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DISCLAIMER 

This report has been prepared by GNS Science International Limited (GNS), 

Damwatch Projects Limited (Damwatch) both of New Zealand, and Water 

Resources University (WRU) of Vietnam under a New Zealand Aid Project for the 

Ministry of Foreign Affairs and Trade of New Zealand (MFAT). The objective of 

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. 

While all reasonable efforts have been made to ensure the accuracy and 

completeness of the report, no liability is accepted by GNS, Damwatch, and their 

affiliate companies or by WRU (or any of their respective directors, employees, 

secondees or contractors) for any loss, damage or expense, direct or indirect, 

arising from the use or reliance on this report by any person or entity. 

 

COPYING AND USE OF REPORT 

Copyright in this report is held by MFAT, but with certain material within owned 

by the respective contributors or used with permission. All rights are reserved, 

and except for use within Viet Nam, this report may not be adapted, modified, 

reproduced or transmitted in any form or by any means unless prior written 

permission is obtained. 
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Dam and Downstream Community Safety Initiative - November 2015 

Case Study 

PREFACE 

This Case Study report is a companion document to the Dam and Downstream Community 
Safety Initiative Guidelines2. The DDCSI Guidelines provide internationally recognised 
procedures for dam safety assessment and disaster risk management into a single 
integrated process at a river basin level.  

The methodology outlined in the DDCSI Guidelines has been applied to a river basin 
containing three large dams in Nghe An Province, and documented in this Case Study 
report. 

This Case Study report provides an example of application of the assessment process 
outlined in the Dam and Downstream Community Safety Initiative Guidelines.  

 

 

 

 

                                                 
2 DDCSI. (2015). Dam and Downstream Community Safety Initiative: Guidelines. Prepared by the GNS Science 

Limited, Damwatch Projects Limited and Water Resources University Joint Venture for the New Zealand 
Ministry of Foreign Affairs and Trade. 
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1.0 INTRODUCTION 

1.1 OVERVIEW 

This Case Study report is a companion document to the Dam and Downstream Community 
Safety Initiative Guidelines (DDCSI, 2015). The DDCSI Guidelines provide internationally 
recognised procedures for dam safety assessment and disaster risk management.  

The methodology outlined in the DDCSI Guidelines has been applied to a river basin 
containing three large dams in Nghe An Province, and documented in this Case Study 
report. 

This Case Study report provides an example of application of the assessment process 
outlined in the Dam and Downstream Community Safety Initiative Guidelines. Figure 1.1 
illustrates the relationship between this Case Study report and the Guidelines. 

 

Figure 1.1 Relationship between the DDCSI Guidelines and Case Study. 

 

Guidelines

•Provides methodology to carry 
out technical analysis

Case Study

•Provides an example of 
application of technical 
analysis (described in the 
Guidelines) to three large dams 
in the Nghe An Province
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1.2 STRUCTURE OF THE CASE STUDY 

This Case Study report is divided into the chapters outlined in Figure 1.2. 

The DDCSI Guidelines (DDCSI, 2015) provide three levels of assessment (i.e. Preliminary, 
Intermediate and Detailed) to perform dam safety and disaster risk assessment. The concept 
is that level of time and resource to undertake dam safety and disaster risk management 
should be appropriate to the size, complexity and potential downstream impacts of the dam 
or reservoir under investigation. Refer to Section 1.4 for further detail of the three different 
assessment levels. 

Chapter 2 provides an example of a Preliminary assessment to rapidly evaluate the potential 
downstream impact of a dam failure based on easily accessible information. The Preliminary 
assessment is performed for the Khe Lau Dam in Nghe An Province. Section 1.3 provides 
the location and a description of this dam, and Section 1.4 provides the reasons for selecting 
the Preliminary assessment methodology. 

More comprehensive methods to perform the Intermediate or Detailed level assessments 
outlined in the DDCSI Guidelines are provided in Chapters 3 to 6 for Ban Mong and Sao 
Dams in Nghe An Province. Section 1.3 provides the location and a description of these 
dams and Section 1.4 provides further discussion on the reasons for selecting the 
Intermediate/Detailed methodologies. 

 
Figure 1.2 Structure of the Case Study report. 
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1.3 DESCRIPTION OF CASE STUDY DAMS 

1.3.1 General 

Three large dams in Nghe An Province were selected to trial the assessment methodologies 
outlined in the DDCSI Guidelines. The key parameters for the dams are listed in Table 1.1. 
Figure 1.3 plots the location of the dams and the extent of their reservoir and catchment 
areas. More detail on these dams is provided in the following sub-sections. 

Table 1.1 General parameters for case study dams. 
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km2 m* 106 m3 m 

Khe Lau Thái Hòa Nghĩa Thuận 1977 4.0 +76.5 1.9 12 IV 

Sào Nghĩa Đàn Nghĩa Lam 2003 132 +75.7 51.42 31 III 

Bản Mồng Quỳ Hợp Yên Hợp Being built 2,800 +76.4 235.5 44 II 

* metres above Mean Sea Level 

** at Full Supply Level 

*** according to Regulation QCVN 04 05:2012/BNNPTNT 

 
Figure 1.3 Location of Case Study dams. 
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1.3.2 Khe Lau 

Khe Lau Dam was constructed from 1975 to 1977, and is located in Thái Hòa District, Nghe 
An province. The dam is an earthen embankment dam with a maximum dam height of 12 m, 
and retains a reservoir of approximately 1.9 Mm3 at a Full Supply Level of +76.5 m. 

Khe Lau is a medium dam according to the definitions provided in Decree 72 (i.e. dam height 
between 10 and 15 m and reservoir volume between 1 Mm3 and 3 Mm3) and a Class IV 
structure according to Regulation QCVN 04 05:2012/BNNPTNT. 

A small embankment dam and reservoir is located immediately downstream of Khe Lau, as 
shown in Figure 1.4. No information is available for this small dam, but 1:10,000 scale 
topographic maps indicate the embankment height is between 3 and 5 m. 

Further information was not obtained for this dam. Khe Lau Dam was used as an example of 
a Preliminary assessment, as outlined in Chapter 2 of this Case Study. 

 
Figure 1.4 Khe Lau dam. 

Khe Lau 

Downstream dam 
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1.3.3 Sào 

Sao Dam was built on Sao River at Nghĩa Lam Commune, Nghĩa Đàn District. The main 
purpose of the Sao reservoir is to supply irrigation water for 6,616 ha and water demand for 
Nghĩa Đàn District and Thai Hoa Town. Dam construction started in 2000 and was 
completed in 2003. 

The main parameters for the Sao Dam are provided in Appendix 1. The following paragraphs 
provide a brief description of the main components of the dam and appurtenant structures. 

The dam consists of a zoned earthfill dam in the Sao River (referred to as the Main Dam), and a 
homogeneous earthfill saddle dam which spans a natural ridge on the true right of the reservoir 
(referred to as the Saddle Dam) – refer to Figure 1.5. A third dam (referred to as the Emergency 
Spillway Dam in this Case Study) is located on a tributary on the true left of the reservoir. 

 
Figure 1.5 Sao Dam layout. 

The Main Dam has a maximum height of 31.4 m and 415 m crest length. The Saddle Dam has a 
maximum height of approximately 5.4 m and a crest length of approximately 479 m. A concrete 
parapet wall runs along the crest of the main and spillway dams, with a nominal height of 0.8 m. 
It is understood that this parapet wall is to provide freeboard for wave overtopping. 

There are two low level culverts, one penetrating through the Saddle Dam and one through 
the Main Dam. The culvert penetration through the Main Dam is a reinforced concrete 
culvert, 1.5 m high by 2.0 m wide, with a total length of 62.4 m. The culvert penetration 
through the Saddle Dam is a 0.8 m diameter pipe, 77.8 m in length. 

The primary spillway for the dam is located in the Saddle Dam and consists of a gated 
spillway (3 bays, each 8 m wide). The gates are operated by electrically driven motors 
located on an elevated platform above the dam. The emergency spillway consists of a 68.5 
m wide broad crested weir located on the Emergency Spillway Dam. The crest of the 
Emergency Spillway Dam is +76.77 m, 1.63 m lower than the Main Dam and Saddle Dam 
crest elevation of +78.4 m. 

Main Dam 
Saddle Dam 

Emergency 
Spillway Dam

Primary Spillway 
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The storage capacity of the reservoir impounded by the dams at the Full Supply Level (FSL) 
of +75.7 m is 51.42 Mm3. The reservoir formed behind the dams extends for nearly 6.5 km 
upstream from the dam site, with a reservoir surface area of 820 ha at FSL. 

The Sao Main Dam is a large dam according to the definitions provided in Decree 72 (i.e. 
dam height greater than 15 m and reservoir volume greater than 3 Mm3) and a Class III 
structure according to Regulation QCVN 04 05:2012/BNNPTNT. 

1.3.4 Bản Mồng 

Ban Mong Dam is under construction on the Hieu River at Yen Hop Commune, Quy Hop 
District. The main purpose of Ban Mong reservoir is to supply irrigation water for 
approximately 18,800 ha, electricity generation with a capacity of 42MW, and water supply. 

The main parameters for the Ban Mong Dam are provided in Appendix 2. The following 
paragraphs provide a brief description of the main components of the dam and appurtenant 
structures. 

The dam consists of a concrete gravity dam in the Hieu River (referred to as the Main Dam), 
and a zoned earthfill dam which closes the temporary river diversion channel excavated for 
construction (referred to as the Closure Dam) – refer to Figure 1.6. 

The Main Dam has a maximum dam height of 45.4 m and a 383 m crest length. The Closure 
Dam has a maximum dam height of approximately 35 m and a crest length of approximately 
145 m. A concrete parapet wall runs along the crest of the Main Dam and Closure Dams, 
with a nominal height of 1.0 m. It is understood that this parapet wall is to provide freeboard 
for wave overtopping. 

The primary spillway for the dam is located in the Main Dam and consists of a radial gated 
spillway (5 bays, each 11 m wide). A low level culvert for sediment flushing penetrates through 
the Main Dam. The powerhouse consists of 3 generation units, with a total capacity of 42 MW. 

The storage capacity of the reservoir impounded by the dams at full supply level of +76.4 m 
is 225 Mm3. The reservoir formed behind the dams extends for nearly 30 km to Quỳ Châu 
Commune. 

The Ban Mong Main Dam and Closure Dams are large dams according to the definitions 
provided in Decree 72 (i.e. dam height greater than 15 m and reservoir volume greater than 
3 Mm3) and a Class II structure according to Regulation QCVN 04 05:2012/BNNPTNT. 

A series of saddle dams (referred to in this report as the Chau Binh Saddle Dams) are 
proposed to prevent flooding of the town of Chau Binh by the Ban Mong reservoir – refer to 
Figure 1.7. Chau Binh Saddle Dams No.1 and 2 dam the Co Ba River and the Co Ba 
Diversion Channel diverts the river into the Ban Mong reservoir. Chau Binh Saddle Dams 
No.3 and No.4 provide additional barriers to prevent inundation of Chau Binh Commune from 
the Ban Mong reservoir. A drainage channel is also to be constructed at Chau Binh to 
convey runoff from the Ca Ba river into a tributary of the Hieu River. 
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Figure 1.6 Plan of proposed Bản Mồng Main Dam and Closure Dam. 

 
Figure 1.7 Plan of proposed Chau Binh Saddle Dams. 
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1.4 LEVEL OF ASSESSMENT 

1.4.1 General 

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. 

Three levels of assessment (i.e. Preliminary, Intermediate and Detailed) are provided in the 
DDCSI Guidelines (DDCSI, 2015). The DDCSI Guidelines also provide discussion on when it 
is appropriate to use each level of assessment. 

The following sub-sections outline the level of assessment that has been applied to the three 
case study dams (refer to Section 1.3). 

1.4.2 Khe Lau 

A Preliminary assessment was performed for Khe Lau Dam for the following reasons: 

 The data available for Khe Lau (refer to Table 1.2) was sufficient to perform a 
Preliminary assessment but not an Intermediate or Detailed assessment. 

 The reservoir volume of Khe Lau at Full Supply Level is approximately 1.9 Mm3 (refer 
to Section 1.3.2). The DDCSI (2015) Guidelines suggest performing a Preliminary 
assessment for dams with reservoir storage volume less than 3 Mm3 to: 

˗ Provide a rapid and approximate understanding of the downstream hazard 
potential of the dam 

˗ Decide whether the dam requires further analysis at an Intermediate or Detailed 
level of assessment 

Chapter 2 of this Case Study provides results from the Preliminary assessment for  
Khe Lau Dam. 

1.4.3 Sào 

An Intermediate/Detailed assessment was performed for Sao Dam for the following reasons: 

 Sao is a large dam with a reservoir volume of 51.42 Mm3 at Fully Supply Level (refer to 
Section 1.3.3). The DDCSI (2015) Guidelines suggest performing an Intermediate/Detailed 
assessment for dams with reservoir storage volume greater than 3 Mm3. 

 In the unlikely event of failure of the Sao Dam, there is potential for significant impacts 
on downstream communities. An Intermediate/Detailed assessment is therefore 
recommended to understand the potential hazards and risks associated with the dam. 

 Sufficient data was available to perform an Intermediate/Detailed assessment. 

Results for the Intermediate/Detailed assessment for Sao Dam are summarised in Chapter 3 
to 6 of this Case Study. 

The data and resources available for Sao Dam (refer to Table 1.3) meant that the 
assessment was generally based on an Intermediate assessment. However there was 
sufficient data and resource to perform a Detailed assessment for the following components: 

 Flood Hydrology (Chapter 3, Section 2.0 of this Case Study) 
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 Dam Failure Assessment (Chapter 4, Section 2.3 of this Case Study) 

 Downstream Consequence Assessment (Chapter 4, Section 4.0 of this Case Study) 

1.4.4 Bản Mồng 

An Intermediate/Detailed assessment was performed for Ban Mong Dam for the following 
reasons: 

 Ban Mong is a large dam with a reservoir volume of 224.78 Mm3 at Fully Supply Level 
(refer to Section 1.3.1). The DDCSI (2015) Guidelines suggest performing an 
Intermediate/Detailed assessment for dams with reservoir storage volume greater 
than 3 Mm3. 

 In the unlikely event of failure of the Ban Mong Dam, there is potential for major impacts 
on downstream communities. An Intermediate/Detailed assessment is therefore 
recommended to understand the potential hazards and risks associated with the dam. 

 Sufficient data was available to perform an Intermediate/Detailed assessment. 

Results for the Intermediate/Detailed assessment for Ban Mong Dam are summarised in 
Chapter 3 to 6 of this Case Study. 

The data and resources available for Ban Mong Dam (refer to Table 1.4) meant that the 
assessment was generally based on an Intermediate assessment. However there was 
sufficient data and resource to perform a Detailed assessment for the following components: 

 Flood Hydrology (Chapter 3, Section 2.0 of this Case Study) 

 Dam Failure Assessment (Chapter 4, Section 3.3 of this Case Study) 

 Flood Modelling and Mapping (Chapter 4, Section 3.4 of this Case Study) 

 Downstream Consequence Assessment (Chapter 4, Section 4.0 of this Case Study) 
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1.5 DATA COLLECTION 

1.5.1 General 

The main data collected to perform the DDCSI dam safety and disaster risk management 
assessment for the Khe Lau, Sao and Ban Mong Dams are summarised in Table 1.2, Table 1.3 
and Table 1.4 respectively. More specific information regarding the data listed in these tables is 
provided in each Chapter as required. 

Table 1.2 Data collected for Khe Lau - Preliminary Assessment. 

Data Collected 

 Basic dam and reservoir data provided by Department of Agricultural and Rural 

Development, Nghe An (i.e. maximum dam height, reservoir volume, dam crest level) 

 1:10,000 topographic maps that cover the reservoir area and downstream watercourse in 

GIS format 

Table 1.3 Data collected for Sao – Intermediate/Detailed Assessment. 

Data Collected 

 Dam design report 

 Dam layout (plan and section) drawings 

 Reservoir operation rules 

 Geological maps: Regional 1:200,000 scale  

 Topographic maps: 1:10,000, 1:50,000, 1:100,000 scale VN2000 series (GIS and 

hardcopy format) 

 River survey data: Not available 

 Hydrological data: Rainfall and stream-flow data for dam catchment and adjacent 

catchments 

 Seismic data: Geological data, historical earthquake record, fault location and activity 

database, GPS strain rate data 

 Aerial photography: GoogleEarth and USGS Landsat imagery , as well as overlapping 

vertical aerial photographs (1:35,000 ground scale) 

Table 1.4 Data collected for Ban Mong – Intermediate/Detailed Assessment. 

Data Collected 

 Dam design report 

 Dam layout (plan and section) drawings 

 Geological maps: Regional 1:200,000 scale 

 Topographic maps: 1:10,000, 1:50,000, 1:100,000 scale VN2000 series (GIS and 

hardcopy format) 

 River survey data: River cross-section survey data for Hieu and Con Rivers 

 Hydrological data: Rainfall and stream-flow data for dam catchment and adjacent 

catchments 

 Seismic data: Geological data, historical earthquake record, fault location and activity 

database, GPS strain rate data 

 Aerial photography: GoogleEarth and USGS Landsat imagery , as well as overlapping 

vertical aerial photographs (1:35,000 ground scale) 
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A1.0 SAO DAM PARAMETERS 

Sao 

No Parameter Unit Value 

1 Catchment Information and Flow 

Catchment Area km2 132 

Yearly Average Rainfall mm 1628 

Mean Annual Flow m3/s 3.38 

2 Reservoir 

Full Supply Level (FSL) m +75.7 

Minimum Operating Level (MOL) m +68 

Design Flood Level (DFL) m +76.77 

Checking Flood Level (CFL) m +77.11 

Reservoir Area At FSL ha 820 

Reservoir Area At MOL ha 960 

Reservoir Total Storage 106 m3 51.42 

Reservoir Dead Storage  106 m3 11.50 

Reservoir Active Storage  106 m3 39.92 

3 Main Dam 

Dam Type Zoned earthfill dam 

Crest Elevation m +78.4 

Parapet Wall Crest Elevation m +79.2 

Crest Width m 5.0 

Crest Length m 415.2 

Maximum Height m 31.4 

4 Saddle Dam 

Dam Type Homogeneous earthfill dam 

Crest Elevation m +78.4 

Parapet Wall Crest Elevation m +79.2 

Crest Length m 479 

Maximum Height m ~ 5.4 

5 Spillway 

Type Gated spillway 

Design Flood Inflow (1% or 1:100 AEP) m3/s  1160 

Checking Flood Inflow (0.2% or 1:500 AEP) m3/s  1230 

Design Flood Discharge (1% or 1:100 AEP) m3/s  588 

Checking Flood Discharge (0.2% or 1:500 AEP) m3/s  642 

Spill Crest Elevation m +70.7 

Opening Dimensions (n x B x H) m 3 x 8 x 5 

Energy dissipater Stilling basin 
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Sao 

No Parameter Unit Value 

6 Emergency Spillway 

Type Broad crested weir 

Crest Length m 68.5 

Entrance Sill Elevation m +76.77 

Design Discharge P 0.2% m3/s 47 

7 Low Level Irrigation Culvert (Main Dam) 

Type Box culvert 

Design Discharge m3/s 4274 

Dimensions (B x H) m 1.5 x 2.0 

Length m 62.4 

Entrance Sill Elevation m +66.2 

8 Low Level Irrigation Culvert (Saddle Dam) 

Type Pipe 

Design Discharge m3/s 0.75 

Design Tailwater Level m +67.0 

Conduit Diameter mm 800 

Length m 77.8 

Entrance Sill Elevation m +66.2 
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A2.0 BAN MONG DAM PARAMETERS 

Ban Mong 

No Parameter Unit Value 

1 Catchment Information and Flow 

Catchment Area km2 2800 

Yearly average rainfall mm 1900 

Mean annual flow m3/s 95.9 

2 Reservoir 

Full Supply Level (FSL) m +76.4 

Minimum Operating Level (MOL) m +65.0 

Design Flood Level (DFL) m +76.72 

Checking Flood Level (CFL) m +78.51 

Reservoir Area At FSL km2 24.4 

Reservoir Area At MOL km2 7.77 

Reservoir Total Storage 106 m3 224.78 

Reservoir Dead Storage 106 m3 54.33 

Reservoir Active Storage 106 m3 170.45 

3 Main Dam 

Dam Type Concrete Gravity 

Crest Elevation m +78.9 

Parapet wall crest elevation m +79.9 

Crest Width m 12.5 

Crest Length m 383 

Maximum Height m 45.4 

Foundation treatment Grouting 

4 Closure Dam 

Dam Type Zoned earthfill dam 

Crest Elevation m +78,9 

Parapet wall crest elevation m +79.9 

Crest Width m 10 

Crest Length m 144.9 

Drainage Prism Elevation m 61.5 

Maximum Height m 35 

Foundation treatment Grouting 
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Ban Mong 

No Parameter Unit Value 

5 Spillway 

Type Radial gated 

Design Flood Inflow (0.5% or 1:200 AEP) m3/s  6170 

Checking Flood Inflow (0.1% or 1:1000 AEP) m3/s  7750 

Design Flood Discharge (0.5% or 1:200 AEP) m3/s  5937.3 

Checking Flood Discharge (0.1% or 1:1000 AEP) m3/s  7335.6 

Spill- Crest Elevation m +64.9 

Opening Dimensions (n x B x H) m 5 x 15 x 11.5 

Energy dissipater Stilling Basin 

6 Sluice 

Opening Dimensions (n x B x H) m 2 x 5 x 5.5 

Entrance Sill Elevation m +43 

Design Discharge m 989.42 

Upstream Water Level m +77.09 

7 Irrigation Culvert 

Design Discharge m3/s  4.1 

Number of Pipeline Conduit No. 1 

Diameter m 3  2.2 

Inlet sill elevation m +65 

8 Construction Diversion Channel (temporary works) 

Design flood inflow (5% or 1:20 AEP) m3/s  3900 

Discharge Capacity (5% or 1:20 AEP) m3/s  3859.8 

Upstream bottom elevation m +44.5 

Downstream bottom elevation m +44.0 

Channel Slope - 0.0006 

Upstream water level  m +57.8 

Downstream water level m +56.25 

Channel width m 83 

9 Hydropower Intake 

Design Discharge m3/s  195 

Number of openings  3 

Dimensions B x H m 4 x 4 

Intake Sill Elevation m +59.5 

Design Discharge  195 

10 Powerhouse 

Installed Capacity MW 42 

Annual Average Energy Potential  GWh 148 

Design Discharge m3/s  192 

Number of Generator Unit Tổ 3 

Generator Unit Capacity MW 14 
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1.0 INTRODUCTION 

1.1 SCOPE 

This Chapter of the Case Study presents application of the Preliminary assessment 
methodology detailed in the Dam and Downstream Community Safety Initiative Guidelines 
(DDSCI, 2015). 

