderate depression. 

20 0.12 

Serious 

injury 

The person is injured such 

that they require a greater 

degree of medical care and 

use of medical technology 

such as x-rays or surgery, 

but not expected to 

progress to a life 

threatening status, full 

recovery expected with 

suitable treatment (e.g. 

open head or face wounds, 

serious concussion, 

fractures, dehydration or 

exposure, serious burns (3rd 

degree, or 2nd degree over 

large part of body)) 

Heart problems, Kidney and other 

infections, Severe depression, 

Thoughts of suicide. 

2 0.015 

Critical 

injury 

The person sustains injuries 

that pose an immediate life 

threatening condition if not 

treated adequately and 

expeditiously, or long-term 

disability (e.g. brain 

damage, spinal column 

injuries, nerve injuries, crush 

syndrome, internal organ 

failures due to crushing, 

organ puncture, other 

internal injuries, 

uncontrolled bleeding, 

traumatic amputations of 

arms or legs). 

Electric shock, Hypothermia. 1 0.005 
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Potential Loss of Life 

Consistent estimates of loss of life from flood events are challenging to develop as the 
potential for loss of life depends on many highly uncertain and variable factors (CADAM, 
2007). Factors such as the depth of flow, velocity, time of day, advance warning, topography, 
transportation routes and mobility of the population are all variables that can affect potential 
loss of life estimates. Whether buildings collapse due to flood waters and the number of 
building storeys also become an important attribute determining whether people are or are 
not exposed to flood hazards. For example, it is highly likely building occupants will evacuate 
to a higher story if present when located in a flooded building. 

The techniques listed in Table 4.10 are used by some countries to estimate potential loss of 
life in dam failure and natural flood events. Note that potential loss of life from dam breach 
flooding is historically greater than natural flooding. The life loss techniques listed in Table 
4.10 are typically used in conjunction with both depth and velocity results from computational 
hydraulic modelling of a flood flow (refer to Section 3). 

Loss of life calculations using the methods outlined in Table 4.10 can be included in 
RiskScape, but have been excluded at present as they require further research and 
calibration to ensure their accuracy. 

Table 4.10 Proposed injury rates based on Tunstall et al. (2006) survey results for people exposed to flooding 
in the 1998 UK floods. 

Flood Type RiskScape Type Standard Description 

Natural flooding 

Jonkman (2008) provides an methodology to estimate for loss of life due to floods 

based on empirical data from historical flood events. This method provides functions 

to determine loss of life based on water depth, velocity and the rate of rise of flood 

waters. This method also factors into account increased fatality if buildings collapse 

due to the flood waters. 

Dam breach flooding 

Graham, (1999) provided a methodology to evaluate fatality rates from dam-breach 

flooding based on flood severity, warning time, and warning quality. The methodology 

for estimating life loss is primarily based on interpretation of dam failure and flood 

case histories. The Graham (1999) methodology has recently been updated by the 

U.S. Bureau of Reclamation in their interim “Guidelines for Estimating Life Loss for 

Dam Safety Risk Analysis” (USBR, 2014). 

Warning and Evacuation 

Early warning of an impending flood hazard allows people residing within floodplains to move 
outside of the potential area at risk, escaping injury or death. The number of people in 
buildings at the time of inundation is often assumed to decrease in number as flood warning 
time increases. There are few empirical observations on the proportions of people who 
evacuate buildings to safety for rapid onset flood events (e.g. less than 1 hour) along with 
associated methods to estimate evacuation rates which are transferable between floodplains 
or communities. 

Evacuation rates are difficult to estimate as many factors can contribute to whether a person 
evacuates or has the ability to evacuate during a flood event. Ideally, for human loss 
modelling evacuation rates from flooding should be set for different warning times based on 
empirical data collected from areas at risk either before or after flood events. This data is not 
currently available for Viet Nam. 
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Field interviews and NGO disaster reports for storm events indicate evacuation is generally 
highly successful for weather–related flooding events (with evacuation rates of at least 90%) 
in Viet Nam, even with relatively short warning times. 

It is recommended that evacuation calculations are applied to results from RiskScape based 
consultation with local authorities on the most appropriate estimates of evacuation 
effectiveness for the total population at risk. RiskScape therefore calculates casualty and 
injury numbers to the population at-risk assuming there is no evacuation. Reduction factors 
based on the agreed evacuation effectiveness rates should then be applied to the casualty 
and injury numbers. 

Human Displacement 

Human displacement is defined as the average time (in days) building occupants must 
operate from a temporary location while a flood damaged building is cleaned and repaired. In 
the absence of locally derived damage and human displacement functions for Viet Nam, an 
empirical function produced by Paulik et al. (2013) for Samoa following the 2012 Tropical 
Cyclone Evan is used to estimate displacement time for building occupants. 

Predominant building construction types in Viet Nam are concrete or masonry. Clean-up 
methods following flood inundation may be comparable to those observed in Paulik, et al 
(2012) where many occupants of damaged residential buildings reinstated habitable function 
and even accommodated additional refugees soon after flood damage. The majority of 
buildings experiencing DR = 0.1 or less and maintained habitable function over this period. 
When structural building damage reached DR = 0.2, displacement time increased sharply. 
For instance, the estimated displacement time increased from 8 to 57 days between building 
DR = 0.2 and DR = 0.3, almost reaching the maximum displacement time of 60 days (i.e. end 
of survey period). All occupants in buildings that sustained over DR = 0.5 were displaced for 
more than 60 days. The human displacement function presented in Figure 4.13 is applied to 
flood affected residential buildings. 

 
Figure 4.13 Human displacement for residential buildings. Source: Paulik et al. (2013). 
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Human Loss Calculations 

Human losses are calculated in RiskScape through applying injury rates to people exposed 
to flood hazards. Losses are based on people occupying buildings at the time of flood 
inundation. Warning time can reduce the number of building occupants while multi-storey 
buildings allow occupants to evacuate to safe areas within buildings. These factors must be 
considered in human loss models for building occupants. Note that evacuation is included in 
the equations below but an evacuation rate of zero to estimate worse case scenarios is used. 
As explained previously, evacuation rates should be applied outside of RiskScape based on 
local understanding of evacuation rates from local authorities. 

Flood related injuries come in various forms as described in Table 4.9 and RiskScape reports 
these as numbers of people likely to experience particular injury states. As an injury rate of 
0.59 is assumed, the people susceptible to injury in a flood exposed building (Ibld) will be: 

Ibld = Occupancy * [(1 - Evacuation Rate) ] 

As building occupants may sustain the various injury states cited in Table 4.9 the likelihood 
of persons experiencing each state is estimated by: 

Icritical = Occupancy * [(1 - Evacuation Rate) ] * IRatecritical 

Iserious = {Occupancy * [(1 - Evacuation Rate) ]- Icritical} * IRateserious 

Imoderate = {Occupancy * [(1 - Evacuation Rate) ] - Icritical - Iserious} * IRatemoderate 

Ino or light = Occupancy * [(1 – Evacuation Rate) ] - Icritical - Iserious - Imoderate 

For multi-storey buildings, criteria on whether or not occupants are exposed to flood hazards 
in buildings sustain DR < 0.9 are more complex. This criteria determines whether or not to 
apply fatality or injury rates and where these are not applicable (i.e. occupants are assumed 
safe on higher building levels and therefore will be assigned a ‘no or light’ injury state). 

Human displacement from buildings is estimated from building damage ratio (refer to  
Figure 4.13). In RiskScape, human displacement time is reported in time bands representing 
displacement periods following flood impact. The human displacement time of each building 
will be reported for the corresponding period. 

4.4.5.4 Agriculture 

Crops 

Crops are defined as a cultivated plant that is grown as food. Crop damage sustained from 
flood hazard exposure is influenced by inundation duration. A study reviewing the 2007 
summer floods in the UK found a strong correlation between flood duration and crop yield 
losses, although losses varied according to crop type (Chatterton et al. 2010). Another UK 
study found that although wheat is vulnerable to stem damage from higher flood levels, it can 
survive waterlogged soil for 7-10 days whereas potato tubers start to rot after 48 hours 
(ADAS 2007). During the 2004 New Zealand North Island floods, less than three days of 
flooding was found to reduce grain yields in wheat, oats and barley, and a week of flooding 
affected all cereals (Litherhand 2004). 

As flood duration affects each crop type differently, damage ratios for various levels of flood 
inundation duration were assigned to crop types in the agricultural asset inventory cited by 
Paulik (2014). 
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Literature suggests different crop groups experience different damage ratios for each flood 
duration, with ground crops such as potatoes being most vulnerable and fruit trees least 
vulnerable. Although crop susceptibility to damage is dependent on inundation duration, 
there is little evidence to support damage from a depth of standing water. It may be expected 
that deeper water will take longer to drain away however, the relationship between flood 
duration and depth is highly site specific and depth is difficult to apply as a surrogate for 
duration. However a simplified depth only relationship to generate crop impact and loss is 
included in RiskScape. 

Dutta et al. (2003) used a depth-duration relationship to develop depth-duration damage 
functions for rice crops in Japan (Figure 4.14). The author proposed three functions for 
different flood depth ranges to estimate crop losses from coinciding duration. These functions 
are used to estimate rice crop losses from flood inundation depths in the absence of a 
modelled duration parameter. In practise the RiskScape user will also need to select flood 
inundation duration to apply rice crop damage functions. 

Cropping areas identified as ‘herbaceous plants’ and ‘crops’ are assigned the default crop 
types and attributes for ‘cereal’ and ‘sweet potato’ respectively. Dutta et al. (2003) propose 
depth-duration damage functions for ‘dry’ (e.g. cereal) and ‘sweet potato’ crops (Figure 4.14 
b and c). The functions are applied to corresponding areas identified ‘herbaceous plants’ and 
‘crops’ in order to produce preliminary crop loss estimates for these crop types. It should be 
noted however, these functions are developed for Japanese crop and cultivation conditions 
and therefore have limitations when applied to crops in Viet Nam. 

  

 
Figure 4.14 Crop depth-duration damage functions developed by Dutta et al. (2003) for a) rice, b) sweet potato 
and c) cereal (dry crop). 
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Pasture 

Pasture is defined as arable land with grass or other low plants suitable for grazing animals such 
as cattle or buffalo. Pasture is made up of many different components (minerals, protein, fats, 
sugars etc.), each contributing to the nutritional value, with a typical make-up of 15% water and 
85% dry matter (DM) (Giorgetti et al. 2013). Typically the loss of pasture can be expressed in DM 
or ‘utilised metabolisable energy’ (Hess and Morris 1988). Given the complications of calculating 
the latter, yield production per-hectare of pasture has been expressed as DM. 

During a flood, many variables affect the survival of pasture coverage and its future growth 
rates. For example, low levels of sediment (sand, clay and silt) deposited by flood waters can 
affect pasture growth either positively or negatively depending on the condition, although 
when silt levels exceed 5 mm, the grass may have more difficulty breaking through the crust 
(Litherland 2004). For ease of damage function development any consideration of silt 
deposition should be considered within the hazard exposure component, i.e. longer 
inundation durations will cause higher sediment deposition. 

Another complication for pasture loss estimation is the time of recovery within a given year. The 
type of regrassing strategy adopted by farmers is particularly important to the recovery of 
pastures (Wilson and Valentine 2005). Re-sowing of flood-affected pasture and success of the 
outcome involves a complex decision-making process with many variables. For example, the 
depth of silt levels alone affects decision-making at many levels and cost (Litherland, 2007; 
Wilson and Valentine 2005). In addition, if pasture has been recently grazed, pasture loss will be 
more pronounced (Litherland, 2007). During the United Kingdom 2007 floods, almost all farmers 
commented that they did not use affected pasture for the rest of the season as it was either too 
wet, contaminated or the grass had died off (Chatterton et al. 2010). It can then be assumed that 
flooded pasture lost during ‘wet’ months, will be replaced by supplementary feed until soils 
become more suitable for re-sowing and then grazing. 

Flood inundation duration and silt deposition are cited in literature as predominant factors 
influencing pasture loss. Based on these factors, Giorgetti et al. (2013) proposed a function for 
New Zealand pastures which demonstrates an exponential increase in pasture loss after 0.5 
days flood inundation duration, with complete loss sustained after 7 days (Figure 4.15). The 
function also assumes silt deposition increases with flood duration. 

A ‘synthetic’ function has been applied in RiskScape to estimate pasture losses until local 
empirical evidence on how duration and silt deposition influences pasture loss is collected for 
validation. 

Pasture recovery following flood inundation varies based on the methods used to regenerate 
pasture. In many parts of Viet Nam, the prevalence of manual farming techniques means it is 
assumed the preferred method of pasture reinstatement following flood inundation is 
‘oversowing’. The technique of oversowing is applying grass seed onto land without 
cultivation. Litherland (2004) reports when oversowing is undertaken on flood damaged 
pastures (e.g. DR = 1), recovery is initially rapid, attaining close to 85% of its pre-flood 
damage productivity within 7 months. However productivity then proceeds to fall by up to 
25% over the next 9 months before beginning to recover again. As no published evidence is 
available for pasture recovery rates, a simple function for pasture recovery following flood 
damage is proposed based on Litherland (2004) observations where pasture recovers to 
85% of its pre-flood damaged productivity within 7 months, with the remaining 15% 
recovered after 2 years (Figure 4.16). It is further assumed that grazing of pasture will 
resume when pasture reaches 85% of its pre-flood damaged productivity. 
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Figure 4.15 Pasture damage curve developed by Giorgetti et al. (2013). 

 
Figure 4.16 Pasture recovery curve adapted from Litherland (2004). 

Agriculture Loss Calculations 

Flood depth-damage and vulnerability functions for crops are used in RiskScape to estimate 
asset repair cost. In contrast to buildings, asset repair costs for these assets are an estimate 
of the total cost incurred from the economic value of the asset at the time of production. 
Information on ‘harvested’ crop values are provided in the asset database developed by 
Paulik (2014), asset repair costs should be considered as maximum asset loss values. 
Production costs and ‘early’ harvest values for crops are excluded and only losses for the 
saleable asset value is reported. Crop asset repair cost (AssetRepcrop) can then be 
expressed as: 

AssetRepcrop = CropDR * (CAha * CYt) * CVt 

Where: CropDR = crop damage ratio, CAha = crop area affected by flood inundation, CVt = crop 
value per tonne (VND$/t), and CYt = crop yield per hectare (t/ha). Values of CV1 and CY1 
should be based on locally obtained information. An example of values of CV1 and CY1 are 
provided in Appendix 1, based on data collected for the Hieu River catchment, Nghe An 
province. 
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Limitations 

There are several reasons why agricultural losses are typically more difficult to model in 
RiskScape and other geospatial loss models: 

 Crop damage is usually strongly related to the duration of flooding as well as depth and 
velocity of flooding. 

 Flood duration is not an output of the most commonly used flood modelling 
programmes in Viet Nam or internationally 

RiskScape’s vulnerability module estimates average expected losses for assets exposed to 
flood hazards through the application of flood damage functions. At a per-asset scale, 
average expected loss can yield a high degree of uncertainty, particularly when damage 
models for the asset type are not well developed. For this reason RiskScape aggregates 
individual assets losses by aggregation units (e.g. district or commune) by summing the 
losses for all affected assets of similar type. More detail on results aggregation are provided 
in Section 4.4.6. 
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4.4.6 Aggregation of Results 

It should be understood that the results from any quantitative loss model, such as 
RiskScape, are highly dependent on the appropriateness and accuracy of input data. There 
is always some uncertainty in the information in the underlying hazard or asset modules. The 
uncertainty in overall results will result from a combination of: 

 Uncertainties carried over from flood hazard modelling (e.g. resolution of topographic 
data used in the model, accuracy of flood depth information). 

 Uncertainty in asset information including uncertainty caused by creating large asset 
layers from typical samples and using average population per building to represent all 
citizens. 

 Uncertainty in fragility functions, which exist due to lack of comparable damage data 
from real events to assist with calibration, or from assumptions regarding the behaviour 
of Viet Nam assets based on assets in other countries. 

Results are calculated asset-by-asset using fragility function damage curves. Unless all 
assets are individually surveyed there will be uncertainty in the attributes and exact locations 
of assets and this uncertainty is carried through to the modelled results. 

The creation of an extrapolated dataset from typical surveys allows modellers to construct a 
synthetic dataset which represents the correct proportions of assets of each type and the 
asset attributes. Because some assets in a synthetic dataset will not be identical to the actual 
assets in the real world it is important to realistically represent the total mix of structures, land 
uses and population. If surveys and synthetic datasets are created with care, at a district or 
commune level the mix of assets can be considered to be representative of reality. This 
means although the asset-by-asset calculations may show some variance from actual 
damage in a flood event, at a commune of district level the number of assets of each type 
modelled to be in each damage state, should be a good indicator of actual damages. 

Because of the uncertainty at an asset level resolution, RiskScape displays results 
aggregated for district or commune (or other designated boundaries if required). This 
aggregation recognises that overall losses for an area should be well represented but 
examining individual building results is not appropriate. 

Uncertainty for flood loss is reduced through post-event surveys of damage and depth 
relationships, and the improvement of fragility damage curves. 

4.4.7 Results Interpretation and Usage 

RiskScape provides results in the following formats: 

 Two-dimensional maps with results aggregated to specific administrative boundaries. 
Such maps are useful to show discrete values (e.g. losses in VND, functional downtime) 

 Shapefiles compatible with GIS software that provide aggregated results as 
described above 

 Spreadsheets (CSV format). These provide the most detailed information for analysis of 
multi-class impacts such as injuries, or displacement periods. 

 3D Export to Google Earth – this provides a simple projection of one impact type onto a 
Google Earth background. Effective for rapid contextual overview but less appropriate for 
detailed planning purposes. 
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The user of the RiskScape model should consult with end-users (e.g. local authorities and 
communities, DRM planners) on the best way to interpret and present the model results for 
specific applications. Some DRM applications for results from RiskScape are suggested in 
Table 4.11. 

Table 4.11 Suggested application of consequence modelling results. 

Consequence modelling results Suggested Applications 

Casualties and injuries Decision making for evacuation planning and improvement of early 

warning systems and local public alerting systems 

Training and exercises to reduce severity of injuries; rescue and 

medical training 

Displacement – buildings unable to be 

used and number of people out of 

buildings 

Planning for evacuation shelters and welfare requirements of displaced 

citizens, supporting those staying with relatives or neighbours 

Number of buildings destroyed or 

damaged 

Including houses, schools, 

government, hospitals and businesses 

Planning for government assistance with reconstruction, long-term 

consideration of flood protection structures (e.g. dikes/ levees) or land-

use planning restrictions for highest risk areas and special buildings 

(e.g. schools, hospitals) 

Reconstruction and repair costs Assist with decision-making regarding cost-benefit of structural works 

to reduce financial losses to communities 

Agricultural losses Assist decision-making for crop selection types and cost benefit of 

structural works to reduce financial losses to communities 

4.4.8 Summary 

A detailed methodology for quantitative consequence analysis has been provided. The 
components required for such an analysis include spatial information for the flood hazard 
magnitude, the exposure of assets at risk and the vulnerability and value of these assets to 
determine the expected losses. Direct consequences can provide useful information for 
disaster risk management planning, including readiness and response initiatives and for 
long-term risk reduction decision-making. A methodology for using RiskScape for detailed 
consequence analysis has been provided. 

RiskScape provides the opportunity to evaluate the impacts of flooding on people, buildings 
and agricultural land using one tool. Asset, hazard and fragility modules have been 
developed based on limited field surveys and available Viet Nam and international research. 
It should be noted that RiskScape software is continually being updated, and these modules 
can be refined and improved over time if better calibration data become available (i.e. 
specific damage information from real flood events) or more extensive field surveys are able 
to be undertaken. 
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A1.0 EXAMPLE OF CROP TYPES AND ATTRIBUTES 

Table A1 provides typical crop types and attributes derived for various districts within the 
Nghe An province. This data is provided as an example of the average crop production rates 
in tonnes per-hectare and production values in VND/t that can be derived and used in 
RiskScape. 

Crop production rates have been derived from a number of sources in this example, including: 

 Nghe An Statistical Office (NASO), 2011. Statistical Yearbook Nghe An 2011. Nghe An 
Statistical Office. Nha Xuat Ban Nghe An. 

 Food and Agriculture Organisation of the United Nations (2014b). FAOSTAT: 
Production. Available: http://knoema.com/FAOVAP2014Feb/fao-value-of-agricultural-
production-february-2014 

All crop values are reported in this example in VND at an exchange rate of 2011USD$1 = 
2011VND20,643. 
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Table A1.1 Examples of crop types and attributes for districts in the Nghe An province. 

Crop Attributes 

District 

Thai Hoa 

Town 

Con Cuong 

District 

Quy Hop 

District 

Nghia Dan 

District 

Tan Ky 

District 

Anh Son 

District 

Cereal (t/ha) 3.95 4.47 2.72 4.52 4.25 3.88 

Cereal (VND2011/t) 6,481,902 

Rice (t/ha) 4.67 4.71 5.18 5.11 4.77 4.39 

Rice - Spring (t/ha) 6.22 5.82 5.77 6.05 6.12 6.03 

Rice - Autumn (t/ha) 0 0 0 0 0 0 

Rice Winter (t/ha) 3.12 3.68 3.99 4.22 3.38 2.72 

Rice (VND2011/t) 11,374,293 

Sweet Potato (t/ha) 5.5 3.91 5.57 4.7 7.62 6.28 

Sweet Potato (VND2011/t) 4,362,554 

Sugarcane (t/ha) 49.53 42.42 58 54.91 57.17 51.01 

Sugarcane (VND2011/t) 84,223 

Peanut (t/ha) 1.71 1.74 1.78 1.63 1.85 1.6 

Peanut (VND2011/t) 14,037,240* 

Soybean (t/ha) 1 0.43 0.8 0.79 1.04 0.63 

Soybean (VND2011/t) 14,297,015 

Sesame (t/ha) 0.83 0.17 0.25 0.5 0.89 0.61 

Sesame (VND2011/t) 13,803,000** 

Tea (t/ha) 0 6.14 4.52 0 0 7.83 

Tea ($VND2011/t) 5,695,309 

Coffee (t/ha) 1.07 0 0 1.17 0 0 

Coffee (VND2011/t) 22,249,852 

Rubber (t/ha) 2 0 1.51 0.58 0.37 0 

Rubber (VND2011/t) 68,631,795 

Pepper (t/ha) 0.56 1.11 0.75 1.25 1.6 2.38 

Pepper (VND2011/t) 96,597,928 

Orange (t/ha) 7.97 11.56 7.37 11.91 8.4 9.29 

Orange (VND2011/t) 20,777,658 

Pineapple (t/ha) 6.33 16.4 11.2 10.75 7.1 6.12 

Pineapple (VND2011/t) 6,238,754 

Longan (t/ha) 2.56 4.86 3.84 4.03 6 4.63 

Longan (VND2011/t) 6,770,000*** 

Litchi (t/ha) 3.75 5.79 3.69 5.29 7 5.67 

Litchi (VND2011/t) 16,000,000**** 

* Adjusted value derived from: http://usda01.library.cornell.edu/usda/current/CropValuSu/CropValuSu-
02-14-2014.pdf 

** Adjusted value derived from: http://businessdayonline.com/2014/06/the-rising-fortune-of-sesame-
seeds/#.VCi4naj29wU 

*** Adjusted value derived from: http://www.freshplaza.com/article/125254/Thailand-Longan-growers-
urge-government-to-alleviate-effects-of-falling-prices 

**** Adjusted value derived from: http://businesstimes.com.vn/huge-volume-of-litchi-exported-through-lao-
cai-border-gate/ 



 

Viet Nam – New Zealand:
Dam and Downstream Community Safety Initiative (DDCSI) 
 

Guidelines, Chapter 6 
INTERMEDIATE / DETAILED ASSESSMENT 
Dam Safety and Disaster Risk Management 
 

 



This page is intentionally left blank. 