The methodology is applied to the Khe Lau dam in the Thái Hòa District of Nghe An 
Province. Refer to Chapter 1 of this Case Study for the location, main parameters and a 
description of this dam. 

The following sections provide the results from the Preliminary assessment for Khe Lau dam. 

1.2 LEVEL OF ASSESSMENT 

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

Three different levels of assessment (i.e. Preliminary, Intermediate and Detailed) are 
provided in the DDCSI (2015) Guidelines. 

A Preliminary assessment was performed for Khe Lau dam. The reasons for adopting a 
Preliminary level of assessment are outlined in Chapter 1, Section 1.4.2, of this Case Study. 
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2.0 DATA COLLECTION 

Khe Lau dam was built in 1977 in the Thái Hòa District of Nghe An Province. The data listed 
in Table 2.1 was obtained from the dam manager for the Preliminary assessment. 

Table 2.1 Data collected for Khe Lau dam. 

Parameter Value 

Name of dam Khe Lau 

Dam type Earthen embankment 

Location Thái Hòa District, Nghe An Province 

Year constructed 1977 

Catchment area 4.0 km2 

Dam height 12 m 

Full Supply Level +76.5 m 

Dam Crest Level +78.0 m 

Reservoir volume (at Full Supply Level) 1,900,000 m3 

Crest length 320 m 

Outlet facilities Concrete lined spillway; intake sluice  

Topographic map tiles downstream of dam E48-19-B-d, E48-19-D-b (VN2000 series) 

A small reservoir is located immediately downstream of the Khe Lau dam. No information 
was able to be obtained for this dam, but it is understood to be an earthen embankment dam. 
1:10,000 scale topographic maps were used to estimate the dam height and reservoir 
surface area for this dam as approximately 3 to 5 m and 50,000 m2 respectively. 
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3.0 METHODOLOGY AND RESULTS 

The Preliminary assessment methodology was undertaken using the series of EXCEL 
spreadsheets provided in the DDCSI (2015) Guidelines. 

The information provided in Table 2.1 was entered into the spreadsheets and the Preliminary 
assessment methodology was undertaken for Khe Lau dam.  

Appendix 1 provides the completed spreadsheets as a summary of the results from the 
analysis. The following spreadsheets are provided: 

 Data collection form 

 Simplified dam failure flood discharge 

 Simplified dam failure flood routing 

 Indicative dam failure flood map 

 Preliminary downstream impact assessment 

For preliminary assessment it is assumed that an average of four people occupy each 
household in the flood inundation zone based on recommendations in the DDCSI (2015) 
Guidelines. 

Note that cascade failure of the small dam immediately downstream of Khe Lau (refer to 
Section 2.0) has been assumed. A peak breach outflow due to failure of this dam was 
estimated using the equations provided in the DDCSI (2015) Guidelines for the Preliminary 
assessment. This breach outflow (78 m3/s) was added to the total peak breach discharge 
from Khe Lau dam as indicated in the “simplified dam failure flood routing” spreadsheet 
provided in Appendix 1. 

An indicative dam failure flood map was produced with ArcGIS software using the results 
from the dam failure flood routing and 1:10,000 scale topographic map contours. 
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4.0 CONCLUSIONS 

The results from the Preliminary assessment for Khe Lau reservoir identified the following: 

 A peak breach outflow discharge of 1,200 m3/s 

 The indicative dam-failure flood extent shows: 

˗ Cascade failure of the small dam immediately downstream of Khe Lau 

˗ Significant flooding upstream of QL48 highway 

˗ Minor flooding on Suoi Cai river downstream of QL48 highway 

˗ Dam-failure flood discharge is assumed to be minor relative to normal river flows 
on the Con River, approximately 36 km downstream of the dam 

 The approximate number of households and people at risk: 

˗ 26 households 

˗ 104 people (assuming four people per household) 

As there are a relatively large number of people at risk in the hypothetical dam-failure 
scenario, it is recommended that further analysis at either an Intermediate or Detailed level is 
undertaken as outlined in the DDCSI (2015) Guidelines.  
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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 

This Case Study report presents application of the “Hazard Assessment” methodology 
detailed in the Dam and Downstream Community Safety Initiative Guidelines (DDSCI, 2015). 

The methodology is applied to one existing dam (Sao) and one under construction (Ban Mong) 
in the Nghe An province. Refer to Chapter 1 for the location, main parameters and a 
description of the Sao and Ban Mong dams. 

The following sections in this Chapter provide the results from analysis of flood (Section 2.0), 
earthquake (Section 3.0) and landslide (Section 4.0) hazards to the Sao and Ban Mong dams. 

1.2 LEVEL OF ASSESSMENT 

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

Three different levels of assessment (i.e. Preliminary, Intermediate and Detailed) are 
provided in the DDCSI (2015) Guidelines. 

An Intermediate/Detailed assessment was performed for both the Sao and Ban Mong dams. 
The reasons for adopting an Intermediate/Detailed assessment are outlined in Chapter 1, 
Section 1.4.3 and 1.4.4 of this Case Study. 

The hydrological analysis described in Section 2.0 is based largely on the Detailed approach 
outlined in the DDCSI (2015) Guidelines (refer to Table 1.1). However, sufficient data or 
resources were not available to undertake a Detailed approach for the Seismic and Landslide 
hazard assessments, and therefore these components where generally conducted at an 
Intermediate level of assessment (refer to Table 1.1). 

Table 1.1 Summary of level of assessment adopted. 

Component Sao Dam Ban Mong Dam 

Flood Hazard Identification Detailed 

(Section 2.0) 

Detailed 

(Section 2.0) 

Seismic Hazard Identification Intermediate 

(Section 3.0) 

Intermediate 

(Section 3.0) 

Landslide Hazard Identification Intermediate 

(Section 4.0) 

Intermediate 

(Section 4.0) 
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2.0 FLOOD HAZARD IDENTIFICATION 

2.1 PURPOSE AND SCOPE 

This section presents results for calculation of the inflow and outflow floods to Sao and Ban 
Mong reservoirs in the Nghệ An Province. 

A number of flow events were simulated ranging from the 1:20 to 1:10,000 annual exceedance 
probability (AEP) floods. The probable maximum precipitation (PMP) hydrologic event was also 
used to calculate the probable maximum flood (PMF) at the two dam sites via a rainfall-runoff 
model. Inflows were routed through the reservoirs to determine the spillway outflow hydrographs. 

The hydrological modelling serves as an example of a Detailed level of study described in 
the DDCSI (2015) Guidelines reports. 

2.2 DESCRIPTION OF STUDY AREAS 

The location and catchments for the Sao and Ban Mong reservoirs are shown in Figure 2.1. 
Refer to Chapter 1 for further description and the key parameters of these dams. 

 
Figure 2.1 Location of study areas. 
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2.3 HYDROLOGICAL AND METEOROLOGICAL STATIONS IN STUDY AREA 

2.3.1 Meteorological Stations 

The meteorological stations and data available in the research areas are presented in Figure 2.2 
and Table 2.1. There are three national meteorological stations in study areas at Quy Chau, Quy 
Hop and Tay Hieu. These stations measure rainfall, evaporation, temperature and wind. These 
were measured from 1962 to present at Quy Chau, from 1963 to present at Quy Hop, from 1960 
to present at Tay Hieu. 

In addition, there are some meteorological stations at farms such as Nong Truong 3/2 station 
or hydrological stations such as the Nghia Khanh station, which also observe rainfall data. 
However, these data are not continuous and the reliability of these data needs to be 
checked. As a result, data from Quy Chau, Quy Hop and Tay Hieu are used for this study. 

 
Figure 2.2 Location of rainfall stations. 
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Table 2.1 List of rain fall stations in the area. 

ID Station Period No. Years Lat Long Measurement 

1 Quy Chau (M) 1960-present 53 19.55 105.1167 X,U,T,Z,V,G 

2 Quy Hop (M) 1963-present 50 19.31667 105.1167 X,U,T,Z,V,G 

3 Tay Hieu (M) 1960-present 53 19.31667 105.4 X,U,T,Z,V,G 

4 Chau Tien 1963-1990 29 19.35 105.1333 X 

5 Nong Truong 3-2 1963-1990 29 19.36667 105.4 X 

6 Dong Hieu 1927-1944,1963-1978 34 19.3 105.05 X 

7 Tan Hop 1963-1982 20 19.03333 105.1167 X 

8 Xom Gia 1962-1970 13 - - X 

9 Song Con 1960-1987 18 - - X 

10 Phu Son 1963-1976 15 - - X 

11 Quy Chau (H) 1962-2006 45 19.55861 105.1447 X 

12 Nghia Khanh (H) 1972-2006 35 19.20444 105.3956 X 

X: rainfall; Z: evaporation; T: temperature; V: wind; U: moisture; G: sunshine 
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2.3.2 Hydrological Stations 

In the Hieu River system, hydrological stations record level (from which discharge is derived), 
sediment, and water quality. The hydrological stations and data available in the study area 
are presented in Figure 2.3 and Table 2.2. 

Quy Chau, listed in Table 2.2, is a 1st level station. This station is located 42 km upstream of 
Ban Mong dam. This station measures water level, discharge and suspended load. The data 
is continuous from 1962 to present. Nghia Dan station is located at Thai Hoa town, about 
25 km downstream Ban Mong dam. It had been measured from 1958 to 1971. Then, it was 
moved about 15 km downstream to Nghia Khanh. This new station has measured from 1971 
to present. The available data in these stations include water level, discharge, water quality 
and suspended load. Ban Mong station is a specific station, located 300 m downstream of 
Ban Mong dam. Only water level and discharge from 1964 to 1967 were measured. 

 
Figure 2.3 Location of flow stations. 

Table 2.2 List of flow stations in the area. 

ID Station Period No. Years Lat Long Measurement 

1 QuyChau 1962–present 45 19.55861 105.1447 H,Q,R 

2 Nghia Khanh 1972– present 37 19.20444 105.3956 H,Q,R 

3 Nghia Dan 1958–1971 13 19.32278 105.3939 H,Q,R 

4 Ban Mong 1964–1969 6 19.44778 105.3136 H,Q 
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2.4 INFLOW DESIGN FLOODS FOR SPECIFIC RETURN PERIODS 

2.4.1 General 

The inflow design floods for specific return periods used as input for the high-flow breach 
scenarios which were estimated using flood frequency analysis and Sokolovsky’s formula. 
Design floods represent values of flood levels, flows or volumes used for sizing the structures 
or for delineation of flood zones. Typically, a design flood is the flood of a specified return 
period or annual exceedance probability (AEP). A range of AEPs have been determined in 
this study. 

Figure 2.3 indicates that there is no station directly at the Sao dam site so flood frequency at 
Sao is best estimated via the Sokolovsky empirical formula. To achieve this, rainfall data at 
Tay Hieu, which is nearest station is used. Note that due to the size of the Sao catchment 
(142 km2) relative to the Quay Chau or Nghia Khanh catchments (2,010 km2 and 4,042 km2 
respectively) transferal of flood frequency data from these stations to the Sao catchment is 
not appropriate. 

The Ban Mong station measures flow at the proposed Ban Mong dam site, however the 
period of record is not appropriate for statistical analysis. The nearby stations of Quy Chau or 
Nghia Khanh were selected from flood frequency analysis because they have flow data 
series with a sufficient length of record (i.e. approximately 50 years). Flow frequency at these 
stations was transferred to the Ban Mong catchment. Figure 2.3 shows the Nghia Dan flow 
station in the study area. However this site was discontinued some time ago and was 
therefore not considered in the analysis. 

2.4.2 Flood Frequency Analysis 

Statistical analysis of recorded flows is the basic approach for estimation of flood-frequency 
relationships when adequate data are available. In practice, the assumption about 
independent data is usually taken into account by selecting annual maximum discharge. In 
this way, an annual maximum discharge series of Quy Chau and Nghia Khanh was 
established. This is the most common type of series used in flood frequency analysis. 

Probability distributions which are most commonly used for modelling annual maxima series 
are Log-Pearson Type III or the Kritsky-Menkel distributions. In this project the Log-Pearson 
Type III distribution is selected based on its flexibility, since it has three parameters which 
can produce a wide variety of density function shapes. 

When reviewing peak flow data at Quy Chau and Nghia Khanh, we note that the peak flood 
in 2007 at Quy Chau was extremely high (QQuyChau2007 = 4,807 m3/s) and was generated 
during Typhoon Lekima which made landfall in Vietnam on 3 October 2007. This flow is more 
than three times the average peak flow in the period 1961–2009 (QQuyChau61-09 = 1,518 m3/s). 
The peak flow frequency analysis at Quy Chau and Nghia Khanh were computed and are 
presented in Table 2.3, where discharge is given as a function of the Annual Exceedance 
Probability (AEP). Qtb as defined in Table 2.3 represents the average peak flow, over the 
recorded period. The flow frequency curves at Quy Chau and Nghia Khanh are presented in 
Figure A1.1 and Figure A1.2 in Appendix 1. 
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Table 2.3 Peak flow (m3/s) estimates at Quy Chau and Nghia Khanh. 

Station Qtb 
Annual Exceedance Probability 

0.01% 0.02% 0.1% 0.2% 0.5% 1% 2% 5% 

Quy Chau 1518 8048 7521 6241 5696 4974 4426 3877 3148 

Nghia Khanh 2504 10591 10022 8631 8023 7203 6566 5912 5008 

According to Regulation QPTL-C-6-77, neglecting effect of lake and reservoirs in the area, 
the design flood with specified return period to the Ban Mong reservoir can be estimated via 
the regression equation below. The results are shown in Table 2.4. 

max max

max

max

Design flood discharge with specified return period at dam site

Module of peak flood discharge with specified return period at gauging station

n

ds ds
P P st

st st

P

P

F
Q ds q st F

F

where

Q ds

q st

F




 
  

 




Watershed area to dam site

Watershed area to gauging station 

, Coefficients for the effect of lakes in watershed (in this case =1)

adjustment factor dependant on location, based on

ds

st

ds st ds st

F

n

   




 
 Vietnam Hydrometeorological Atlas.

 (  0.452 for Ca River)n 

 

Table 2.4 Peak flow (m3/s) estimates at Ban Mong based on Quy Chau and Nghia Khanh stations. 

Station F (km2) 
Annual Exceedance Probability 

0.01% 0.02% 0.10% 0.20% 0.50% 1% 2% 5% 

Quy Chau 2010 8048 7521 6241 5696 4974 4426 3877 3148 

Nghia Khanh 4042 10591 10022 8631 8023 7203 6566 5912 5008 

Ban Mong (Quy Chau) 

2800 

9652 9019 7485 6831 5964 5308 4649 3775 

Ban Mong (Nghia Khanh) 8661 8196 7058 6561 5890 5370 4834 4096 

2.4.3 Sokolovsky’s formula 

The Sokolovsky’s formula provides a method to estimate flood peaks from rainfall intensity. 
The formula is published in Regulation QP.TL-C-6-77 and is presented below: 

0.287.  

Where,  is the flood coefficient, equal to 0.92 for the study area. HTP is the amount of 
rainfall in period which caused floods correspond with different AEP. HTP = Hnp.ΨTP, where 
Hnp is daily rainfall at Tay Hieu, for the Sao Reservoir case, with AEP, P. ΨTP depends on 
time of concentration, in this case ΨTP = 0.755 for Sao. The rainfall frequency curve of 1 day 
maximum rainfall at Tay Hieu is presented in Figure A1.3 in Appendix 1. The results are 
shown in Table 2.5. 

 



Dam and Downstream Community Safety Initiative – November 2015 

 

Case Study, Chapter 3 – Hazard Identification 9 
 

Table 2.5 Values of HTP (mm) for given Annual Exceedance Probabilities (P). 

 P 0.01% 0.02% 0.10% 0.20% 0.50% 1% 2% 5% 

Hnp (Tay Hieu) 460 432 400 381 366 332 310 277 

HTP (Sao) 347 326 314 292 263 240 217 186 

H0 is the initial rainfall loss, equivalent to 21 mm for the study area. TP is time-to-peak. 

	
.

; L is length of river; Vmax is maximum velocity at outlet. Because there is no 

measured velocity data at the outlet, we assume maximum velocity at outlet is 2.4 m/s for 
Sao. So the Tp are 4.29 h for Sao.  is the adjustment coefficient for lake effect, for this study 
case 1. F is area of watershed. The coefficient f is an adjustment coefficient for the flood 
hydrograph shape, equal to 0.7, based on Regulation QP.TL-C-6-77. 

Q0 is the base flow. Q0 is assumed to be equal to the mean annual flow of 5.54 m3/s for Sao. 

Based on the parameters above, the flow frequency analysis at Sao using Sokolovsky’s 
formula is presented in Table 2.6. 

Table 2.6 Peak flow (m3/s) estimates at using Sokolovsky’s formula. 

Site 
Annual Exceedance Probability 

0.01% 0.02% 0.10% 0.20% 0.50% 1.00% 2.00% 5.00% 

Sao 1860 1739 1670 1546 1378 1250 1121 945 

2.4.4 Result analysis 

Peak flood discharge for various AEPs at the Ban Mong and Sao reservoirs using the 
estimation methods described in Sections 2.4.2 to 2.4.3 are compared in Table 2.7. 

Table 2.7 Peak flood discharge (m3/s) estimates at Ban Mong and Sao via different methods. 

Site 
Annual Exceedance Probability 

0.01% 0.02% 0.10% 0.20% 0.50% 1.00% 2.00% 5.00% 

Ban Mong 

(Quy Chau) 
9652 9019 7485 6831 5964 5308 4649 3775 

Ban Mong 

(Nghia Khanh) 
8661 8196 7058 6561 5890 5370 4834 4096 

Sao 

(Sokolovsky) 
1860 1739 1670 1546 1378 1250 1121 945 

As we can see in Figure 2.3, Quy Chau, Ban Mong and Nghia Khanh are located on the 
main stream of Hieu river. However, the watershed area of Ban Mong (2,800km2) and Quy 
Chau (2,010 km2) are similar. Peak flood discharge estimates for Ban Mong are therefore 
based on the Quy Chau flow record. 