Dam and Downstream Community Safety initiative – November 2015 

 

Guidelines, Chapter 6 – Dam Safety and Disaster Risk Management i 
 

CONTENTS 

1.0  INTRODUCTION .......................................................................................................... 1 

1.1  SCOPE ............................................................................................................... 1 

1.2  LEVEL OF ASSESSMENT ...................................................................................... 2 

1.3  OUTPUTS AND LINKS TO OTHER STAGES ............................................................. 3 

2.0  DAM SAFETY MANAGEMENT ................................................................................... 5 

2.1  BACKGROUND ..................................................................................................... 5 

2.2  INTERMEDIATE AND DETAILED ASSESSMENTS ...................................................... 6 

2.3  PROCESS TO ASSESS AND IMPROVE DAM SAFETY ............................................... 6 

2.4  OPERATION AND MAINTENANCE PROGRAM .......................................................... 9 

2.4.1  General ............................................................................................................... 9 

2.4.2  Project Description ........................................................................................... 10 

2.4.3  Operational Procedures ................................................................................... 10 

2.4.4  Maintenance Procedures ................................................................................. 10 

2.4.5  Surveillance and Inspection Procedures .......................................................... 11 

2.4.6  Maintenance and Testing of Flow Control Equipment ..................................... 11 

2.5  EMERGENCY PREPAREDNESS PLAN .................................................................. 12 

2.5.1  General ............................................................................................................. 12 

2.6  IDENTIFYING AND MANAGING DAM SAFETY ISSUES ............................................. 13 

2.6.1  Background ...................................................................................................... 13 

2.6.2  Identification of Dam Safety Issues .................................................................. 13 

2.6.3  Managing Dam Safety Issues .......................................................................... 14 

3.0  DISASTER RISK MANAGEMENT ............................................................................. 18 

3.1  BACKGROUND ................................................................................................... 18 

3.1.1  International Context for DRM Assessments and Benchmarks ....................... 20 

3.1.2  Key Terms ........................................................................................................ 21 

3.2  INTERMEDIATE METHODOLOGY FOR DRM ASSESSMENT .................................... 23 

3.2.1  Introduction ....................................................................................................... 23 

3.2.2  Process Steps .................................................................................................. 23 

3.2.3  Assessment of Current DRM Plans, Capabilities and Practice ........................ 24 

3.2.4  Literature review of policies, guidelines, plans ................................................. 25 

3.2.5  Analysing disaster reports and statistics .......................................................... 26 

3.2.6  Interviews, meeting and workshops ................................................................. 26 

3.2.7  Synthesise DRM information available and summarise current practice ......... 27 

3.2.8  Themes included in process diagrams ............................................................. 30 

3.2.9  Gap analysis and issue identification ............................................................... 30 

3.2.10  Identify planning methods or guidelines to address the critical gaps ............... 30 

3.3  DETAILED METHODOLOGY FOR DRM ASSESSMENT ........................................... 32 

3.3.1  Introduction ....................................................................................................... 32 

3.3.2  International Best Practice Literature Review .................................................. 32 

3.3.3  Analysis Current Plans and Capabilities .......................................................... 33 



Dam and Downstream Community Safety initiative – November 2015 

 

ii Guidelines, Chapter 6 – Dam Safety and Disaster Risk Management 
 

3.3.4  Exercises .......................................................................................................... 33 

3.3.5  Comprehensive warning systems .................................................................... 34 

3.3.6  Community-Based Planning ............................................................................. 36 

3.3.7  Develop Recommendations ............................................................................. 38 

3.3.8  Implementation ................................................................................................. 38 

3.3.9  Monitoring and Reporting ................................................................................. 38 

3.4  SUMMARY ......................................................................................................... 40 

4.0  REFERENCES ........................................................................................................... 42 

 



Dam and Downstream Community Safety initiative – November 2015 

 

Guidelines, Chapter 6 – Dam Safety and Disaster Risk Management iii 
 

FIGURES 

Figure 1.1  Schematic showing linkage between assessment stages. ........................................................... 3 

Figure 2.1  Assessment and Improvement of Dam Safety Management. ....................................................... 7 

Figure 2.2  Dam categories (after Decree 72 and QCVN 04-05:2012/BNNPTNT). ........................................ 8 

Figure 2.3  Dam safety issue management process. ................................................................................... 15 

Figure 3.1  Risk Management Process for evaluating disaster risk management planning .......................... 18 

Figure 3.2  Suggested themes for developing a simple DRM process diagram. .......................................... 28 

Figure 3.3  Draft Response Process Diagram - Hieu River Flood Risk Area ................................................ 29 

Figure 3.4  UNISDR framework for flood risk assessment (UNISDR, 2004). ............................................... 31 

Figure 3.5  Components of effective all-hazards warning systems (Leonard et. al. 2008). ........................... 35 

Figure 3.6  An example of community based DRM evacuation planning...................................................... 37 

 

TABLES 

Table 2.1  Typical elements of a dam safety management system. .............................................................. 5 

Table 3.1  Level of Assessment for Disaster Risk Management Planning and Processes. ......................... 19 

Table 3.2  Information useful for undertaking a capacity and capability analysis for DRM. ......................... 25 

 

APPENDICES 

A1.0  APPENDIX A: GUIDANCE FOR DEVELOPMENT OF OPERATION AND 
MAINTENANCE PLAN .............................................................................................. 46 

A2.0  APPENDIX B: GUIDANCE FOR DEVELOPMENT OF EMERGENCY 
PREPAREDNESS PLAN ........................................................................................... 48 

A3.0  APPENDIX C: SUGGESTED DRM ASSESSMENT QUESTIONS ............................ 50 

 



This page is intentionally left blank. 



Dam and Downstream Community Safety initiative – November 2015 

 

Guidelines, Chapter 6 – Dam Safety and Disaster Risk Management 1 
 

1.0 INTRODUCTION 

1.1 SCOPE 

The outputs from Chapters 3 to 5 of these Guidelines provide an understanding of: 

 The natural hazards that can affect the dam (Chapter 3) 

 Potential failure modes for the dam (Chapter 4) 

 The extent of flooding and consequences of downstream spillway release or dam 
failure floods (Chapter 5) 

From these outputs it is possible to identify the most effective risk reduction measures to 
improve dam safety management and Disaster Risk Management (DRM). 

The following sections of this Chapter provide methods to identify improvements to the dam 
safety and disaster risk management, as outlined in the following diagram. 

 

Section 2.0
•Dam Safety Management

Section 3.0
•Disaster Risk Management
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1.2 LEVEL OF ASSESSMENT 

The level of time and resource to undertake dam safety and disaster risk management 
assessment should be appropriate to the size, complexity and potential downstream impacts 
of the dam or reservoir under investigation. 

For this reason, three different levels of assessment are provided in these Guidelines. 
Chapter 1, Section 1.3 provides a description of the three levels of assessment (i.e. 
Preliminary, Intermediate and Detailed) and when it is appropriate to use them. 

The analysis methods outlined in this Chapter are related to an Intermediate or Detailed level 
of assessment. However, the distinction between Intermediate and Detailed level 
methodologies is not as clearly defined in this Chapter as with the other more technical 
assessment methodologies outlined in Chapters 3 to 5 of these Guidelines. Where 
appropriate, reference to Intermediate and Detailed approaches is referenced throughout this 
Chapter. 



Dam and Downstream Community Safety initiative – November 2015 

 

Guidelines, Chapter 6 – Dam Safety and Disaster Risk Management 3 
 

1.3 OUTPUTS AND LINKS TO OTHER STAGES 

Figure 1.1 indicates how the methods described in this Chapter to identify improvements to 
the dam safety and disaster risk management, are linked to previous stages of the 
assessment methodology described by these Guidelines. 

 

 
Figure 1.1 Schematic showing linkage between assessment stages. 

 



 

 

This page is intentionally left blank. 

 



Dam and Downstream Community Safety initiative – November 2015 

 

Guidelines, Chapter 6 – Dam Safety and Disaster Risk Management 5 
 

2.0 DAM SAFETY MANAGEMENT 

2.1 BACKGROUND 

The objective of dam safety management is to protect people, property and the environment 
from the harmful effects of mis-operation or failure of dams and reservoirs (ICOLD, 2012). 

The management of dam safety is the responsibility of dam owners and managers1, and is 
typically achieved by implementing and maintaining an appropriate dam safety program. 
An effective dam safety program: 

 Places safety of communities downstream of the dam as the primary focus 

 Implements continuous and periodic inspections and assessments  

 Roles and responsibilities for dam safety management are clearly defined 

 Information regarding dam safety is: 

˗ Accurate 

˗ Understood by dam owners, managers and operations staff 

˗ Communicated clearly to downstream communities 

The typical elements of a dam safety program are summarised in Table 2.1. The following 
sections of this Chapter cover the basic requirements for the three elements of a dam safety 
program outlined in Table 2.1 and how the technical analysis outlined in Chapters 3 to 5 of 
these Guidelines can help to inform improvements to these elements.  

Table 2.1 Typical elements of a dam safety management system. 

No. Element Reference 

1 

Operation and Maintenance Program, including; 

 Surveillance and Monitoring requirements 

 Dam Safety Inspection requirements 

Section 2.4 

2 Emergency Preparedness Plan Section 2.5 

3 Identifying and Managing Dam Safety Issues Section 2.6 

                                                 
1 Decree No 2013/72/ND-CP states that “dam owners and dam managers are responsible for the safety of the 

dams that they own and manage”. 
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2.2 INTERMEDIATE AND DETAILED ASSESSMENTS 

The methods outlined in this Chapter are applicable to both an Intermediate or Detailed 
assessment, as the methods and processes described are required for all dams. However 
the level of time and resource to complete the assessment should be in proportion to the 
complexity of the dam and related structures as well as the downstream consequences of 
failure, as described further in Section 2.3. 

2.3 PROCESS TO ASSESS AND IMPROVE DAM SAFETY 

The approach outlined in these Guidelines to improve the safety of a dam is to: 

1. Assess the existing dam operation and maintenance, surveillance and emergency 
preparedness and compare this with the typical requirements outlined in Sections 2.4 
to 2.6 of this Chapter. 

Identify gaps, shortcomings or improvements that can be made to the existing dam 
safety management program taking into consideration the size, complexity and 
downstream consequences of the dam. This process is illustrated in Figure 2.1. Both 
technical and institutional aspects related to dam safety management should be 
considered: 

 Technical Aspects: Dam safety issues related to design, construction, operation 
and maintenance of the dam and appurtenant structures. Examples of technical 
dam safety issues would be: inadequate spillway capacity, embankment dam filter 
compatibility criteria not satisfactory, cracks or erosion in the dam body require 
remediation, gate operation systems are not adequate, etc. Not only the dam itself 
should be considered, but all related components such as spillways, gates, sluice, 
penstocks, operational equipment, power lines, access roads, etc. 

 Institutional Aspects: Dam safety issues where administrative management of dam 
safety systems does not meet legal standards or where existing rules and 
procedures are not followed. Examples of institutional dam safety issues would be: 
surveillance inspectors are not adequately qualified and trained, dam safety 
management roles and responsibilities are not adequately defined and understood 
by all required organisations (e.g. authorities, owners, managers, communities), 
inadequate reporting to national or provincial management agencies, etc. 

If no Operation and Maintenance Plan or Emergency Preparedness Plan exists for the 
dam being assessed, then prepare and implement a dam safety management program 
based on the typical requirements outlined in Appendices A and B. The detail of the 
dam safety management program should be appropriate to the dam size, importance 
and downstream consequences. 

2. Any issue where the dam does not meet required safety or performance requirements 
should be treated using the approach outlined in Section 2.6 “Identifying and Managing 
Dam Safety Issues”. 
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Figure 2.1 Assessment and Improvement of Dam Safety Management. 

The process outlined in this Chapter applies to all dam types, including dams of national 
significance, large, medium and small dams. Dams are categorised in Decree 72 as follows: 

 Dams of National Importance2: reservoir capacity > 1,000 Mm3 

 Large dams: dam height > 15 m; reservoir capacity > 3 Mm3 

 Medium dams: dam height 10 to 15 m; reservoir capacity 1 to 3 Mm3 

 Small dams: dam height 5 to 10 m; reservoir capacity 0.05 to 1 Mm3 

Dams are also classified according to national technical standard QCVN 04-
05:2012/BNNPTNT as one of five levels: Special, Grade I, Grade II, Grade III, Grade IV. 
Classification of dams based on reservoir capacity from QCVN 04-05:2012/BNNPTNT are 
also summarised in Figure 2.2. 

The dam safety management program should be appropriate to the size, complexity and 
downstream hazard posed by the dam. It is recommended that: 

 Dams of National Importance and Large dams have a comprehensive dam safety 
management program, reviewed by independent experts and regularly maintained and 
updated. 

 Medium and Small dams have a dam safety program that is appropriate to the size, 
complexity and downstream hazard posed by the dam. 

                                                 
2 Decree 72 also stated that dams of National Importance can also be dams with reservoir capacity 10 Mm3 to 1,000 Mm3 if 

located in residential areas, or areas with defence or important works related to national security. 
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Figure 2.2 Dam categories (after Decree 72 and QCVN 04-05:2012/BNNPTNT). 
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2.4 OPERATION AND MAINTENANCE PROGRAM 

2.4.1 General 

An Operation and Maintenance Program is a systematic set of procedures to ensure that a 
dam and reservoir are adequately operated and maintained. Adequate operation and 
maintenance are critical to ensure the continued safe functioning of a dam and reservoir. 

All dams should have an Operation and Maintenance Program which is formally documented 
in an Operations and Maintenance Plan. The level of documentation in the plan should be 
proportionate to the size and potential downstream hazard of the dam and reservoir. 

Where existing and new dams are without Operation and Maintenance Plans the deficiency 
should be addressed immediately by the dam owner and manager. 

The Operation and Maintenance Plan is prepared primarily by the dam operations staff and 
those assigned with the responsibility for the physical operation and maintenance of the dam 
and reservoir. The Operation and Maintenance Plan should, as a minimum, contain the 
following chapters: 

i. Project Description 

ii. Operational Procedures 

iii. Maintenance Procedures 

iv. Inspection and Surveillance Procedures 

v. Maintenance and Testing of Flow Control Equipment 

The outline of a typical Operation and Maintenance Plan is provided in Appendix A. Appendix 
A has been prepared largely based on World Bank policies OP4.37 and BP4.37 (WB, 2001). 

When preparing or reviewing an Operation and Maintenance Plan compliance with 
Vietnamese standards and criteria listed below is required for irrigation dams: 

 TCVN 8412-2010 “Hydraulic Structure – Guidelines for setting operations procedure” 

 TCVN 8414:2010 “Hydraulic Structure – Procedure for Management, Operation and 
Inspection of reservoir” 

The VNCOLD (2012) “Dam Safety Manual” provides extensive information regarding 
reservoir operational requirements, maintenance and inspection for dams. This manual 
should be referred to when developing or reviewing an Operation and Maintenance Plan. 

A short summary on the fundamental requirements for each section of the typical Operation 
and Maintenance Plan provided in Appendix A is provided in the following sub-sections. 
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2.4.2 Project Description 

The purpose of this section of the Operation and Maintenance Plan is to provide clear and 
up-to-date information on the dam and reservoir, including: 

 The purpose and location of the dam and reservoir 

 A description of the key parameters of the dam and reservoir 

 Dam ownership and administration responsibilities 

 Dam access routes, communications, warning systems and site security 

Refer to Appendix A for further detail for typical requirements for this part of the Operation 
and Maintenance Plan. 

2.4.3 Operational Procedures 

This section of the plan provides step-by-step instructions for operating all mechanisms 
associated with the dam including outlet control valves and spillway gates.  

Instructions for safe operation of the dam under normal operating conditions as well as 
extreme flood and loss of power scenarios should be provided. Procedures for coordination 
of releases with other dams should be provided as well as reference to an Emergency 
Preparedness Plan (EPP) for actions to be taken in the event of an emergency. Refer to 
Section 2.5 for more detail on EPPs. 

Operating procedures should be regularly reviewed and tested by the dam owner, operations 
staff and dam engineers to ensure they continue to meet the need of the owner and safety of 
downstream communities.  

Appendix A provides the typical requirements for this part of the Operation and Maintenance 
Plan. 

2.4.4 Maintenance Procedures 

A good maintenance program will protect a dam and its related structures against 
deterioration and prolong its life. This not only provides protection for the dam owner and 
manager but also for communities downstream of the dam. The cost of a proper 
maintenance program is typically small relative to the cost of major repairs, loss of life and 
property damage if the dam were to fail due to poor maintenance. 

This section of the Operations and Maintenance Plan provides a maintenance program 
based on systematic and frequent inspections of the dam and related structures. Refer to 
Appendix A for detail on the typical requirements for this part of the Operation and 
Maintenance Plan. 
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2.4.5 Surveillance and Inspection Procedures 

This section of the Operations and Maintenance Plan provides details of the surveillance and 
inspection program to continually assess the safe performance of the dam. Specific reasons 
for inspection and surveillance are to: 

 Establish that the dam is performing as designed 

 Detect and warn of a potential problem 

 Analyse and define a problem 

The surveillance program should be related to the potential failure modes identified for the 
particular dam and appurtenant structures, so that these failure modes are monitored where 
appropriate. 

Regular dam safety inspections are included as part of this section. These are monthly, 
annual and periodic inspections by the dam owner, and periodic inspections by an 
independent dam expert. The focus of these inspections is to assess the safety performance 
of the dam. Dam safety inspections are also required after unusual events or emergencies 
(e.g. large flood, earthquake, landslide, adverse surveillance observations, etc.). 

Appendix A provides further detail on the typical requirements for surveillance and inspection 
procedures. 

2.4.6 Maintenance and Testing of Flow Control Equipment 

This section of the Operation and Maintenance Plan provides requirements for testing of flow 
control equipment (e.g. spillway gates, low level outlets, bulkhead gates, pump systems, 
etc.). This equipment is covered separately from maintenance of the dam civil structures (see 
Section 2.4.4) as this equipment requires specialist expertise and attention (e.g. mechanical 
and electrical engineering expertise). 
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2.5 EMERGENCY PREPAREDNESS PLAN 

2.5.1 General 

An Emergency Preparedness Plan (EPP) is a formal plan that identifies potential emergency 
conditions at a dam and prescribes the procedures to be followed to minimise property 
damage and loss of life.  

Dam owners and managers are required to prepare for the possibility of dam failure by 
developing an EPP which provides a systematic means to: 

 Define, identify and evaluate events with the potential to compromise dam safety 

 Establish procedures for declaring an event as a dam safety emergency 

 Detail actions to be taken by the dam owner and manager in response to the dam 
safety emergency 

 Establish communications with external agencies to minimise the consequences of the 
dam safety emergency 

An EPP must be developed to the site-specific conditions and requirements of the commune, 
district, provincial or state organisations that own or regulate the dam. 

The main components of an EPP are listed below and the typical outline and content for an 
EPP is provided in Appendix B. It is essential to review and revise the EPP regularly so that 
the content is up to date. 

 Notification Procedures 

 Key Personnel, Responsibilities and Contact Details 

 Emergency Identification, Evaluation and Classification 

 Preventative Action 

 Inundation Map 

 Supporting Information 

The VNCOLD (2012) “Dam Safety Manual” also provides resources and information for 
preparation of a detailed EPP. When preparing an EPP or reviewing an existing EPP it is 
recommended that both resources (i.e. VNCOLD, 2012 and Appendix B) are consulted. 



Dam and Downstream Community Safety initiative – November 2015 

 

Guidelines, Chapter 6 – Dam Safety and Disaster Risk Management 13 
 

2.6 IDENTIFYING AND MANAGING DAM SAFETY ISSUES 

2.6.1 Background 

Identifying and managing dam safety issues are an integral part of a dam safety program. 
The following sections outline methods to (i) identify dam safety issues and (ii) develop 
remedial options to manage or mitigate dam safety issues. 

2.6.2 Identification of Dam Safety Issues 

Dam safety related issues are those where the dam does not meet the required safety or 
performance requirements. Dam safety issues can result from many factors, including: 

 Unsatisfactory design or construction 

 Changes to legal standards and requirements for dam safety 

 Updated understanding of issues such as flood and seismic hazards 

 New data or advancements in engineering analysis methods that identifies 
unacceptable performance 

 Deterioration or breakdown of dam components  

 Inadequate maintenance of dam components 

 Inappropriate operating techniques 

Dam safety issues can be categorised broadly in two types, as previously discussed in 
Section 2.3: 

1. Technical Aspects: Dam safety issues related to design, construction, operation and 
maintenance of the dam and appurtenant structures. Not only the dam itself should be 
considered, but all related components such as spillways, gates, sluice, penstocks, 
operational equipment, power lines, access roads, etc.  

Dam safety issues in the maintenance or physical condition of the dam or appurtenant 
structures are often detected by visual observation or review of instrumentation and 
other dam performance data. Examples would be cracks or erosion on dam body, 
vegetation on dam embankment or abutment, spillway wall or chute joints require 
maintenance, gate and valve equipment deterioration (e.g. metal corrosion, gate winch 
ropes require lubrication), inadequate access routes in an emergency, etc. 

Dam safety issues in design, construction and operations of the dam are often detected 
through Potential Failure Modes Analysis (refer to Chapter 4 of these Guidelines) and 
reviewing design, construction and operation information and comparing them with the 
current engineering practice. Examples would be inadequate spillway capacity, 
embankment dam filter compatibility criteria not satisfactory, foundation or abutment 
defects were not treated during dam construction, gate operation systems are not 
adequate, etc.  

2. Institutional Aspects: Dam safety issues where administrative management of dam 
safety systems does not meet legal standards or where existing rules and procedures 
are not followed. Examples of institutional dam safety issues would be: surveillance 
inspectors are not adequately qualified and trained, dam safety management roles and 
responsibilities are not adequately defined and understood by all required 
organisations (e.g. authorities, owners, managers, communities), inadequate reporting 
to national or provincial management agencies, etc. 
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Dam safety issues should be identified through the following elements of a dam safety 
management program. 

 Surveillance and Inspections 

The on-going assessment of dam safety through visual inspections and monitoring 
data can reveal issues in the dam condition or operation. Any dam safety issues 
identified through surveillance and visual inspections should be taken forward for 
further evaluation and mitigation (refer to Section 2.6.3). 

 Dam safety reviews 

Dam safety reviews (performed monthly, annually or longer intervals) review the overall 
performance of a dam with a focus on whether the dam is considered to be safe. Dam 
safety review reports should summarise any outstanding dam safety issues and the 
need for any remedial actions or further studies to better understand the issue. 

 Potential Failure Modes Analysis 

Potential Failure Modes Analysis identifies the most significant failure modes that 
require management. Category 1 and 2 failure modes identified (refer to Chapter 4, 
Section 2.2 of these Guidelines for the definition of these categories) and taken forward 
for further evaluation and mitigation (refer to Section 2.6.3). 

 Gate and valve systems testing 

Routine testing of gate and valve systems can reveal issues in gate and valve systems. 
For example testing may identify that gate or valve systems critical to dam safety do 
not meet functional performance requirements (e.g. insufficient backup power to 
operate gates, hoisting ropes require lubrication, etc.). 

The dam safety management program should be a continuous process of inspections and 
assessments to ensure that any issues in the dam or related structures are identified and 
managed appropriately. 

2.6.3 Managing Dam Safety Issues 

2.6.3.1 General 

Dam safety issues can vary widely in their severity and nature and therefore a wide range of 
management response exists. Management procedures should be developed as part of a 
Dam Safety Management Program to provide a clear and defined procedure for the 
investigation, assessment and resolution of dam safety issues. Management procedures 
should include: 

 An initial assessment to confirm the dam safety issues and determine it requires urgent 
remedial actions 

 Analyse the issue in greater detail to determine the severity 

 Where necessary identify and assess remedial options to correct the issue 

 Implement the preferred remedial option 

 Monitor and review remedial option 

Figure 2.3 illustrates the recommended process to manage dam safety issues and the 
following sections provide more detail on each element of the process. 
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Figure 2.3 Dam safety issue management process. 

2.6.3.2 Identify Interim Remedial Actions 

The first action on identification of an actual or potential dam safety issue is to consider 
whether the nature of the dam safety issue, the likelihood of failure and the consequences 
are such that interim risk reduction measures are necessary and if so, the urgency with 
which they are required. 

Interim risk reduction measures might include: 

 Lowering the reservoir level, 

 Imposing operating restrictions, 

 Increased surveillance, 

 Investigation to confirm if key contributing factors are present, 

 Installation of instrumentation or systems to warn of a worsening situation. 
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When the risks are high and time is critical, the situation may require the Dam Safety 
Emergency Preparedness Plan to be activated, as well as risk reduction measures such as 
lowering the reservoir to be actioned. 

2.6.3.3 Analyse the Dam Safety Issue 

Before recommending that an identified dam safety issue is corrected, the following steps 
should be completed: 

 Investigate to verify the existence of the issue 

 Determine the severity of the issue 

Investigations may involve geotechnical investigations, engineering analysis, site monitoring 
or documented reviews relevant to the particular dam safety issue. 