Due to the size of the Sao catchment (142 km2) relative to the Quay Chau or Nghia Khan 
catchments (2,010 km2 and 4,042 km2 respectively) transferal of peak flood discharge 
estimates from the Quay Chau and Nghia Khan streamflow stations to the Sao catchment is 
not appropriate. Therefore the Sokolovsky formula has been used to estimate peak flood 
discharge at Sao based on rainfall data at the nearby Tay Hieu site. 
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Table 2.8 presents the estimated peak floods for the Ban Mong and Sao reservoirs based on 
calculations from this study. In addition, peak flood estimates used for design of the Ban 
Mong has been extracted from the dam design report (HECII, 2010) and operation rules for 
Sao reservoir (Decsion No. 06/2008/QDUBND) and summarized in Table 2.8 for comparison. 

Table 2.8 indicates that the calculated flows and design flows in Ban Mong compare well, with 
differences of only 1% or 2%. For the Sao reservoir, the structure was completed in 2003, 
before the large flood event recorded in 2007 (Typhoon Lekima). This may result in peak flood 
estimates from the original design to be slightly less than those estimated in this study. 

Table 2.8 Peak flood discharge (m3/s) for Ban Mong and Sao reservoirs. 

Station 
Annual Exceedance Probability 

0.01% 0.02% 0.10% 0.20% 0.50% 1.00% 2.00% 5.00% 

Ban Mong 
9652 

(-) 

9019 

(-) 

7485 

(7754) 

6831 

(7076) 

5964 

(6173) 

5308 

(5495) 

4694 

(-) 

3775 

(3896) 

Sao 
1860 

(-) 

1739 

(-) 

1602 

(-) 

1519 

(1455) 

1457 

(-) 

1312 

(1224) 

1214 

(-) 

1072 

(-) 

Note: Flood estimates from dam design reports are listed in brackets where available. 

2.4.5 Inflow Flood Hydrographs 

For Sao reservoir, based on Regulation QP.TL-C-6-77, inflow design floods are created 
based on triangle hydrograph shape which is used for a small basin. These triangles derive 
from design peak floods Qp in Table 2.8 to present peaks of triangles and design total 
volumes W which are areas of triangles. These values of design total volumes are defined 
based on total rainfall in Table 2.8 minus initial loss (HTP – H0). The ratio of time to the 
recession side tr and rising side tp are empirically estimated to be equal to two for a low 
regulation basin and equal to three for a high regulation basin. In this case we use tr/ tp = 2. 
Total flood duration Tb can be estimated by equation below. For all AEPs, TB is nearly 13 
hours. 

1800
	
0.555 ∗ ∗

 

Inflow Design Floods for Ban Mong are based on the time series of observed flow at Quy 
Chau station in the flood event from 3 October 2007 to 7 October 2007. A ratio of the design 
peak flood to the observed peak flow is used to scale the observed flood event. 

The October 2007 flood event is selected as very high rainfall occurred in the study 
catchment areas during this time. In this period, the one day rainfall at Tay Hieu is the 
highest value recorded in the 50 year time-series. At Quy Chau and Quy Hop, the recorded 
rainfall placed at the 2nd and 4th in these time series, respectively. The peak flood flow 
recorded at Quy Chau was 4820 m3/s on 5 October 2007. 

The inflow design flood hydrographs for Sao and Ban Mong are shown in Figure 2.4 and 
Figure 2.5. Data used to produce these figures are provided in Table A1.1 and Table A1.2 of 
Appendix 1. 
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Figure 2.4 Inflow Design Floods for Sao. 

 
Figure 2.5 Inflow Design Floods for Ban Mong. 
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2.4.6 Uncertainty 

The rainfall and flow records used to derive flood frequency estimates span approximately 50 
years. Therefore results from flood frequency analysis should be applied with caution for low 
probability events (i.e., below the 0.2% AEP event) as there is large uncertainty in 
extrapolated values for such low probability flood estimates. 

2.5 INFLOW DESIGN FLOODS FOR PROBABLE MAXIMUM FLOOD 

The Probable Maximum Flood (PMF) is estimated from the Probable Maximum Precipitation 
(PMP) derived for the drainage basin. The PMP is estimated using two methods; the 
Hershfield’s Statistical Method (WMO, 2009) and the Storm Maximization method (Nguyen & 
Doan, 2009). A rainfall-runoff is then developed to convert the PMP to PMF as described in 
the following sections. 

2.5.1 Probable Maximum Precipitation 

2.5.1.1 Hershfield’s Statistical Method 

Hershfield’s Statistical Method estimates PMP using the frequency factor method. The 
foundation of this method is based on the general frequency equation: 

.  

Where ,  is mean and standard deviation, respectively. K is the frequency factor. 
Consequently, .  

In accordance with the WMO (2009) guide “Manual for Estimation of Probable Maximum 
Precipitation”, one day maximum rainfall at Quy Chau, Quy Hop and Tay Hieu stations are 
chosen to provide input values to generalized PMP estimation. The steps outlined in WMO 
(2009) are applied as follows: 



Dam and Downstream Community Safety Initiative – November 2015 

 

Case Study, Chapter 3 – Hazard Identification 13 
 

1. Adjust  and S for maximum observed rainfall and for record length 

The adjusted mean ( ) and standard deviation (S) for 1 day maximum rainfall are determined 
for the Quy Chau, Quy Hop and Tay Hieu stations based on the length of record and mean 
value 1 day maximum rainfall series. The adjusted mean ( ) and standard deviation (S) are 
defined in Table 2.9 and Table 2.10. The Kx and Ks are adjusted based on the maximum 
observed event to mean and standard deviation respectively, and KnS, KnX are factors 
determined from the length record. These values are determined base of Figure A2.1 to 
Figure A2.3 reproduced in Appendix 2. 

Table 2.9 Adjusted mean for 1 day maximum rainfall at 3 stations. 

Station (mm) 
Record length 

(no of years) 
 KnX KX 

Adjusted 

(mm) 

QuyChau 138 46 0.97 1 0.98 135 

Quy Hop 135 45 0.98 1 1 135 

TayHieu 163 52 0.98 1 1 163 

Table 2.10 Adjusted standard deviation for 1 day maximum rainfall at 3 stations. 

Station S (mm) 
record length 

(no of years) 
 KnS KS 

Adjusted S 

(mm) 

QuyChau 58 46 0.91 1.01 1.10 65 

Quy Hop 40 45 0.86 1.01 0.92 37 

TayHieu 64 52 0.93 1.00 1.20 77 

 

2. Determine  and Cv for Ban Mong and Sao reservoirs 

The coefficient of variation (Cv) i.e., the standard deviation divided by the mean, is then 
computed. Values of Cv which is considered a more stable statistic than S, and X are plotted 
on a map and presented in Figure 2.6 and Figure 2.7 and Table 2.11. 
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Figure 2.6 Mapping of mean annual maximum rainfall. 

 
Figure 2.7 Mapping of coefficient of variation annual maximum rainfall. 

Table 2.11 Adjust mean and coefficient of variation for 1 day maximum rainfall at reservoirs. 

Station  (mm) Cv 

Sao 156 0.39 

Ban Mong 140 0.39 
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3. Determine PMP for Ban Mong and Sao reservoirs 

Values of PMP at Ban Mong and Sao dam sites are estimated using the following relation: 

1 .  

The value of KPMP varies with rainfall duration and mean annual maximum rainfall. These 
values are determined base of Figure A2.4 in Appendix 2. According to Hershfield, the PMP 
values yielded by the statistical procedure should be multiplied by 1.13 if data for 24 hour 
intervals are used. The value of PMP at Ban Mong and Sao dam sites may then be obtained 
and are presented in Table 2.12. 

Table 2.12 Calculated 1 day PMP for Sao and Ban Mong reservoir by statistical method. 

Station  (mm) Cv KPMP K PMP (mm) 

Sao 156 0.39 13.7 1.13 1118 

Ban Mong 140 0.39 14.0 1.13 1022 
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2.5.1.2 Maximization of Specific Storm 

The storm event from October 2007 (see earlier) is chosen to for maximization as it is the largest 
flood on record. The maximization process is done in three main steps, described as follows: 

1. Moisture maximization 

Moisture maximization of storms, without change in location, is calculated by simply 
multiplying the observed storm rainfall amounts by the moisture maximizing ratio rm 

 

Where, Wm is the maximum preceptible water indicated for the storm reference location and 
Ws is the preceptible water estimated for the storm. 

Based on daily rainfall data, storm events were selected at Quy Chau, Tay Hieu and Quy Hop. 
The persisting 12-hour storm dewpoint for the specific storms are presented in Table 2.13. 

Seasonal variations in the storm structure place limitations on moisture maximization. In practice, 
the moisture adjustments are made on the basis of the maximum persisting 12-hour dewpoint for 
the same time of year as the storm occurrence or, more often, the maximum persisting 12-hour 
dewpoints within 15 days of the seasonal maximum. So the maximum persisting 12-hour 
dewpoints within 15 days for long term period were processed and shown in Table 2.13. 

Table 2.13 The maximum and storm persisting 12-hour dewpoint. 

Station 
specific storm long term period 

Date dew point (0C) Date dew point (0C) 

QuyChau 10/4/07 18.8 10/12/03 26.2 

Quy Hop 10/4/07 22.3 10/13/87 26.7 

TayHieu 10/4/07 23.9 10/11/87 26.7 

Both the storm and maximum dewpoints are reduced pseudo-adiabatically to the 1000 hPa 
level. The elevations of stations can be taken from the DEM. These values are determined 
base of Figure A3.1 in Appendix 3 and provided in Table 2.14. 

Table 2.14 The 1000-hPa level maximum and storm persisting 12-hour dewpoint. 

QuyChau Quy Hop TayHieu 

specific storm (0C) 20 22.5 24 

long term period (0C) 27 27 27 

Based on Table 3.1 in Annex I of “Manual for Estimation of Probable Maximum Precipitation” 
WMO (2009), the precipitable water (mm) in column of air above specified heights are 
determined. Then the moisture ratio are estimated and presented in Table 2.15. 

Table 2.15 The precipitable water and moisture ratio. 

QuyChau Quy Hop TayHieu 

Wm (mm) 90.0 93.4 94.4 

Ws (mm) 49.1 62.9 73 

rm 1.85 1.48 1.29 
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2. Wind maximization 

The wind maximization ratio (rW) is simply the ratio of the maximum average wind speed for 
some specific duration and critical direction obtained from a long record of observations to 
the observed maximum average wind speed for the same duration and direction in the storm 
being maximized. 

Wind surface data are often used as an index of wind movement because upper-air-wind 
observations are made at considerably fewer stations and from shorter periods. In this case 
wind data includes wind speed and wind direction at Quy Chau, Quy Hop and Tay Hieu 
which are used to maximize the storm event in 4 October 2007. 

During this storm, the main direction of wind in this day is east, with the wind direction 
associated with moisture inflow from East Sea. 

Maximum average wind speed in 24h in storm event and long term period at Quy Chau, Quy 
Hop and Tay Hieu are estimated and presented in Table 2.16. In this table maximum 
average wind speed for long term period at Quy Chau and Tay Hieu are directly estimated 
from long term data (1962–2012). 

For Quy Hop station, wind records are shorter than around 50 years (1968–2012). 100-year 
values are required to construct the limiting wind speed, and therefore the 50 year record has 
been extrapolated. The wind speed frequency analysis results are shown Figure A3.1 in 
Appendix 3. Resulting maximum average wind speeds and directions for the stations are 
summarized in Table 2.16. 

Table 2.16 The maximum average wind speed and wind direction in specific storm and long term period. 

Station 
Specific storm Long term period 

Kd 
Wind Speed Wind Direction Wind Speed Wind Direction 

Quy Chau 3.50 E 4.00 E 1.14 

Quy Hop 4.00 E 4.38 E 1.10 

Tay Hieu 4.25 E 4.50 E 1.06 
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3. PMP calculation 

PMP calculation by moisture and wind maximization at Quy Chau, Quy Hop and Tay Hieu 
are calculated and summarized in Table 2.17. Based on these values Theissen polygons for 
1 day PMP are presented in Figure 2.8. According to this figure the 1 day PMP for Ban Mong 
and Sao reservoirs are shown in Table 2.18. 

Table 2.17 PMP calculation. 

Station X (mm) Kd Kw PMP (mm) 

QuyChau 304 1.25 1.14 434 

Quy Hop 272 1.31 1.10 389 

TayHieu 345 1.29 1.06 471 

 
Figure 2.8 Mapping of PMP by reservoir by storm maximization method. 

Table 2.18 Calculated 1 day PMP for Sao and Ban Mong reservoir by storm maximization method. 

Station PMP (mm) 

Sao 471 

Ban Mong 432 

Quy Hop (M)

Quy Chau (M) 

Tay Hieu (M) 
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River  

Catchment 
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Lake 
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2.5.1.3 Comparison of PMP Estimates 

From the results of the two PMP estimation methods (refer to Table 2.12 and Table 2.18), it 
is evident that the results are significantly different. However, the maximization of specific 
storm method is generally accepted to give more reliable results, as this method has a 
clearly defined and site specific methodology. Accordingly, the results from the maximization 
of the specific storm method are selected (refer to Table 2.18). In conclusion, the 1 day PMP 
at Sao and Ban Mong reservoirs are 471 mm and 432 mm, respectively. 

2.5.1.4 PMP Temporal Distribution 

For the Sao watershed, the time of concentration is shorter than 1 day and therefore 3 or 5 
day PMP calculation processes are not relevant. In this study the SCS Type II 24 hour 
rainfall distribution curve has been used for the temporal PMP distribution at Sao. This 
distribution gives the most unfavorable result of inflow discharge for Sao reservoir. Figure 2.9 
presents the temporal distributed PMP for Sao. 

For the Ban Mong watershed, the time of concentration is greater than 1 day. The 3 day 
PMP and 5 day PMP can be calculated based on 1 day PMP and rating curve KT ~ T. The 
rainfall model from 01h 02 October 2007 to 00h 08 October 2007 is used as the prototype for 
the Ban Mong watershed. From this prototype, the rating curve KT ~ T are built and 
presented in Figure 2.10, in which the x axis presents time. The y axis – values of KT is the 
ratio of the maximum amount of rainfall in X days (X from 1 to 5 days) with 1 day maximum 
rainfall of the prototype. The results of PMP at Ban Mong for different periods are shown in 
Table 2.19. 

Figure 2.11 presents the temporal distributed PMP for Ban Mong. 

 
Figure 2.9 Temporal distributed PMP for Sao. 
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Figure 2.10 The rating curve KT ~ T. 

Table 2.19 PMP for Ban Mong with different period. 

PMP(mm) 

Day 1 2 3 4 5 

KT 1.00 1.23 1.45 1.62 1.67 

Ban Mong 432 531 627 699 722 

 

Figure 2.11 Temporal distributed PMP for Ban Mong. 
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2.5.1.5 Model Input Parameters 

Development of a HEC-HMS rainfall-runoff model of the Ban Mong and Sao drainage basins 
was undertaken to determine the PMF inflow hydrograph to reservoirs. Available as public-
domain software developed by the US Army Corp of Engineers, HEC-HMS is a computer 
model that simulates the rainfall-routing-runoff processes for a watershed. The HEC-HMS 
model requires estimation of four primary components: design storms, runoff losses, unit 
hydrograph transformations and channel routing. Additional options are available to simulate 
base flow. 

The watershed was delineated using a 30-meter spatial resolution DEM derived from the 
AsterGDEM with HEC-GeoHMS software. A single elevation value was assigned to each 
30x30-meter cell in the grid. This level of detail caused discrepancies in the exact stream and 
watershed boundary locations within the model but was considered suitable for the current 
level of assessment. Moreover, HEC-GeoHMS allows users to visualize spatial information, 
document watershed characteristics, perform spatial analysis, delineate sub-basins and 
streams, and construct inputs for hydrologic models. The watersheds were divided into 10 
sub-watersheds to increase the accuracy of the hydrology model. Figure 2.12 and Table 2.20 
show the sub-watersheds boundaries. 

Because of the limited rainfall data available, only data at Quy Chau precipitation gauges 
was applied for 10 sub-basins above. Precipitation that does not result in surface-water flow 
is defined as losses. Losses primarily control the total runoff volume of a watershed and also 
affect the magnitude of peak streamflow. The primary components of losses are soil 
infiltration and initial abstraction. Initial abstraction refers to the total depression storage and 
vegetation interception that do not contribute to overland flow. The infiltration losses were 
estimated using the United States Natural Resources Conservation Service (NRCS, formerly 
Soil Conservation Service) curve number method (SCS CN). The SCS CN method estimates 
precipitation excess as a function of cumulative precipitation, soil group, and land use. In 
flood season, the soil of the watershed is often saturated. So the initial abstraction option is 
neglected in this study. For each sub-watershed the SCS CN and percentage of impervious 
area are presented in Table 2.21. 
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Figure 2.12 HEC-HMS model for Quy Chau basin. 

 

Table 2.20 List of sub-watershed in HMS model for Quy Chau basin. 

Sub- watershed Area (km2) 

W140 182 

W150 218 

W160 265 

W170 135 

W210 338 

W220 72 

W230 110 

W240 156 

W250 153 

W260 368 
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Table 2.21 Loss parameters for SCS CN method. 

Sub- watershed CN Impervious (%) 

W140 80 0.0 

W150 80 0.0 

W160 80 0.0 

W170 80 0.0 

W210 80 0.0 

W220 80 0.0 

W230 80 0.0 

W240 80 0.0 

W250 80 0.0 

W260 80 0.0 

W140 80 0.0 

A hydrograph is a plot of discharge as a function of time. A unit hydrograph (UHG) is the 
resulting direct runoff hydrograph from one unit of rainfall for one unit of time and is used to 
define the theoretical shape of a hydrograph during a rainfall event. Using parameterization 
of this method, the timing and magnitude of the peak streamflow generated within a basin 
can be estimated. This component of the HEC-HMS model does not affect the total runoff 
volume from a watershed. The SCS UHG method was applied to the four simulated 
watersheds. For this method, the one input to the HEC-HMS model is the basin time lag. 
This parameter is a coefficient-adjusted estimate of the time of concentration, which is the 
time it takes for direct runoff to travel from the farthest point in a watershed to the outlet. This 
time depends on the hydraulic length of watershed, watershed slope and maximum retention 
in the watershed. 

Base flow is one component of flow. Base flow plays importance role to maintain flow in 
streams in dry days. The amount of base flow depends on volume of water contain in 
saturated layer. In this study, regression method was applied to estimate base flow. The 
parameters of this method are presented in Table 2.23. 

Table 2.22 Transform parameters for SCS method. 

Sub- watershed T lag (min) 

W140 712 

W150 553 

W160 738 

W170 615 

W210 950 

W220 151 

W230 440 

W240 504 

W250 101 

W260 201 
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Table 2.23 Baseflow parameters for regression method. 

Sub- watershed Discharge Per Area Regression Constant Ratio to Peak 

W140 0.05 0.9 0.1 

W150 0.05 0.9 0.1 

W160 0.05 0.9 0.1 

W170 0.05 0.9 0.1 

W210 0.05 0.9 0.1 

W220 0.05 0.9 0.1 

W230 0.05 0.9 0.1 

W240 0.05 0.9 0.1 

W250 0.05 0.9 0.1 

W260 0.05 0.9 0.1 

For sub-watersheds that receive inflow from an upstream watershed, a channel routing 
routine is used to convey the discharge through the main channel to the basin outlet. Sub-
watersheds that do not receive inflow from an upstream sub-watershed will not contain a 
routing element. The routing component of HEC-HMS controls the attenuation of stream flow 
because of energy resistance and thus can control the magnitude and timing of peak flows. It 
does not affect the total runoff volume generated within a watershed. The Muskingum method 
was chosen as an appropriate routing method for 6 channels and presented in Table 2.24. 

Table 2.24 Routing parameters for Muskingum method. 

Channel K X n 

R40 1.06 0.25 16 

R50 0.55 0.25 10 

R60 0.04 0.25 1 

R100 1.37 0.25 24 

R110 2.01 0.25 36 

R120 4.54 0.25 75 
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2.5.1.6 Model Calibration and Validation 

To calibration and validation model, 2 flood events were chosen. The first event starts from 
01h 10 August 1987 to 00h 15 August 1987 for calibration process. For validation process 
the event from 01h 02 October 2007 to 00h 08 October 2007 is selected. In comparing the 
model simulation results with the observed data some statistical goodness-of-fit approaches 
are employed to evaluate the model. The difference in the observed and computed 
hydrograph was analyzed with the root-mean-square error (RMSE) and Nash–Sutcliffe 
model efficiency coefficient (NASH). In addition, peak discharge is important in a single flood 
event model, the relative errors of peak discharge and runoff volume were computed. The 
results of calibration and validation process are presented in Figure 2.13, Figure 2.14 and 
Table 2.25. 