If dam owners staff engineering lack the specialised knowledge to recommend corrective 
measures, external experts should be used to further investigate the dam safety issue. 

The outcomes of the analysis could be that there is no issue. However if dam safety issue is 
found from the analysis to affect dam safety, mitigation options to correct the issue should be 
developed, as outlined in the following section. 

2.6.3.4 Develop Remedial Options 

There are usually a number of possible actions to correct a dam safety issue. Alternatives 
include: 

 Making structural corrections: such as construction of new structures (e.g. emergency 
spillways) modifying existing structures such as raising the dam crest, or repairing 
existing structures. 

 Non-structural correction: such as installing an early warning system, revising reservoir 
operation procedures, updating or modifying components of the dam safety 
management program, 

Any remedial actions to correct a dam safety issue need to be based on technically sound 
engineering principles. Consideration of the following aspects should be considered when 
developing remedial options. 

 Cost: Preliminary cost estimates associated with each remedial option should be 
determined. 

 Risk: The relative risks associated with each option should be determined. Risk in this 
context means developing an understanding (either qualitatively or quantitatively) of the 
consequences of each option in terms of environmental, political, safety and social 
factors and the likelihood of the option impacting on these factors. 

The cost and risk associated with each option should be analysed (either qualitatively or 
quantitatively) to determine the most appropriate option to pursue. 

Numerical cost benefit analysis or risk assessment can also be used to weigh all of the 
remedial options being considered in order to rank to each alternative. Such analysis may be 
required to justify preferred remedial options. 
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It is important to identify and consult with all relevant stakeholders when developing remedial 
options. Approval and funding from relevant authorities must also be gained before deciding 
any remedial options. 

2.6.3.5 Implementation and Monitoring 

The remedial option should be reviewed and monitored after implementation to ensure that it 
improves the dam to an acceptable safety level. Any inadequacies in the remedial option 
should be treated using the process outlined in Figure 2.3. 
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3.0 DISASTER RISK MANAGEMENT 

3.1 BACKGROUND 

In this section, guidelines for assessment and improvement in Disaster Risk Management 
(DRM) are provided. Guidelines are provided for Intermediate and Detailed methodologies 
for assessment and improvement of DRM planning and processes as summarised in Table 
3.1. The results of the hazard and consequences assessment stages outlined in earlier in 
this report can be used to assist with determining whether there are gaps in capability or 
capacity and opportunities for improvement in DRM planning and practice. 

Assessment of DRM practices follows the standard risk management model depicted in 
Figure 3.1. 

 
Figure 3.1 Risk Management Process for evaluating disaster risk management planning 

When applied to a DRM context this risk management process may be modified as follows: 

1. Context Appreciation 

2. Hazard and Vulnerability Analysis 

3. Current Capability Assessment 

4. Gap and Opportunity Analysis 

5. DRM Recommendations and Actions 

6. Monitoring and Evaluation 
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This approach to risk management is what the DRM guideline is based on. 

Key inputs for DRM assessment of planning and processes include: 

 Areas affected by the hazard(s), in the case of flooding the areas inundated, as well as 
the depth and, if possible, timing and velocity of inundation. 

 Casualties (deaths and injuries), considered with varying levels of evacuation success 
from no warnings and low evacuation rates through to efficient and widespread 
warnings and high evacuation rates 

 Infrastructure damage to houses, schools, hospitals, government buildings, 
businesses, and supporting critical infrastructure, and the implications for communities 
and government agencies regarding who covers the cost of repair and replacement 

 Population displacement from buildings that are damaged or unusable including the 
numbers of people who may require emergency shelter and support 

 Agricultural damage and losses including lost income 

Table 3.1 Level of Assessment for Disaster Risk Management Planning and Processes. 

Level of 

Assessment 

Assessment of DRM planning and 

processes 
Data Collection methods 

Intermediate 

 Assessment of flood monitoring systems, 

public alerting systems, communications 

plans, evacuation plans 

 Identify Community Based DRM activities 

 Gap assessment  

 Recommendations for improvement in 

DRM systems and practice 

 Review of policy, regulations and 

legislation 

 Requests for copies of standard 

operating procedures (SOP) and plans 

 Interviews with stakeholders at national, 

regional and district level 

 Develop process diagrams for 

consultation with stakeholders 

 Workshops with key stakeholders to 

identify gaps in understanding 

Detailed 

 Evaluation of components of 

comprehensive warning systems, 

evacuation zone mapping, 

communication plans, community 

preparedness plans and exercises/drills  

 Identify and assess CBDRM activities 

 Gap assessment, including comparison 

with international guidelines and best 

practice 

 Recommendation for risk reduction 

through DRM planning or vulnerability 

reduction 

 Review of policy, regulations and 

legislation 

 Requests for copies of standard 

operating procedures (SOP) and plans 

 Interviews with stakeholders at national, 

regional, commune and citizen district 

level 

 Develop process diagrams for 

consultation with stakeholders 

 Workshops with key stakeholders to 

identify gaps in understanding 

 Observation of training, exercises and 

drills 
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3.1.1 International Context for DRM Assessments and Benchmarks 

International guidance on effective, comprehensive DRM has been developed and published 
in the UNISDR Hyogo Framework for Action (2007). This report outlines the priorities and 
actions required to achieve increased resilience and reduce losses from disasters. In 
response to the Hyogo framework, the Viet Nam government developed The National 
Strategy for Natural Disaster Prevention, Response and Mitigation (2007), which outlined 
measures that would be undertaken to meet the priorities identified in the Hyogo Framework 
for Action (HFA). 

The priority areas identified in the HFA are as follows: 

1. Ensure that disaster risk reduction is a national and a local priority with a strong 
institutional basis for implementation 

2. Identify, assess and monitor risks and enhance early warning 

3. Use knowledge, innovation and education to build a culture of safety and resilience at 
all levels 

4. Reduce the underlying risk factors 

5. Strengthen disaster preparedness for effective response at all levels 

The National Strategy developed in 2007 outlines planning and activities for these priorities, 
and provides benchmarks for monitoring progress. Several high level documents are 
available which show the overall country progress towards comprehensive DRM following 
the HFA, for example: 

 In 2011, the Global Facility for Disaster Risk Reduction and Recovery (GFDRR) 
produced a report on the progress of priority countries, including Viet Nam in working 
towards the goals and objectives of the Hyogo Framework, through the National 
Strategy (GFDRR, 2011). The GFDRR report highlights the importance of monitoring 
progress in activities such as community based DRM, monitoring and warning systems, 
legislation planning and policy etc. 

 The most recent report on progress was produced by the United Nations Development 
Program in January of 2015. This document reports on progress and provides a 
valuable list of core indictors, many of which can be appropriately applied in 
assessments of DRM at the local and provincial level (UNDP, 2015). 

These international frameworks provide the context for developing locally appropriate 
assessment tools, identifying good practice and identifying gaps and issues and then making 
recommendations for improvement in DRM. 
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3.1.2 Key Terms 

Disaster Risk Management (DRM) 

DRM is the planning and processes in place to manage the risk to communities from 
potential disaster events through social and physical measures. Social measures include: 
hazard mapping and analysis, vulnerability assessments, land-use management measures 
to avoid risks in new development, initiation of risk reduction initiatives, evacuation planning, 
sheltering of displaced people, emergency welfare support/relief, response management 
plans and infrastructure, response training exercises and drills, early warning systems, public 
notification. In the Vietnamese context DRM is required to be carried out at all organisations 
and at all levels of government down to the community level, extending to individual 
households (Viet Nam Law on Natural Disaster Prevention and Control, 2013). 

Physical measures include: flood protection embankments; strengthening buildings and 
infrastructure to mitigate the impact of physical hazards such as flood, storm, earthquake; 
moving communities or infrastructure away from high-risk areas, reforestation of burnt or 
cleared slip-prone land. 

In the Viet Nam, DRM is defined as comprising disaster prevention, response and mitigation 
(Vietnam 2007 National Strategy for Disaster Prevention, Response and Mitigation to 2020). 
The National Strategy emphasises the need for timely response and effective recovery after 
events, which includes enhanced resilience in reconstruction recovery activities.  

DRM in Vietnam is intended to “minimize the losses of human life and properties, the 
damage of natural resources and cultural heritages, and the degradation of environment, 
contributing significantly to ensure the country sustainable development, national defense 
and security” (National Strategy III-1). 

Community Based Disaster Risk Management (CBDRM) 

Best-practice DRM planning, capabilities and processes actively engage at-risk citizens at 
community level in planning and decision-making, along with respective local, provincial and 
national government agencies, infrastructure operators, businesses, and non-government 
organisations. Community Based DRM incorporates local experiential and traditional 
knowledge into planning to provide locally appropriate solutions to DRM challenges, such as 
in-community risk-reduction initiatives, public alerting, evacuation, and emergency welfare 
and response coordination. Community-Based DRM is recognised as international best 
practice for developing long-term awareness of and preparedness for potential disasters, and 
to support for risk reduction policies, measures and programmes. 

Early Warning System (EWS) 

This often refers to the hardware, electronics and communications used, together with the 
planning and processes necessary to generate and notify a hazard warning; often 
abbreviated to EWS. In current international usage can include hazard monitoring equipment 
and/or notification equipment. Early Warning Systems (EWS) encompass a broad range of 
technologies, behaviours, actions and planning. 

Effective EWS includes the wider set of processes, technologies and actions necessary to 
ensure that a potential hazard event is not only detected and recognised by monitoring 
agencies, but also that the message to those at risk is delivered promptly, and communicated 
in a manner that ensures it is able to be understood and acted upon appropriately. 
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Public Alert 

A ‘public alert’ is an advisory or warning notification (‘heads-up’) and/or message delivered to 
the public. An official public alert may be a text message delivered to mobile phones, an 
audible signal from a siren, an announcement via loudspeaker, a radio or television 
message, etc. An advisory or warning is provided by an alerting agency to the public to make 
them aware that a hazard threat is present and that action is, or could be, required. A public 
alert ideally contains both ‘heads-up’ (alerts the public that something unusual is happening 
and they should pay attention) and instruction information (tells the public what the threat is 
and what action is required). 

Evacuation 

Evacuation is the process of leaving an area potentially or currently affected by a hazard. 
Effective flood evacuation involves those at-risk leaving a flood-risk area before it is 
inundated and moving to areas that are safe. In the case of flood hazard, safe areas would 
be those free from inundation and, ideally, able to provide shelter and support. 

Rescue 

Rescue is the process of assisting those who have not been able to evacuate from an area 
affected by a hazard or its consequences. 

Casualties 

“Casualties”, in this report, includes both deaths and injuries due to flood impacts, but does 
not include uninjured individuals evacuated or sheltering in place. 

Exercises and Drills 

The process of evaluating DRM response or recovery plans and associated capabilities and 
processes, with the intention of reinforcing effective behaviours and identifying opportunities 
for improvement. Exercises may involve “table-top” assessment where plans and policies are 
evaluated against specific scenarios, or comprehensive exercises with physical activities 
such as walking evacuation routes, testing public alerting systems, etc. 
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3.2 INTERMEDIATE METHODOLOGY FOR DRM ASSESSMENT 

3.2.1 Introduction 

This section describes the process for an intermediate level analysis of DRM arrangements 
and describes a framework and processes to address identified gaps and potential 
improvements in risk management planning and practice. These guidelines recommend the 
individuals undertaking the DRM phase of future projects is familiar with disaster risk 
management key concepts, available risk reduction options, operational practice, community 
engagement processes, and social science methods of data collection and analysis to 
support reporting. 

3.2.2 Process Steps 

The following steps are recommended to initiate and complete an intermediate DRM 
assessment and to make recommendations for improvements. 

1. Gain an adequate appreciation of the national, provincial, district and community 
contexts, including the hazards to be included in the assessment process – as 
appropriate to the geographic setting of the project. 

2. Establish and maintain a strong relationship with all other aspects of the 
safety/resilience project, in particular the hazards and risk assessment components. 
Where DRM assessment is a stand-alone project a strong relationship should be 
established and maintained with entities with access to existing hazard and risk 
assessment data. 

3. Define, in consultation with local partners, the themes, programmes or activities at 
commune, local/district province, and national levels that will be included in the DRM 
assessment. 

4. Identify key agencies and organisations that are, or should be, involved in DRM-related 
roles or activities at each of these levels; 

5. Review all available information and make requests for further information to agencies 
and organisations necessary to adequately inform the assessment. 

6. Create process diagrams and summaries of the project team’s understanding of 
current DRM arrangements, roles, responsibilities, programmes and processes. 

7. Confirm, develop and share understanding of current DRM context, plans, 
responsibilities, capabilities and activities through meetings and workshops with the 
appropriate individuals and agencies/organisations. 

8. Identify potential gaps in current arrangements, capabilities and processes, as well as 
new DRM issues that arise from discussion and assessment - in light of likely future 
changes within the hazard-scape, local communities, industry, economy, environment, 
etc. 

9. Develop and socialise recommendations for addressing gaps, opportunities or future 
issues. 

10. Develop locally relevant templates, planning processes, and capability development 
opportunities to address gaps and enhancement opportunities identified (e.g. land-use 
management policies, evacuation plans, response coordination plans and capabilities, 
training and exercise programmes, etc.) 
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3.2.3 Assessment of Current DRM Plans, Capabilities and Practice 

An intermediate assessment of existing DRM plans, capabilities and practice involves 
collecting and analysing information from a range of sources. It also includes assessment of 
a range of DRM activities relevant to planning and mitigating the consequences of dam-
related flooding. The themes or activities that should be considered when conducting 
information gathering and analyses include: 

 Current legislation and policies related to DRM planning, capabilities and practice 

 Hazard monitoring systems (including weather, rainfall, river levels, dam reservoir 
levels) 

 Communications (technologies and processes used, direction of communication flow) 

 Roles and responsibilities at various levels of government, outside government and 
within communities 

 Relationships between development, hazard management, and response and recovery 
plans, physical hazard mitigation programmes, and response and recovery agencies 

 Standard Operating Procedures (SOPs) or manuals for emergency response and 
recovery 

 Preparedness, response and recovery planning and capabilities 

 Warning systems, including public alerting systems, and their effectiveness 

 Public engagement and education in mitigation, preparedness, response and recovery  

 Evacuation plans and associated drills – including monitoring and evaluation 

 Existing monitoring and evaluation of DRM-related plans, capabilities and processes 

 NGO activities, plans, capabilities and resources – if present locally or potentially from 
elsewhere in the region able to contribute to future development programme 

These themes are used to develop a data collection plan. Data collection should commence 
at the same time as the initial stages of the wider-project through early scoping discussions 
and requests for information not immediately available. However, more specific information 
requests may need to follow the hazard modelling and consequences components, when 
more is known about the risks to communities and the potential numbers of people affected. 

Information that can be acquired and summarised in the early project stages includes more 
formal, less frequently updated information such as the contents of DRM legislation and 
information about roles and responsibilities at various levels of government and in different 
government departments. If this type of information is not publicly available, written requests 
and interviews with government officials are the most appropriate avenues for gaining this 
information. 

Table 3.2 provides a list of information that that will help with DRM assessment, including 
how to seek such information and at what level the information might be relevant. 
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Table 3.2 Information useful for undertaking a capacity and capability analysis for DRM. 

Type of Information Methods for collection Applicable Levels  

 Government policy, strategies, 

legislation, and regulation in relation to 

DRM – risk mitigation, development, 

preparedness, response and recovery 

management,  

 Review of policies 

 Meetings with officials 

 Meetings with NGOs 

National 

Provincial 

District/Local 

 DRM and emergency operational plans 

and procedures 

 Organisational structure and processes 

for communications and coordination 

 Roles and responsibilities 

 Review of available plans 

 Workshops and meetings 

 Official letter request for information 

National 

Province 

District 

Commune 

 Weather and flood monitoring systems  Workshops and meetings 

 Official letter request for information 

National  

Province 

 Communication methods, reliability and 

message content 

 Warning systems - including public 

alerting systems 

 Official letter request for information 

 Workshops and meetings 

 Interviews 

National 

Province 

District 

Commune 

 Experiences of response and broader 

DRM at the village level for those at risk 

 Interviews Commune 

 The Role of NGOs in DRM planning  Interviews 

 After-action reports 

National 

Provincial if present 

 Information on response and recovery to 

past flooding events in the project area 

and similar areas/events 

 Review response reviews if 

available 

 Review NGO reports 

 Interviews of key reliable individuals 

involved 

National 

Province 

District 

Commune 

 Consequences of flood events for 

people and systems 

 Consequences modelling results  

 Workshop with local partners to 

verify and socialise consequences 

District 

Commune 

3.2.4 Literature review of policies, guidelines, plans 

The most relevant pieces of national level policy and legislation to DRM in Vietnam are the 
(2007) National Strategy for Natural Disaster Prevention, Response and Mitigation 2020 and 
the recently introduced Law on Natural Disaster Prevention and Control (2013). Provincial, 
district and commune plans covering development, risk mitigation, response and recovery 
management, and related topics, should be available in most areas susceptible to flooding. 
Where they are not available an outline appreciation of existing programmes, processes, 
roles, responsibilities and expectation may need to be acquired from a series of interviews 
with key stakeholders. 

The results of the literature review can be applied during development of comprehensive 
process diagram to articulate the key elements of current DRM roles, responsibilities, 
arrangements and processes. The literature review provides an understanding of expected 
processes, communications and planning and other information gathering methods provide 
the opportunity to compare expected processes with actual processes from the national level 
down to commune level. 
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3.2.5 Analysing disaster reports and statistics 

A review of available NGO reports for a study area is essential to determine whether current 
practices and planning are mentioned as having influenced the consequences of flooding for 
communities. 

Information on consequences to people, infrastructure, the economy, and the natural 
environment from flooding, is commonly held at the district level and provided to provincial 
level authorities. This information can be requested by official letter or through a formal 
interview process and can assist with understanding which locations are most frequently 
impacted, what types of impacts are of greatest concern (e.g. agriculture losses or life 
safety). Requests for impact statistics can also be accompanied by requests for plans and 
policies. These requests at the district and province level should go to officials based in the 
respective provincial agencies. The information gathered from official reports and statistics 
can supplement that sourced from policy and plan reviews and further increase the 
understanding of DRM planning, but also the DRM issues faced in the study area. 

3.2.6 Interviews, meeting and workshops 

The most detailed and useful information can often be accessed from meetings, workshops 
and interviews at all levels of authority. This requires a good understanding of which officials 
and other stakeholders are most appropriate to be contacted and the appropriate channels 
for seeking meetings. Working with a trusted local partner who can arrange official and 
community meetings and workshops, and less formal interviews, can make a significant 
contribution to the effectiveness and efficiency of the project. During the inception phase of a 
project, discussions should be held between the project partners to determine which 
agencies, government departments and other organisations should be contacted to request 
meetings and/or information. 

The most critical agencies identified for gaining an understanding of DRM arrangements in 
Viet Nam communities are identified as: 

 Ministry of Agriculture and Rural Development in Ha Noi (MARD); 

 Disaster Management Centre in Ha Noi (department of MARD) 

 Department of Agriculture and Rural Development (DARD) in the province and district 
offices; 

 The Committee for Flood and Storm Control at national and province level 
representatives (standing committees of MARD and DARD); 

 Committees for Dike and Flood Control (where present) 

 People’s Committee representatives in the province, districts and communes; 

 Dam Operators in the study area; and 

 NGOs in Ha Noi and in the province/districts if appropriate. 

Meetings with district and provincial level organisations should be arranged to be held at 
local offices to make it easier for representatives to attend and consider requests for 
information. Local meetings are often attended by several representatives from various 
departments, providing a greater local expertise to draw upon and enable questions to be 
asked on a broad range of topics from. 
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More formal meetings will benefit from presentations on the project aims and stages, and 
describe the purpose of the specific meeting, including what information is sought and how 
the information would be used within the project. Less formal meetings should be conducted 
as interviews with targeted questions and note-taking. 

Workshops during the project should be conducted using a more systematic approach. 
Workshops should introduce the project and its various stages, identify the elements being 
worked on, and provide resources such as maps and diagrams and ask for feedback 
including identification of gaps, misunderstandings or extra information that could be 
relevant. It is useful to have a range of officials or participants in the workshops to cover 
different areas of planning and process and provide a more complete picture of DRM 
arrangements. 

Suggested questions for meetings with officials and community members are attached as 
Appendix C. 

3.2.7 Synthesise DRM information available and summarise current practice 

Following the initial data gathering phase (primarily through literature reviews, interviews as 
part of wider meetings and letter requests) the available data should be synthesised to 
provide clear summaries of current arrangements. One method of synthesis is to create 
process diagrams summarising the critical roles, relationships, activities and communications 
that contribute to effective DRM (Figure 3.2). 

It is not essential to use diagrams to synthesise and assess this information; however 
diagrams provide a useful method for including a lot of information at various levels. In a 
context where the DRM project leaders do not speak the local language, process diagrams 
should be developed using the language of the project team and then translated into the 
local language so they can be shared with the various agencies identified previously in 
Section 3.2.4. Process diagrams are recommended for describing the response and 
readiness elements of DRM. For example, the process diagram indicating the roles 
responsibilities and activities during the warning and evacuation response to a dam flood 
warning may be the most straightforward information to present graphically (Figure 3.3). 
Process diagrams showing the decision making process and roles and responsibilities for 
long-term risk reduction activities such as land-use planning or reducing vulnerability may be 
more difficult to construct and it is likely to be more useful to summarise this information as 
short, written reports. 

 



 

 

 
Figure 3.2 Suggested themes for developing a simple DRM process diagram. 
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Coordination
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Warnings, Plans, 
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Figure 3.3 Draft Response Process Diagram - Hieu River Flood Risk Area (this diagram was updated following consultation with various authorities; and can be considered 
as a draft example only). 
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3.2.8 Themes included in process diagrams 

A comparison of the process diagram framework (Figure 3.2) and an actual draft for 
response activities (Figure 3.3) shows that the key themes for understanding DRM response 
planning for dam-related flood risk are: 

 Communications for warnings systems from detection and analysis through to public 
alerting; 

 Planning; for operational response and for actions such as evacuation, rescue and 
sheltering 

 The roles of various agencies across a range of activities and the relationships and 
communication pathways between agencies 

 The time available or taken for each step in the process from information received to action 

It can be difficult when dealing with scenarios that have not yet occurred, such as large dam 
failures, for agencies to put figures on such factors as time available and taken for specific 
activities. By creating and sharing process diagrams with the agencies involved at each level 
of DRM planning and process, discussions can be initiated between those involved and 
agreement reached regarding the anticipated responses, times and issues. 

3.2.9 Gap analysis and issue identification 

The process diagrams assist with identification of any critical gaps or issues that require 
improvement. Where dam failures or very large spillway releases are not a common 
occurrence, and have not been a high priority for detailed DRM planning, the process of 
visually mapping the components of DRM allows those involved to consider carefully where 
they would like improvements in the current systems. 

Process diagrams can be used to identify where processes were well established and 
expected to function well and to identify any gaps in understanding, planning, or 
communications for dam related events in particular. By asking a range of questions linked to 
various themes for the process diagrams the project can then update the information 
available and clearly identify possible areas for improvement in planning and processes. 
Themes to frame specific questions may include, hazard maps, evacuation plans, 
communications, warnings, roles and responsibilities, information available for decision-
making, response exercises, etc. 

After gaining an adequate appreciation of current hazard awareness and DRM capabilities and 
arrangement, and populating an updated process diagram, identification of potential areas for 
improvement can occur. More detail will be included in a detailed assessment than an 
intermediate assessment. It is from these appreciations of the broad hazard, risk vulnerability, 
resilience and DRM context that gaps and issues in a DRM plan can be identified. 

3.2.10 Identify planning methods or guidelines to address the critical gaps 

The United Nations Strategy for Disaster Reduction UNISDR Office has released useful 
guidelines for assessment of flood risk and developing long-term reduction in flood losses 
(Figure 3.4). The DDCSI methodology is consistent with the UN guideline and the framework 
suggested in the UN methodology incorporates the processes outlined in the disaster risk 
management framework in Figure 3.1. Although the UN framework was developed primarily 
for hydro-meteorological floods and not dam-related floods, the elements of the UN 
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framework are appropriate for understanding and managing the risk from dam-related flood 
events through effective DRM and other measures. The UN guidelines provide case studies 
and recommendations for addressing gaps. 

 
Figure 3.4 UNISDR framework for flood risk assessment (UNISDR, 2004). 