	
1

 

1
∑
∑

 

	 ∗ 100 

	 ∗ 100 

Where Oi is observed discharge, average observed discharge and Fi is calculated 
discharge. Fmax and Omax are maximum observed and calculated discharge, respectively. WF 

and WO are total observed and calculated volume, respectively. 

Table 2.25 The calibration and validation result. 

Scenario Nash RMSE (m3/s) Relative errors of peak flow Relative errors of volume 

Cal 76% 156 -3% 1% 

Val 96% 341 1% 0% 

As we can see in Table 2.25 the calculated discharge is consistent with observed discharge. 
This is evident by Nash indexes higher than 75% in both validation and calculation scenarios. 
In particular, in 2007 the computed peak flow matches observed peak flow at the same time 
(04h 05th Oct). The relative error of peak flow is only 1% while the relative error of volume is 
negligible (0%). In the 1978 flood event, the result is not as good as the 2007 event. 
However, the computed peak flow is only 3% higher the observed flow. The calculated 
curves have similar shape with observed curves in Figure 2.13 and Figure 2.14. 

It means that the HEC-HMS model provides a good simulation the Quy Chau basin. 
Consequently, this model will be used to convert PMP to PMF for Sao and Ban Mong 
reservoirs and estimate contributed flow for the hydraulic model. 
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Figure 2.13 Calibration result for HEC-GeoHMS model. 

 
Figure 2.14 Validation result for HMS model. 
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2.5.2 Probable Maximum Flood 

The PMF is estimated with the HMS rainfall runoff model which is built in previous step. This 
model is extended up to Ban Mong dam site. There are new 6 sub-basins and 3 routing 
channels. The parameters of these new parts are estimated based on similar sub-basins and 
routing channels. The extended model is illustrated in Figure 2.15. Similar with the Ban Mong 
watershed, the Sao watershed is simulated as a single basin and described in Figure 2.16. 
The parameter values of model components used in the HEC-HMS model for the Sao and 
Ban Mong catchments are given in Table A4.1 to Table A4.3 in Appendix 4. 

The PMF result for the Ban Mong and Sao catchments are described in Figure 2.17,  
Figure 2.18 and Table 2.26. Table A4.4 and A4.5 in Appendix 4 provides tabulated data of 
Figure 2.17 and Figure 2.18. 

 

Figure 2.15 The HEC - HMS model for Ban Mong watershed. 
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Figure 2.16 The HEC - HMS model for Sao watershed. 

 
Figure 2.17 The PMF for Sao watershed. 
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Figure 2.18 The PMF for Ban Mong watershed. 

Table 2.26 The PMF for Sao and Ban Mong watersheds. 

Watershed Qpeak (m3/s) 

Sao 3989 

Ban Mong 12460 

 



Dam and Downstream Community Safety Initiative – November 2015 

 

30 Case Study, Chapter 3 – Hazard Identification 
 

2.6 INFLOW DESIGN FLOOD SUMMARY 

We have provided estimations of the inflow design floods for the Ban Mong and Sao 
reservoirs, located in the Nghệ An province of north-central Vietnam. The following lists the 
key conclusions from this study: 

 Meteorological data was sourced from three sites in the study area and hydrological 
data at two stream gauging sites on the Hieu River. 

 The rainfall and stream flow data records extended from approximately 1960 to the 
present day (i.e., approximately 50 year records). 

 Inflows for the Sao reservoir were estimated using the Sokolovsky formula provided in 
Regulation QP.TL.C6-77 using rain gauging data at a nearby site. 

 Inflows for the Ban Mong reservoir were estimated by carrying out flood frequency 
analysis on stream flow data. 

 Flood peaks for Sao and Ban Mong were estimated for 1:10000, 1:5000, 1:1000, 
1:500, 1:200, 1:100, 1:50 and 1:20 year annual exceedance probabilities. 

 Estimated flood peaks using the above methods compared well with the hydrological 
peak flood estimates used in the design of the Sao and Ban Mong dams. 

 The Probable Maximum Precipitation for the catchment was derived using both the 
Herchfield Statistical method and the Maximization of Actual Storm method. The later 
method was judged to provide the most reliable estimate of the PMP and used for 
subsequent analysis. 

 The Probable Maximum Flood was derived by routing the PMP through a calibrated 
HEC-GeoHMS rainfall runoff model. 

Table 2.27 provides a summary of the estimated peak flood discharges from this hydrological 
study for the Ban Mong and Sao reservoirs. 

Table 2.27 Design peak inflow flood (m3/s) for Ban Mong and Sao reservoirs. 

Reservoir 

Annual Exceedance Probability 

PMF 
0.01% 0.02% 0.10% 0.20% 0.50% 1% 2% 5% 

1:10,000 1:5,000 1:1,000 1:500 1:200 1:100 1:50 1:20 

Ban Mong 12460 9652 9019 7485 6831 5964 5308 4649 3775 

Sao 3989 1860 1739 1602 1519 1457 1312 1214 1072 
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2.7 RESERVOIR ROUTING 

2.7.1 Introduction 

In this section inflow design floods for the Sao and Ban Mong reservoir are routed through 
the reservoir and dam spillway facilitates to determine the outflow hydrographs for various 
flood events. 

2.7.2 Sao Reservoir Routing 

2.7.2.1 General 

A level-pool routing procedure was used to route the inflow design flood through the Sao 
reservoir. The level-pool routing procedure is summarised in USACE (1994) and requires the 
inputs listed below. In all cases the initial starting level for routing was assumed to be Full 
Supply Level (FSL = +75.7 m). 

 Inflow design flood hydrograph; 

 Reservoir storage/elevation curve; 

 Spillway rating curve. 

The following sub-sections describe the reservoir routing inputs and results. 

2.7.2.2 Inflow Design Flood Hydrograph 

Inflow design flood hydrographs for the Sao reservoir, as developed in Section 2.2 to 2.6, 
were used as inputs to the reservoir routing model. 

2.7.2.3 Reservoir Storage-Elevation 

The reservoir storage-elevation relationship was extracted from 1:10,000 scale topographic 
map contours prior to dam construction. The contours were spaced at 2.5 to 5.0 m vertical 
intervals. The resulting storage-elevation relationship is plotted in Figure 2.19. 

The reservoir storage at full supply level (FSL = +75.7 m) and at the dead storage level (+68.0 
m) is stated in Decision No. 06/2008/QĐ-UBND which outlines regulations for the operation 
and regulation of the reservoir. The storage at these levels is also plotted in Figure 2.19 for 
comparison. 

Figure 2.19 indicates that there is good agreement between the reservoir storage-elevation 
curve derived from the topographic map contours and Decision No. 06/2008/QĐ-UBND and 
was used in the reservoir routing model. 



Dam and Downstream Community Safety Initiative – November 2015 

 

32 Case Study, Chapter 3 – Hazard Identification 
 

 
Figure 2.19 Sao reservoir storage-elevation relationship. 

2.7.2.4 Spillway Rating 

The main spillway consists of a radial gated spillway with dimensions listed in Table 2.28. An 
emergency spillway is located approximately 750 m to the true left of the main dam. 
The dimensions of the emergency spillway are also listed in Table 2.28. Two irrigation 
sluices are located through the main and spillway dams, but due to their small flow capacity 
(i.e. < 5 m3/s) they have not been considered in derivation of the spillway rating. 

A total spillway rating curve was developed for the main spillway up to the invert of the 
emergency spillway (i.e. +76.77 m) based on the equations listed in Table 2.29, where Q is 
discharge through the outlet facility (m3/s), C is the discharge coefficient, Go is the gate 
opening (m), B is the spillway or orifice bay width (m), H is the total head over the spillway 
invert (m), Ho is the total head over the mid-point of the orifice opening (m), D is the width of 
the sluice bay (m) and L is the dam crest length (m). 

Derivation of the spillway rating requires information on the spillway gate operation rules, which 
has been derived from Decision No. 06/2008/QĐ-UBND and summarised in Table 2.30. The 
Sao dam also has seasonal reservoir operation levels, which are summarised in Table 2.31 
and also derived from Decision No. 06/2008/QĐ-UBND. 
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Table 2.28 Summary of Sao spillway parameters. 

Parameter Value 

Main Spillway 

Spillway Type Gated overflow weir 

Spillway invert level +70.7 m 

Spillway bay height 8.0 m 

Spillway bay width 5.0 m 

Number of bays 3 

Emergency Spillway 

Spillway Type Concrete lined free overflow weir 

Spillway invert level +76.77 m 

Spillway width at invert 68.5 m 

Table 2.29 Spillway discharge equations and coefficients. 

Outflow Facility Equation 
Discharge 

Coefficient (C) 

Radial gate spillway 
Gated Ogee Weir 

Equation 
 0.68 

Radial gate spillway 

(gates clear, free-flow) 

Ogee Weir 

(un-gated free flow) 
 2.1 

Dam crest overflow 
Broad crested weir 

equation 
 1.5 

Low level flushing sluice 
Orifice 

equation 
 0.7 

Table 2.30 Spillway gate operation rules 

Water Level (m) Gate Operation Rules 

< +75.70 Gates closed 

+75.70 to +76.77 Gates partially open 

> +76.77 Gates fully open 

Table 2.31 Highest water level during flood season 

Date Maximum Water Level (m) 

Aug 31 +72.49 

Sep 30 +74.73 

Oct 31 +75.7 

Nov 30 +75.7 

The estimated spillway rating curve is provided in Figure 2.20. This rating assumes a gate 
opening of 10% for every 0.10 m rise in reservoir level up to a level of +76.77 m where the 
gates are 100% open. Above a level of +76.77 m the emergency spillway of Sao dam is 
overtopped. For this rating it is assumed that this emergency spillway does not breach under 
overtopping flow. However, a scenario where the emergency spillway breaches due to 
overtopping water is also considered as a dam break scenario in Chapter 4 of this Case Study. 

2o oQ CG B gH

3/2Q CLH

2 oQ CBD gH

3/2Q CBH
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Above +79.2 m the parapet wall crest which spans both the main dam and saddle dam is 
overtopped. The total length of the parapet wall is 894 m and it is assumed that the 0.8 m 
high parapet wall withstands sustained overtopping with the reservoir level at or above the 
top of the parapet wall. 

 
Figure 2.20 Sao dam spillway rating. 

2.7.2.5 Reservoir Routing Results 

The peak inflow, outflow and reservoir water levels are summarised in Table 2.32 from the 
flood routing process. Where available, flood inflows, outflows and reservoir water levels 
from the Sao design report are listed in Table 2.32 for comparison. 

Figure 2.21 plots the inflow hydrographs into the Sao reservoir and outflow hydrographs 
through the dam spillway. This figure indicates that the relatively large surface area and 
storage capacity of the Sao reservoir is effective at attenuating the inflow flood. For example, 
the volume of the 1 in 1000 AEP flood is equal to 26.88 Mm3, which compares with a 
reservoir volume of 27.57 Mm3 contained between the dam FSL (+75.7 m) and dam crest 
level (+78.4 m), indicating that the reservoir storage is large relative to the incoming flood 
volume. Therefore the inflow floods are primarily stored within the reservoir and are released 
through the dam spillway over time. 

Table 2.32 and Figure 2.22 also summarises the peak water level and freeboard to the 
parapet wall crest of +79.2 m for various flood frequencies. Note that it is assumed that the 
parapet wall can withstand sustained overtopping with the reservoir level at or above the top 
of the crest wall. Table 2.32 and Figure 2.22 indicate that all flood events, including the PMF, 
can be accommodated by the existing spillway facilities without overtopping of the dam 
parapet wall if the gates are operated as per the rules listed in Table 2.30. 
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Table 2.32 Reservoir routing results. 

Flood 

Frequency 
Peak Inflow Peak Outflow Peak WL 

Freeboard to 

Parapet Wall Crest 

AEP m3/s m3/s m m 

1 in 50 

(2.0%) 
1206 598 +76.65 2.55 

1 in 100 

(1.0%) 

1312 

[1224] 

629 

[589] 

+76.74 

[+76.67] 
2.46 

1 in 500 

(0.2%) 

1519 

[1455] 

674 

[642] 

+76.95 

[+77.02] 
2.25 

1 in 1,000 

(0.1%) 
1602 702 +77.10 2.10 

PMF 3989 939 +78.46 0.74 

Note: Peak inflows, outflows and water levels from Sao Design Report are listed in square brackets for comparison 

 
Figure 2.21 Sao reservoir inflow and dam spillway outflow hydrographs. 

 
Figure 2.22 Peak reservoir water level as a function of flood AEP. 
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2.7.3 Ban Mong Reservoir Routing 

2.7.3.1 General 

A level-pool routing procedure was used to route the inflow design flood through the Bản 
Mồng reservoir. The level-pool routing procedure is summarised in USACE (1994) and 
requires the following inputs: 

 Inflow design flood hydrograph; 

 Reservoir storage/elevation curve; 

 Spillway rating curve. 

The following sub-sections describe the reservoir routing inputs and results. In all cases the 
initial starting level for routing was assumed to be the Full Supply Level (FSL) of +76.4 m. 

It is noted that the Bản Mồng reservoir is contained with a relatively long, thin valley which 
extends some 30 km from the dam site to the upstream reservoir limit. A dynamic reservoir 
routing approach may be more suitable for this type of reservoir shape, however the level-pool 
routing procedure adopted is judged to be adequate as it will produce conservative results. 

2.7.3.2 Inflow Design Flood Hydrograph 

Inflow design flood hydrographs for the Bản Mồng reservoir, as described in Section 2.2 to 
2.6, were used as inputs to the reservoir routing model. 

2.7.3.3 Reservoir Storage-Elevation 

The reservoir storage-elevation relationship was obtained from the HECII design report 
(HECII, 2008) and is reproduced in Figure 2.23. This relationship was checked by deriving 
the same data from 1:10,000 scale topographic map contours, spaced at 5 m vertical 
interval, and this data is also plotted in Figure 2.23. This figure indicates that there is good 
agreement between the reservoir storage-elevation curve derived from the design report and 
the topographic map contours. 

 
Figure 2.23 Bản Mồng reservoir storage-elevation relationship. 
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2.7.3.4 Spillway Rating 

The Bản Mồng spillway consists of main radial gated spillway and a low level flushing sluice, 
with dimensions listed in Table 2.33. A total spillway rating curve was developed for these 
structures based on the equations listed in Table 2.34, where Q is discharge through the 
outlet facility (m3/s), C is the discharge coefficient, Go is the gate opening (m), B is the 
spillway or orifice bay width (m), H is the total head over the spillway invert (m), Ho is the total 
head over the mid-point of the orifice opening (m), D is the width of the sluice bay (m) and L 
is the dam crest length (m). 

Derivation of the spillway rating requires information on the spillway gate operation rules, 
which has been derived from the HECII (2008) design report and summarised in Table 2.35. 

The estimated spillway rating curve is provided in Figure 2.24. This rating assumes a gate 
opening of 20% for every 0.05 m rise in reservoir level up to a level of +76.72 m where the 
gates are 100% open. Above a level of +78.9 m the dam crest of both the Ban Mong Main 
and Closure dams is overtopped. It is assumed that the sluices are closed when spillway 
operation begins, as combined flow of spillway and sluice discharge is not recommended 
unless the dam structure is endangered (USACE, 1980). 

Table 2.33 Summary of Ban Mong spillway parameters. 

Parameter Value 

Main Spillway 

Spillway Type Gated overflow weir 

Spillway invert level +64.9 m 

Spillway bay height 11.5 m 

Spillway bay width 15.0 m 

Number of bays 5 

Low level outlet 

Spillway Type Low level sluice 

Spillway invert level +43 m 

Spillway bay height 5.5 m 

Spillway bay width 5.0 m 

Number of bays 2 

Table 2.34 Spillway discharge equations and coefficients. 

Outflow Facility Equation 
Discharge 

Coefficient (C) 

Radial gate spillway 
Gated Ogee Weir 

Equation 
 0.68 

Radial gate spillway 

(gates clear, free-flow) 

Ogee Weir 

(un-gated free flow) 
 2.1 

Dam crest overflow 
Broad crested weir 

equation 
 1.70 

Low level flushing sluice 
Orifice 

equation 
 0.70 
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Table 2.35 Spillway gate operation rules. 

Water Level (m) Gate Operation Rules 

< +76.4 Gates closed 

+76.4 to +76.72 Gates partially open 

> +76.72 Gates fully open 

 
Figure 2.24 Bản Mồng spillway rating. 

2.7.3.5 Reservoir Routing Results 

The peak inflow, outflow and reservoir water levels are summarised in Table 2.36 from the 
flood routing process. Flood inflows, outflows and reservoir water levels from the HECII 
design report are listed below estimates from this study for comparison. 

Figure 2.25 plots the inflow hydrographs into the Ban Mong reservoir and outflow 
hydrographs through the dam spillway. This figure indicates that the spillway is capable of 
passing the up of the 200 year flood without any reservoir attenuation. For floods between 
the 1,000 year and the PMF the reservoir storage acts to reduce the flood peak. 

Table 2.36 and Figure 2.26 also summarises the peak water level and freeboard to the dam 
crest of +78.9 m for various flood frequencies. Table 2.36 and Figure 2.26 indicates that flood 
events greater than the 1 in 1,000 AEP are likely to overtop the dam crest, however the lower 
AEP events can be accommodated without dam crest overtopping. 
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Table 2.36 Reservoir routing results. 

Flood 

Frequency 
Peak Inflow Peak Outflow Peak WL 

Freeboard to 

Parapet Wall Crest 

AEP m3/s m3/s m m 

1 in 50 

(2.0%) 
4649 4847 +76.58 2.32 

1 in 200 

(0.5%) 

5964 

(6170) 

6126 

(5937) 

+76.74 

(+76.72) 
2.16 

1 in 1,000 

(0.1%) 

7485 

(7750) 

6964 

(7336) 

+78.63 

(+78.51) 
0.27 

1 in 5,000 

(0.02%) 
9019 8566 +80.31 -1.41 

PMF 12460 10872 +81.75 -2.85 

Note: Peak inflows, outflows and water levels from HECII (2008) are listed in brackets for comparison. 

 
Figure 2.25 Ban Mong reservoir inflow and dam spillway outflow hydrographs. 

 
Figure 2.26 Reservoir water level as a function of flood AEP. 
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3.0 SEISMIC HAZARD IDENTIFICATION 

3.1 INTRODUCTION 

The Hieu River catchment lies on the Indo China microplate, close to the boundary with the 
South China microplate (Figure 3.1). Right-lateral shear of about 10 mm/yr is estimated 
across this microplate boundary, which is also the boundary of the Indo-Australian and 
Eurasian plates (Krobicki et al. 2008). This relative plate motion is relevant to assessing the 
seismic hazards of the Hieu River catchment (Figure 3.1). 

Seismic hazard identification was undertaken in collaboration with the Institute of Geophysics 
(IGP) (i.e. Dr Phuong Hong Nguyen - seismic hazard expert, and Mr Pham The Truyen). 

 
Figure 3.1 Plate tectonic setting of the Hieu River catchment area (black star). The main plate tectonic 
interaction that impacts the Hieu River area is the 10mm/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. Figure adapted from Krobicki et al. (2008). 

3.2 PREVIOUS APPROACHES TO SEISMIC HAZARD MODELLING 

The Institute of Geophysics (IGP) has previously quantified seismic hazard in the Hieu River 
catchment (and elsewhere in Vietnam) by using the historical record of earthquakes (1137–
2010AD), and the well-established probabilistic seismic hazard analysis (PSHA) approach 
(Figure 3.2). The PSHA methodology takes account of the location, size and recurrence of 
hazardous earthquake events to estimate the frequency or probability of hazardous levels of 
ground shaking. The PSHA method was developed in the late 1960s (Cornell, 1968). The pre-
existing IGP seismic hazard model uses the historical record of earthquakes as the sole input 
to the model, and makes the standard assumption that seismicity is distributed according to a 
Gutenberg-Richter distribution (logN=a-b.M, in which N is the number of events > magnitude 
M; Gutenberg and Richter 1944). An area source zonation scheme based on seismicity 
patterns and presence of faults is applied, and the maximum magnitude for the source zones is 
based on the largest historical earthquake in Vietnam (Moment magnitude, Mw, 6.8). The 
overall approach is standard methodology for seismic hazard analysis in Vietnam at the 
present time. The PSHA software used by IGP is CRISIS (e.g., Ordaz et al., 2013). The 
historical seismicity is shown in Figure 3.3, and a resulting seismic hazard map in Figure 3.4. 
The map shows the levels of peak ground acceleration (PGA) expected 10,000 year return 
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time, which is a return time often considered in the seismic safety of large dams. The IGP PSH 
model can be considered the baseline hazard model for the catchment. 