Rather than outside agencies carrying out enhancement for the respective organisations or 
communities, it is more effective and sustainable to work alongside local agencies and 
provide these agencies with best practice guidance. Guidance should include the areas 
where potential enhancements may be made, and at what level they may be applied; e.g. for 
‘readiness’ in a commune, the provision of official guidance on developing, and implementing 
preparedness activities with community members, volunteer groups, schools, local 
government agencies and NGOs would be appropriate. Guidance and templates specific to 
Viet Nam are not widely available; however, international guidance often includes elements 
that have been agreed to be appropriate for Viet Nam (and countries with similar risks). An 
excellent example of such international guidance is the UNISDR Guidelines for Reducing 
Flood Losses (2004), which provides specific advice on enhancing DRM elements such as 
flood risk mapping, rainfall / flow monitoring and warning systems, and recognises that 
budgets and resources are often limited. 



Dam and Downstream Community Safety initiative – November 2015 

 

32 Guidelines, Chapter 6 – Dam Safety and Disaster Risk Management 
 

3.3 DETAILED METHODOLOGY FOR DRM ASSESSMENT 

3.3.1 Introduction 

This section provides additional information required for undertaking a detailed level DRM 
analysis. The distinction between intermediate and detailed level methodologies is not as 
clearly defined as with the other phases of the all-of-catchment project. This is because the 
processes for both detailed and intermediate assessments contain many of the same 
elements such as literature reviews, interviews and workshops. 

It is advised that the Detailed DRM assessment includes all of the steps outlined in the 
Intermediate level methodology with the following additional process steps: 

1. A review is conducted of current examples of good and required DRM plans and 
practice nationally and, where relevant, further afield; 

2. Current plans and processes identified following the updated synthesis of current 
arrangements are compared with international best practice; 

3. Table-top, scenario exercises are undertaken, including assessment of the exercise by 
disaster response experts; 

4. An evaluation of public alerting systems is undertaken based on international best 
practice for message content and delivery; 

5. At least one community-based evacuation map and plan is developed as a pilot and 
tested with a physical evacuation drill involving local citizens; 

6. Recommendations are developed which provide a practical framework for addressing 
any immediate gaps or issues, but also provide methods for working towards 
international best practice 

7. A monitoring and reporting framework is developed to capture progress for Step 5. 

The following sections elaborate on each of these additional steps. 

3.3.2 International Best Practice Literature Review 

This step allows comparison of current DRM planning with international best practice. This 
step requires significant expertise and experience in DRM research and/or operations. There 
are several key sources of documents for this literature review and the review should include 
consideration of the following DRM themes: 

 Community Based Disaster Risk Management (DRM) 

 Effective, comprehensive warning systems, including effective public alerting 

 Policies and Legislation for Disaster Risk Management 

 Monitoring and evaluation of DRM 

 Methods and options for managing flood risk in developing and developed countries 

 Evacuation planning and practice 

The literature review should include case study examples from nations with similar country 
flood risk contexts to Viet Nam, as well as case studies which have been recorded as 
particularly good examples of effective risk management. Often these case studies are 
included in international guidelines or reviews; these are primarily published by agencies 
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such as the United Nations (UNISDR, 2004), or respected advisors (World Bank, 2011) or 
NGO’s (e.g. Partnerships for Disaster Reduction-South East Asia, 2008, Red Cross and Red 
Crescent, 2014). 

3.3.3 Analysis Current Plans and Capabilities 

The literature review should provide the framework and content for developing best practice 
process diagrams or summaries of activities and lists of indicators for effective DRM. The best 
practice diagram, indicators and summaries can be used to identify planning and activities at 
the national, province, district and commune levels to address gaps and issue in current 
arrangements. The international context provided in Section 3.3.2 outlines measures and 
indicators that can be used to determine whether current arrangements are appropriate or 
require improvement. While international best practice is a worthy goal for any DRM project, it 
is important to be realistic about time frames and goals, identifying which elements are more 
achievable and appropriate, and which elements are less critical for overall project success. 

3.3.4 Exercises 

Exercises are a useful tool to evaluate current capability and capacity for DRM, particularly 
response activities and arrangements. Exercises are designed to identify opportunities for 
improvement, not to apportion blame should any problems be found. The purpose of 
exercises is to identify areas for improvement in training, resources, plans and arrangements 
in a “safe” environment rather than find out where any gaps are when a real event occurs. 

Table-Top Exercises 

A table-top exercise is one that does not include physical action in communities such as 
evacuation drills and is based upon ‘simulation’. A table-top exercise is designed to test 
plans, decision-making processes and communications between agencies and may involve 
participants at just one level (e.g. only provincial level agencies including DARD, CFSC, Dam 
Operators, People’s Committee). Alternately a table-top exercise may be conducted involving 
agencies from multiple levels, e.g. the provincial agencies described already and the district 
level equivalents, and one or two key national level agencies such as the CCFSC within 
MARD and the flood warning agency, the National Centre for Hydro-meteorological 
Forecasting (NCHMF). 

A table-top exercise is developed by someone with expertise in scenario exercise 
development. They provide the scenario on which the simulation is based and create 
exercise ‘injects’; key pieces of information that are provided to exercise participants as the 
exercise progresses. The scenario is always designed to have a clear start and end point 
and will not necessarily include all phases of the DRM process within one exercise. For 
example, an exercise might be designed to test plans, processes and decision-making for 
communicating regarding warnings and evacuations for a flood scenario and the exercise 
might end before the actual impact of the flood waters. Alternately an exercise scenario 
testing search and rescue coordination and plans for sheltering and providing emergency 
welfare for displaced citizens would commence at the flood impact phase and might end at 
the point floodwaters are presumed to have cleared. 

The value of exercises is not to attribute fault in existing systems or participants, but to test 
plans and processes during non-emergency times so any opportunities for improvements or 
streamlining can be identified and acted upon before a real flood event occurs. An exercise 
typically concludes with a debriefing session. This provides participants with the opportunity 
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to identify which elements worked well and which elements could be improved. As well as 
the debrief process an independent exercise evaluator is often used to provide additional 
feedback. A critical outcome for the success of exercises is that the issues or gaps identified 
during exercise activities are acted upon. There are extensive international resources 
available online with guidance for developing table-top exercises from government agencies 
such as FEMA (United States) and MCDEM (New Zealand). 

Physical or ‘Full’ Exercises 

Physical exercises, as with table-top exercises may be applied to different stages of 
response or recovery activities. These exercises can be designed to include at-risk citizens 
(e.g. evacuation drills, activation of welfare centres and registration of displaced people), or 
they may be designed to test specific response teams, inter-agency cooperation or 
government employees only. 

Examples of activities that might be tested during a physical exercise include: 

 Activation and staffing of emergency operations centres 

 Warning system activation, and delivery of public alerts 

 Evacuation drills (of all people from flood risk zone before inundation) 

 Activation of welfare centres and registration of evacuees 

 Response activities such as filling and placing sandbags or rescuing citizens 

 Collecting impact information and developing action plans in an emergency operations 
centre 

 Reconnaissance and damage assessment 

As with table-top exercises, many resources are available online from government DRM 
agencies worldwide to assist with development of physical exercises. Experience in planning 
and assessment of exercises is important due to the more complex nature of physical 
exercises. 

3.3.5 Comprehensive warning systems 

An evaluation of warnings for dam-related floods is not different in principle from evaluating 
warnings for a range of hazards. The principles of comprehensive warnings apply to all 
hazards that can be detected before impact. The differences are largely regarding area of 
impact, understanding of the threat, and the actions required for protection. The principles 
upon which an evaluation of warning capability can be based are described below. 
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There is a large body of international research on the components that contribute to effective 
early warning systems. The literature has been synthesised by Leonard et al (2008) into a 
summary of essential components for warning to be effective (Figure 3.5). These 
components can be described as: 

1. Early warning system – all components from detecting a hazard through to an alert to 
the at-risk citizens 

2. Decision making tools – thresholds for public alerting, evacuation zones and maps 

3. Planning – operational planning of roles and responsibilities 

4. Education – providing citizens with information about hazards, warnings and actions 
before events happen 

5. Exercises – testing systems and responses 

These components are supported by research and evidence and updated through monitoring 
and review. 

 
Figure 3.5 Components of effective all-hazards warning systems (Leonard et. al. 2008). 

The components of the existing DRM plan for warnings can be evaluated against Figure 3.5 
to identify if improvements are necessary. 

Component one is largely focussed on technology and this can be evaluated based on past 
performance in flood events, or exercises designed to test specific functions of technology 
such as audibility tests, clarity tests (e.g. easy to hear, read or understand), and speed and 
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range test (e.g. how fast can it be activated, how long for messages to reach people, how 
many people can it reach). For these types of tests, surveys can be used to collect useful 
information on functionality from a large group of people. It is important to identify who is not 
reached by current public alerting systems (e.g. workers in fields), and explore other options 
for emergency communications with hard-to-reach citizens. 

Extensive research is also available on the importance of the message information. For early 
warnings to be effective in producing the behaviour required (e.g. evacuation), then the 
following should be considered during evaluation: 

Warnings should: 

 Be focused on people at risk 

 Be able to be understood by all in the same way (not too technical) 

 Be capable of reaching people irrespective of what they are doing  

 Be easy to access and use (use familiar technology where possible) 

 Not create added risk (tell people appropriate action and identify safe locations) 

 Be reliable 

 Provide appropriate lead time so people can have a chance to protect themselves 

 Generate authenticated messages 

A methodology for evaluating a range of public alerting systems has been developed in New 
Zealand based on these principles (Wright et al, 2014). A similar approach could be applied 
in Viet Nam, by developing a checklist of essential criteria for current and proposed 
technologies. These criteria can be considered to determine where there are critical gaps in 
reaching at-risk communities in downstream flood areas. 

3.3.6 Community-Based Planning 

Community-based planning and exercises provide citizens with the opportunity to discuss 
and plan for local issues together with government agencies and NGOs, strengthening local 
capacity and raising awareness of hazards and their consequences and actions to reduce 
impacts from these hazards. 

Community Based DRM is now specifically included in Viet Nam legislation in the Law on 
Natural Disaster Prevention and Control (2013). Often Community Based DRM programs 
and training are delivered locally by NGOs as part of specifically funded projects. In Viet Nam 
one such project is the National Community Based DRM ‘Project 1002’ program targeting 
6000 communes (Viet Nam Government, 2009). This program is being delivered by agencies 
such as Red Cross and Oxfam 

These guidelines may in the future be applied in locations which are included in initiatives 
such as Project 1002. If this is the case, the DRM assessment and improvement activities 
should be undertaken in a cooperative and complementary way with existing initiatives to 
gain maximum benefit for both projects and to prevent inconsistent plans and activities being 
undertaken. If these guidelines are applied for locations and communities not included in 
current CBDRM initiatives, engagement of partners with experience of CBDRM project 
delivery in other locations within Viet Nam is recommended to provide necessary local 
connections and to ensure planning is undertaken in Vietnamese and with appropriate 
cultural context. 
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Planning for infrequent, high consequence events such as dam failure or large spillway 
releases can be difficult because the scenarios are not familiar or within the experience of 
local citizens. For these types of low probability – high consequence events, examples of 
CBDRM planning for different types of hazards can provide useful methodologies for 
community engagement, planning and exercise activities. There are opportunities for 
adapting community CBDRM methodologies that have been successfully applied in other 
countries. 

These methodologies have been successfully applied in different cultural settings, with 
appropriate adaptation. The methodology involves using appropriate maps of at-risk zones, 
discussing key concepts of hazard, warnings evacuation and safety, and allows communities 
to personalise the maps and designate locations for signs and public education materials. 
These past projects have also included physical evacuation drills and assessment of these 
drills (Wright et al., 2011). These methods could be adapted for use in Viet Nam. The 
hazards can be different from location to location but the principals are the same: share 
hazard information with local communities and develop appropriate plans and education 
materials together. An illustration of this principle is provided in Figure 3.5. 

 
Figure 3.6 An example of community based DRM evacuation planning. (a) Hazard identification; (b) Public 
education regarding hazards; (c) Community input using local knowledge; (d) Locally appropriate action plans and 
maps. (images b and d from Climate and Knowledge Development Network, 2012). 
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3.3.7 Develop Recommendations 

It is important that best practice is considered in the legislative and socio-economic context 
of Viet Nam. For example, best practice is not equivalent to the most expensive, high-tech 
solutions, as these are not likely to be affordable for either establishment or on-going support 
and maintenance. Best practice refers to those solutions, plans and practices that will 
achieve disaster risk reduction objectives that are economically, environmentally, socially 
and culturally appropriate for Viet Nam communities and participating agencies. 

It is necessary to include local organisation and agencies (government and non-government) 
and citizens in assessments prior to making recommendations for improvements in any 
processes or plans. The UNISDR has provided guidelines for flood risk management which 
provide a good framework for developing appropriate planning and practice to reduce flood 
losses (UNISDR, 2004). Examples of effective programmes and potential opportunities are 
outlined in the most recent reports on Vietnam’s DRM status (UNDP, 2015). 

3.3.8 Implementation 

An implementation plan should be developed outlining a work plan for training, updating of 
Sops and plans, evaluating communications and warning systems, community based DRM 
activities and upgrading and methods or technologies. 

Because staff or funding resources are required for these tasks, budgets must be assigned 
to each part of the implementation plan and realistic timelines agreed. Extra resources may 
need to be sought to ensure capability and capacity is increased to meet the tasks in the 
implementation plan. A process of gap or issue prioritisation should be conducted at the 
provincial level with input from district and commune officials to ensure that highest priority 
tasks are addressed first in the plan. 

3.3.9 Monitoring and Reporting 

The effectiveness of disaster risk management improvements can be difficult to measure for 
individual events as these measurable events may be infrequent and it can also be difficult to 
determine whether impacts have reduced because of specific plans or policies. This is 
because an emergency has many variables that can influence the consequences, such as: 
the location affected, warning times, time of day, time of year, whether dams are already 
near capacity, changes in direction of weather systems etc. 

However, there are elements that are known to be effective in long-term capacity building 
and risk reduction that can be measured. Which includes, for example: 

 Assessments of locally available documents described in the Intermediate and Detailed 
methodologies sections of this report can identify development of plans, policies, 
guidelines and legislation for DRM; 

 Exercises and drills can be carried out and repeated, with the results compared with 
previous exercises to track improvements; 

 The number and quality of community based and organisational DRM plans can be 
tracked to determine the involvement of citizens in local planning; 

 Training delivered to government officials for DRM activities can be recorded, 
assessed, and tracked; 
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 The installation of new technologies or the upgrade of existing systems can be 
recorded; 

 Funding received for DRM projects from government and non-government sources can 
be recorded; and/or 

 Surveys of citizens and members of organisations/agencies to gauge understanding 
hazards, risks and preparedness levels can be undertaken periodically (perhaps 
annually) and improvements recorded. 

To facilitate monitoring the effectiveness of the implementation of DRM initiatives it is 
recommended that DRM plans identify potential SMART (specific, measurable, achievable, 
relevant, and timely) enhancements to DRM capabilities, competencies, and outcomes. Such 
DRM plans should be developed at community, local/district, provincial and organisational 
levels, linking to the contexts, needs and expectations. Given the resourcing realities of Viet 
Nam, it is likely that district or provincial DRM plans, covering constituent communities, would 
be achievable in the first instance. Specific enhancements, such as enhanced hazard 
mapping, improved early warning systems, response plans and capability development, 
evacuation maps, recovery plans, exercises, etc., should be included in the holistic DRM plan. 

The plan should include how the various initiatives it contains will be monitored and 
evaluated, reported on regularly, and reviewed at least every five years as part of the 5 
yearly review of community, district and provincial development plans. 

Templates for recording such information are already in use by international agencies such 
as the Center for Excellence in Disaster Management & Humanitarian Assistance (2012) and 
the World Bank (2011). However, these monitoring frameworks often do not extend down to 
commune level information. Province level NGOs also collect DRM capacity data, however 
not all provinces and districts in Viet Nam have NGO offices and their programs are usually 
based on specifically targeted funding. Local organisations such as Viet Nam university 
departments specialising in DRM studies could provide a useful resource for developing 
monitoring frameworks and collecting data on behalf of government agencies although this 
would involve the development of field studies programs in DRM capability and capacity 
assessments. 
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3.4 SUMMARY 

Guidelines for undertaking Intermediate and Detailed level assessments of DRM capacity 
and capability have been outlined.  

An example application of an Intermediate level assessment process is outlined in the Case 
Study (DDCSI,2015) which accompanies this Guideline.  

The key components of an effective DRM process and resultant plan are: 

1. Context Appreciation 

2. Hazard and Vulnerability Analysis 

3. Current Capability Assessment 

4. Gap and Opportunity Analysis 

5. DRM Recommendations and Actions 

6. Monitoring and Evaluation 

Although, adequate expertise in DRM theory and practice is required to apply these 
guidelines, local input is essential to ensure the correct interests, organisations, agencies are 
included in the assessment process and appropriate methods are applied during information 
seeking, consultation and evaluation. A good DRM plan and training program will provide for 
and enable local organisations to conduct future DRM work without external support, through 
the transfer of knowledge and education included in initial DRM programmes. 

Recommendations arising from the assessment should be appropriate and achievable within 
the political, social and environmental context of the study area under consideration and, 
wherever possible, included in a comprehensive DRM plan for the organisation, catchment or 
geopolitical area that the DRM assessment covers. 
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A1.0 APPENDIX A: GUIDANCE FOR DEVELOPMENT OF OPERATION AND 
MAINTENANCE PLAN 

 See separate file at end of document. 
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A2.0 APPENDIX B: GUIDANCE FOR DEVELOPMENT OF EMERGENCY 
PREPAREDNESS PLAN 

 See separate file at end of document. 
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A3.0 APPENDIX C: SUGGESTED DRM ASSESSMENT QUESTIONS 

Risk Awareness: 

1. What are the major hazards for your organisation/community? 

2. What major hazards has your organisation or community experienced recently and 
what impact have they had on what you do now? 

3. What provisions are made in land-use or development management plans in relation to 
hazard and risk management? 

4. Does your organisation have hazard and consequence maps in relation to high-priority 
hazards in your area? 

5. Do current and planned developments take high-priority hazards into account in their 
planning, design, construction or use? 

6. How does your community/organisation take high-priority hazards into account in day 
to day activities? 

Communication, Coordination and Warning: 

7. What technologies or processes do you use to communicate with other agencies? 
Are they reliable? 

8. How effectively does communication work up and down between DRM partners? 

9. What technologies or processes do you use to communicate with community 
members/partner organisations in normal situation and emergencies? How reliable are 
these means of communication during emergencies? 

10. Describe the emergency warning systems that your community/organisation uses. 

11. How effective are your warning systems and how might they be improved? 

12. What is the content of warning messages? What information regarding the threat and 
the action required is included in messages? 

13. What sort of monitoring systems are currently used to predict flooding events? 

14. Do you have sufficient local information (about inflows and weather systems upstream) 
to make timely decisions in relation to dam operations? 

Preparedness: 

15. What sort of response training is provided or sought within your community/organisation? 

16. What emergency plans or operating procedures do you use? Who writes these and 
how often are they updated? 

17. Does your organisation undertake response exercises or drills? If so, how often and how? 

18. How are citizens/partner organisations involved in planning and response? 

19. Who do you talk to in other agencies and organisations? Specifically which 
representatives are the key contacts for this type of information? 

20. How do people know where and when to evacuate from and to – are the locations of 
shelters or evacuation routes advised in public alerting messages? 

21. What preparedness or response training have people in your organisation had in the 
past 12 months, 2 years, 5 years? 

22. How are people with disabilities, the old and young, people with dependents, people in 
high-risk areas, visitors to the area, etc., taken into account in response planning? 
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Response: 

23. Who decides when to release water from the dam? 

24. Where are responses your organisation involved in coordinated from? Is a specific 
operations centre activated during responses? 

25. How do you use flood or evacuation maps for your planning and responses? How are 
these shared with communes or with at-risk citizens? 

26. How have processes worked during real flood events? Were there any problems with 
communications or activities? 

27. What is the role of non-government agencies? 

28. Are you able to request and receive emergency response resources from higher 
levels? How does this happen? 

29. How do vulnerable people receive assistance during evacuation? 

Recovery / Reconstruction: 

30. What plans does your organisation have for recovery and reconstruction after a major 
hazard event? 

31. Do your recovery plans include opportunities or requirements to reduce the impact of 
similar future events? 

32. What disaster recovery or reconstruction plans or capabilities are you aware of at 
higher levels of government? 
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1.0 INTRODUCTION 

1.1 PURPOSE OF THIS DOCUMENT 

This appendix provides guidance for preparing or reviewing an Operations and Maintenance 
(O&M) plan for a dam. 

The O&M plan is described by the World Bank Procedure BP 4.37 as a “detailed plan that 
covers the organisational structure, staffing, technical expertise, and training requirements; 
equipment and facilities needed to operate and maintain the dam; O&M procedures; and 
arrangements for funding O&M, including long-term maintenance and safety inspections.” 

The O&M Plan includes the dam and its appurtenant structures (e.g. the outlet canal or 
power pipe, surge tank, penstock). It also outlines regular operation and maintenance 
activities and the responsible parties. 

The content of the O&M plan should be appropriate to the size, complexity and downstream 
hazard posed by the dam. As a minimum it is suggested that: 

 Dams of National Importance and Large dams (refer to Chapter 6, Section 2.3 of these 
Guidelines) have a comprehensive O&M manual reviewed by independent experts and 
regularly maintained and updated. 

 Medium and Small dams (refer to Chapter 6, Section 2.3) have a O&M plan that is 
appropriate to the size, complexity and downstream damage potential if the dam were 
to fail. 

1.2 MAINTENANCE OF THE O&M PLAN 

The O&M plan must be updated to reflect actual conditions on site once construction is 
complete, and be reviewed and updated: 

 Prior to lake filling, on completion of the scheme: 

- The plan must reflect actual as-built conditions on site. 

- The failure modes assumed in the O&M plan and the other associated plans, will 
require review at project completion so that they include potential failure modes 
identified during construction. 

 When any significant change to the scheme occurs. 

 At intervals of 10 or 7 years (see below) 

 Following any ownership change. 

Periodic updating of the O&M plan is required: a) for large dams within a period of less than 
10 years from the previous appraisal; and b) for medium dams within a period of less than 7 
years from the previous appraisal (refer to Article 15 of Decree 72). 
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1.3 STRUCTURE OF THE O&M PLAN 

The Operation and Maintenance Plan should include: 

 A Project Description. 

 Operational requirements (roles and responsibilities, water management, operating 
procedures, flow restrictions etc.). 

 Maintenance requirements. 

 Surveillance requirements. 

 Maintenance and Testing of Flow Control Equipment. 

As well the Operation and Maintenance plan should include reference to Vietnamese 
legislative requirements, where appropriate. 

1.4 EXCLUSIONS 

This O&M Plan guideline does not include guideance on operation and maintenance of 
electrical generation and transmission plant. 

Further this Guideline does not address the issues associated with operation of a cascade of 
dams. Where there is a cascade of dams, coordination with upstream and downstream 
reservoirs, during release of extreme flood flows and generation plant operation, is 
necessary to achieve both optimisation of operation and safe management of water, in 
addition to the dam safety requirements included in this O&M Plan Guideline. 

1.5 REFERENCE DOCUMENTATION 

Vietnamese Regulation (Decree 2013/72/ND-CP) includes dam safety obligations for the 
dam owner during operation. For the life of any dam the developer/owner is responsible for 
ensuring appropriate measures are taken and sufficient resources provided for the safety of 
the dam. 

Dam projects receiving World Bank funding are required to comply with the dam safety 
safeguards framework which includes Vietnamese dam safety requirements and World 
Bank’s Operational Procedure OP4.37. This framework requires that an Operations and 
Maintenance Plan is prepared at the design stage and before reservoir impounding. 

The following some key reference documents used in preparation of this O&M Plan 
guidance. 

 Decree 2013/72/ND-CP on Dam Safety Management. 

 Regulation QCVN/04-05:2012. National technical regulation on hydraulic structures - 
the basic stipulation for design. 

 Decision No. 92/2001/QD-BNN cluster monitoring equipment for irrigation – regulation 
on the layout design 

 VNCOLD. (2012). Dam Safety Manual. Vietnam National Committee on Large Dams 
(VNCOLD) 

 World Bank Operational Procedure OP4.37 - Safety of Dams 

 World Bank Procedure BP4. 37 - Safety of Dams 
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2.0 PROJECT DESCRIPTION 

2.1 DESCRIPTION 

The description of the dam and reservoir should include the relevant items listed below: 

 The type and height of dam. 

 The stream / river it is on. 