 
Figure 3.2 The four step generic procedure of probabilistic seismic hazard analysis (PSHA). The process 
involves: (1) Identification of earthquake sources surrounding the site; (2) development of earthquake frequency 
relationships for each source; (3) application of ground motion prediction equations (GMPEs) to estimate the 
strength of shaking expected at the site due to earthquakes identified in Step 2, and; (4) combining the results of 
Steps 2 and 3 for all sources to estimate the frequency or probability of exceedance for a suite of acceleration 
levels (i.e. developing a hazard curve). In Step 2, sources within 100-200km of the site are usually considered 
relevant for application to Steps 3 and 4. Development of response spectra involves repeating Steps 3 and 4 for 
different measures of acceleration i.e. spectral acceleration levels. 

 

Figure 3.3 Seismicity in the region of the Hieu River catch 

ment for the period 1137-2010AD (source: IGP). Fault sources developed for the PSH model are also shown as 
red lines, and Nghệ An province is shown by the thicker black polygon in the centre of the map. Fault sources 
(Section 2.3.1 are shown as red lines). 
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Figure 3.4 Map produced from the baseline seismic hazard model for northern Vietnam by IGP. Nghệ An 
province is to the left of map centre (black dashed outline). The model is developed with the Crisis software (Ordaz 
et al. 2013) and uses the historical seismicity and area source input to the model. The map shows the peak ground 
acceleration (PGA) expected for a 10,000 year return period. Units are in cm/s2 (e.g., 220 cm/s2 = 0.22g). 

3.3 NEW SEISMIC HAZARD MODEL 

The following sections describe the new PSH model development in collaboration with IGP. 
This model provides an example of an intermediate level of assessment. We continue to utilise 
the methods of PSHA, but develop multidisciplinary input to the model to improve the limited 
spatial and temporal coverage of the historical earthquake catalogue (Figure 3.3). Specifically, 
we include geological data defining the location and activity of faults (where such data exist; 
Figure 3.5), along with a new Global Positioning System (GPS) strain rate model developed by 
the Global Earthquake Model project (GEM; globalquakemodel.org; Figure 3.6). Collectively 
the seismicity, GPS and geological datasets cover the spectrum of time periods relevant to 
seismic hazard application: GPS networks generally span “short” time periods (years to 
decades) yet the spatial coverage of GPS models represents a significant advantage over the 
other datasets; Seismic networks and pre-instrumental earthquake records cover “medium” 
time periods (decades to centuries); and geological data cover “long” time periods (centuries to 
millennia). These three datasets have strengths and weaknesses in terms of spatial coverage, 
temporal coverage, and data uncertainties, but if used together in a multidisciplinary model 
they can produce a more complete source model than would otherwise be the case. Collective 
use of seismicity and fault datasets can be considered as part of standard international 
practise, along with the use of GPS data if available (e.g., Stirling et al., 2012; Petersen et al., 
2008). Our PSH model for the Hieu River catchment is an example of the development of a 
multidisciplinary PSH model that uses all three datasets. 

Return Period = 10,000 years 
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3.3.1 Fault Sources 

We show the mapped fault traces provided by IGP and used as input to our PSHA in  
Figure 3.5. These faults largely appear to be defined from satellite imagery and basement 
geological relationships, with no geological evidence of late Quaternary activity (e.g. 
repeated movement in the last 125,000 years). The exception is the Red River Fault in 
northernmost Vietnam (Figure 3.5), which extends over 1000 km from China to the South 
China Sea, and has evidence of late Quaternary activity (Replumaz et al., 2001). The length 
and razor-sharp expression of the fault on satellite imagery is similar to that of well-known 
major strike-slip faults that known to have produced Mw7.5–8 earthquakes (e.g., San 
Andreas, Alpine and North Anatolian Faults). 

Within the Hieu River catchment, the Hieu River Fault is shown as a northwest-striking 
lineament that has been mapped from satellite imagery and basement geological mapping, 
since no late Quaternary geological data exist to confirm whether or not it is active. Our 
approach to addressing these faults in a PSHA for the catchment is to assume that they are 
capable earthquake sources (have the potential to produce earthquakes), and adopt a 
simplistic characteristic earthquake model that assumes the maximum-size earthquakes 
accompany rupture of the complete fault source lengths (Schwartz and Coppersmith, 1984). 
This is a simplistic assumption for the purposes of developing this case study PSH model 
according to an Intermediate level of assessment for the Hieu River catchment. In a Detailed 
level of assessment we would address uncertainties associated with fault segmentation 
(ruptures that do not involve the total fault length). The method for assigning magnitudes to 
these faults is to use published magnitude scaling relationships that relate magnitude to fault 
length or estimated fault area. These relationships typically have the form Mw = a + b.log(L) 
or A, in which L is fault source length and A is fault source area (i.e. length x downdip width 
of the fault source). The particular relationship we use for faults in the region surrounding the 
Hieu River is that of Hanks and Bakun (2008). This is a magnitude-area relationship 
developed for continental strike-slip faults, which is appropriate for the faults in the region 
surrounding the Hieu River catchment (i.e., all are interpreted to be strike-slip faults). The 
fault lengths and associated magnitudes are shown in Table 3.1. 

Our approach to developing recurrence estimates for the fault source earthquakes is to use a 
combination of GPS, historical and geological data to develop the estimates. The Red River 
Fault is the only fault with geologic data defining the long-term rate of activity on the fault (the 
slip rate). The slip rate is estimated to be 5mm/yr on the fault, which is assumed to occur 
periodically by earthquakes, since no evidence of active creep (constant slip of the fault from 
year to year) has been observed along the fault or constrained from GPS measurements. 
The recurrence interval of Red River Fault earthquakes is estimated by dividing the seismic 
moment of the earthquakes in Table 3.1 by the seismic moment rate of the fault. The 
resulting recurrence interval for Red River Fault earthquakes is around 1500 years. 
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For faults other than the Red River Fault, no late Quaternary geological data presently exist to 
constrain the earthquake recurrence intervals for these faults. Therefore, we use GPS strain 
rate data to estimate the recurrence intervals. The method involves converting the regional 
GPS strain rates inside the black square in Figure 3.6 to regional seismic moment rates by way 
of the equations of Kostrov (1974), partitioning the regional seismic moment rate to each of the 
faults, and then estimating the recurrence interval for each fault by dividing the seismic 
moment of the fault by the seismic moment rate. The relevant equations are: 

 GPS-derived regional seismic moment rate = 

 strain rate (nanostrains/yr) x (2x310) x Area of region(m2) x crustal width(m) x 107 

 Seismic moment rate per fault = regional seismic moment rate/number of faults 

 Seismic moment for fault = 1016.05+1.5Mw 

 Recurrence interval for fault = seismic moment for fault/seismic moment rate for fault. 

In the above equations, the moment magnitude Mw is taken from Table 3.1 (derived from 
fault source area using the relationship of Hanks and Bakun, 2008), the equation for seismic 
moment is taken from Hanks and Kanamori (1979), 2x310 is a unit conversion factor, and the 
recurrence intervals are also shown in the Table. These recurrence intervals are spread 
across the range of 1500–40,000 years. The comparatively short recurrence intervals for the 
Red River Fault sources (c. 1500 yrs) as compared to the others is justified by the Red River 
Fault being the most well-defined major fault in the region of Figure 3.5, at least in the north 
of the region. In other words these observations are consistent with the Red River Fault 
being more active than the other faults in the region. Furthermore, the long recurrence 
intervals estimated for the other faults are consistent with their more subtle geomorphic 
expressions in the landscape as compared to the Red River Fault. 

 
Figure 3.5 Faults modelled into fault sources for input to the PSH model. Location of Hieu River catchment is 
just left of map centre. 
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Table 3.1 Estimated magnitudes and recurrence intervals for the faults shown in Figure 3.5. 

Fault Mw T (years) 

Lo 7.9 14890 

Lo extension 7.3 1875 

Chay 7.6 5283 

Chay extension 7.8 10541 

Red River 7.8 1550 

Red River extension 7.9 1500 

Son La 8.0 22917 

Ma 8.2 37934 

Truong Song 7.5 4234 

Noname 7.8 9884 

Ca River 8.2 36023 

Khe Bo Ha Tinh 7.9 15108 

KheGuiaCuaTung 7.8 9616 

Hieu River 7.8 9974 

Da River 7.8 9440 

Rao Nay 8.0 21173 

 
Figure 3.6 GPS-derived strain rates for the broader region surrounding the Hieu River catchment area (area 
inside black box). The average strain rate for the catchment area is about 6 nanostrains per year, and it is this 
value that is used to develop the earthquake recurrence intervals shown in Table 3.1. The source of the GPS 
strain rates is the newly-developed GEM global strain rate model (www.globalquakemodel.org), in which the 
uncertainties in strain rates vary according to station density. In Vietnam the uncertainties (standard deviation on 
the strain rate values) are larger than the signal by a factor of 2 to 7. 



Dam and Downstream Community Safety Initiative – November 2015 

 

Case Study, Chapter 3 – Hazard Identification 47 
 

3.3.2 Distributed Seismicity Sources 

The second major type of earthquake source typically introduced into seismic hazard models 
is the distributed or background earthquake source model. This type of model typically uses 
the spatial distribution of seismicity recorded in seismicity catalogues (Figure 3.3) to estimate 
the future location and rate of occurrence of earthquakes. We adopt the standard approach 
to constructing a distributed seismicity model, which is to develop a grid of earthquake 
sources across the region, and then use the seismicity and the Gutenberg-Richter 
relationship logN=a-bM (N=number of earthquakes>Magnitude Mw, and a and b are 
empirical parameters; Gutenberg and Richter 1944) to estimate the recurrence of 
earthquakes from Mw~5 up to the maximum size of earthquake, or Mmax. Mmax is usually 
defined in consideration of both the seismicity record and the fault source model, as it needs 
to account for all possible earthquakes that can occur other than those defined for the faults 
(Table 3.1). Examination of the catalogue to assess the completeness is also an important 
part of this process, and published papers provide adequate detail of this process (e.g., 
Stirling et al., 2002). The resulting distributed seismicity model is shown in Figure 3.7, and 
the details of developing distributed seismicity models are given in published papers such as 
Petersen et al. (2008) and Stirling et al. (2012). 

IGP provided the catalogue used to develop the distributed seismicity model, and no data 
access issues were encountered during the data acquisition process. Issues associated with 
data quality and quantity, in developing the distributed seismicity model, are attributed to the 
limited length and completeness of the earthquake catalogue data. While Figure 3.3 
indicates that the catalogue goes back around 1000 years, it is only a few larger earthquakes 
recorded in historical literature that represent most of that long time period. The main data in 
the catalogue only spans the last few decades, which is not really very representative of the 
longer term seismicity pattern of the region. This makes our process essential to introduce 
the geological and GPS data to the model to give a more complete earthquake model. 

 
Figure 3.7 Distributed seismicity model developed from the earthquake catalogue for the region surrounding 
the Hieu River catchment. The grey scale shows the estimated number of earthquakes>Mw3 per 0.1x0.1 degrees 
and depth range of 0-20km for the period 1979-2010. Nghệ An province is shown by the thicker black polygon in 
the centre of the map. 

Number of Earthquakes 
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3.3.3 Ground Motion Prediction Equation 

Ground motion prediction equations (GMPEs) are required for seismic hazard models, as they 
provide a tool for estimating the strength of ground motions at a site due to the occurrence of 
surrounding earthquakes. The GMPE used in the DDCSI project is the New Zealand model of 
McVerry et al. (2006). Use of this GMPE is for convenience rather than being ideally suited to 
Vietnam conditions. We had hoped to use the US Geological Survey (USGS) OpenSHA java-
based PSHA code (www.opensha.org) to allow us to implement the new “next generation 
attenuation” (NGA) GMPEs, but key USGS personnel were not able to assist us within the time 
constraints of the project. Therefore, we use our New Zealand Fortran code (used in the 
development of the New Zealand PSH maps; Stirling et al. 2012) to develop our Hieu River 
catchment PSHA due the attributes of immediate availability and familiarity. An added positive 
factor, however, is that the McVerry et al. model has been shown to produce similar ground 
motions to the NGA models. In other words, hazard maps produced with the McVerry et al. 
GMPE probably give a similar portrayal of hazard to what would be achieved with more 
modern GMPEs. However, an issue not addressed is whether the Vietnamese conditions are 
more suited to stable continental GMPEs than the NGAs which are dominated by plate 
boundary strong motion data. This would be an important avenue for future work. 

3.3.4 Seismic Hazard Estimates 

We show a seismic hazard map developed by application of the four step process of PSHA 
(Figure 3.2) for a grid of sites with 0.1 x 0.1 degree resolution in Figure 3.8. This is a typical 
resolution for mapping regional or national seismic hazard (e.g., Petersen et al. 2008; Stirling 
et al. 2012). The maps show the ground motions (in this case PGA) for the 10,000 year 
return period, which is the same ground motion metric and return period shown in Figure 3.4. 
Ground conditions assumed in the calculations are those of soft rock, which adequately suits 
the bedrock conditions of the case study area. Weathered and fractured (jointed) rock is 
observed in many exposures along the Hieu River (e.g., at Ban Mong dam site), which in 
engineering terms is soft rock. 

 
Figure 3.8 Seismic hazard map for Hieu River catchment and surrounding areas. The map shows the peak 
ground acceleration (PGA) expected for a 10,000 year return period on soft rock or stiff soil site conditions 
(McVerry et al. 2006). Fault sources are shown as red lines. 
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The map shows a pattern of hazard that is strongly influenced by the distribution and activity 
of fault sources. The fault sources are shown as red lines, and the location and northwest 
strike of the fault sources are mimicked by bands of higher hazard. Most obvious on the map 
is the high hazard along the Red River Fault (north of the map area), due to the relatively 
short recurrence interval for large earthquakes on the Red River Fault (Table 3.1). In the 
Hieu River area, elevated hazard is observed along the Hieu River Fault (centre of the map 
area), but not on some other faults due to long recurrence intervals. 

Comparison of our PSH map (Figure 3.8) to the baseline PSH map (Figure 3.4) reveals some 
large differences. Overall, the PGA level is higher across the entire map area, but especially 
along many of the faults in our new model. The assumption of a larger maximum magnitude in 
the distributed seismicity model (Mw7.0–8.0) than that of the baseline model will be a causative 
factor. Also, the use of fault sources in our model versus the baseline model will be responsible 
for the higher hazard along the fault sources. These two factors arise from two of the most 
fundamental departures we have made from the methods used in the baseline model. These 
are: the assumption that earthquakes larger than the largest historical earthquake in Vietnam 
(Mw6.8) are possible in the region, and; the use of multidisciplinary seismicity, geologic and 
GPS input to define earthquake sources in the new model. 

We also show an example of response spectra for the Ban Mong dam site in Figure 3.9. The 
spectra shows the acceleration levels expected as a function of spectral period. In other 
words, the accelerations that can be expected for structures or media with specific natural 
(resonance) periods. Four spectra are calculated for four different return periods, and 50th 
and 84th percentile deterministic (scenario) spectra are also shown for the Hieu River Fault. 
Often a combination of probabilistic spectra (spectra with return periods) and deterministic 
spectra (spectra for single sources, without return periods) for the closest, most important 
earthquake source are developed and compared in PSHAs for engineering applications, as the 
deterministic spectra can provide a “reality check” for the probabilistic spectra. Spectra typically 
show a peak at around 0.1–0.5 second period, which is clearly the case in Figure 3.9. 

 
Figure 3.9 Response spectra for Ban Mong dam site. The solid lines show (from bottom to top) spectra for 150 
(blue), 475 (red), 2500 (green) and 10,000 (yellow) year return periods, and the dashed lines (from bottom to top) 
the 50th (pink) and 84th (purple) percentile deterministic (scenario) spectra for a Mw7.8 earthquake on the Hieu 
River Fault. 
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3.4 APPLICATION OF RESULTS FROM SEISMIC HAZARD MODEL 

The most direct practical application of the PSHA will be the calculation of specific response 
spectra for the dam sites. The spectra define the expected seismic loads on the dam-
reservoir system, for use in subsequent assessment of dam and reservoir stability. Spectra 
for a range of return periods are shown in Figure 3.9, allowing some choice in the input to the 
assessment of hazard impacts. 

The portrayal of PSHA in map form (Figure 3.4 and Figure 3.8) is to readily show the 
differences in hazard estimates between the baseline and new PSH models. 
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4.0 LANDSLIDE HAZARD IDENTIFICATION 

4.1 INTRODUCTION 

Landslides occur in a wide range of sizes from < 10 m3 to >100 million (M) m3. The aim of this 
chapter is to describe the large landslides (typically >10 Mm3) identified in the Hieu River 
catchment, some of which may have the potential to impact on the Ban Mong reservoir system 
with its associated upstream supply reservoirs (Mong reservoirs) and the Sao reservoir. 

The intent of the study is to provide an initial overview of the likelihood of large reservoir 
blocking landslides. Under the framework of the DDSCI project Guidelines document 
(Ministry of Foreign Affairs and Trade and Ministry of Agriculture and Rural Development, 
2015), the study is equivalent to an Intermediate level assessment. For a Detailed level 
assessment more specific evaluation is needed and which would typically be followed by 
more specific investigations where a potential landslide threat on a reservoir rim has been 
identified and prioritised for further examination. 

4.1.1 Method of investigation 

The study is based of examination of landscape surface (geomorphic) features only, and 
does not include any subsurface investigations and movement monitoring or geotechnical 
data from them. Its content therefore reflects the questions and data sources listed as the 
first five elements in Tables 4.3 and 4.4 of the landslides section in the Hazard Guidelines 
document of the DDCSI project - tasks that would more typically be carried out in the 
feasibility stages of a project. 

The main data sources were: 

1. Vertical aerial photography: Photographs were supplied by the Department of Mapping 
and Surveying of MONRE in Hanoi. Flying heights for the photography, which was 
taken between 1998 and 2000 in black and white, were between 5,200 m and 6,400 m 
giving a ground scales between 1:32,500 and 1:34,000. 

2. Satellite imagery: Several publically available sources were used, the main ones being: 

Landsat – image taken in September 2000. 

Google earth – Several images in both colour and black and white taken between 2003 
and 2013. Ground coverage was not uniformly complete over the study area, and in 
some cases visibility is inhibited by cloud cover. 

3. Geology: Regional geological map sheets at a scale of 1:200,000 published by the 
General Department of Geology and Minerals of Vietnam (GDGMV) of MONRE. Four 
sheets (nos 21, 22, 23 & 24 - GDGMV, 1995) provided coverage of the study area. 

4. Topography: Regional topographic maps at scales of 1:100,000 (with 40 m contours) or 
1:50,000 (with 20 m contours) were obtained from the Department of Mapping and 
Surveying of MONRE in Hanoi. Sheet E-48-7-C (Quy Chau) is an example of the eight 
sheets used at the 1:50,000 scale. 



Dam and Downstream Community Safety Initiative – November 2015 

 

52 Case Study, Chapter 3 – Hazard Identification 
 

Assistance from Le Thi Chau Ha of Water Resources University (WRU), who provided liaison 
with the MONRE Departments, was critical in obtaining these data. More detailed topography 
available in the lower part of the catchment downstream of Thai Hoa (e.g., 1:10,000) was not 
used in the study, being outside the landslide study area. Miss Ha and Mr Kien, also from 
WRU, supplied the geological map data. 

The vertical aerial photographs were examined stereoscopically (i.e., as overlapping pairs to 
form a vertical landscape model in three dimensions), in particular by Nick Perrin (GNS 
Science), to assess the ground surface morphology for large landslide-related landforms and 
deposits. When Google earth images are draped over a digital terrain model (DTM), the 
landscape model can be viewed from a variety of angles (rather than just vertically as in the 
case of vertical aerial photographs), although some examples of ground distortion were 
noted. For the (large) scale of landslide being studied, use of the google images provides a 
complementary means of ground surface morphology inspection for large landslide features. 

Outlines of identified landslide areas were captured digitally on the Google Earth images 
(similar digital capture from the vertical aerial photographs was not used in the absence of 
full camera and flight details). It should be pointed out that being a first time, regional, study 
identification of the presence, indication or absence of large landslide features was more 
important than completing mapping with a systematic coverage. 

Part way through the imagery evaluation a short field trip to the catchment was made in 
May 2013 by the authors Stuart Read (GNS Science), Dr Nguyen Thang, Mr Kien (WRU). 
Support during the trip from the Nghệ An provincial Department of Agriculture and Rural 
Development (DARD) in Vinh City and guidance from People’s Committee District level staff 
(either as DARD or Irrigation Management Committee (IMC) representatives) was fully 
appreciated. The five day trip included a visit to the Ban Mong dam site and part of its 
reservoir area, plus the localities of three of the upstream reservoirs (Quang Phong, Chau 
Phong, Nam Giai). The Sao embankment dam was not visited, although it and existing weirs 
at the KeCoc and KheNha had been visited by Mr Read in a project orientation tour in 
September 2012 prior to obtaining imagery. 

The regional geological map sheets (GDGMV, 1995) were simplified in the study area to 
show the main lithologies and geological structures. Identified landslide features from the 
imagery were plotted topographic and geologic basemaps to see whether there was any 
correlation of landslide incidence to geological setting. Further evaluation of the Quaternary 
geology was attempted to establish a valley development history, as an aid to attempt the 
establishment of a rate of landslide process. 

The final sections of the chapter consider the likely distribution of landslides in individual 
reservoirs, before finishing with an overall commentary on the landslides identified, their 
distribution and origin. 
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4.2 DESCRIPTION OF STUDY AREA 

The catchment for the 228 km along Hieu River covers an area of 5,430 km2. For the purposes 
of the landslide study the catchment has been divided into three areas (Figure 4.1); one for the 
overall whole catchment, one for the area upstream of Thai Hoa, which includes both the Ban 
Mong and Sao reservoir areas (4,140 km2), and one for the area upstream of Ban Mong dam 
including its own reservoir and the subsidiary upstream reservoirs (2,700 km2). 

The study was limited to the two catchment areas upstream of Thai Hoa, so does not include 
the downstream 80 km segment of the Hieu River (where it is also known as the Con River). 
Figure 4.2 shows the limits of the two catchments forming the study area, including the 
distribution of the existing (Sao) and proposed (Mong) reservoirs. 

 
Figure 4.1 Hieu River catchment, showing all proposed dams and associated reservoirs. The catchment 
boundary downstream of Thai Hoa, which extends to the Ca River, is only shown in part. 
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4.2.1 Physiography 

The topography in the catchment varies from extensive flat alluvial plains in its lower reaches 
to steep mountainous terrain in the upper reaches. Overall the catchment has a ‘bent elbow’ 
shape, with drainage in its lower part generally having a south-west trend, and upstream of 
Thai Hoa a more dominant south-east trend (Figure 4.1). Upstream of Thai Hoa there is also 
a gradual transition from rolling hills (e.g., in Sao reservoir area) to the steep topography 
further upstream and in the headwaters (e.g., upstream of Quy Chau). The river gradient is 
low (0.5 m per km) over much of its length (Figure 4.2), before steepening sharply in the 
headwaters in the PuHoat range on the Viet Nam Laos border where topography reaches 
elevations >2,000 m. 

 
Figure 4.2 Oblique northwesterly view of the Hieu River catchment (using SRTM imagery). 

The alluvial flats in the lower reaches are very extensive and up to 6 km wide downstream of 
Thai Hoa (Figure 4.4) A feature of the middle to upper catchment are further alluvial flats in 
basins surrounded by mountainous terrain, such as at Kim Son (Figure 4.5). River courses 
joining between or flowing through the basins tend to have either a south-west or north-east 
trend (Figure 4.2). Slopes in the upper catchment may be very steep (35°–60°) as the terrain 
rises to elevations of over 1000 metres (Figure 4.6). Reflecting the higher and steeper 
terrain, annual rainfall in the upper catchment can be >2 m (Figure 4.7) while it is lower (~1.5 
m) in the middle to lower catchment. 

 
Figure 4.3 River profile for the Hieu River valley. 
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Figure 4.4 Alluvial flats downstream of Thai Hoa near Tan Ky. Alluvial terraces may be up to 6 km wide. 

 
Figure 4.5 Mountainous terrain in the vicinity of Kim Son, with alluvial basin in foreground. 

 
Figure 4.6 View of steeper topography in upper catchment. View looking north-west upstream of Nam Giai 
towards the Laos border. 
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Figure 4.7 Distribution of annual rainfall levels in Nghệ An province with isohyet map. From Kyoto (2010) – 
primary rainfall stations in Hieu River catchment (e.g., Quy Chau) included. 

4.2.2 Geology 

Pre-Cambrian to Mesozoic age (>600 to 65 million years) rocks underlie most of the study 
area (GDGMV, 1995). The distribution of the principal lithologies, simplified from the four 
GDGMV 1:200,000 scale map sheets with coverage in the study area, is given on Figure 4.8. 
The foliated schists, with associated intrusive granitic rocks, are the oldest (Pre-Cambrian) 
rocks and crop out in the central part upper part of the catchment. They are faulted, often 
with a north-west to south-east trend, against Paleozoic (550 to 250 million years) slightly 
metamorphosed sedimentary rocks and semi-schists; including limestones that form tower or 
cone karstic terrain, in particular in the middle part of the catchment. Mesozoic sedimentary 
rocks, and effusive tuffaceous rocks that crop out in the north-east of the catchment, overlie 
or are faulted against the Paleozoic rocks. Cenozoic rocks (<65 million years) that often 
preserved in fault-controlled basins elsewhere in Viet Nam appear to be absent, although 
early Quaternary (<2 million years) basalts are present in the eastern part of the catchment 
near Thai Hoa (Figure 4.8). 
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Figure 4.8 Geological map of the Hieu River catchment (simplified from GDGMV, 1995). Map area same as 
Figure 4.1. 

The age range and distribution of the rocks reflect a structurally complex geological history, 
with several episodes of tectonic deformation. Dominant faults (including a mylonite zone), in 
the middle to upper catchment typically have north-west to south-east trends, with a more 
dominant perpendicular north-east to south-west trend in the middle to lower part of the 
catchment. No through going major faults, like the north-west south-east trending Ca and Ma 
faults to the south and north of the catchment respectively are shown within the catchment 
on the GDGMV maps. 

The extensive alluvial basins (‘closed basins’ in GDGMV, 1995) in the upper catchment tend 
to have a pattern that reflects the pseudo-orthogonal pattern of faulting (Figure 4.8). Their 
presence, combined with that of the mountains in the headwaters indicates ongoing tectonic 
activity, in particular uplift. The timing of uplift initiation, possibly with re-activation on existing 
geological structures, is not known, but could be in late Tertiary time (<5 million years), with 
rivers having kept pace between the basins with their incision into valleys with over 500 m of 
relief. This timing is supported by Neogene (<20 million years) deposits being preserved in 
fault-angle depressions along the prominent linear (i.e. structurally controlled) valley 
containing the Ca Fault to the immediate south-west of the Hieu catchment (see Seismic 
Hazard Identification chapter). 

Alluvial terraces up to 30 m above present day river level may be seen along the Hieu River 
as the valley starts to become more confined (Figure 4.9), but are less prominent in some of 
the alluvial basins further upstream where the terraces appear to be closer to river level. 
GDGMV (1995) note the presence of alluvial deposits up 70 m thick (associated with alluvial 
tin deposits), though only thin veneers or up to a maximum of 10 m (Figure 4.10) were seen 
on the field trip. 
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Both the terraces associated with the downstream river flats and the upstream basins are 
mapped by GDGMV as undifferentiated Quaternary. No terrace profiling of the lower valley 
terraces has been done as part of the study, which makes it difficult to assign ages to any of 
the terraces, but the age of the higher terraces is likely to be significant (?>100,000 years). 

Figure 4.11 shows the overall valley profiles of the Hieu and main tributary rivers, illustrating 
two features. The first is the flat profiles of the Hieu River downstream of Quy Chau, as well as 
in the wide alluvial basins further upstream. The second is the steep gradients between the 
alluvial basins where the rivers are more constricted and incised into narrow valleys. As noted 
above, the pattern of the basins, combined with the steep river gradients between reflects the 
tectonic uplift in the more mountainous upper catchment. However, it is difficult to assign ages 
to the river terraces in the upper catchment without further work, including age dating. 

Rock weathering profiles are deep (> 10 m), and lateritic soils may be formed at the ground 
surface, as shown in Figure 4.10. This depth of weathering translates to common surficial 
slope failures (landslides), in particular of cut slopes, such as those formed for roading. 

 
Figure 4.9 Alluvial terraces on Hieu River. Downstrean view 10 km south of Quy Chau, with higher terrace 20 
m above river level. (a terrace remnant behind the photopoint is 30 m above river level). 

 
Figure 4.10 Alluvial deposits exposed below river terrace between Thai Hoa and Ban Mong. Weathering of silt 
overlying the gravels and forming the upper surface apparent.  
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Figure 4.11 Valley profiles for Hieu and major tributary rivers. 1:50,000 scale topographic maps with 20 m 
contours used to compile the profiles. Topography in north and west of catchment rises to elevations >1500 m. 

 
Figure 4.12 Weathering profile in excavation near Kim Son. Lateric horizon at ground surface with highly 
weathered schist below. 
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4.3 LANDSLIDE DESCRIPTION 

As stated earlier the primary assessment method was landscape morphology using imagery 
(e.g., vertical aerial photographs) with limited ground truthing during the May 2013 field trip. 

4.3.1 Imagery 

Figure 4.13 gives a plot of the photo centres of the 530 vertical photographs obtained from 
MONRE. The ground scale of the photographs (~1:35,000), and the nature of half tone prints 
supplied, prevented areas smaller than 100 m x 100 m to be seen clearly. This meant that 
landslides with this areal extent or smaller, which are more typically associated with surficial 
failures, could not be identified unequivocally. This scale constraint did not prevent or hinder 
identification of larger scale landslide features, which are more relevant to hazards to 
reservoirs and the main focus of the study. As noted earlier the Google earth images, which 
were used in a complementary manner to the aerial photographs, had a similar coarseness 
of scale related to the ground model used. 

A relatively small number of large-scale features with a morphology indicative of large 
landslides, mainly head scarps, and debris areas nearer the toes of slopes have been 
identified, or where less definitive, inferred. Their distribution is plotted on Figure 4.13, noting 
that the majority are in the steeper terrain of the headwaters in the north and western parts of 
the catchment. This terrain also has the larger landscape scale often associated with the 
formation of landslides with valley blocking potential. Figure 4.14 shows one of these 
features near Nam Giai, west of Kim Son. 

Much of the terrain in these northern and western areas is still forested, which makes the 
identification less definitive. In some places erosion-type dissection of slopes may have also 
occurred at the location of moderate to large size landslides, with debris fans masking 
original landslide debris. Where slightly incised into alluvial terraces in the alluvial basins the 
present-day rivers mainly show expected meander patterns. Near Chau Tan on the Quang 
Phong reservoir meander patterns appear to be more irregular and possibly influenced by 
debris in the valley bottom. Figure 4.15 shows this area, with the geomorphology of the 
slopes above indicative of the possible presence of two or more landslides. 
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Figure 4.13 Vertical air photograph runs with photo centres. Basemap is Landsat taken in September 2000, 
close to the time the photos were taken. Map area is the same as Figure 4.2, with drainage pattern and reservoirs 
superimposed. 

 
Figure 4.14 Distribution of large landslide features identified from imagery. Map area is the same as Figure 4.23 
with basemap digital terrain model from SRTM imagery. 
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Figure 4.15 Possible landslide feature above Nam Giai village (village on centre left of image). The landslide 
indicated by bowl shape in slope at centre of image. 

The terrain in the northeastern parts of the catchment is on a smaller scale (Figure 4.13) than 
further west, and possible large landslide features are not readily apparent. This style and 
scale of terrain is also present in the eastern part of the catchment (including a smaller 
alluvial basin). However it should be noted that a definite landslide feature was identified in 
the hills just downstream of Ban Mong dam on the left bank. The terrain has even lower relief 
in the eastern part of the catchment where the Sao reservoir is located, although some 
higher hills are present. 

Several other landscape features of note were seen. Two were in the upper reaches of the 
Quang Phong reservoir area (Figure 4.16 and Figure 4.17). The first was in the Quang River 
valley near Chau Thau with evidence of the river being diverted around landslide debris in 
the valley floor (Figure 4.16) with the second upstream of a tributary arm of the Quang Phong 
reservoir, where well-developed alluvial terraces in a broad valley terminate upstream 
abruptly (Figure 4.16). One possible reason for the irregular terrain in the tributary valley, 
apart from being an artifact of the Google image model, is that it is the debris of a very large 
landslide, although there may also be structural geology and bedrock change influences. 

Near Quy Hop there is extensive karstic terrain. Arcuate features that resemble landslide 
scarps with central mounds in the valley floor below that could be landslide debris are 
present near Ho Na Ca northeast of Quy Hop. The river has a meandering course through 
the mounds that could also be interpreted as former river meanders at higher terrace levels. 
This area is also along the extension of the Hieu River Fault identified in the Seismic Hazard 
Identification task report. 
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Figure 4.16 Possible landslide feature above in upper reaches of Quang Phong reservoir. Former landslide 
scarps on valley side and debris in valley bottom with the river forced to one side of valley. 

 
Figure 4.17 Truncated alluvial terraces in valley on arm of Quang Phong reservoir. Reason for irregular terrain 
upstream may be debris of a large scale landslide. 
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4.3.2 Field Studies 

Our fieldtrip in May 2013 could not visit all parts of the catchment. It concentrated on areas 
identified using imagery with likely landslide features, in particular west of Quy Chau and Kim 
Son, though the area immediately downstream of Ban Mong, and the dam site itself were visited. 

The heterogeneous lithological and structural complexity of the north-western part of the 
study area was reflected in outcrops of crushed and sheared rock associated with large fault 
zones, in particular in schist terrain (Figure 4.17). The deep weathering profile was also seen 
in many places, in particular in slope failures associated with cut slopes (Figure 4.19). Local 
debris fans on the margins of alluvial flats, including large boulders in granitic terrain below 
possible bedrock exfoliation features, were widespread (Figure 4.20), while the valleys with 
steep gradients between alluvial basins in the upper catchment were typically steep-sided 
(Figure 4.20). 

Evidence of large landslides was seen in the morphology of slopes, in particular in schist-
dominated landscape. A number of arcuate features identified in the aerial photo study 
proved recognizable on the ground (Figure 4.21), while other areas with landslide 
morphology were more apparent on the ground (Figure 4.22) than in the imagery. The 
landslide in Figure 4.23 at the head of the Chan Phong reservoir was recognizable in both 
imagery and on the ground. 

Areas of hill topography were not visited in the east of the catchment, apart from the 
landslide identified in the imagery just downstream of Ban Mong. Figure 4.24, taken from on 
the debris of this landslide, shows a flat area upstream of it that is thought to represent 
sediments deposited in a lake prior to the stream flowing around the margin of the landslide 
to drain the lake and form its present course. Figure 4.25 shows the gentler landscape in 
closer to Thai Hoa and the Sao reservoir, with less opportunity for larger landslides. Although 
some of the higher hills do have an appearance of a vacated landslide, they more likely 
probably reflect structural control in the formation of the landscape. 

During the fieldwork, one instance of a recent landslide dam was reported by local officials. 
The event occurred in October 2007 in the headwaters of the Nam Giai catchment (upstream 
of the Nam Giai reservoir, Figure 4.22 is a view of the headwaters). The landslide dam, 
reported as 20 m high, formed during typhoon Lekima, which also resulted in the peak 
historical flow at Quy Chau – see also the Flood Hazard Identification task chapter. The dam 
was reported as failing shortly after formation, causing the death of several people. It also 
caused notable damage to property and crops (a possible failure date of 5 October was 
supplied - flood event No 5 at a similar time caused widespread damage in Que Chau and 
Que Phong Districts, plus the typhoon came on land on 03 October with a subsequent major 
flooding impact on the whole province). 
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Figure 4.18 Sheared and crushed rock with gouge in fault zone near Quang Phong. Overall width of fault zone 
is at least 50 m. 

 
Figure 4.19 Slope failures in road cut near Chau Phon at upstream limit of Chan Phong reservoir. 

 
Figure 4.20 Debris fan over alluvial flats in granitic terrain between Kim Son and Quang Phong reservoir area. 
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Figure 4.21 Road beside the Quang River downstream of the Quang Phong reservoir. River joins the Hieu 
River downstream of Kim Son. 

 
Figure 4.22 View of landslide source area above Nam Giai village in Figure 4.14. Village on the left. 

 
Figure 4.23 Large scale landslide terrain at head of Chan Phong reservoir. Chau Phon village in foreground. 
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Figure 4.24 Landslide scarp with debris on lower slope in valley leading to Sao Va village. Valley is north of Kim Son. 

 
Figure 4.25 Flat area immediately upstream of landslide just downstream of Ban Mong damsite. Area inferred to 
be formed by deposition of sediments in lake formed upstream of landslide dam that blocked the valley. 

 
Figure 4.26 Gentle landscape closer to Thai Hoa. Topography representative of that closer to Thai Hoa and 
Sao reservoir, and not indicative of the presence of large landslides. 
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4.3.3 Distribution 

Figure 4.27 shows the locations of landslide features, summarising the distribution of 
features identified in the imagery and shown on the SRTM model in Figure 4.13. Figure 4.28 
shows the landslide features illustrated in Figure 4.14 superimposed on the geological map 
of Figure 4.8. Apart from their dominant distribution in the larger-scale topography in the 
north and west of the catchment already commented on, and apparent in Figure 4.27, the 
greatest occurrence of large landslide features is in the schist-dominated (as schist or semi-
schist) lithologies. This was also apparent from the field observations (e.g., Figure 4.21 and 
Figure 4.22), although a number of the landslides are also present in granitic terrane (e.g., 
Figure 4.24). 

No existing landslide-dammed lakes were recognized from either the imagery or the field 
study. The best indication of a former landslide-dammed lake was from the sediments 
upstream of the landslide immediately downstream of the Ban Mong damsite (Figure 4.25). 

Other points to note are that the area mapped as “tuff” in the north-east of the catchment 
large landslides appear to be absent, and that no landslides were identified in the limestone 
karstic terrane, such as near Quy Hop. 
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Figure 4.27 Locations of landslides in study area. Locations summarised from the landslide features mapped 
using imagery in Figure 4.14. Catchment boundary is that upstream of Ban Mong damsite – see also Figure 4.1. 

 
Figure 4.28 Distribution of large landslide features shown in Figure 4.14 plotted on lithological geological map in 
Figure 4.8.
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4.4 RESERVOIRS 

This chapter considers the distribution of large landslides in the areas of the proposed Mong 
reservoirs (Ban Mong and upstream) and the existing Sao reservoir. 

4.4.1 Ban Mong Reservoir 

The 35 km long reservoir may be divided into three sections – two, the most downstream and 
upstream parts, are in wider valleys where well-developed alluvial terraces are present (e.g., 
Figure 4.29 in the downstream section of the reservoir, and Figure 4.9 at the downstream 
end of the upstream section near Que Chau). The terraces, which are up 30 m above river 
level are not shown on the GDGMV regional geological maps. The higher level terraces 
appear slightly dissected indicating that they have a significant age (i.e. older than Holocene 
– 10,000 years). However this statement is made in the absence of any age control on 
terrace formation ages. In between, the two wider valley sections is a narrow winding valley 
section with moderately high slopes where terrace preservation is limited. 

 
Figure 4.29 View looking upstream of the lower section of the future Ban Mong reservoir. View looking over 
extensive alluvial terraces towards the hills of the middle section of the reservoir. 