 The type of spillway and any gates. 

 How water is conveyed to the irrigation area or generation plant (canal, power pipe, 
penstock and their materials e.g. concrete, clay lined, steel…etc.) and how long each 
section is. 

 Description of other appurtenant structures including silt traps, surge chamber 

 Type of generation plant. 

 Foundation materials. 

 How environmental flows will be passed (if required). 

 The position of the scheme in relation to other schemes, if it is part of a cascade. 

 Access routes. 

 What purpose the scheme has, e.g. flood control, irrigation, water supply, hydro power. 

The project statistics can be summarised in table form, as shown in Table 2.1. 
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Table 2.1 Project Statistics – Example Table*. 

Component* Details 

Catchment Area x km2 

Dam Type (e.g. concrete gravity, zoned earthfill) x m high 

Spillway crest level RL x m 

Spillway crest length x m 

Design floods Q100 = x m3/s 

Q500 = x m3/s 

Spillway Gates Type and number X x X m (dimensions) or free overflow (if 

ungated) 

Downstream energy dissipater e.g. Flip bucket and plunge pool 

Silt trap Length x m 

Width x m 

Sluice gate X x X m (dimensions) 

Outlet Canal or 

Power pipe 

Length  x km 

x m wide channel or Inside diameter x m 

Concrete surge 

tank 

Vertical height x m 

Internal diameter x m 

Steel penstock Length  x km 

Inside diameter x m 

Powerhouse Machines e.g. 2 identical Peltons 

Head x m 

Installed capacity x MW 

Tailrace x m wide channel  

Length x m 

* Example only – table is to be developed specifically for the dam and reservoir project. 
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2.2 DEFINITION OF A LARGE DAM UNDER VIETNAMESE REGULATIONS 

The O&M Plan states whether the dam is considered a large dam. Refer to Chapter 6, 
Section 2.3 of these Guidelines which illustrates the requirements in terms of dam height and 
reservoir volume for large, medium and small dams according to Decree 72.  

2.3 HAZARD CONTEXT 

A dam hazard is an issue or event that has the potential to impact on the safety of the dam 
and the consequences downstream that the dam might influence. See also Chapter 3, 
“Hazard identification” of these Guidelines for detail on identification of hazards appropriate 
to dams. 

A list of hazards relevant to a specific project should be included in the dam Operation and 
Maintenance Plan. 

Hazards associated with the operation and maintenance regime of dam and reservoir 
systems located upstream of the project must also be considered. 

2.4 COMMUNICATIONS 

The O&M Plan outlines methods of communication and contact lists for key people / 
organisations. 

Methods of communication include: 

 normal telephones, 

 mobile phone coverage, 

 satellite, 

 radio, etc. 

Contact numbers must include contact: 

 on site, 

 mobile phone, and 

 at home (for emergency). 

Contact lists must be updated regularly to ensure they remain accurate and are to include 
dam owner personnel and external parties, and their responsibilities. Examples of useful 
numbers are: 

 Dam owner: 

- The owner’s Responsible Manager: The Director or Senior Manager in the dam 
owner company with overall responsibility for dam safety and Operations and 
Maintenance. 

- Powerstation Operators (where there is a hydro-powerstation associated with the 
dam). 

- Duty Managers: The powerstation operator’s immediate manager (where there is a 
hydro-powerstation associated with the dam). 

- Surveillance Inspectors: Personnel trained in dam safety inspections. 
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- Dam Operators: Operator of dam equipment (gates, valves etc.). Often the 
caretaker of the site. 

- Other owner staff as appropriate. 

 People’s Committees / External Parties 

- Department of Flood Control and Prevention, including the District Army Vice - Head 

- Territorial Authorities 

- External parties (especially downstream who may be affected by flows downstream of 
the dam). 

- Any other parties. 

 Owner’s technical advisors. 

Refer to the Emergency Preparedness Plan for roles and procedures during Emergencies. 

2.5 ACCESS ROUTES – PRIMARY AND SECONDARY 

A site map showing the location and main access routes to all areas of the project (e.g. the 
dam, outlet canal, power pipe, penstock and powerhouse) should be included as an 
Appendix to the O&M plan. 

Access routes should identify: 

 Alternative routes in case of damage or blockage by earthquake or flood.  

 Type of vehicle required – car, 4WD, bicycle, motorbike, on foot, by boat or by 
helicopter in emergency circumstances if roads are impassable in usual vehicles. 
Overhead wires and landing areas must be identified where helicopter access is 
considered. 

 Estimated travel times on each route, using different vehicles / on foot. 

2.6 PUBLIC SAFETY 

Describe how the site is secured to prevent the public from areas where they could be 
harmed. This may include: 

 Gates, 

 Fences, and 

 Warning signs located on access roads, tracks, around project structures, including the 
tailrace banks. 

 Provision of life rings at intake and tailrace. 

 Booms upstream of the intake to prevent public access by boat. 

 Sirens activated at the intake and power station when flow conditions change. 
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2.7 SITE SECURITY 

2.7.1 Site Demarcation 

Government Decree 72 states that the dam owner must demarcate the extent of the area 
surrounding the dam that contributes to protection of the dam (Article 17), with reference to 
the size and importance of dams and also other relevant regulations and law. 

Land boundaries should be marked on a drawing and included in the Appendix. It is the area 
required for protection of the structures, and to allow maintenance and emergency works to 
be conducted if required. Examples include: 

 the protection area to 300, 100 and 50 m from the base of the dam outwards for large, 
medium and small dams respectively, 

 the prohibited area to 200, 40, and 20 m from the base of the dam outwards for large, 
medium and small dams respectively, 

 10m either side of the length of the outlet canal or powerpipe, 

 a 50m zone around the surge chamber, 

 a 50m zone either side of the length of the penstocks, 

 the vicinity of the powerhouse and all generation and transmission equipment, and 

 access to all these areas. 

Demarcation and management of the reservoir area to protect the project will be the 
responsibility of the Chairman of the Provincial People’s Committee (Article 17 Section 4).  

2.7.2 Security Plan 

Government Decree 72 requires that the dam protection plan must be prepared (Article 18): 

In compliance with the Ordinance on exploitation and protection of irrigation works as well as 
other relevant legal provisions. Based on scale, geographical location and importance of 
dams in terms of national defence, economies and local security conditions. 

It will include at least Include: 

 regular protection, prevention of damages and violations, prevention of destructive 
conspiracy towards dams, 

 Organisation of patrols and guarding activities at dams when heavy rains or floods 
occur, 

 Management of people (visitors, workers, tourists) to the site, 

 Emergency Action Plans. 

 Regulations on the limits / prohibition of heavy vehicles travelling on the crest road, 
particularly during rainy and flood seasons, and 

 Other issues that relate to protection of the dam. 

Where the dam and/or powerhouse are to be manned 24 hours, operators can maintain 
contact hourly to confirm satisfactory security conditions exist at each location. This is also a 
Health and Safety consideration for the site staff. 
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3.0 OPERATION 

3.1 ROLES AND RESPONSIBILITIES 

3.1.1 Legislative Requirements 

Government Decree 72 requires the dam owner to “select qualified dam managers in 
compliance with the regulations of the Ministry of Agriculture and Rural Development and the 
Ministry of Industry and Trade. (Article 9 Clause 1).” 

3.1.2 Management Structure 

The internal management structure of the owner organisation should be described or 
illustrated in a diagram, with the responsibility for dam safety during construction and during 
operation (as appropriate) clearly identified. 

During scheme operation, responsibility for the following must be clearly allocated:  

 dam security management, 

 emergency preparedness, 

 asset management, 

 dam surveillance, and 

 flood management. 

Refer also to Section 2.4 “Communications” of this Appendix. 

3.1.3 Site Staff – Skills and Training 

Operation, inspection and maintenance of all aspects of the plant is to be undertaken by 
suitably qualified staff. 

Training requirements related to operations of electrical and mechanical plant (excluding 
generation and transmission related equipment) is set out in Section 6.2 herein. 

Surveillance inspections are to be conducted by staff trained in dam safety inspections. Refer 
to Section 5.1.5 herein for details. 

Surveillance data assessments and dam safety decisions are required from qualified 
engineers experienced in dam safety management. 

Training of staff is very important to achieve successful implementation of the O&M plan. 
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3.2 WATER MANAGEMENT / OPERATING PROCEDURES 

3.2.1 Legislative requirements 

Government Decree 72 requires the owner to prepare and submit operating procedures of 
reservoirs, to the authorised government agency before filling or by 31/12/2015 for existing 
dams: 

The procedures have to fully meet the required tasks of works with the following priorities: 
ensuring dam safety; safety for downstream communities, maintenance of minimum flow in 
normal conditions and not increasing flood levels downstream while complying with operating 
procedures of reservoirs in cascade. 

Discharges under various operating conditions are outlined in the following sections. They 
should be defined for all expected conditions. 

3.2.2 Normal Operations 

Normal operations are defined as: those that can be expected throughout much of the life of 
the facility and might also be defined as routine conditions (CADAM, 2007). 

Normal operating procedures should include: 

 Operating roles and responsibilities of staff; 

 Procedures for flow control equipment operation, including local control, remote or 
automatic control, alarms, staged gate opening, notifications or warnings for the 
downstream area, and other physical or procedural safeguards; 

 Discharge upper and lower limits; 

 Staffing requirements and time required to complete system operations; 

 Communication protocols with stakeholders; 

 Procedures to ensure gates are operational during floods, including debris handling 
(boom installation, debris removal and contingency plans). 

Operating procedure requirements for the flood season are described in the following sections. 

3.2.3 Flood or Drought Operations 

Flood operating rules should be defined and specific. Where relevant, they should be 
integrated with operating rules for a cascade of stations in order to safely pass floods through 
the cascade of dams, making best use of storage and early warning for downstream 
stakeholders. The operating rules should be able to be applied even if communications are 
lost due to storm conditions. 

Government Decree 72 (Article 19) requires the activities listed in Table 3.1 for safe dam 
operation during the flood season. 

The dam owner is also expected to undertake inspections annually both before and after the 
flood season (refer Section 5.3). 
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Table 3.1 Activities for flood operations. 

Flood Management Review -

Schedule 
Activity Agencies Involved 

Annually before flood season 

Prepare flood and storm protection plans to 

ensure dam safety and alternatives that may 

be required to protect the downstream area. 

Dam Owner Dam Manager 

in close coordination with 

Steering Committees of 

Flood and Storm Control 

under various Ministries, 

Departments and Local 

Authorities. 

Annually at the conclusion of the 

flood season 

To learn from experiences on implementing 

flood and storm control activities and to 

propose amendments where any 

shortcomings in flood or storm management 

procedures have been found. 

3.2.4 Unusual Operations 

Unusual operations are defined as: deviations from routine, including changes in operations 
required because of flow control equipment failure, debris blockage or seismic events 
(CADAM, 2007). 

Plans outlining flow control procedures, contingencies and discharges during unusual 
conditions should consider: 

 Early warning systems to indicate development of an unusual event. 

 Inoperability due to power loss. 

 Failure to operate – gates, control system, water level gauging etc. 

 Blockage. 

 Upstream landslide dam or structure failure. 

 Management of rapid drawdown and consideration of rate of drawdown on stability of 
the dam and reservoir banks (in the case of embankment, abutment or foundation 
failure, turbid seepage, also embankment slumping, etc.). 

 Access issues (refer also Section 2.5 Access Routes, herein.). 

 Other forseeable unusual events. 

Early warning systems and pre-planning for unusual events can prevent them becoming 
emergency events. This is the subject of the Emergency Preparedness Plan (see Chapter 6, 
Appendix B of these Guidelines for information on preparation of Emergency Preparedness 
Plans (EPPs). 

The Emergency Preparedness Plan includes identification of areas downstream that may be 
inundated by operations in the form of inundation maps, and internal and external 
communication contact flowcharts. 

 

 



Dam and Downstream Community Safety Initiative – November 2015 

 

12 Guidelines, Chapter 6 – Dam Safety and Disaster Risk Management, Appendix A 
 

3.2.5 Emergency Operations 

Emergency operations apply to: events that might lead to dam failure if action is not taken 
and could include extreme floods, seismic events, failure of a dam component, or equipment 
failure (CADAM, 2007). 

The O&M plan should reference the EPP and provide procedures for emergency operations. 
Refer also to the Chapter 6, Appendix B of these Guidelines for guidance on preparation of 
Emergency Preparedness Plans (EPPs). 

Operating rules defining safe discharge rates for both downstream and dam / reservoir 
stability must be documented, along with emergency contact lists for the owner organisation 
and external stakeholders. Refer also to Section 2.4 Communications, herein. 

3.2.6 Cascade System Implications 

Where the dam project is part of a cascade of dams, coordination with upstream and 
downstream dams and electrical generation plant (if such plant exists), to achieve both 
optimisation of operation and safe management of water, particularly during floods, will be 
necessary. 

3.2.7 Records (logs) 

Records should be kept of operations, with date, time, operator, change made, inflow, 
discharge etc. Any malfunctions must be recorded and processes for remedial actions 
defined. 

3.3 FLOW CONTROL 

Flow control system operation must be well documented. This should include: 

 Flow control system operations.  

 Manufacturers information, design reports, installation reports. 

 Water level gauge operation. 

 SCADA1 and alarms (if applicable). 

 Calibration, maintenance and repair. 

 Early warning systems. 

 Emergency power supplies. 

Refer also to Section 6 Maintenance and Testing of Flow Control Equipment, herein. 

                                                 
1 The automated control system commonly adopted for hydropower schemes is Supervisory Control and Data 

Acquisition (SCADA). 
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4.0 MAINTENANCE 

4.1 LEGISLATIVE REQUIREMENTS 

Government Decree 72 requires that: dam owners or dam managers have to conduct regular 
maintenance and repair for items of works and devices in compliance with stipulated 
procedures and annual maintenance plans. This is required to ensure: 

 reliable and safe operation, 

 access for inspection, 

 early detection of deterioration, and 

 to allow rehabilitation to be carried out in a timely manner to ensure all plant is kept in 
good condition. 

4.2 MAINTENANCE PROGRAMMES 

Safe operation, operational availability and the integrity of the dam and appurtenant 
structures is dependent upon a sound maintenance programme. This is particularly true of 
mechanical and electrical plant that contributes to the control of the reservoir and safe 
passage for flow past the dam. Civil structures, such as the dam itself and its appurtenant 
structures, spillway and penstocks etc. require more attention to maintenance as they age. 
However, well maintained structures, plant and equipment needs to be in the best condition 
to resist changing conditions and unpredictable potentially damaging events such as floods 
and earthquakes. 

Maintenance refers to regular actions and does not include addressing dam safety issues. 
Maintenance issues do not infer that the contents of the reservoir are at immediate risk. 

Maintenance programmes identify components of the dam and appurtenant structures 
requiring maintenance, also schedule maintenance activities and record what is done when 
and by whom. 

Routine maintenance is that which can typically be scheduled on the basis of time (weekly, 
monthly, etc.), usage (number of cycles hours of operation, etc.) or observed condition from 
periodic visual inspections that identify excessive wear, corrosion etc. Routine maintenance 
may range from simple change of lubricants to a complete overhaul. 

The O&M Plan shall contain a regular maintenance programme. The frequency of 
maintenance shall be determined by the project designer. An example overview of a regular 
maintenance programme is shown in Table 4.1. 

 

 

 

 



Dam and Downstream Community Safety Initiative – November 2015 

 

14 Guidelines, Chapter 6 – Dam Safety and Disaster Risk Management, Appendix A 
 

Table 4.1 Example of Regular Maintenance Programme. 

Maintenance Location Activity Frequency 

Concrete / Embankment / Rockfill 

Dam; Headrace canal 

Maintenance inspection Monthly 

Concrete Spillway Maintenance inspection Monthly 

Spillway gate and lifting 

mechanism 

Maintenance inspection Monthly 

Concrete / Steel Power Pipe 

(buried or above ground) 

Maintenance inspection 

Clearing access track drainage 

Vegetation control 

Internal inspection by remote camera (for 

buried pipe) 

Monthly 

Monthly 

Monthly 

If the monthly inspection 

above indicated possible 

damage  

or 

After 15 years operation 

Surge tank (concrete or steel) Maintenance inspection Monthly 

Penstock (concrete or steel) Maintenance inspection 

Clearing penstock drainage 

Vegetation control 

Internal inspection by remote camera 

Monthly 

Monthly 

Monthly 

If the monthly inspection 

above indicated possible 

damage  

or 

After 15 years operation 

Powerhouse Structure Maintenance inspection Monthly 

Tailrace Maintenance inspection Monthly 

Access roads and miscellaneous 

buildings 

Maintenance inspection 

Drainage channel and culvert watercourse 

clearing 

Monthly 

Monthly 

Emergency maintenance Maintenance required after an event such as 

a flood, typhoon, earthquake 

As required 

Intake gate, 

Low level outlet, 

Diversion gate, 

De-silting chamber outlet, 

Penstock valve, 

Bulkheads for maintaining gates 

Electrical and Mechanical Maintenance, 

Inspection and Testing 

Daily, Weekly, Monthly, 

Annually, 5 yearly, 7-yearly 

(refer to Section 6.5 of this 

Appendix) 
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In some cases the maintenance inspection programme can be carried out at the same time 
as the dam safety surveillance inspections. 

Example maintenance management procedures are listed below: 

 Example checksheets for safety and maintenance inspections of various components 
of a project are included in Annex A1. 

 An example flowchart illustrating what to do if maintenance and / or dam safety issues 
are identified is included in Annex A2. 

 Maintenance relating to flow control equipment is covered separately in Section 6 of 
this guideline. 

Even with an effective preventative maintenance programme, there is a need to be prepared 
for emergency maintenance. This might include having critical spare parts, tools, equipment 
and trained competent staff available in the event of an emergency. 

Maintenance for structures is described in Sections 4. 

Electrical and mechanical maintenance is described in Section 6. 

Instrument maintenance is not covered in these Guidelines but should also be included in a 
regular maintenance programme. 

4.3 MAINTENANCE SCHEDULE AND FILING OF INSPECTION REPORTS 

An inspection schedule should be developed based on regular inspections of all structures. 

A record of the inspections should be maintained along with a record (structure by structure) 
of maintenance needs identified during the inspection. 

Following each inspection, the inspection record should be assessed by a maintenance 
supervisor for organising the appropriate maintenance activity. 

Records of all maintenance activities are to be kept to provide a cross reference with the 
initial maintenance inspection recommendation. 

4.4 TYPICAL MAINTENANCE REQUIREMENTS 

The following sections provide guidance on typical maintenance needs for a number of 
structures associated with dams. Use this information as guidance material when preparing 
site specific maintenance requirements for a dam and its appurtenant structures. 
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4.4.1 Embankment Dam and Earth Lined Canal 

The maintenance needs of an embankment dam, or a canal constructed from embankment 
materials, are identified by visual inspection of its outside surfaces. The following is evidence 
of maintenance need: 

 Inappropriate vegetation growth - grass helps prevent erosion, but trees and large plants 
should be prevented from growing on a dam face or within 5 m of the dam. They can: 

- Fall over and displace a large amount of soil and initiate a dam breach 

- Have root systems, which can provide potential piping connection to the reservoir. 

- Blow down and block the spillway. 

- Prevent adequate visual inspections. 

 Damage from animals or people – rutting, vegetation removal, burrows etc. that could 
lead to erosion of the dam face or create a possible piping connection to the reservoir. 

 Dessication cracking – especially in dry weather; cracks can form and provide entry 
points for water during the wet season, and possibly lead to slope instability or piping 
failure if the reservoir is at a very high level. Desiccation cracks should be back filled 
with appropriate materials (determined by a suitably qualified dam engineer). 

 Insufficient riprap coverage or erosion concern – breakdown of riprap or lack of 
sufficient riprap coverage can expose the dam upstream face / canal banks and leave 
them unprotected. Maintenance of riprap coverage is required. 

 Drainage channels – keep clear to control runoff from crest and in groins. 

 Uncontrolled seepage. 

Routine maintenance inspections at least monthly are appropriate to identify any 
maintenance needs and to assess an appropriate maintenance response. 

4.4.2 Concrete Dam and Concrete Lined Canal 

The maintenance needs of a concrete dam or a concrete lined canal are identified by visual 
inspection of its outside surfaces. The following is evidence of maintenance need: 

 Uncontrolled seepage from foundations and abutments, 

 Drain obstructed by accumulated debris, in need of cleaning, 

 Cracking, 

 Spalling 

 Seepage locations 

 “Boney” concrete 

 Erosion 

 Displacement at joints 

 Block displacement 

 Vegetation growing in concrete joints 

 Damage/corrosion to non-structural items such as trench covers, handrails, upstands, 
embedded items, etc. 

 Expansion and cracking of concrete, associated with the alkali aggregate reaction 
(AAR) process. 
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 Routine maintenance needs of electrical and mechanical plant associated with the dam 
(see Section 6). 

Routine maintenance inspections at least monthly are appropriate to identify any 
maintenance needs and to assess an appropriate maintenance response. 

4.4.3 Rockfill Dam 

The maintenance needs of a rockfill dam are similar to an embankment dam and are 
identified by visual inspection of its outside surfaces. The following is evidence of 
maintenance need: 

 Inappropriate vegetation growth (see embankment dam above). 

 Insufficient rockfill coverage / break down of rockfill (see embankment dam above). 

 Upstream lining – cracking in concrete facing / tearing or crimping of a flexible lining 
requiring repair. 

 Maintenance of protective layer over a flexible lining. 

Routine maintenance inspections at least monthly are appropriate to identify any 
maintenance needs and to assess an appropriate maintenance response. 

4.4.4 Concrete Spillway 

The maintenance needs of a concrete spillway are the same as for a concrete dam, with the 
addition of the need to consider the issues that impact water passage through the spillway. 
These are identified by visual inspection of the spillway water course. 

The following is evidence of a maintenance need: 

 Debris accumulating upstream of the spillway that may block the flow. 

 Eroded concrete on the water face (typically from transported gravel). 

 Erosion of the plunge pool and river channel downstream of the dam. 

 Cavitation damage on the spillway surface from high velocity flow 

 Evidence of poor condition of joints and/or foundations. 

 Debris accumulating in the energy dissipater that adversely impacts on water flow. 

 Vegetation growing in concrete joints. 

 Expansion and cracking of concrete associated with the alkali aggregate reaction 
(AAR) process. 

 Damage to and obscuring of water level staff gauge requiring it to be cleaned. 

 Unsatisfactory condition of drainage systems. 

Routine maintenance inspections at least monthly are appropriate to identify any 
maintenance needs and to assess an appropriate maintenance response. 
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4.4.5 Silt Trap 

A silt trap provides a settlement regime for reservoir water before entering the off-take canal 
to the irrigation network or power pipe to the power station. 

Maintenance is required to provide the operational function of a silt trap. The following is 
evidence of a maintenance need: 

 Debris (floating and submerged) accumulating in the silt trap channel. 

 Excess accumulation of silt in the silt trap. 

 Damage to the concrete surfaces, including joints. 

 Damage to the foundations/ ground supporting the silt trap. 

 Vegetation growing in concrete joints. 

 Expansion and cracking of concrete associated with the alkali aggregate reaction 
(AAR) process. 

 Routine maintenance needs of electrical and mechanical plant associated with the silt 
trap. (See Section 6). 

4.4.6 Outlet Canal 

The offtake canal may be lined or unlined depending on the design. The maintenance needs 
of an outlet canal are similar to that of an embankment dam and are identified by visual 
inspection of its outside surfaces. Evidence of maintenance need has been described 
previously in Section 4.4.2 for an unlined outlet canal. 

For a lined outlet canal the following is indication of a maintenance need of the lining: 

 Exposed lining – cracking in concrete facing / tearing or crimping of a flexible lining 
requiring repair. 

 Vegetation growing in concrete joints. 

 Expansion and cracking of concrete associated with the alkali aggregate reaction 
(AAR) process. 

 Damage to and obscuring of water level staff gauge requiring it to be cleaned. 

 Maintenance of protective layer over a flexible lining. 

 Stability issues with outer slopes on fill sections. 

Routine maintenance inspections at least monthly are appropriate to identify any 
maintenance needs and to assess an appropriate maintenance response. 

4.4.7 Concrete Power Pipe 

A concrete power pipe may be buried or above ground, depending on terrain. Where the pipe 
is above ground, inspection requirements are similar to penstocks (refer below). 

If it is buried, its outer surface cannot be inspected. In this case, the dam surveillance plan 
provides for visual monitoring along its alignment for leaks and ground displacement that 
may indicate a concern for the integrity of the power pipe. 

If an internal inspection is required, the pipe would be drained. Any internal inspection of a 
pipe would be carried out by remote camera equipment in the first instance, as Health and 
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Safety issues exist for people entering the pipe (e.g. air supply). This would be done if a 
surveillance inspection indicated that the power pipe may be damaged. 

In the absence of any suspected damage to the power pipe, an internal inspection would not 
be considered necessary within the first 15 years after construction. Internal damage is likely 
to be as a result of: 

 Erosion by sediment carried in the water and/or physical damage at joints. 

 Movement of pipes resulting in leakage from pipe joints or cracks in the pipe (e.g. 
settlement). 

 Potential settlement and offsets 

Where the pipe is above ground, significant damage would be evident from external 
inspection, and inspection concerns are similar to penstocks – refer below. 

4.4.8 Concrete or Steel Surge Tank 

The following is evidence of a maintenance need for a concrete or steel surge tank: 

 Debris (floating and submerged) accumulating in the surge chamber. 

 Leakage at joints or at foundation. 

 Damage to the concrete surfaces, including joints (concrete only). 

 Damage and corrosion of the outside steel surface (steel only). 

 Damage (by rainfall runoff, slumping, depressions etc.), to the foundations / ground 
supporting the surge chamber. 

 Excess accumulation of silt in the bottom of the surge chamber. 

 Vegetation growing in concrete joints (concrete only). 

 Expansion and cracking associated with the alkali aggregate reaction (AAR) process 
(concrete only). 

 Routine maintenance needs of electrical and mechanical plant associated with the 
surge chamber. 

4.4.9 Concrete or Steel Penstock / Powerpipe 

A concrete or steel penstock / powerpipe is likely to be supported on concrete pedestals. The 
following is evidence of a maintenance need: 

 Damage and corrosion of the outside steel surface (steel only). 

 Damage to the concrete surfaces, including joints (concrete only). 

 Vegetation growing in concrete joints (concrete only). 

 Damage to the pipe or pedestals, including expansion and cracking associated with the 
alkali aggregate reaction (AAR) process (concrete only). 

 Damage and accumulated debris at the pedestal supports to the penstock. 

 Damage (by rainfall runoff, slumping, depressions etc.) to the foundations/ground 
supporting the pipeline pedestals. 

 Excessive vegetation along the penstock / powerpipe line preventing ready inspection 
of the pipeline and pedestals. 
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 Routine maintenance needs of electrical and mechanical plant associated with the 
penstock (e.g. the isolation valve at the top of the penstock). 

 Differential movement of construction joints or pedestals 

Any internal inspection would be carried out by remote camera equipment in the first 
instance. Internal damage is most likely to be a result of erosion by sediment carried in the 
water and/or physical damage at joints. In the absence of any suspected damage to the 
penstock an internal inspection would not be considered necessary within the first 15 years 
after construction. 

4.4.10 Powerhouse Structure 

The powerhouse should be considered as a typical building structure and maintained 
accordingly. The following is evidence of a maintenance need: 

 Damage and corrosion of structural and non-structural components of the structure. 

 Accumulated debris that may hide or encourage corrosion of adjacent materials. 

 Damage (by rainfall runoff, slumping, depressions etc.) to the foundations/ ground 
surface adjacent to the powerhouse. 

 Routine maintenance needs of electrical and mechanical plant associated with the 
power station. 

 Excessive vegetation adjacent to the powerhouse preventing ready inspection of the 
building. 

 Settlement of the structure and cracking 

4.4.11 Tailrace 

The following is evidence of a maintenance need for a typical tailrace: 

 Debris (floating and submerged) accumulating in the tailrace. 

 Damage to the concrete surfaces, including at joints (for tailrace walls). 

 Damage or settlement cracking to the foundations/ ground supporting the tailrace walls. 

 Vegetation growing in concrete joints of the wing walls. 

 Damage to the river profile immediately downstream of the tailrace (including 
slips/slumping of the river bank or erosion of the riverbed likely to lead to undermining 
of the concrete channel section). 

4.4.12 Access Roads and Miscellaneous Buildings 

All access roads should be adequately maintained to preserve a suitable running surface 
with drainage control measures to direct runoff away from the road and into established 
watercourses. Drainage channels and culverts under the road should be maintained clear at 
all times and the water courses clear for free flowing conditions. 

Miscellaneous buildings should be maintained to a safe, secure and functional standard. 
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5.0 SURVEILLANCE 

5.1 PURPOSE OF SURVEILLANCE 

5.1.1 Background 

The most important activities in a dam surveillance programme are the frequent and regular 
inspections for abnormalities or deterioration in conditions and the collection, recording, 
analysis and evaluation of monitoring data. The frequency of inspections and recording 
monitoring data varies according to the task and the downstream hazard potential of the 
dam. Special inspections will be required after unusual events such as earthquakes, major 
floods, rapid drawdown or volcanic activity. 

Surveillance including visual inspections and instrument monitoring is a method for checking 
whether a dam and its appurtenant structures are performing satisfactorily. 

The Surveillance Plan references the Emergency Preparedness Plan where appropriate, for 
the management of emergency events. 

5.1.2 Objective 

The goal of surveillance is to confirm ongoing safe performance or to identify changes from 
usual performance so that corrective actions can be taken before a catastrophic failure 
occurs. 

Effective surveillance, along with proper operation and maintenance of a dam, provides 
protection for the owner and the general public. 

5.1.3 Legislative Requirements 

Surveillance is a requirement under Government Decree 72 (Articles 11 and 12). 

5.1.4 Benefits of Surveillance 

Surveillance is carried out in order to: 

 Compile an accurate history of observations relevant to the assessment of dam safety. 

 Allow the safety performance of the dam to be regularly assessed and reported. 

 Facilitate the early detection and reporting of potential deficiencies or adverse trends, 
and the monitoring of consequential responses and their outcomes. 

 Fulfil legislative and regulatory requirements. 

Surveillance references potential failure modes identified for the particular dam and 
appurtenant structures. For each of the potential failure modes, examples of anomalous 
behaviour are identified that may indicate the presence of the failure mechanism. The focus 
of surveillance is on observing and recording observations that could indicate development of 
a situation that could lead to failure. This allows actions to be taken to prevent failure. 
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5.1.5 Personnel 

Surveillance is carried out by personnel who have either: 

 Satisfactorily completed training relating to dam surveillance provided by suitably 
experienced dam engineers within the previous 5 years, or 

 Been briefed by a person meeting the criteria above, or 

 Been briefed by a suitably experienced dam engineer. 

Recognising ‘normal’ conditions requires the development of familiarity with expected 
conditions of dam features under prevailing weather, seasonal changes and dam water level 
conditions. This is only achieved with an experience of multiple inspections of the dam. Site 
specific experience is an important aspect of the surveillance activity. 

More than one staff member must be trained and familiar with surveillance procedures and on-
site conditions. This is to ensure adequate surveillance activities can be conducted during: 

 Illness of the regular surveillance inspector. 

 Ongoing high frequency surveillance required in the case of emergency. 

 Ongoing high frequency surveillance required in the case of storms / floods. 

5.1.6 In Case of Emergency 

In case of emergency the Emergency Preparedness Plan (EPP) should be referred to 
immediately for instructions. Guidance on preparation of an Emergency Preparedness Plan 
is provided in Chapter 6, Appendix B of these Guidelines. 

The Emergency Preparedness Plan (EPP) should be referenced at the beginning of the O&M 
Surveillance Section. Inclusion of key contact flowcharts from the EPP and events that would 
initiate the EPP should be included in this section of the O&M plan. Flood and post-
earthquake inspection procedures should also be included for reference in emergency 
situations.  

Decree 72 Article 12 requires that dam managers have to promptly conduct unscheduled 
inspections after heavy rains or floods or after strong earthquakes in dam areas. The 
following sections provide suggestions on information on unscheduled inspections to be 
included in the O&M plan. 

5.1.6.1 Flood Inspections 

Actions during floods will be derived from the characteristics of the reservoir, inflow and 
outflow hydrographs, discharge capacity of the scheme, downstream topography and 
inhabitants/infrastructure/crops etc. in the downstream inundation areas. The O&M plan 
should indicate intervals for observations of rising lake level, and clear thresholds at which 
action must be taken. 

During periods of flood warning or extreme rainfall, the dam inspector (located at the dam) 
should observe lake levels at 15 to 60 minute intervals, and maintain phone contact with the 
Owners Responsible Manager or power station as detailed in the management plan. 

Refer to the Emergency Preparedness Plan (EPP) guidance in Chapter 6, Appendix B of 
these Guidelines for information on developing procedures to issue flood warnings and for 
procedures to determine flood thresholds. 
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The following actions are recommended to be included in the O&M plan, with reference to 
the EPP as required. 

 Heavy rainfall forecast in reservoir catchment 

 ACTION: Dam operator on site to monitor and communicate situation. 

 Reservoir water level expected to rise above FSL 

 ACTION: Refer to the Emergency Preparedness Plan for procedures. 

 Reservoir water approaching design flood level and rising 

 ACTION: Refer to the Emergency Preparedness Plan for procedures. 

 Reservoir water approaching dam crest level and rising 

 ACTION: Refer to the Emergency Preparedness Plan for procedures. 

5.1.6.2 Post Earthquake Inspections 

Post-earthquake inspections are required if the felt intensity of shaking at the site is sufficient 
to potentially cause damage to the structures. The following actions are recommended to be 
included in the O&M plan. 

 After an earthquake of Modified Mercalli Scale MMV shaking intensity (i.e. “Felt outside 
by most, sleepers wakened, dishes and windows may break and large bells will ring. 
Vibrations like large train passing close to house”) the following actions are taken: 

 ACTION: Carry out inspections using the usual monthly check-sheets and report to 
the Owner’s Responsible Manager. 

 For shaking at the dam site of Modified Mercalli Scale MMVI or greater (i.e. “Felt by all. 
People and animals are alarmed, and many run outside. Furniture moves, and objects 
fall from walls and shelves. Slight damage to buildings.”) 

 ACTION refer to the Emergency Preparedness Plan for procedures. 
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5.2 SURVEILLANCE ELEMENTS 

5.2.1 Observation Point / Instrumentation Location Plans 

Surveillance location drawings should be prepared, showing the locations of instruments and 
visual observation points. These are to be included in an Appendix of the O&M Plan. 
Deformation survey instrument layout plans are also to be included in an Appendix. 

5.2.2 Elements 

The surveillance programme may include some or all of the following elements: 

 Visual observations (compulsory element and the key to detecting changed or 
changing conditions). 

 Lake level monitoring e.g. a staff gauge on the dam upstream face (compulsory 
element as performance of the structures is often lake level dependent). 

 Water level staff gauge at the spillway crest (compulsory element to enable reporting of 
depth of flow over the spillway). 

 Survey marks (pillars, bench marks and survey marks). 

 Weirs for measuring seepage. 

 Piezometers. 

 Open standpipes. 

 Crack measurement devices. 

 Inclinometers. 

 Accelerometers (in highly seismic areas of North Vietnam). 

The information is checked against expected behavioural patterns taking into account dam and 
groundwater levels, seasonal and climatic conditions and any apparent longer term 
meteorological effects. This check is performed by the inspector conducting the surveillance and 
by the qualified engineer analysing the surveillance data and reporting dam safety findings. 

5.2.3 Instrumentation for Failure Mode Monitoring 

Instrumentation should be targeted to monitor for identified failure modes. Refer to Chapter 4 
“Assessment of Hazards Impacts on Dams” of these Guidelines for detail on development of 
site specific Potential Failure Modes. 

Potential failure modes need to be considered for each particular project. The potential 
failure modes, the failure mode indicators and surveillance to address the failure modes 
should be outlined in a table in the Surveillance section of the O&M Plan - see Table 5.1 as 
an example. 
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Table 5.1 Example of Failure Mode Indicators and Surveillance. 

Potential Failure 

Modes 
Failure Mode Indicators Surveillance to Address Failure Mode 

Overtopping 

The embankment is 

overtopped by flood flow 

exceeding the spilway 

capacity or due to 

malfunction of spillway 

gates or embankment 

Extreme weather warning, 

Extreme rainfall causing flooding, 

Rapidly rising reservoir level, 

Flow overtopping the dam 

Failure of gates to operate 

Visual observations 

Reservoir water level 

Internal Erosion 

Seepage induced piping 

through the dam 

foundation 

Turbid seepage flow exiting from the 

embankment toe 

Slumping of the dam embankment 

High reservoir level 

Earthquake 

Piezometric level in embankment or 

foundation 

Earthquake or flood event can 

increase likelihood 

Visual observations 

Deformation survey 

Reservoir water level gauge reading 

High or changing piezometric levels in 

dam embankment 

Seepage, turbidity observed and flow 

measured with weirs or other means 

5.2.4 Visual Observations Points 

Visual observations are critical to detecting changes in performance. Instruments only 
monitor discrete features or local zones, whereas visual observations can identify warning 
signs beyond and between instrument locations. 

The conditions of identified dam and appurtenant structure features are compared with their 
expected condition under the prevailing weather, seasonal and dam water level conditions. 
An assessment is made as to whether conditions are ‘normal’ or ‘abnormal’. If ‘abnormal’ 
conditions are reported, a comment or explanation is made by the Surveillance Inspector and 
should trigger an ‘alarm’ during subsequent processing and review of the surveillance data. 

Visual observation points should include at least: 

 Dam – reservoir and shoreline, right and left abutments (upstream and downstream), 
dam upstream face, crest, downstream face and toe, spillway, spillway gates and other 
appurtenant structures. 

 Canal – inside and exterior slopes, with the canal divided up into discrete intervals 
based on distance along the canal to facilitate reporting of anomalies. 

 Power pipe / Penstock –observation points covering discrete intervals along the 
pipeline, defining zero chainage at the intake end / top of penstock slope as a 
reference point. Marks could be spray painted on the pipe, marked on wooden/metal 
stakes in the ground, or marked on pedestals. 

 Surge Chamber – cracking / corrosion, seepage / leakage. 

 Powerhouse – general condition. 

 Tailrace- general condition. 

 Interfaces – locations between structures can be an area of potential weakness 
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5.2.5 Lake Level Monitoring 

The lake, or reservoir, level is an important condition to be recorded at the time any 
inspection is being carried out. 

For power station operation, monitoring of the lake level will be carried out by the power 
station operator using electronic lake level monitoring equipment connected to the power-
station control room. 

A staff gauge should be installed on the upstream face of the dam to allow manual lake level 
readings to be taken under normal and emergency conditions. Another staff gauge should be 
installed to allow measurement of depth of flow over the spillway during flood conditions. 
Where appropriate, tail-water levels should also be monitored. 

5.2.6 Deformation Survey 

Deformation surveys are performed to assess the stability of certain dam and project 
features. The surveys are carried out by suitably qualified and experienced personnel. 

Each deformation survey should include monitoring of an appropriate control network of 
pillars and benchmarks. The long term nature of deformation monitoring means that the 
measurement frequencies listed are approximate and variations of a few months from the 
planned intervals are acceptable. 

Typically, deformation survey markers are installed on the dam crest, along with monuments 
on the dam abutments. These are surveyed before, during and after commissioning in order 
to monitor initial deflection of the dam. 

Deformation surveys should be completed on an annual cycle, preferably with the survey 
occurring in the same month each year in order to avoid seasonal changes in temperature and 
other such variables that can influence results. As some of the survey marks will be along the 
spillway crest, this activity can only be performed when there is no flow over the spillway. 

Deformation monitoring at similar lake levels would also eliminate movement as a result of 
lake load on the dam, but this is often more difficult to schedule. 

Emergency surveys are to be undertaken in response to a significant event that may have an 
impact on the safety of the project, such as an earthquake or extreme flood. 

An alarm system (with threshold levels) should be applied to deformation survey data, as for 
all instrumentation (see Section 5.5 of this Appendix). 

The deformation survey should be reported to 1 mm accuracy. Concrete structures are 
expected to move upstream and downstream depending on lake level and season 
(temperature changes causing expansion and contraction of the concrete). Movements that 
are in excess of 5 mm, and / or indicate an ongoing increasing trend must be investigated by 
a suitably qualified engineer. 
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5.2.7 Seepage Monitoring 

Often seepage monitoring instrumentation is not specified for installation during construction, 
unless drainage galleries are constructed inside the dam. However, it is likely that areas of 
seepage may develop once the reservoir is filled and the structures are operational and 
experiencing saturated conditions. Such areas should be added to the regular monitoring regime. 

Where the flow is large enough to be monitored, a weir box should be installed. This allows 
more accurate readings and acts to trap sediment. 

Where seepage is not suitable for collection in a weir, a visual monitoring regime can be 
applied. The conditions of seeps can be visually assessed and recorded by assigning a 
rating from 0 to 4 according to the following convention: 

 0 = Dry. 

 1 = Damp. 

 2 = Wet. 

 3 = Flowing. 

 4 = Alarm / Significant change. 

If the seepage flow is carrying sediment (soil particles) it should also be visually assessed 
and recorded according to the following convention: 

 i = No sediment 

 ii = Minor sediment 

 iii = Alarm / Significant sediment (muddy/cloudy discharge) 

5.2.8 Monitoring Point Naming 

Each monitoring point must have a unique name (identifier). It could include abbreviations to 
indicate the following: 

 The dam name 

 The type of instrument 

 A number 

 A location indicator e.g. L for left, R for right. 

Weir boxes can be moved if one seepage area dries up and a new seepage area appears. 
However, it is important that the new seep is given a unique name, and the old seep retains 
its name in case it reappears and requires monitoring again. 
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5.3 ROUTINE INSPECTION PROGRAMME AND FREQUENCY 

Routine surveillance is required to detect deviations in normal performance of the dam so 
that corrective measures can be made before adverse consequences result. 

An example of a regular inspection programme is outlined in Table 5.2. This table also 
provides reference to Decree 72 requirements for regular surveillance. An example of a 
check-sheet for inspection of various project features is included in Annex A1 for an 
embankment dam. 

A site specific regular inspection programme and inspection check-sheets should be planned 
based on examples given in Table 5.2, Annex A1 of this Appendix and the requirements of 
Decree 72. These programmes and check-sheets must be documented in the O&M manual. 

An example process diagram for post-inspection actions is outlined in Annex A2. It includes 
action plans if changed / abnormal conditions are observed. 

Table 5.2 Example of a Regular Surveillance Programme. 

Surveillance Location Observations Frequency Reference to Decree 72 

Inspection of dam site Visual inspection points 

Lake level 

Instrumentation (e.g. seepage, 

piezometer, crack monitoring) 

to be added if required. 

Monthly Article 8: Archiving and 

technical records; 

Article 11: Observations of 

dams; 

Article 12: Checking dams 

Outlet canal / Power pipe Observation points at x m 

intervals along the pipeline 

route 

Monthly 

Surge tank 1 visual observation 

encompassing the structure 

and surrounding area 

Monthly 

Penstock Observation points at x m 

intervals along the penstock  

Monthly 

Powerhouse Visual inspection 

(maintenance) 

Monthly 

Tailrace Visual inspection Monthly 

Deformation survey Dam and abutments, power 

pipe, penstock 

Before, during and 

after lake filling 

Annually 

Intake gate, 

Low level outlet, 

Diversion gate, 

De-silting chamber 

outlet, 

Penstock valve, 

Bulkheads for 

maintaining gates 

Electrical and Mechanical 

Maintenance, Inspection and 

Testing 

Daily, Weekly, 

Monthly, Annually, 5 

yearly, 7-yearly 

Article 11: Observations of 

dams; 

Article 12: Checking dams 
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Surveillance Location Observations Frequency Reference to Decree 72 

Pre Flood Season  Monthly inspections listed 

above 

Annually, before 

storm season 

Article 19: Ensuring dam 

safety during flood season 

Post Flood Season Monthly inspections listed 

above 

Annually when 

storm season ends 

Emergency / detection of 

unexpected damage or 

malfunction 

Visual inspections 

Deformation survey 

As required Article 19: Ensuring dam 

safety during flood season 

After heavy rainfall Conduct inspections using 

usual monthly check-sheets 

listed above 

After heavy rainfall 

Flood Lake levels 

 

 

Issue flood warnings if 

required – refer Section 3.2.5. 

 

 

Conduct inspections using 

usual monthly check-sheets 

listed above 

15-60 minute 

intervals 

 

During flood if dam 

safety is at risk or 

abnormal conditions 

are observed; 

 

Post flood 

Post-Earthquake Conduct inspections using 

usual monthly check-sheets 

listed above 

Post-earthquake if 

felt in area nearby 
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5.4 DATA COLLECTION, STORAGE AND ANALYSIS 

5.4.1 Data Collection 

Surveillance inspectors are responsible for field data collection. Data includes visual 
observations as well as instrument readings. 

5.4.2 Data Storage 

Check-sheets used during all inspections should be filed systematically. Copies should be 
kept on site, as well as being forwarded to the Owner’s Responsible Manager for review. 

Where instrument data is recorded, this should be stored and analysed. An electronic 
database should be maintained (a spreadsheet may suffice – but an online database is 
preferred). The database should be backed up to another office for protection. 

5.4.3 Data Analysis 

Government Decree 72, Article 11 requires that: Dam managers have to adjust, systematize, 
analyze and assess observation records, compare them with designed data; and detect 
irregular conditions for timely treatment. Reporting requirements are outlined in Section 5.6 
herein. 
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5.5 THRESHOLD LEVELS 

5.5.1 Visual observations 

The example check-sheet in Annex A1 include a visual observation significance rating, to be 
applied by the inspector at the time a change from usual conditions is observed.  

The inspector is required to select one of the following levels of significance for the change in 
condition: 

 Minor: The performance indicator observed but does not require maintenance.  

 Moderate: The performance indicator observed and requires action to remediate.  

 High: Prompt action should be taken to address the issue 

Where a High rating is applied, the inspector must immediately notify the manager 
operations and management or power station operator (as applicable), who will notify the 
Owner’s Responsible Manager. Refer to the example flowchart in Annex A2. 

5.5.2 Instrumentation 

If monitoring involving data collection is implemented, an threshold system should be 
implemented when the data is being analysed. An example is given as follows: 

 Level 1: Data Check Threshold: Data is checked to confirm that it is within the physical 
limits that can be measured by the instrument set-up. 

 Level 2: Design/Historical Check Threshold: A cautionary limit that while data is within 
acceptable limits it is outside the expected limits based on design expectations or those 
based on historical precedence and trends. 

 Level 3: Alert Threshold: Data is outside acceptable limits. A threshold of this level 
would indicate behaviour that exceeds acceptable limits. 

Design and alert level thresholds should be proposed by a suitably qualified dam engineer. 
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5.6 REGULAR REPORTING PROGRAMME 

5.6.1 General 

Table 5.3 outlines the reporting suitable for dams in Vietnam, including reference to 
requirements under Government Decree 72. 

Table 5.3 Regular Reporting Programme. 

Report Content and Legislation Frequency 

Monthly Dam Safety Reports Refer Section 5.6.2 Monthly, reviewing information collected in 

inspection check-sheets 

Annual Dam Performance 

Report 

Refer Section 5.6.3 Submission before May for the Northern, Northern 

Central, Southeastern, Central Highland, and 

Mekong River Delta provinces, and September for 

the Southern Central coastal provinces 

7- Yearly Dam Safety 

Verification 

Refer Section 5.6.4 7-Yearly 

Special Purpose Reports - 

Report to Authorised 

Government Agency 

Refer Section 5.6.5 Under the following conditions: 

a. detection of abnormal conditions of dam 

seepage or deformation, 

b. the dam is heavily damaged and/or the 

condition is deteriorating, 

c. failure or malfunction of the flow control 

mechanisms occurs during flood season,  

d. heavy rain is experienced in the reservoir 

catchment with the reservoir already full, or 

e. where there is suspicion about destruction 

conspiracy. 

5.6.2 Monthly Report 

The Monthly Report is the regular assessment of the safety performance of the dam after 
completing the monthly surveillance checksheets. 

The assessment is based on an analysis of the surveillance data. It is an exception based 
report that documents the surveillance activities, any unusual events, and anomalous data 
and trends (including the Threshold record). Any data collection issues and the status of the 
instrumentation are recorded for appropriate action. Surveillance data analysis results are 
presented, any safety issues identified and conclusions drawn regarding the overall 
performance of the dam. 