The wide valleys and lesser topography adjacent to the upper and lower sections reduce the 
opportunity for potential valley blocking landslides and formation of landslide dams. Although 
none were recognised in this study, there is a slightly raised landslide potential in the 
narrower valley between the two sections of the reservoir. This is based on the presence of 
the landslide in similar lithologies just downstream of the dam (Figure 4.26), and uneven river 
gradients along the Hieu River course in the middle section of the reservoir. Uneven river 
gradients, associated with ponding and rapids, are often a sign of former landslide dams that 
have been breached. 
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4.4.2 Upstream Reservoirs 

The eight supply reservoirs upstream of Ban Mong (distribution shown on Figure 4.2) have a 
wide range in size, reservoir capacity and elevation. For the purposes of this report they are 
divided into three groups, firstly those close to the Ban Mong perimeter (e.g., Ke Ninh), secondly 
those in the north east (Re Coc and Kire Nha), and lastly those further west (Nam Giai, Quang 
Phong, Chan Phong, with subsidiary Nam Cam and Nam Cuom). The unnamed reservoir 
downstream of the Ban Mong catchment and west of Quy Hop has not been considered. 

The Re Coc and Kire Nga reservoirs are located in the north-east of the catchment with 
smaller scale topography and underlain by the tuffaceous lithology that appears to lack 
significant large landslide development. Consequently the focus of the study has been mainly 
in the west and north-west of the catchment area of Nam Giai, Quang Phong and Chan 
Phong reservoirs. These are the largest reservoirs which are also at higher elevations (>100 
m) compared to the Ban Mong reservoir but also some distance (>10 km) upstream of it 
(Figure 4.1). The topography in these areas is at largest scale in the study area, with the 
most indication of the presence of large landslides with valley blocking potential, in particular 
in the vicinities of the Quang Phong and Chan Phong. However their distance upstream is 
likely to limit their potential impact on the larger capacity Ban Mong reservoir in the event of 
the formation of a landslide dam and a following breach. 

4.4.3 Sao 

No large landslides were identified in the catchment area during this study. This is consistent 
with the gentler topography, which makes for little opportunity for large landslides. In the 
general vicinity some slightly higher hills are present, possibly being related to the basalt 
flows, with some either structurally controlled or vacated features apparent, though without 
any sign of landslide debris. The deep weathered profile, in combination with shallow dips of 
bedding if present, could make for potential failure planes, but their scale is not seen as one 
that could pose a threat on the reservoir margin. 
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4.5 DISCUSSION 

Large scale landslides tend to be associated with larger scale topography, such as that 
present in the upper parts of the catchment. The small number of large landslides recognised 
during the study is seen is a little surprising, but probably related to the nature of the 
lithologies present, and their better rock mass properties (e.g., wide spacing of joints) and 
lesser unfavourable impacts of tectonics). 

Schist lithologies do have topography formed by large (foliation) dip-slopes on which suspected 
slide blocks on the lower slopes may be present. However, they could also represent 
lithological differences such as weaker lithologies eroding to form strike ridges parallel to the 
strike of the major dip slopes. The nature very large scale landslide features between the 
Chang Phong and Nam Cam reservoirs need to be confirmed, including evaluation of their 
age. Similarly the middle section of the Ban Mong reservoir merits further appraisal. 

No information on the age of the alluvial deposits and rate of formation of the landscape was 
obtained during the study. As an indication a tectonic uplift rate of 1 mm/year (1 m per 
thousand years – ka) for the upper catchment to reach a height of 2,500 m would take 2.5 
million years (i.e., would initiate in late Pliocene). This would not be inconsistent with the 
preservation of Neogene coal measures in fault angle depressions along the Ca Fault near 
the Ca River. A similar rate of differential movement would be needed for the preservation of 
alluvial basins in the upper catchment while rivers connecting between them need to 
maintain their courses, possibly as antecedent valleys. A similar logic would mean that 
terraces 10 m above river level in the lower valley would be considerably older than 
Holocene (10,000 years). 

With a slow rate of landscape formation, the incidence of large landslides would be at a very 
low rate. In terms of a probabilistic rate it is likely to be <1 per 1,000 years. However it should 
be remembered that because reservoirs introduce changes in loading on slopes then a more 
deterministic approach is normally applied following recognition and assessment of specific 
areas and a prioritisation of the need for further investigation. 

While not the main purpose of this study, as a final comment, it should always be 
remembered that that smaller landslides affect local infrastructure (e.g. roads – Figure 4.19) 
and access to communities and damsites. 
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4.6 LANDSLIDE HAZARD CONCLUSIONS 

The main conclusions from a reconnaissance style, Intermediate-level assessment of large 
landslides with valley-blocking potential to either form landslide dams or directly affect 
reservoir capacity in a Hieu River catchment study area in Nghệ An province are: 

1. The area is underlain by “hard rock” geology (e.g. granite, schist), often with steep 
slopes and deep weathering. In wider sections of river valleys alluvial terraces are well-
developed 

2. The presence of alluvial basins with narrow valley sections between them in the upper 
parts of the catchment indicates interplay between tectonics and river valley formation. 

3. Few large landslides with valley-blocking potential were recognised from either the 
imagery or the field study. No existing landslide-dammed lakes were recognised. 

4. Most of the landslide features that were recognised are in the western headwaters of 
the catchment where there is the largest scale terrain (topography). Schist is the most 
common lithology underlying the areas with these features, although some are in 
terrain underlain by granite. The terrain in the north-east and eastern parts of the 
catchment is more subdued and large landslides features have not been positively 
identified, apart from one near the Ban Mong damsite. 

5. Landslide hazards, with reservoir-blocking potential, at the Ban Mong reservoir are not 
a significant issue, especially where extensive Quaternary terraces are present. The 
reservoir section, where the valley is narrower, does however merit some further 
evaluation. 

6. Landslide hazards at the possible subsidiary reservoirs upstream of Ban Mong 
reservoir, in particular in the western headwaters, should be further evaluated as part 
of any development process. 

7. The Sao reservoir area is deeply weathered, but the subdued landscape is not 
indicative of the presence of large-scale landslide features. 
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5.0 CONCLUSIONS 

5.1 GENERAL 

This report has identified and quantified flood, landslide and seismic natural hazards present 
within the catchments of the Ban Mong and Sao dams of Nghệ An province by way of 
Intermediate to Detailed levels of assessment under the framework of the DDCSI (2015) 
Guidelines. The work has been achieved through both Vietnamese and international 
expertise and methods. 

The results of this “Hazard Identification” chapter are used as inputs into the “Potential 
Failure Modes Assessment” (Chapter 4 of this Case Study) and “Hazard Impact on 
Downstream Communities” (Chapter 5 of this Case Study). 
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A1.0 APPENDIX 1 

Table A1.1 Inflow Design Floods for Sao. 

Time 

(h) 

Inflow Design Floods for Sao 

0.01% 0.02% 0.10% 0.20% 0.50% 1.00% 2.00% 5.00% 

0.4 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

0.7 1.12 1.04 0.96 0.91 0.87 0.79 0.73 0.64 

1.1 42.6 39.81 36.69 34.79 33.37 30.04 27.80 24.56 

1.4 232 216.81 199.80 189.45 181.70 163.58 151.37 133.74 

1.8 585 546.80 503.90 477.79 458.26 412.56 381.77 337.28 

2.1 1003 938.16 864.57 819.76 786.25 707.84 655.01 578.69 

2.5 1381 1291.27 1189.98 1128.31 1082.18 974.27 901.55 796.49 

2.8 1657 1548.76 1427.27 1353.30 1297.98 1168.54 1081.32 955.32 

3.2 1812 1694.46 1561.54 1480.62 1420.09 1278.48 1183.05 1045.20 

3.6 1860 1738.62 1602.23 1519.20 1457.10 1311.79 1213.88 1072.43 

3.9 1821 1702.45 1568.90 1487.60 1426.79 1284.51 1188.63 1050.13 

4.3 1722 1609.61 1483.35 1406.48 1348.98 1214.46 1123.81 992.86 

4.6 1584 1481.30 1365.10 1294.36 1241.44 1117.64 1034.22 913.71 

5 1428 1334.74 1230.04 1166.29 1118.62 1007.07 931.90 823.31 

5.3 1265 1182.44 1089.68 1033.21 990.97 892.15 825.56 729.36 

5.7 1105 1033.08 952.04 902.71 865.81 779.47 721.29 637.24 

6.1 955 892.43 822.42 779.80 747.93 673.34 623.08 550.48 

6.4 817 763.78 703.86 667.39 640.10 576.27 533.26 471.12 

6.8 694 648.50 597.63 566.66 543.50 489.30 452.78 400.02 

7.1 585 546.80 503.90 477.79 458.26 412.56 381.77 337.28 

7.8 409 382.49 352.49 334.22 320.56 288.59 267.05 235.93 

8.5 281 262.88 242.26 229.70 220.31 198.34 183.54 162.15 

9.3 191 178.21 164.23 155.72 149.35 134.46 124.42 109.93 

10 128 119.62 110.23 104.52 100.25 90.25 83.52 73.78 

10.7 85.0 79.46 73.22 69.43 66.59 59.95 55.48 49.01 

12.5 29.9 27.99 25.80 24.46 23.46 21.12 19.54 17.27 

14.2 10.2 9.56 8.81 8.36 8.01 7.22 6.68 5.90 

17.8 1.12 1.04 0.96 0.91 0.87 0.79 0.73 0.64 

21.4 0.18 0.17 0.16 0.15 0.14 0.13 0.12 0.10 

28.5 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
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Table A1.2 Inflow Design Floods for Ban Mong. 

Time (h) 
Inflow Design Floods for Ban Mong 

0.01% 0.02% 0.10% 0.20% 0.50% 1.00% 2.00% 5.00% 

1 122 114 95 86 75 67 59 48 

7 127 119 98 90 78 70 61 50 

9 132 123 102 93 81 72 63 52 

11 142 132 110 100 88 78 68 55 

13 160 150 124 113 99 88 77 63 

15 180 168 139 127 111 99 87 70 

17 236 221 183 167 146 130 114 92 

18 276 258 214 196 171 152 133 108 

19 326 305 253 231 202 179 157 128 

20 388 363 301 275 240 214 187 152 

21 471 440 365 333 291 259 227 184 

22 539 503 418 381 333 296 259 211 

23 607 567 471 429 375 334 292 237 

24 657 614 509 465 406 361 316 257 

25 779 728 604 551 481 428 375 305 

26 1039 971 806 735 642 572 501 406 

27 1304 1218 1011 923 806 717 628 510 

28 1786 1669 1385 1264 1104 982 860 699 

29 2203 2058 1708 1559 1361 1211 1061 861 

30 2603 2433 2019 1842 1609 1432 1254 1018 

31 2903 2713 2252 2055 1794 1597 1399 1136 

32 3464 3237 2686 2452 2141 1905 1669 1355 

33 4025 3761 3121 2848 2487 2213 1939 1574 

34 4545 4248 3525 3217 2809 2500 2190 1778 

35 5226 4884 4053 3699 3230 2874 2517 2044 

36 5847 5464 4534 4138 3613 3215 2816 2287 

37 6408 5988 4969 4535 3960 3524 3087 2506 

38 6908 6456 5357 4889 4269 3799 3328 2702 

39 7749 7242 6009 5484 4789 4262 3733 3031 

40 8170 7635 6336 5782 5049 4493 3935 3195 

41 8510 7953 6599 6023 5259 4680 4099 3328 

42 8731 8159 6770 6179 5395 4801 4205 3415 

43 8891 8308 6895 6292 5494 4889 4283 3477 

44 9011 8421 6988 6377 5568 4955 4340 3524 

45 8971 8383 6957 6349 5544 4933 4321 3509 
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Time (h) 
Inflow Design Floods for Ban Mong 

0.01% 0.02% 0.10% 0.20% 0.50% 1.00% 2.00% 5.00% 

46 8931 8346 6926 6320 5519 4911 4302 3493 

47 8891 8308 6895 6292 5494 4889 4283 3477 

48 8791 8215 6817 6221 5432 4834 4234 3438 

49 9011 8421 6988 6377 5568 4955 4340 3524 

50 9391 8776 7283 6646 5804 5165 4524 3673 

51 9572 8945 7422 6774 5915 5264 4611 3744 

52 9652 9019 7485 6831 5964 5308 4649 3775 

53 9592 8963 7438 6788 5927 5275 4620 3751 

54 9471 8851 7345 6703 5853 5209 4562 3704 

55 9351 8739 7252 6618 5779 5143 4504 3657 

56 9111 8514 7065 6448 5630 5010 4389 3563 

57 8911 8327 6910 6306 5507 4900 4292 3485 

58 8650 8084 6708 6122 5346 4757 4167 3383 

59 8370 7822 6491 5924 5173 4603 4032 3274 

60 8050 7522 6242 5697 4975 4427 3878 3148 

61 7649 7148 5932 5413 4727 4207 3685 2992 

62 7048 6587 5466 4988 4356 3876 3395 2757 

63 6708 6269 5202 4747 4145 3689 3231 2624 

64 6288 5876 4876 4450 3886 3458 3029 2459 

65 5807 5427 4503 4110 3589 3193 2797 2271 

66 5326 4978 4131 3770 3292 2929 2566 2083 

67 4906 4585 3804 3472 3032 2698 2363 1919 

68 4465 4173 3463 3160 2759 2456 2151 1746 

69 4125 3855 3199 2919 2549 2268 1987 1613 

70 3724 3481 2888 2636 2302 2048 1794 1457 

71 3424 3200 2655 2423 2116 1883 1649 1339 

72 3184 2975 2469 2253 1968 1751 1534 1245 

73 2964 2769 2298 2097 1831 1630 1428 1159 

74 2823 2638 2189 1998 1745 1553 1360 1104 

75 2723 2545 2112 1927 1683 1498 1312 1065 

76 2663 2489 2065 1885 1646 1465 1283 1042 

77 2623 2451 2034 1856 1621 1443 1264 1026 

78 2563 2395 1988 1814 1584 1410 1235 1002 

79 2483 2320 1926 1757 1534 1365 1196 971 

80 2463 2302 1910 1743 1522 1354 1186 963 

81 2523 2358 1957 1786 1559 1387 1215 987 
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Time (h) 
Inflow Design Floods for Ban Mong 

0.01% 0.02% 0.10% 0.20% 0.50% 1.00% 2.00% 5.00% 

82 2563 2395 1988 1814 1584 1410 1235 1002 

83 2583 2414 2003 1828 1596 1421 1244 1010 

84 2583 2414 2003 1828 1596 1421 1244 1010 

85 2543 2376 1972 1800 1572 1398 1225 995 

86 2463 2302 1910 1743 1522 1354 1186 963 

87 2423 2264 1879 1715 1497 1332 1167 948 

88 2383 2227 1848 1686 1473 1310 1148 932 

89 2323 2171 1801 1644 1435 1277 1119 908 

90 2283 2133 1770 1616 1411 1255 1100 893 

91 2223 2077 1724 1573 1374 1222 1071 869 

92 2183 2040 1693 1545 1349 1200 1051 854 

93 2123 1984 1646 1502 1312 1167 1022 830 

94 2062 1927 1599 1460 1275 1134 993 807 

95 1990 1860 1544 1409 1230 1095 959 778 

97 1826 1707 1416 1292 1129 1004 880 714 

99 1704 1592 1321 1206 1053 937 821 666 

101 1604 1499 1244 1135 991 882 773 627 

103 1518 1418 1177 1074 938 835 731 594 

105 1438 1344 1115 1018 888 791 693 562 

107 1362 1272 1056 964 841 749 656 533 

109 1292 1207 1002 914 798 710 622 505 

111 1270 1186 984 898 785 698 612 497 

113 1258 1175 975 890 777 692 606 492 

115 1258 1175 975 890 777 692 606 492 

117 1258 1175 975 890 777 692 606 492 

119 1233 1153 957 873 762 678 594 482 
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Figure A1.1 Frequency analysis for Qmax at QuyChau. 

 
Figure A1.2 Frequency analysis for Qmax at NghiaKhanh. 
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Figure A1.3 Frequency analysis for X1max at TayHieu. 
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A2.0 APPENDIX 2 

 
Figure A2.1 Adjustment of standard deviation of annual series for maximum observed rainfall (Hershfield, 
1961b). 
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Figure A2.2 Adjustment of mean of annual series for maximum observed rainfall (Hershfield, 1961b). 
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Figure A2.3 Adjustment of mean and standard deviation of annual series for length of record (Hershfield, 
1961b). 
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Figure A2.4 Km as a function of rainfall duration and mean of annual series (Hershfield, 1965). 
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A3.0 APPENDIX 3 

 
Figure A3.1 Pseudo-adiabatic diagram for dewpoint reduction to 1 000 hPa at zero height. 
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Figure A3.2 Daily maximum wind speed in East direction and Quy Hop. 
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A4.0 APPENDIX 4 

Table A4.1 TheBan Mong watershed model parameters of sub-basins. 

Basin 
Area 

(km) 

T lag 

(min) 

Discharge 

Per Area 

Ratio to 

Peak 

Regression 

Constance 
CN 

Impervious

(%) 

W140 182 712 0.05 0.9 0.1 80 0 

W150 218 553 0.05 0.9 0.1 80 0 

W160 265 738 0.05 0.9 0.1 80 0 

W170 135 615 0.05 0.9 0.1 80 0 

W210 338 950 0.05 0.9 0.1 80 0 

W220 72 151 0.05 0.9 0.1 80 0 

W230 110 440 0.05 0.9 0.1 80 0 

W240 156 504 0.05 0.9 0.1 80 0 

W250 153 101 0.05 0.9 0.1 80 0 

W260 368 201 0.05 0.9 0.1 80 0 

W310 173 712 0.05 0.9 0.1 80 0 

W320 58 151 0.05 0.9 0.1 80 0 

W350 168 712 0.05 0.9 0.1 80 0 

W360 110 440 0.05 0.9 0.1 80 0 

W370 199 553 0.05 0.9 0.1 80 0 

W380 71 151 0.05 0.9 0.1 80 0 

Table A4.2 TheBan Mong watershed model parameters of routing channels. 

Channel K X n 

R40 1.06 0.25 16 

R50 0.55 0.25 10 

R60 0.04 0.25 1 

R100 1.37 0.25 24 

R110 2.01 0.25 36 

R120 4.54 0.25 75 

R360 2.01 0.25 36 

R150 2.01 0.25 36 

R140 2.01 0.25 36 

R180 2.01 0.25 36 

Table A4.3 TheSao watershed model parameters of sub-basins. 

Basin 
Area 

(km) 

T lag 

(min) 

Discharge 

Per Area 

Ratio to 

Peak 

Regression 

Constance 
CN 

Impervious 

(%) 

Sao 132 201 0.05 0.9 0.1 80 0 



Dam and Downstream Community Safety Initiative – November 2015 

 

94 Case Study, Chapter 3 – Hazard Identification 
 

Table A4.4 The PMF for the Sao watershed. 

Hour Sao 

00:00 6.6 

00:15 6.6 

00:30 6.6 

00:45 6.6 

01:00 6.6 

01:15 6.6 

01:30 6.6 

01:45 6.5 

02:00 6.5 

02:15 6.5 

02:30 6.5 

02:45 6.7 

03:00 7.0 

03:15 7.9 

03:30 9.5 

03:45 12.0 

04:00 15.6 

04:15 20.2 

04:30 26.1 

04:45 33.2 

05:00 41.4 

05:15 50.3 

05:30 59.5 

05:45 68.9 

06:00 78.2 

06:15 87.4 

06:30 96.9 

06:45 107.0 

07:00 118.0 

07:15 129.7 

07:30 141.7 

07:45 153.5 

08:00 164.7 

08:15 175.6 

08:30 186.8 

08:45 199.2 
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Hour Sao 

09:00 213.8 

09:15 231.2 

09:30 250.9 

09:45 272.6 

10:00 296.4 

10:15 322.0 

10:30 350.2 

10:45 382.8 

11:00 423.1 

11:15 476.2 

11:30 546.7 

11:45 678.3 

12:00 1008.1 

12:15 1545.1 

12:30 2295.2 

12:45 3132.5 

13:00 3735.8 

13:15 3988.7 

13:30 3967.0 

13:45 3695.9 

14:00 3291.6 

14:15 2778.1 

14:30 2321.3 

14:45 1967.2 

15:00 1684.3 

15:15 1444.2 

15:30 1239.7 

15:45 1077.1 

16:00 942.2 

16:15 830.2 

16:30 739.3 

16:45 668.0 

17:00 610.0 

17:15 561.8 

17:30 520.5 

17:45 485.5 

18:00 456.8 
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Hour Sao 

18:15 432.0 

18:30 409.0 

18:45 398.6 

19:00 398.2 

19:15 397.8 

19:30 397.3 

19:45 396.9 

20:00 396.5 

20:15 396.0 

20:30 395.6 

20:45 395.1 

21:00 394.7 

21:15 394.3 

21:30 393.8 

21:45 393.4 

22:00 393.0 

22:15 392.6 

22:30 392.1 

22:45 391.7 

23:00 391.3 

23:15 390.8 

23:30 390.4 

23:45 390.0 

00:00 389.5 
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Table A4.5 The PMF for Ban Mong watershed. 