Government Decree 72, and good dam safety practice, require that data and information will 
be corrected, systematised, analysed, accessed and compared with the design assumptions 
in order to detect any abnormal conditions and to respond in a timely manner. 
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5.6.3 Annual Dam Performance Report 

Annually the dam owner is required to prepare and submit a report on dam performance to 
the Ministry of Industry and Trade (MOIT), the Ministry of Agriculture and Rural Development 
(MARD), or other related agencies as stipulated (refer to Government Decree 72 Article 13).  

The report is to include as a minimum: 

 Maximum reservoir level in the past 12 months. 

 Maximum inflow in the past 12 months (frequency, peak flood discharge, total flood 
volume, flood discharge duration). 

 Visual inspection and instrumentation data records, corrected, analysed and evaluated. 

 Any damage and/or failure of the structures over the past year, including any 
rehabilitation or repair works undertaken or planned. 

 Pre-flood condition of the dam. 

 Any other necessary and related information. 

The report is to be submitted to the agency as stipulated in Article 13 of Government Decree 
72, before May for the Northern, Northern Central, Southeastern, Central Highland, and 
Mekong River Delta provinces; and before September for the Southern Central coastal 
provinces  

It is recommended that the Annual Report include any safety issues identified and 
conclusions drawn regarding the overall performance of the dam benchmarked against the 
conditions at the time of the most recent 7-Yearly Verification Review. Recommendations 
related to surveillance are made and the status of previous recommendations tracked. 

5.6.4 Dam Safety Verification 

Government Decree 72 requires regular Dam Safety verification depending on the reservoir 
storage volume: 

For large dams, greater than 15 m high or reservoir volume greater than 3,000,000 m3 - the 
following Dam Safety verification is required to be prepared and submitted to the authorised 
government agency within 10 years of first filling or from the previous verification, is to be 
supplied by the dam owner but may be prepared by an engineering consultant, and will 
comprise but not be limited to: 

 Comprehensive evaluation of the dam management activities (Outlined in Chapter III of 
the Decree on Dam Safety Management, which includes reservoir operation, gate 
operation, dam monitoring and hydro-meteorological characteristics, maintenance 
works, dam inspection, restoration, repair and improvement of dam conditions, and 
dam performance reports); and 

 Inspection, assessment of data and information recorded by instrumentation systems 
and manual measurements; and 

 Inspection of sedimentation conditions in the reservoir; and 

 Flood calculation and discharge capabilities of the structure under the existing 
applicable design standard and the updated hydro-meteorological records; and 

 Evaluation of the implementation of flood control and storm protection at the project. 
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For medium sized dams 10 to 15 m high and reservoir volume 1 to 3 million m3 - the 
following Dam Safety Verification is required to be prepared and submitted to the authorised 
government agency every 7 years, comprising but not be limited to: 

 recalculation of the flood inflow 

 discharge capacity of the structure under the existing design standard and on the basis 
of updated hydro-meteorological records as well as changed topographical conditions 
and vegetation cover in the reservoir catchment. 

For small dams 5 to 10 m high and reservoir 0.5 to 1 million m3 safety verification when 
components of the dam require renovation which may be to justify upgrade works. 

5.6.5 Special Purpose Reporting to Authorised Government Agency 

Government Decree 72 requires dam managers to report to the authorised government 
agency in a timely manner under the following circumstances: 

 Occurrence of emergency situations of dams; 

 Suspicion about destruction conspiracy against dams. 
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5.7 DEFICIENCY INVESTIGATIONS AND RESPONSE 

5.7.1 General 

A potential deficiency is: a situation or condition where normal dam safety acceptance criteria 
may not be satisfied. 

Where surveillance identifies a potential deficiency, thorough investigation and inspection are 
required to determine the: 

 Cause 

 Magnitude, and 

 Scope 

of damages, and to then design the required rehabilitation. 

Potential deficiencies or adverse trends may be identified during surveillance through: 

 Surveillance visual inspections and data collection 

 Deformation surveys 

 Review and assessment of routine data 

 Site inspection or performance review associated with Annual Reporting Requirements 

 Site inspection or performance review associated with 7-yearly or 10-yearly verification 

 Visits to the site by other personnel for other reasons. 

Follow-up actions after the identification of potential deficiencies or adverse trends may involve: 

 Immediate consultation with the person who reported the potential deficiency or 
adverse trend 

 Formal reporting to the Owner’s Responsible Manager, responsible for Dam Safety 

 Formal reporting to government agencies as appropriate. 

In an extreme event the Emergency Preparedness Plan would be implemented. Specific 
emergency procedures are documented in the Emergency Preparedness Plan. 

5.7.2 Enhanced Surveillance 

Enhanced surveillance is carried out where there is a potential deficiency due to uncertainty 
in performance of the dam or appurtenant structures. It involves increased frequency of 
monitoring and evaluation of monitored data. The frequency is to be determined by a suitably 
experienced dam engineer.  

5.7.3 Intensive Surveillance 

Intensive surveillance is performed where an identified dam safety or operational deficiency 
exists and targeted monitoring specific to the deficiency is required. It involves increased 
frequency of monitoring and evaluation of monitored data over and above that for enhanced 
surveillance. The frequency is to be determined by a suitably experienced dam engineer. 
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6.0 MAINTENANCE AND TESTING OF FLOW CONTROL EQUIPMENT 

6.1 FLOW CONTROL EQUIPMENT 

Flow control equipment regulates the flow of water through a dam. All flow control equipment 
should be listed in this part of the O&M plan. For example, equipment in this section may 
include the following: 

 Spillway gates 

 Sluice gates 

 Dam gallery drainage pump systems 

 Intake gate 

 Low level outlet 

 Diversion gate 

 Desilting chamber outlet 

 Penstock valve or headgate 

 Bulkheads for maintaining gates 

 Valves 

 Siphons 

Descriptions of the mechanical and electrical equipment installed at the project are to be 
included. For each piece of equipment the purpose should be explained, including 
implications of failure, and a list of available details and assumptions upon which the plan 
has been based. 

6.2 ORGANISATIONAL STRUCTURE, TRAINING REQUIREMENTS 

6.2.1 Organisational Structure and Staffing Requirements 

This section outlines the number of staff required to operate equipment, and suggest likely 
staffing arrangements and relevant qualifications. 

6.2.2 Training and Competency Requirements 

The operators need to undergo a training programme covering the technical aspects of the 
dam equipment and their operation. The programme would cover both the features and 
performance of the equipment and their operation, to be illustrated both through off site-
theoretical and on site-practical training sessions. 

Operators must have a certificate of competence, which will be recorded in a training 
register. Maintainers must have a certificate of competence, which will also be recorded in a 
training register. 

Both the operators and the maintainers must attend training courses covering: 

 The dam safety in emergency situations, through which they should gain a comprehensive 
awareness and competence in emergency identification and emergency actions. 

 Personal and general safety in the workplace. 

The above training should be fully documented in a training register. 
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6.3 EQUIPMENT AND FACILITY REQUIREMENTS 

6.3.1 General 

This section is to outline any additional equipment required in addition to that installed at the 
site, and may include mobile cranes (or a truck equipped with heavy duty hydraulic lifting 
equipment) in case the gates have to be taken off site for repair. 

Gate control location(s) are to be sheltered against the weather for staff protection during 
emergency gate operations. 

A list of spare equipment required should be included. For example, typically the main spares 
required for spillway gates and their lifting systems during normal operation are: 

 For winched gates: 

- electric motor; 

- motor control set (fuses, contactor, overload relay); 

- brake unit; 

- gate limit switches; 

- gate position encoder; 

- set of gate seals; 

- spare lifting rope. 

 For vertical lift gates: 

- As for winched gates, and including 

- load and a guide wheel. 

 For hydraulically actuated gates: 

- pump motor, pump and relief valve; 

- motor control set (fuses, contactor, overload relay); 

- gate position encoder; 

- set of gate seals. 

 For dam gallery drainage pump systems: 

- submersible pump/motor unit; 

- motor control set (fuses, contactor, overload relay); 

- water level transducer; 

- water level switch. 

Arrangements for backup power supplies (e.g. diesel generators) should also be included for 
emergency operations. 
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6.4 MAINTENANCE REQUIREMENTS AND GUIDELINES 

6.4.1 Time Based Maintenance, Inspections and Testing 

Mechanical and electrical equipment requires appropriate maintenance and testing. Gates, 
lifting equipment and power supplies should be adequately monitored by means of frequent 
inspections and maintenance work should be carried out as required. 

The aim of the testing program is to demonstrate that the equipment is in good working order and 
is capable of normal and emergency operation. In addition it is necessary for operators to be 
familiar with the performance of this equipment, especially if it is otherwise infrequently used. 

Generic maintenance guidelines are provided for spillway gates in Table 6.1 as an example. 
It is important that the equipment manufacturers’ maintenance recommendations are 
considered and integrated with the generic tasks described below. 

Time based maintenance is outlined at the following frequencies: 

 Daily 

 Weekly 

 Monthly 

 Annually 

 7 to 10 Yearly 

 Emergency 

Condition based monitoring is covered in Section 6.4.2. 
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Table 6.1 Example maintenance, inspections and testing for Spillway Gates. 

Daily 

General walk-through; 

Check for any anomalies, hazards or security risks; 

Check de-sanding basin intake screen and tunnel intake screens for debris and clean if required; 

Report findings. 

Weekly 

Complete tasks as per daily maintenance; 

Visual inspection of gates and lifting equipment; 

Check for signs of oil leakage; 

Report findings. 

Monthly 

Complete tasks as per weekly maintenance; 

Testing of emergency diesel generator and top-up with fuel as required; 

Check all lubrication and top-up lubricants as required; 

Greasing of winch units as required; 

Ensure batteries are fully charged; 

Emergency diesel generator maintenance as per the supplier’s O&M recommendations; 

Check penstock inlet valve hydraulic system oil level; 

Report findings. 

Annually 

Complete tasks as per monthly maintenance; 

Visual inspection of gate hoist lifting ropes for defects such as broken strands, corrosion, deformation and loss of 

lubricant; 

Visual inspection of bulkheads; 

Verify satisfactory brake and limit switch operation; 

Gate and bulkhead position transducer re-calibration and testing; 

Water level sensor re-calibration and testing; 

Inspect controls indications, sirens and warning lights as applicable; 

Ensure operating procedures, emergency planning and contact documentation and other relevant reference 

documentation is up to date; 

Emergency diesel generator maintenance as per the supplier’s O&M recommendations; 

Test open and close gates and record motor currents, gate position and time during gate operation; 

Test operate bulkheads and record motor currents; 

Check for foreign noises and smells from motors and control equipment; 

Penstock inlet valve trip-testing; 

Greasing of penstock inlet valve bearings and checking for hydraulic system oil leaks. Other valve maintenance 

as per manufacturer’s recommendations; 

Report findings. 
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7 to 10 Yearly Maintenance 

Complete tasks as per annual maintenance; 

Non-destructive testing of gate hoist lifting ropes; 

Non-destructive testing of bulkhead lifting equipment attachment points; 

Check for gate leakage with gates in closed position and note locations prior to gate isolation; 

Install bulkhead and de-water cavity upstream of gate and area downstream of gate if applicable; 

Record motor currents, bulkhead position and time during bulkhead operation; 

Record motor currents, gate position and time during gate operation; 

Check gate operation throughout the full gate opening and closing stroke; 

Inspection and repair of corrosion areas on gates (including upstream face), lifting equipment and associated 

components; 

Inspection and repair of corrosion areas on bulkheads and lifting equipment; 

Check gate lifting equipment, incl. brake linings; 

Lubricate winch ropes, sprockets and drive shaft bearings; 

Inspect seal condition and condition of embedded steel with gate in fully open position; 

Lower gate to halfway and check brake operation; 

Check hoist rope attachment locations; 

Gear box and fluid coupling oil analysis, including oil filtration or replacement as required; 

“Megger” testing of lifting gear motor insulation (test of the insulation properties); 

Check condition of all handrails, ladders and other equipment critical for personnel safety; 

Emergency diesel generator maintenance as per the supplier’s O&M recommendations, including diesel fuel and 

oil change; 

Detailed internal and external inspection of penstock inlet valve, including checking of seals. Other valve 

maintenance as per manufacturer’s recommendations; 

Report findings. 

Five-Yearly Gate Testing 

The following tests should be carried out in five-yearly intervals as a minimum: 

15% gate opening and subsequent closing under unbalanced head conditions (i.e. under flow) via the back-up 

power supply emergency diesel; 

Full gate opening and closing under balanced head conditions (i.e. with the bulkhead installed) via the back-up 

power supply emergency diesel. 

Note: Typically such tests would be carried out in conjunction with the 7-Yearly or 10-yearly Dam Safety 

Verification. Where gates are operated under flow much more frequently, the corresponding formal 15% flow tests 

may not be required. However, it needs to be ensured that the observation and data recording requirements (refer 

Condition Monitoring Section below) are met, and that at least some of these gate operations are carried out via 

the emergency diesel power supply. 

Seven-Yearly or Ten-Yearly Dam Safety Verification 

Seven-yearly or ten-yearly Dam Safety Verifications should include the hydraulic structure equipment essential 

for power generation, namely all gate structures as listed in Section 6.1 herein. 
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6.4.2 Condition Monitoring and Condition Based Maintenance 

Condition assessment of equipment and condition based maintenance (CBM) are a form of 
proactive, preventive or predictive maintenance. It can be defined simply as maintenance 
initiated on the basis of an asset’s condition. Physical properties or trends are monitored on a 
periodic or continuous basis for attributes such as vibration, particulates in the oil, wear and 
so on. CBM is an alternative to failure-based maintenance initiated when assets break down, 
and use-based maintenance triggered by time or meter readings. 

Example condition monitoring and condition based maintenance programmes are described 
below. 

6.4.2.1 Testing of Electric Motors and Data Logging 

The following data should be recorded during all testing of electric motors: 

 time; 

 gate position; 

 motor current and voltage, as well as active power absorbed by the motor; 

 hydraulic system pressure for hydraulic gate actuation systems; 

 motor insulation and vibration tests. 

All test data should be analysed by suitably qualified personnel and compared against 
previous results to check for any changes in performance. The results shall be reported 
appropriately and any necessary corrective maintenance actions shall be undertaken. 
In addition, motor insulation and vibration testing should be carried out. 

6.4.2.2 Inspection and Data-logging of Gate, Valve and Lifting Equipment Operation 

It is essential that from time to time gate, penstock inlet valve and lifting equipment operation 
is recorded and observed by suitably qualified and experienced personnel. In addition to an 
assessment of gate and valve opening and closing times, the observations should include 
gate sealing and seating characteristics, gate vibration, noise or any other signs of distress. 

6.4.2.3 Inspection of Coating Systems 

The life of hydraulic gates, bulkheads and associated lifting equipment can be extended 
significantly if their coating systems are monitored and maintained in good condition. Generally 
coating systems for such applications have a life expectancy of 20 to 40 years, depending on 
coating technique and quality of the paint system. In addition, life expectancy largely depends on 
environmental factors and the life may be significantly reduced where sand erosion is likely to be 
a major issue. In such conditions, frequent repairs to the coating systems are likely to be required 
to prevent corrosion from affecting the structural integrity of the gates. Areas of high velocity and 
sediment transport may reduce the life expectancy of coating. These areas should be identified. 

6.4.2.4 Major Refurbishment or Replacement 

End-of-life is considered to be the point at which either major component replacement or 
refurbishment is required. Typically gate refurbishment will involve gate removal, sand-blasting 
and re-painting, seal replacement, repair or replacement of gate rollers and/or gate roller 
bushes and repair work to the embedded steel work in the gate slot. Repair or replacement of 
components of the lifting system will be carried out as required at the same time. 
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6.4.2.5 Update Maintenance Procedures 

The above listed maintenance and testing tasks and frequencies are provided as general 
guidelines only. Once available, the operations and maintenance recommendations and 
requirements of the various equipment suppliers (e.g. O&M manuals for motors, gear boxes, 
brakes, instrumentation equipment, emergency diesel generator, penstock inlet butterfly 
valve and its operating mechanism, etc.) need to be reviewed and incorporated. Only then 
can the specific maintenance procedures (or job plans) for each main equipment item, such 
as hoists, diesel generator set, gates, bulkheads, penstock inlet valve, etc. be prepared. 
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6.5 OPERATIONS REQUIREMENTS AND GUIDELINES 

6.5.1 General 

For each of the equipment locations (e.g. dam spillway and intake gates, low level dam de-
sanding sluice, tunnel intake, de-sanding basin sluice, outlet canal/penstock inlet gate/valve), 
operating procedures need to be prepared for all of the following scenarios: 

 gate operation under main power supply - remote and local control; 

 gate operation under back-up diesel power supply - remote and local control; 

 emergency gate operation. 

In addition the following general operating procedures need to be made available: 

 bulkhead installation and removal; 

 operation of back-up diesel generator and switch-over of power supply. 

 outlet canal/penstock inlet gate/valve operation; 

 cleaning of intake screens, etc. 

However the generic procedures, similar to the example given in Table 6.2 for spillway gates, 
should form the basis for developing the specific detailed operating procedures once the 
drawings and manufacturers’ manuals become available, noting that the following pre-
requisites apply to all procedures: 

 Personnel competency: certification of competency, recorded in the company 
competency register, gained through technical tradesman qualifications and company 
training on hydropower or irrigation technology. 

 References: original equipment manufacturers’ Operation and Maintenance 
Instructions. 

 Preliminary action: before beginning the Operating Procedure the operator must obtain 
an operating order from the power station operator and then visually inspect the gate 
lifting equipment to verify that it is in sound working condition. 
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Table 6.2 Example operating procedures for Spillway Gates. 

Procedure for Spillway Gate Operation Using Diesel Generator Power Supply 

Carry out auto-start procedure of diesel generator. 

Check emergency power supply is on. 

Read the reservoir water level and then derive from the gate rating table the gate opening required for 

discharging the water flow stipulated in the operating order received from the station operator. 

Push spillway gate open control button on control panel up to the required gate opening. During the gate opening 

observe the winch motor current ammeter and record the current absorbed. Also observe the spillway gate 

outflow in the stilling basin and record any anomaly. 

Push the stop control button when the gate has reached the required opening shown by the gate position 

indicator. 

Restore normal power supply. 

Shutdown the diesel generator and set its control to auto. 

Enter the executed operation in the gate log book. 

Report the completion of the procedure to the station operator. 

Procedure for Preparing Spillway Gate for Inspection/Maintenance 

Inform the station operator that the bulkhead of the spillway gate is about to be closed/inserted. 

Verify that the spillway gate is fully closed. 

Push the bulkhead close control button and verify that the hoist motor stops when the bulkhead position indicator 

shows zero opening. For manually lowered bulkheads insert the bulkhead by crane. 

If applicable tag and lock the bulkhead controls to indicate that it is under work permit and must not be operated. 

As applicable also apply any physical isolations that will render the bulkhead operating mechanism non-

operational, such as removal of motor fuses, lock-nuts on operating mechanism, etc. 

Tag and lock the spillway gate controls to indicate that the gate is under work permit. 

Enter the executed operation in the gate logbook. 

Report the completion of the procedure to the station operator. 

Procedure for Returning the Spillway Gate to Normal Operating Condition 

Inform the station operator that the bulkhead is about to be opened and the spillway gate restored to normal 

operating condition.  

Verify that the bulkhead and the spillway gate are fully closed and if not, close them by pushing the close control 

button and verify that the winch motors stop when the gate position indicators show zero opening. 

Prime the space between the bulkhead and the spillway gate. 

When the water level between the bulkhead and the spillway gate is equal to the reservoir water level, push the 

bulkhead open control button and verify that it opens fully the spillway gate water passage, or lift the bulkhead 

by crane for manually operated bulkheads. 

Enter the executed operation in the log book. 

Report the completion of the procedure to the station operator. 

Emergency Spillway Gate Operation 

Procedures for emergency spillway gate operation need to be carefully developed and tailored to each particular 

equipment design and installation configuration. Such procedures need to consider gate jamming events, 

objects lodged under the gate preventing its closure and gate operability under an over-topping scenario. 
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A1.0 ANNEX A1: EXAMPLE - MONTHLY SURVEILLANCE CHECK-SHEET: 
EMBANKMENT DAM SAFETY AND MAINTENANCE 

EMBANKMENT DAM SAFETY AND MAINTENANCE 

CHECK-SHEET 

To be submitted to the Owner’s Responsible Manager on completion. 

Refer to Monthly Dam Safety and Maintenance Inspection Process diagram for further 
instruction (Annex A2). 

 

 

Inspection Comment 

Inspector (name)  

Date and Timing 

Date:   

Inspection start time:  

Inspection finish time:  

Reservoir Level ___________m 

Conditions Sunny / Overcast / Raining / Windy / Storm / Flood / Earthquake 

Rainfall over past week High / medium / low                        _________mm (if available) 

 

Place a  in the appropriate box, and write comments to describe any abnormal or changed 
conditions. 
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Civil Feature Performance Indicator 

Observed Significance2 

Y
es
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Reservoir and Shoreline 

 Settlements, depressions, sinkholes, 

slips 
     

Erosion damage/ beaching      

Siltation      

Abnormal flow patterns      

Boom damaged/ obstructed      

Comments  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                 
2 Minor = The performance indicator observed but does not require maintenance. 
 Moderate = The performance indicator observed and requires action to remediate. 
 High = Prompt action should be taken to address the issue. 
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Civil Feature Performance Indicator 

Observed Significance2 
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Right Abutment 

Upstream Right Abutment Cracking      

Slope movement / instability      

Inappropriate vegetation      

Landslide or rockfall concerns      

Settlements, depressions or sinkholes      

Inappropriate vegetation      

Seepage      

Comments  
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Civil Feature Performance Indicator 

Observed Significance2 
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Downstream Right 

Abutment 

Cracking      

Slope movement / instability      

Inappropriate vegetation      

Landslide or rockfall concerns      

Settlements, depressions or sinkholes      

Seepage      

Ponding      

Security fence damaged      

Drainage channel blocked      

Comments  
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Civil Feature Performance Indicator 

Observed Significance2 
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Spillway Concrete Structure 

Upstream Face Cracking/ spalling / deterioration of 

concrete 
     

Erosion damage      

Displacement at joints / blocks      

Significant vegetation or debris      

 Expansion and cracking of concrete 

(associated with alkai aggregate 

reaction (AAR)) 

     

Comments  

 

 

 

 

 

 

 

Crest Cracking/ spalling / deterioration of 

concrete 
     

Erosion damage      

Displacement at joints / blocks      

Significant vegetation or debris      

Expansion and cracking of concrete 

(associated with alkai aggregate 

reaction (AAR)) 

     

Damage/corrosion to non-structural 

items e.g. handrails, embedded items 
     

Comments  
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Civil Feature Performance Indicator 

Observed Significance2 
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Downstream Face and Toe Cracking / spalling / deterioration of 

concrete 
     

Erosion damage      

Displacement at joints / blocks      

Seepage/ wet areas on D/S face      

Expansion and cracking of concrete 

(associated with alkai aggregate 

reaction (AAR)) 

     

Settlements, depressions, or sinkholes 

(toe) 
     

Significant vegetation or debris      

 Weirs blocked/ damaged (if any 

installed) 
     

Comments  
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Civil Feature Performance Indicator 

Observed Significance2 

Y
es
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o

 

M
in

o
r 

M
o

d
er

at
e 

H
ig

h
 

Spillway Channel 

 Debris upstream /  

 Flow obstructions 
     

Damaged / dirty staff gauge      

Cracking / spalling / deterioration of 

concrete 
     

Erosion damage to concrete      

Cavitation damage      

Debris in energy dissapator interfering 

with flow 
     

Vegetation growing in joints      

Expansion and cracking of concrete 

(associated with alkai aggregate 

reaction (AAR)) 

     

Comments  

 

 

 

 

 

 

 Signature:  ..............................................  Date:  ................................................  

  Inspector 

 Signature:  ..............................................  Date:  ................................................  

  O&M Dam Safety Representative 
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A2.0 ANNEX A2: EXAMPLE - PROCESS DIAGRAM FOR MONTHLY DAM 
SAFETY AND MAINTENANCE INSPECTIONS 
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1.0 INTRODUCTION 

1.1 PURPOSE OF THIS DOCUMENT 

This appendix provides guidance when preparing or reviewing an Emergency Preparedness 
Plan (EPP). It is recommended that the information provided in this appendix is used in 
conjunction with guidance from VNCOLD (2012) Dam Safety Manual when preparing or 
reviewing an EPP. 

Section 2 of this appendix provides the suggested format and typical content required for an 
EPP. Section 3 provides further detail on the general requirements to consider when 
preparing an EPP. 

1.2 BACKGROUND 

An emergency in terms of dam operation is defined as a condition which develops 
unexpectedly, endangers the structural integrity of the dam, and requires immediate 
attention. 

An EPP is a formal document that identifies potential emergency conditions at a dam and 
defines pre-planned actions to be followed by the dam owner and operating personnel to 
minimise damage to the dam and downstream communities. 

An EPP document sets out how to: 

 Define, identify and evaluate events with the potential to compromise the dam and 
appurtenant structure safety; 

 Establish procedures for declaring an event as a dam safety emergency; 

 Detail actions to be taken in response to the dam safety emergency; 

 Establish communications with external agencies to minimise the consequences of the 
dam safety emergency. 

1.3 SCOPE 

The content of the EPP should be appropriate to the size, complexity and potential 
downstream hazard posed by the dam. As a minimum it is suggested that: 

 Dams of National Importance and Large dams (refer to Chapter 6, Section 2.3) have a 
comprehensive EPP reviewed by independent experts and regularly maintained and 
updated. 

 Medium and Small dams (refer to Chapter 6, Section 2.3) have an EPP that is 
appropriate to the size, complexity and downstream damage potential if the dam were 
to fail. 

The EPP shall cover both the dam and appurtenant structures which are essential for safe 
operation of the dam and which can release uncontrolled amounts of water if damaged. 

Every EPP must be tailored to site-specific conditions because conditions at the dam and 
downstream of all dams are different. 
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1.4 EPP DEVELOPMENT 

The dam owner is responsible for the development of an EPP. However, the development or 
revision of an EPP must be done in coordination with those having emergency management 
responsibilities at the national, provincial, district and commune levels. The EPP will not be 
effective unless it is developed and implemented in close coordination with all applicable 
emergency management agencies (e.g. Provincial or District Committee of Flood and Storm 
Prevention and Control, Search and Rescue). Emergency management agencies will use the 
information in the EPP to aid in the implementation of their responsibilities (see Section 3.4 
for further information on EPP roles and responsibilities). 

1.5 EPP MAINTENANCE AND UPDATES 

The EPP, once developed, must be periodically reviewed and revised as necessary. 
Updated plans must be redistributed, and updates explained to all relevant individuals 
involved with emergency preparedness and activities in time of a dam safety emergency. 
The procedure for periodic review and revision of the EPP should be documented in an 
Appendix to the EPP (refer to Section 3.8 for further detail). 
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2.0 SUGGESTED EPP FORMAT 

2.1 ELEMENTS OF AN EPP 

FEMA (2013) suggests that an EPP should consist of the following elements as a minimum: 

 Notification Procedures and Contact Information: A list or flow-chart showing who 
is to be notified, by whom and in what priority. 

 Emergency Response Process: Evaluation of the incident to determine the 
emergency level; notification and communications required by the dam owner and 
emergency actions to be carried out at the dam and reservoir. 

 Responsibilities: The EPP must clearly specify the responsibilities within the dam 
owner’s organisation to ensure effective, timely action is taken should an emergency 
occur at the dam. 

 Preparedness: Preparedness actions (e.g. drills, training, exercises) are to taken 
before any emergency to moderate or alleviate the effects of a dam failure or 
operational spillway release and to facilitate response to emergencies. This section 
identifies actions to be taken to prepare for an emergency situation.  

 Inundation Maps: Maps outlining the extent of flood inundation for various emergency 
conditions (often referred to as dam breach flood maps) 

 Appendices: The appendices contain information that supports and supplements the 
material used in the development and maintenance of the EPP. 

These elements are broadly consistent with guidance from the VNCOLD (2012) “Dam Safety 
Manual”. Each of these elements are described in further detail in Section 3.0 of this 
document. 

2.2 SUGGESTED EPP CONTENT 

The EPP should be formatted in a way that is most useful to the organisation involved with its 
implementation. However an example format is outlined in Table 2.1 which is based on 
FEMA (2013) guidelines. Also refer to the VNCOLD (2012) Dam Safety Manual for the 
suggested content of an EPP report. 

Further detail on the each of the items listed in Table 2.1 is described in Section 3.0. 
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Table 2.1 Suggested EPP content. 

Section Contents 

Introduction 

 Title Page/Cover Sheet 

 Table of Contents 

 Signatures and Approval 

 Statement of Purpose 

 Basic Project Description 

Volume I - 

EMERGENCY 

PREPAREDNESS PLAN 

 Notification Flowchart 

 Emergency Response Process 

 Responsibilities 

 Preparedness 

 Description of downstream inundation (with maps included in Appendix) 

Volume II - 

APPENDICES 

 General site plans, drawings and photographs 

 Dam-breach flood inundation maps 

 Reservoir dewatering procedures 

 Forms and log-sheets for recording emergency situations 

 Site-Specific Concerns  

 Plans for training and exercising 

 Procedures for periodic review, revision and distribution 

 



Dam and Downstream Community Safety Initiative – November 2015 

 

Guidelines, Chapter 6 – Dam Safety and Disaster Risk Management, Appendix B 5 
 

3.0 CONTENTS OF AN EMERGENCY ACTION PLAN 

3.1 GENERAL 

As outlined in Section 2.0 an EPP should consist of the following elements: 

1. Introductory Sections 

2. Notification Procedures and Contact Information 

3. Emergency Response Process 

4. Responsibilities 

5. Preparedness 

6. Inundation Maps 

7. Appendices 

These elements are described in further detail in the following sub-sections to assist in 
preparation of an EPP or when reviewing and existing EPP. 

3.2 INTRODUCTORY SECTIONS 

The introductory content of the EPP should briefly state the purpose of the report and also 
provide a basic description of the dam and its location. A simple plan showing the dam’s 
main features are recommended. More detailed drawings and photos to help describe the 
dam can be included as an appendix to the EPP. 

A list of any significant upstream or downstream dams and communities potentially affected 
by a dam failure or by flooding as a result of a large spillway release should also be outlined 
in the introductory section. Further information to supplement site specific issues can be 
included as an appendix to the EPP. 

3.3 NOTIFICATION PROCEDURES AND CONTACT INFORMATION 

This section must show who is to be notified of a dam safety incident, by whom and in what 
order. Notification procedures must be clear and easy to follow. 

It is suggested that notification procedures are shown in a flow-chart. Annex B1 provides an 
example of a notification flow chart. Also refer to the VNCOLD (2012) Dam Safety Manual for 
examples of notification flow charts. 

The flow chart should include: 

 Persons to be notified 

 Who is to make the notification and in what priority 

 Individual names, position titles with both work and home telephone contact numbers 

 Alternative means of commination if telephone is not available (e.g. email, radio, 
alternate contacts) 

The notification procedures must be tailored to the needs and notification priorities of each 
dam and developed with relevant emergency management authorities and downstream 
communities. 
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The notification contact information must be up to date and revised periodically (refer to 
Section 1.5 for discussion on periodic review and update of an EPP). 

3.4 EMERGENCY RESPONSE PROCESS 

3.4.1 General 

FEMA (2013) suggests the following four steps should be followed when an unusual or 
emergency incident is detected at a dam. These steps constitute the emergency response 
process. The steps are: 

 Step 1: Incident detection, evaluation and classification 

 Step 2: Notification and communication 

 Step 3: Preventative and remedial action 

 Step 4: Post-incident reporting 

Each of these four steps need to be developed for the site specific conditions at the dam and 
documented in the EPP. 

These four steps are described in more detail in the following sub-sections. 

Step 1: Incident detection, evaluation and classification 

The EPP should contain procedures to identify, evaluate and classify a dam safety incident 
so that an appropriate emergency response is triggered according to pre-defined criteria. 
This process is illustrated in Annex B1. 

The EPP should contain information on site specific situations that may lead to downstream 
flooding. Such situations might include: 

 Forecast of a major rainfall event 

 Significant seepage at the downstream toe of the embankment 

 Rapidly rising water levels in the reservoir 

 Structural damage to the dam following an earthquake 

It is recommended that a table is included in the EPP that identifies site specific events and 
situations that may lead to downstream flooding. Refer to Annex B2 for an example table. 
When developing site specific events that can threaten a dam, information from Potential 
Failure Modes Assessment should be used (if available) and referenced in the table. Refer to 
Chapter 4 of these Guidelines for detail on performing a Potential Failure Modes Assessment 
for a dam. 

FEMA (2013) suggest that dam safety incidents are classified into the four different 
emergency levels listed in Table 3.1. This guidance manual uses and refers to the 
emergency levels listed in Table 3.1. However dam owners, in coordination with emergency 
management authorities, should determine appropriate emergency levels for their dam. 
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Figure 3.1 Illustration of incident detection and evaluation process. 
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Table 3.1 Emergency level classifications. 

Emergency Level Description 

Internal Event 

The event only impacts the dam owner and the response can be managed internally 

within the dam owner or managers organisation. Examples are new areas of minor 

seepage on the downstream side of the dam or malfunction of a low-level outlet gate 

during normal operating conditions. 

High Flow Event 

The high flow emergency level indicates that significant flooding is occurring on the river 

system but there is no apparent threat to the integrity of the dam. The relevant 

emergency authorities should be notified of the situation and kept informed as the 

situation develops. 

Potential Emergency 

The event has the potential to affect downstream communities and the emergency 

authorities should be notified of the situation and kept informed as the situation 

develops. The dam condition may be deteriorating but there is some time available for 

further assessment/decisions before dam failure. An example would be rising reservoir 

water levels above full supply level. 

Imminent Emergency 
A dam failure event has either occurred, is occurring or is about to occur. 

The emergency authorities should be notified immediately. 
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3.4.2 Step 2: Notification and communication 

After the emergency level has been determined, notifications are made in accordance with 
the EPP notification procedures (discussed in Section 3.3). 

For Potential Emergency and Imminent Emergency levels described in Table 3.1, the 
fundamental principle is that the dam owner notifies relevant authorities and begins 
preventative and remedial actions (refer to Section 3.4.4). 

After initial notification the dam owner should make periodic status updates to the emergency 
authorities. 

Communication of emergency notifications to authorities must be given in clear, non-
technical terms. For this reason it is recommended that the dam owner provides training for 
those giving emergency messages so that they are practiced at clearly describing the 
emergency situation. 

3.4.3 Step 3: Preventative and Remedial Action 

In parallel with making the initial notifications, the dam owner will take action to prevent the 
emergency situation from developing and minimising the impact to people and property 
downstream. Such actions might include: 

 Reservoir drawdown 

 Initiating physical works to reduce the likelihood of dam failure 

The dam owner should develop tables that include specific, pre-determined actions for 
minimising the impacts of dam safety emergencies. Refer to Annex B2 for an example. 

During this process there should be a continuous process of: taking action; 
monitoring/assessing the situation, and; communication. The emergency classification level 
of the dam may change as the situation improves or deteriorates and this must be 
communicated to emergency authorities according to the notification procedures outlined in 
Section 3.3. 

The dam owner should be appropriately prepared prior to an emergency to ensure that 
personnel, materials, equipment and site-access are available to carry out emergency 
actions. Emergency preparedness is covered in more detail in Section 3.6. 

Reservoir drawdown (lowering the reservoir level) reduces the water load on the dam and 
will result in a less damaging surge downstream if the dam subsequently fails. In some 
circumstances reservoir drawdown will not be possible (for example if the reservoir inflow 
discharge is greater than the discharge outlet facilities at the dam). Procedures for drawing 
down the reservoir should be included in the EPP as an Appendix. Refer to Annex B3 for 
more detail on what to include when developing reservoir drawdown procedures. 
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3.4.4 Step 4: Post-Incident Reporting 

The EPP should include procedures to declare when a dam safety emergency situation has 
been resolved. 

The dam owner should fully document any emergency response in a report. The report 
should include discussion on: 

 The event or condition that initiated the emergency 

 The response actions taken by the dam owner 

 The extent of any damage to the dam 

 The extent and effect of any downstream inundation 

 The strengths and weaknesses of the EPP 

 Any corrective actions to address identified weaknesses in the EPP 

3.5 RESPONSIBILITIES 

The development of an EPP requires co-ordinated planning with all agencies that would be 
affected or have a responsibility for warning and evacuation. The EPP should contain clearly 
defined roles and responsibility for each entity. 

In general, dam owners are responsible for developing and maintaining the EPP and 
implementing the EPP and coordination with emergency management authorities. 
Emergency management authorities are responsible for warning and evacuation within 
affected areas. 

A number of government organisations are responsible for warning and evacuation. These 
include the following organisations and each of their responsibilities must be clearly stated in 
the EPP. The VNCOLD (2012) Dam Safety Manual provides further information on roles of 
the following organisations in implementing an EPP. 

 Management board of the Committee of Flood and Storm Control and Prevention 
(FSCPC) for the reservoir 

 Department of Agricultural and Rural Development (DARD), or Department of Industry 
and Trade (DOIT) 

 District People’s Committee 

 Hydro-Meteorological Centre 

 Army Management Boards at provincial/district level 

 Police Units at district/commune level 

 New and information units 



Dam and Downstream Community Safety Initiative – November 2015 

 

Guidelines, Chapter 6 – Dam Safety and Disaster Risk Management, Appendix B 11 
 

3.6 PREPAREDNESS 

3.6.1 General 

Preparedness, in terms of an EPP, is concerned with activities and actions taken by the dam 
owner to prepare for an emergency event. Preparedness actions include items such as 
planning for personnel, equipment, labour and materials that might be used by the dam 
owner in an emergency event. 

This section of the EPP should cover all aspects related to preparedness activities completed 
by the dam owner as well as future activities which are planned. The preparedness 
categories detailed in the following sub-sections should be addressed as a minimum. 

3.6.2 Surveillance and Monitoring 

Dam operations staff should be aware of inspection and instrument readings that indicate a 
dam safety emergency. The Operations and Maintenance Manual (refer to Chapter 6, 
Appendix A) should include guidance on surveillance and inspections during emergency 
situations (e.g. floods, post-earthquakes) and during unusual events. 

If the dam is not continuously attended, the EPP should provide procedures for continuous 
surveillance during periods of actual or forecasted high flows or rainfall. It is very important 
that dam operations staff are present at the dam when flood conditions are forecast or signs 
of serious structural distress is likely (e.g. post-earthquake). 

The personal safety of all dam owner and manager staff must be considered at all times and 
this should be stated in the EPP. 

3.6.3 Access to the Site 

Earthquakes and heavy rainfall can result in landslides, treefall and bridge washouts that can 
prevent access to the dam for days or weeks. Alternate routes to the dam should be 
documented in the EPP in the event that primary access routes are disrupted. Alternative 
transport options (i.e. foot, boat, helicopter, bulldozer) may need to be considered. 

It should be noted that any access routes that cross the downstream river channel may be 
impassable due to flood waters. Where applicable, this situation should be identified and 
alternate access options described in the EPP. 

3.6.4 Response during Adverse Weather or After Hours 

The EPP should include response procedures for any situation where access to the dam 
may be impaired. For example: 

 Periods of darkness, including those caused by power failures. Response for such 
situations might include providing back-up power supplies (e.g. generators and fuel). 

 Periods of adverse weather. Response for such situation might include providing 
alternative access routes (refer to Section 3.6.3) or safety equipment for dams 
operations staff to perform their duties (e.g. harnesses, wet weather equipment, 
temporary shelters). 

 Periods when key dam owner and operations staff are not available (e.g. weekends, 
holidays). The dam owner must ensure that response to a dam safety emergency can 
be provided during these periods. 
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3.6.5 Emergency Power Supplies 

The EPP should describe the normal and emergency power supplies (e.g. portable 
generators, fuel) which may be required in an emergency. 

3.6.6 Sources of Emergency Materials, Supplies, Equipment and Personnel 

Planning should be carried out by the dam owner to decide what emergency supplies, 
materials and equipment are necessary for emergency response actions at their dam. This 
would include consultation with local contractors and consultants who could be mobilised in a 
dam safety emergency. 

The EPP should outline the location of emergency supplies and materials (e.g. rock rip-rap, 
filter and drainage materials) for emergency use. The location and availability of equipment 
(e.g. torches, cameras, emergency lighting, earth-moving plant) and the name and contact 
information of local contractors or consultants that could mobilised should be included. 

A dam safety emergency may require additional personnel and technical support to assist 
the dam owner. The EPP should provide plans for staff resourcing during an emergency and 
the contact details of technical and operational support staff who may be required to be 
called upon for assistance in an emergency. 

3.6.7 Communication systems 

The EPP should outline the primary communication systems for internal use by the dam 
owner in an emergency and systems for contact with external organisations. Commonly used 
communication systems (cellphone, landlines) are vulnerable to failure or overload in 
adverse conditions which may lead to a dam safety emergency (e.g. earthquake, storm, 
heavy rainfall). Back-up methods of communication (e.g. radio, satellite phones, email, in-
person) should be included in the EPP in the case that primary communication methods are 
unavailable. 

3.6.8 EPP Training and Practice Exercises 

Training of dam operations staff in the content and requirements of the EPP is an essential 
component of having effective response to dam safety emergencies. 

There are three essential levels to this training: 

 An initial workshop, led by an experienced dam safety engineer, to train dam owner 
staff by going through dam safety incident scenarios and developing appropriate 
response by key project staff and the associated preparations required by dam 
operations staff. 

 A field exercise with dam owner staff responding to a simulated dam safety incident 
arranged with packages containing a description of the incident conditions at initiation 
of the exercise, along with subsequent information packages to be opened and 
responded to at subsequent times and project locations. As subsequent information 
packages are opened the simulated incident unfolds; 

 A field exercise with dam owner staff and staff from Provincial Committee of Flood and 
Storm Control and other appropriate Government agencies responding to a simulated 
dam safety incident arranged as described above. 
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Scenarios for a practise exercise might include: 

 Development of an extreme flood; 

 Increasing seepage and internal erosion through a dam leading to dam failure; 

3.7 INUNDATION MAPS 

3.7.1 General 

Inundation maps should be appended to the EPP. The maps must indicate the dam breach 
flood extent and travel time in the event of a dam failure in normal conditions and during 
flood conditions. Inundation maps allow external agencies to evacuate the downstream 
people at risk. 

These maps are described briefly in the main section of the EPP and included as maps in an 
appendix to the EPP. 

3.7.2 Preparation of Inundation Maps 

The method for preparing flood inundation maps is addressed in Chapter 5 of these 
Guidelines. The VNCOLD (2012) Dam Safety Manual should also be referred to for guidance 
on development of flood inundation maps for EPPs. 

3.7.3 Supporting Information 

3.7.4 General 

Supporting information is frequently incorporated as appendices to the EPP, and should be 
developed and included as required for the site specific requirements of the dam. As an 
example, the following content is often contained in the appendices: 

 General site plans, drawings and photographs 

 Flood inundation maps 

 Reservoir dewatering procedures 

 Forms and log-sheets for recording emergency situations 

 Site specific concerns or requirements:  

 Plans for training and exercising 

 Procedures for periodic review, revision and distribution of EPP 
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A1.0 ANNEX B1: EXAMPLE OF NOTIFICATION FLOW CHART 
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Figure A1.1 Example of a notification flow chart. 
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A2.0 ANNEX B2: EXAMPLE OF AN EMERGENCY ACTION TABLE 

 



 

 

Hazard Event Situation Emergency Level Emergency Action Data to Monitor/Record 

Flood Spillway release Reservoir water 

level expected to 

rise above FSL 

High Flow IMPLEMENT EPP 

1. Make notifications (refer to Notification flow chart in Annex B2) 

2. Inspect spillway channel (any problems or issues?) 

3. Perform tasks as directed by the Supervising Engineer 

4. Re-assess emergency level if condition worsens 

Reservoir water level 

Spillway gate opening 

Spillway discharge 

Flood expected to 

exceed design 

spillway capacity 

Reservoir water 

level 

approaching 

design flood 

level and rising 

Potential Failure IMPLEMENT EPP 

1. Make notifications (refer to Notification flow chart in Annex B2) 

2. Inspect spillway channel operation (any problems or issues?) 

3. Perform tasks as directed by the Supervising Engineer 

4. Re-assess emergency level if condition worsens 

Reservoir water level 

Spillway gate opening 

Spillway discharge 

Flood approaching 

or exceeding dam 

crest level 

Reservoir water 

level 

approaching 

dam crest level 

and rising 

Imminent Failure IMPLEMENT EPP 

1. Make notifications (refer to Notification flow chart in Annex B2) 

2. Perform tasks as directed by the Supervising Engineer 

3. Make notifications if condition worsens 

4. Evacuate dam facilities as necessary to ensure personal 

safety 

Reservoir water level 

Spillway gate opening 

Spillway discharge 

Time when dam is overtopped 

and/or fails 



 

 

Hazard Event Situation Emergency Level Emergency Action Data to Monitor/Record 

Internal 

Erosion 

New seepage area 

identified at 

downstream toe of 

dam 

Uncontrolled 

leak without 

removal of fines. 

Rate of flow not 

increasing 

Internal Event 1. Measure and record seepage flow rate and location 

2. Contact geotechnical engineer and provide all data collected 

3. Perform tasks as directed by the Supervising Engineer 

(including reservoir drawdown or remedial works as required) 

4. Maintain continuous monitoring of the feature 

5. Make notifications if condition worsens 

Size and location of seepage 

Approximate seepage flow 

New seepage area 

identified at 

downstream toe of 

dam 

Significant 

uncontrolled 

seepage with 

flow rate 

increasing and 

cloudy 

discharge. 

Potential Failure IMPLEMENT EPP 

1. Make notifications (refer to Notification flow chart in Annex B2) 

2. Measure and record seepage flow rate and location 

3. Contact geotechnical engineer and provide all data collected 

4. Perform tasks as directed by the Supervising Engineer 

(including reservoir drawdown or remedial works as required) 

5. Maintain continuous monitoring of the feature 

6. Make further notifications if condition worsens 

Size and location of seepage 

Approximate seepage flow 

Earthquake Earthquake of 

Modified Mercalli 

Scale MMVI or 

greater (i.e. Felt by 

all. Furniture moves, 

and objects fall from 

walls and shelves. 

Slight damage to 

buildings.” 

Cracking and 

settlement of 

dam crest has 

been observed 

Potential Failure IMPLEMENT EPP 

1. Make notifications (refer to Notification flow chart in Annex B2) 

2. Carry out emergency inspection of dam and provide all data 

collected to Supervising Engineer 

3. Perform tasks as directed by the Supervising Engineer 

(including reservoir drawdown or remedial works as required) 

4. Maintain continuous monitoring of the feature 

5. Make further notifications if condition worsens 

Measure and record any 

feature (cracks, settlement, 

etc.) dimensions, approximate 

flow rate, and relative location 

to existing surface features. 

Take photos if camera is 

available. Document location 

on a site plan and in inspection 

report. 
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A3.0 ANNEX B3: EMERGENCY RESERVOIR DRAWDOWN 

RESERVOIR DRAWDOWN PROCEDURES 

General 

Reservoir drawdown (lowering the reservoir level) reduces the water load on the dam and 
will result in a less damaging surge downstream if the dam subsequently fails. In some 
circumstances reservoir drawdown will not be possible (for example if the inflow flood 
discharge is greater than the discharge outlet facilities at the dam). 

Procedures to lower the reservoir level in a dam safety emergency are often difficult to 
establish. For this reason the EPP should provide clear procedures to lower the reservoir 
level in an emergency. The following provide what to consider when developing reservoir 
drawdown procedures. 

Equipment for Lowering the Reservoir 

Clearly state what equipment and facilities are available at the dam to drawdown the 
reservoir. Include the discharge capacity and limitations of the drawdown equipment. Include 
provision for temporary drawdown equipment (e.g. pumps or siphons) if appropriate. 

Dewatering Procedures 

The dewatering procedures should include: 

 The conditions at the dam that could necessitate reservoir drawdown 

 Limitations on the rate of drawdown (e.g. rapid drawdown failure of the upstream slope of 
an earth dam) 

 Limitations on the rate of discharge to reduce downstream impacts (e.g. flooding, danger to 
population, infrastructure and the environment) 

 Alternative drawdown scenarios (e.g. drawdown under different inflow rates) 

 Plots of reservoir level versus time for different drawdown scenarios – refer to Figure A3.1 
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Figure A3.1 Example of Reservoir Draw Down Time with Outlet Fully Open. 
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Scenario 1: 4 m3/s reservoir inflow (100% mean reservoir inflow); bottom outlet 100% open 
Scenario 2: 2 m3/s reservoir inflow (50% mean reservoir inflow); bottom outlet 100% open 
Scenario 3: 1 m3/s reservoir inflow (25% mean reservoir inflow); bottom outlet 100% open 
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