Hour Ban Mong 

01:00 135.1 

02:00 135.1 

03:00 135.1 

04:00 135.0 

05:00 134.9 

06:00 134.8 

07:00 134.6 

08:00 134.5 

09:00 134.6 

10:00 134.8 

11:00 134.9 

12:00 134.8 

13:00 135.1 

14:00 136.3 

15:00 138.7 

16:00 144.4 

17:00 153.5 

18:00 164.5 

19:00 178.8 

20:00 195.3 

21:00 213.6 

22:00 241.1 

23:00 296.1 

00:00 397.8 

01:00 526.8 

02:00 640.9 

03:00 765.2 

04:00 903.7 

05:00 1059.4 

06:00 1317.1 

07:00 1739.3 

08:00 2193.7 

09:00 2554.8 

10:00 2938.7 

11:00 3439.2 

12:00 3946.7 
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Hour Ban Mong 

13:00 4455.5 

14:00 5095.7 

15:00 5878.4 

16:00 6623.5 

17:00 7383.4 

18:00 8287.7 

19:00 9130.8 

20:00 9582.4 

21:00 9927.6 

22:00 10703.6 

23:00 11624.7 

00:00 12030.7 

01:00 12089.0 

02:00 12298.1 

03:00 12459.5 

04:00 12233.9 

05:00 11845.8 

06:00 11606.0 

07:00 11484.7 

08:00 11472.7 

09:00 11485.7 

10:00 11307.3 

11:00 10965.5 

12:00 10638.7 

13:00 10217.5 

14:00 9575.9 

15:00 8864.2 

16:00 8325.7 

17:00 7983.7 

18:00 7751.4 

19:00 7516.5 

20:00 7201.2 

21:00 6823.3 

22:00 6476.2 

23:00 6191.6 

00:00 5807.8 

01:00 5274.5 
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Hour Ban Mong 

02:00 4860.7 

03:00 4696.3 

04:00 4600.4 

05:00 4495.8 

06:00 4480.5 

07:00 4507.8 

08:00 4479.5 

09:00 4459.8 

10:00 4471.2 

11:00 4407.6 

12:00 4275.7 

13:00 4149.1 

14:00 4046.1 

15:00 3984.7 

16:00 3991.4 

17:00 4053.2 

18:00 4109.4 

19:00 4076.4 

20:00 3987.7 

21:00 3930.0 

22:00 3828.2 

23:00 3612.7 

00:00 3410.5 

01:00 3307.3 

02:00 3246.7 

03:00 3188.3 

04:00 3136.1 

05:00 3081.9 

06:00 2989.6 

07:00 2861.3 

08:00 2719.5 

09:00 2589.8 

10:00 2503.6 

11:00 2434.9 

12:00 2362.5 

13:00 2287.0 

14:00 2224.5 
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Hour Ban Mong 

15:00 2196.2 

16:00 2238.3 

17:00 2306.2 

18:00 2309.7 

19:00 2261.6 

20:00 2240.6 

21:00 2247.7 

22:00 2197.7 

23:00 2060.2 

00:00 1943.5 
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1.0 INTRODUCTION 

1.1 SCOPE

This Chapter of the Case Study presents application of the “Potential Failure Modes 
Analysis” methodology detailed in the Dam and Downstream Community Safety Initiative 
Guidelines (DDSCI, 2015). 

The methodology is applied to one existing dam (Sao) and one under construction (Ban 
Mong) in the Nghe An province. Refer to Chapter 1 for the location, main parameters and a 
description of the Sao and Ban Mong dams. 

The following sections provide the results from Potential Failure Modes Analysis (PFMA) to 
the Sao and Ban Mong dams. 

1.2 LEVEL OF ASSESSMENT

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

Three different levels of assessment (i.e. Preliminary, Intermediate and Detailed) are 
provided in the DDCSI (2015) Guidelines. 

The analysis described in the following sections is based generally on the Intermediate 
approach outlined in the DDCSI (2015) Guidelines for PFMA. 

 



 

 

2.0 BACKGROUND 

2.1 GENERAL

Potential Failure Modes Analysis provides an organised format for review of ways a dam 
potentially could fail. PFMA includes documentation of step by step events that would be 
required for a specific failure to occur. Performing PFMA results in a list of potential failure 
modes that are categorised according to the descriptions outlined in Table 2.1. 

The PFMA process can result in potential failure modes that have a high probability of 
occurrence (i.e. Category I failure modes) but in many cases does not. Performing PFMA is 
primarily a tool for risk assessment and allows informed decisions to be made to mitigate 
credible potential failure modes and improve dam safety. 

Potential options to improve dam safety, specific to the potential failure modes that have 
been identified in this Chapter for Sao and Ban Mong dams, are described in Chapter 6 of 
this Case Study. 

Table 2.1 Potential Failure Mode Categories (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 PFMA METHODOLOGY 

3.1 GENERAL

Chapter 4 of the DDCSI (2015) Guidelines provides the steps and actions for carrying out a 
Intermediate PFMA for a dam. These steps were carried out for PFMA of the Sao and Ban 
Mong dams. A brief outline of the actions taken for each step is listed in the following 
sections. 

3.2 STEP 1: APPOINT PFMA PARTICIPANTS

The Team Leaders for the PFMA were Peter Amos from Damwatch, New Zealand and Prof. 
Nguyen Canh Thai from Water Resources University, Hanoi. PFMA participants included 
dam experts from Viet Nam and New Zealand. A full list of participants is provided in 
Appendix 3. The participants included experienced engineers and scientists from a range of 
disciplines including Dam Engineering, Hydrology, Seismology and Engineering Geology. 

3.3 STEP 2: COLLECTION OF DATA

Data for the dam gathered by the PFMA Team Leaders included all relevant available 
information to the dam and reservoir. This data was collated and prepared for distribution to 
the participants (refer to Step 3). The data included: 

 A general description of the dam, appurtenant structures and main parameters. 

 Chapter 1 of this Case Study contains this information for both Sao and Ban 
Mong Dams 

 Detailed drawings and plans, design reports and information on design hydrology, 
stability assessments and earthquake design loadings. 

 Appendix 1 contains this information for Sao Dam 

 Appendix 2 contains this information for Ban Mong Dam 

 Assessment of hydrological, seismic and landslide hazards based on DDCSI (2015) 
Guidelines. 

 Chapter 3 of this Case Study contains this information for both Sao and Ban 
Mong Dams 

 Information on potential downstream consequences for spillway release and 
hypothetical dam failure scenarios. 

 Chapter 5 of this Case Study contains this information for both Sao and Ban 
Mong Dams 

3.4 STEP 3: READ AND REVIEW BACKGROUND INFORMATION

Available data and reports collected in Step 2 were provided to participants for review prior to 
the PFMA. 

3.5 STEP 4: SITE VISIT

A site visit to Ban Mong and Sao dam sites was undertaken by the PFMA Team Leaders in 
October 2012. 
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3.6 STEP 5: CONDUCT PFMA ANALYSIS

The PFMA was convened on two occasions; it first commenced on 16th May 2013 and was 
completed on the 1st and 2nd October 2013. 

In the period between 16th May 2013 and 1st October 2013, additional information on Ban 
Mong and Sao dams was researched and obtained by the Water Resources University. This 
enabled a more detailed analysis of the potential failure modes during the assessment in 
October 2013. 

The two sessions are described briefly below: 

First session: 16th May 2013 

The first session commenced at the Water Resources University, Hanoi, with presentation of 
the Ban Mong and Sao dam details as assembled at that time. This included, geology of the 
dam sites and seismic and flood hazards. Principal attendees at the first assessment session 
are listed in Appendix 3, including a list of observers of the PFMA session. 

Identification of potential failure modes was initiated considering the following initiation events: 

 Extreme flow 
 Critical Plant malfunction 
 Weakness in dam body 
 Weakness in foundation 
 Earthquake 
 Operational error 
 Upstream dam break or landslide 

In assessing these initiation events it became evident that there was insufficient information 
available to adequately assess potential failure modes. The assessment was therefore 
adjourned on the basis that sufficient information be assembled for continuation of the 
assessment at a later date. 

Second Session: 1st and 2nd October 2013 

The second session was convened on 1st October 2013 at the Water Resources University, 
Hanoi. Principal attendees at the second assessment session are listed in Appendix 3, 
including a list of observers. 

Extensive information assembled by the Water Resources University was presented. This 
information is included in Appendix 1 and 2 for Ban Mong and Sao dams respectively. 

Potential failure modes were considered in terms of the physical dam structures, foundations, 
operations and initiating events under normal operating conditions and the result of hazards 
(e.g. floods, seismic, landslides). Each failure mode was categorised in accordance with the 
system outlined in Table 2.1. 

Note that the Ban Mong Saddle Dams (refer to Chapter 1, Section 1.3.4 of this Case Study) were 
not considered as part of the PFMA sessions as their design details had not been finalised. 

3.7 STEP 6: DOCUMENT THE PFMA FINDINGS

The PFM developed during the assessment sessions described in Step 5 are described in 
Section 4.0 and 5.0 of this report for Sao and Ban Mong dams respectively. 
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4.0 POTENTIAL FAILURE MODES FOR SAO DAM 

4.1 LIST OF POTENTIAL FAILURE MODES

The PFMA participants discussed and agreed nine potential failure mode mechanisms for 
the Sao Dam and its appurtenant structures. The findings are summarised in Appendix 4. 

4.2 POTENTIAL FAILURE MODES ANALYSIS AND SCREENING

The conditions making the potential failure modes, listed in Appendix 4, more and less likely 
were discussed and agreed by the PFMA group. Findings are summarised in Appendix 4. 

The PFMs were also screened by the PFMA group according to the categories provided in 
the DDCSI (2015) Guidelines (i.e. Category I, II, III or IV). The findings from the screening 
process are also summarised in Appendix 4. 

4.3 CREDIBLE FAILURE MODES

Based on the information provided in Appendix 4, the credible potential failure modes (i.e. 
Category I and II potential failure modes) are summarised in Table 4.1 for Sao Dam. 

Potential options to improve dam safety, specific to the potential failure modes listed in Table 4.1 
are described in Chapter 6 of this Case Study. 

Table 4.1 Credible potential failure modes for Sao Dam. 

Potential Failure Mode Description 

Category 

(Refer to 

Table 2.1) 

Internal erosion (piping) along the irrigation supply conduit through the Main or the Saddle Dam 
embankment continues unchecked resulting in embankment breach 

II 

Earthquake shaking causes a transverse crack through the Main Dam or the Saddle Dam 
embankment which erodes causing a breach  

II 

Earthquake shaking causes the spillway gate tower which supports the spillway gate lifting 
mechanism to collapse making the spillway gates inoperable and unable to be opened to pass a 
flood which overtops and breaches the dam  

II 
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4.4 POTENTIAL FAILURE MODES REQUIRING FURTHER INFORMATION

Based on the information provided in Appendix 4, the potential failure modes requiring 
additional information (i.e. Category III failure modes) are listed in Table 4.2 for Sao Dam. 

This list of potential failure modes should be prioritised based on their potential risk and the 
amount of work required to produce the further information listed in Table 4.2. Once the 
further information is gathered the potential failure modes analysis (see Section 3.5) should 
be reconvened in a short workshop session to discuss and re-assign a categorisation. 

Table 4.2 Potential failure modes for Sao Dam requiring further information. 

Potential Failure Mode Description Further Information Required 

Category 

(Refer to 

Table 2.1) 

Spillway gates fail to open (power failure or 
malfunction) or flood exceeds spillway capacity 
and Emergency Spillway Dam overtops 

 Estimate overtopping erosion performance 
of Emergency Spillway Dam 

 Investigate reliability of auxiliary power 
supply for spillway gates 

III 

Main Dam embankment slope failure triggered 
by earthquake 

 Confirm Maximum Design Earthquake 
loading 

 Obtain constructed soil properties of the 
embankment 

 Stability analysis for 0.4g 

III 

Internal erosion of the Main Dam or Saddle 
Dam embankment due to material 
incompatibility 

 Check filter design and compatibility III 

Spillway gate cannot carry hydraulic load 
(spillway gates are different from construction 
drawings), gate fails releasing uncontrolled flow 

 Conduct stuctural check of the installed 
spillway gates 

III 
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5.0 POTENTIAL FAILURE MODES FOR BAN MONG DAM 

5.1 LIST OF POTENTIAL FAILURE MODES

The PFMA participants discussed the failure mode mechanisms listed in Appendix 5, Table A5.1 
for Ban Mong Main Dam and in Appendix 5, Table A5.2 for the Ban Mong Closure Dam. 

Potential failure modes for the Chau Binh Saddle Dams (refer to Chapter 1 of this Case 
Study for details of these dams) were not evaluated as information was not available at the 
time of the PFMA sessions. 

5.2 POTENTIAL FAILURE MODES ANALYSIS AND SCREENING

The conditions making the potential failure modes, listed in Appendix 5, more and less likely 
were discussed and agreed by the PFMA group. Findings are summarised in the tables 
provided in Appendix 5.  

The PFMs were also screened by the PFMA group according to the categories provided in 
the DDCSI (2015) Guidelines (i.e. Category I, II, III or IV). The findings from the screening 
process are also summarised in Appendix 5. 

5.3 CREDIBLE POTENTIAL FAILURE MODES

Based on the information provided in Appendix 5, the credible potential failure modes (i.e. 
Category I and II potential failure modes) are summarised in Table 5.1 for the Ban Mong 
Main Dam and Closure Dam. 

Potential options to improve dam safety, specific to the potential failure modes listed in Table 5.1 
are described in Chapter 6 of this Case Study. 

Table 5.1 indicated that no credible failure modes were identified for the concrete gravity 
Main Dam. However, insufficient information was available at the time of PFMA to determine 
foundation conditions adequately and quality control during construction is vital to avoid any 
weaknesses in the dam. 

Table 5.1 Credible potential failure modes for Ban Mong dams. 

Potential Failure Mode Description 

Category 

(Refer to 

Table 2.1) 

An extreme flood (greater than the Main Dam spillway capacity of 1 in 1,000 annual exceedance 
probability) causes overtopping and breach of the Closure Dam. 

I 

During construction of the earthfill embankment Closure Dam, a flood occurs which exceeding the 
capacity of the two sluices in the Main Dam, in turn causing the partly constructed Closure Dam 
to be overtopped and breached. 

II / III 

Failure of an upstream dam or landslide dam releases a large flow which on entering the Ban 
Mong reservoir causes both the concrete gravity Main Dam and the earthfill Closure Dam to be 
overtopped. The Closure Dam (earthfill) is susceptible to overtopping and fails. 

II 
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5.4 POTENTIAL FAILURE MODES REQUIRING FURTHER INFORMATION

Based on the information provided in Appendix 5 the potential failure modes requiring 
additional information (i.e. Category III failure modes) are listed in Table 5.2 for the Ban 
Mong Main Dam and Closure Dam. 

This list of potential failure modes should be prioritised based on their potential risk and the 
amount of work required to produce the further information listed in Table 5.2. Once the 
further information is produced the potential failure modes analysis (see Section 3.5) should 
be reconvened in a short workshop session to discuss and re-assign a categorisation. 

As discussed in Section 5.1, potential failure modes for the Chau Binh Saddle Dams (refer to 
Chapter 1 of this Case Study for details of these dams) were not evaluated. These dams 
should be included in any subsequent potential failure modes analysis. 

Table 5.2 Potential failure modes for Ban Mong requiring further information. 

Potential Failure Mode Description Further Information Required 

Category 

(Refer to 

Table 2.1) 

Internal erosion develops in the body of the 
Closure Dam forming a pipe which advances 
upstream through the body of the dam causing 
failure 

 Filter design to check adequacy of filter 
material specification 

 Review of quality assurance and site 
supervision after construction is 
complete 

III 

During construction of the earthfill embankment 
Closure Dam, a flood occurs which exceeding the 
capacity of the two sluices in the Main Dam, in 
turn causing the partly constructed Closure Dam 
to be overtopped and breached. 

 Credible failure mode (Category II) until 
sluice design capacity proven to be 
adequate to pass design flood during 
construction of earthfill Closure Dam 

II / III 
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A1.0 SAO DAM DETAILS 
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A3.0 PFMA WORKSHOP PARTICIPANTS AND OBSERVERS 
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Hoàng Xuân H ng VNCOLD 
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Hoàng V n S n Director – Phu Quy Irrigation Co.Ltd 

Lê Kim Truy n VNCOLD 

Nguy n ng S n Vice Chairman of Vietnam Science-Technology Association 

 H a VNCOLD 

Ph m Kh c Th ng VNCOLD 

Pham Hong Nga WRU 

Tr n Kim Châu WRU 

Nguy n Hoàng S n WRU 

Ph m Thanh H i WRU 
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Sao and Ban Mong Dams 

Potential Failure Modes Workshop #2 

1st and 2nd October 2013 

Participants 

Name Position/Organisation 

Nguy n C nh Thái Dean Water Resources Engineering, Water Resources University, Hanoi; 

Ph m H ng Giang Chairman of VNCOLD 

Mark Stirling Seismologist, GNS New Zealand; 

Stuart Read Engineering Geologist, GNS New Zealand; 
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Nigel Connell Water Resources Specialist, Damwatch Engineering Ltd., New Zealand; 
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Name Position/Organisation 
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Nguy n Quang C ng Faculty of Engineering -WRU 
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Nguy n Nh  Oanh Consulting Office 

Hoàng Thanh Tùng Faculty of Engineering -WRU 

L ng Th  Thanh H ng Faculty of Engineering -WRU 
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Table A4.1 PFMA for Sao Dam. 

PFM

No. 

Failure Mode Description Categorisation 

Hazard Failure Mechanism Impact on the Structure Credible

Justification 

Category 
Additional Information 

Required? Conditions making failure more 

likely 

Conditions making failure less 

likely 

1 

Flood Spillway gates fail to open (power failure 
or malfunction) or flood exceeds spillway 
capacity and Emergency Spillway Dam 
overtops 

Overtopping leads to erosion of 
Emergency Spillway Dam 

Yes  Flood capacity of main spillway is 1 in 
500 AEP 

 Manual winding to open spillway 
gates very difficult during floods 

 Emergency Spillway Dam has lower 
crest level than Main Dam and is 
expected to erode if overtopped 

 Uncertain if Emergency Spillway Dam 
is designed to erode under 
overtopping 

 Auxiliary power supply generator 
available 

 Manual winding of gates is possible 

III  Estimate overtopping erosion 
performance of Emergency 
Spillway Dam 

 Investigate reliability of auxiliary 
power supply for spillway gates 

2 

Earthquake Main Dam embankment slope failure Loss of freeboard leads to 
embankment overtopping 

Yes  Embankment slope performance not 
calculated for MDE of 0.4g. 

 Moderate seismicity area 

 Design stability results good for static 
and earthquake loading of 0.15g 

III  Stability analysis for 0.4g 

 Confirm MDE 

 Obtain constructed soil 
properties of the embankment 

3 

Earthquake  Earthquake induced settlement causes 
transverse cracking in the Main Dam or 
Saddle Dam embankment and filter does 
not extend full height of Main Dam 

Flow through the transverse crack 
erodes embankment  

Yes  MDE with 0.4g results in 80 mm wide 
cracking in Main Dam 

 Filter does not extend up to full height 
of the Main Dam 

 Favourable foundation longitudinal 
profile  

 Small crest settlement so no 
freeboard concern (2.7 m freeboard) 

II   

4 

Normal operation Defect or incompatible materials in 
embankment initiates internal erosion of 
the Main Dam or Saddle Dam 
embankment 

Internal erosion advances undetected 
leading to piping failure 

Yes  Filter properties not known 

 Filter does not extend up to full height 
of the Main Dam 

 Clay soils which inhibit piping 

 Filter protection present 

III  Check filter properties and 
material compatibility 

 Check construction quality 
control records 

5 

Normal operation Internal erosion along culvert through 
embankment initiates piping which 
penetrates the Main Dam or Saddle Dam 
embankment and continues undetected 
leading to collapse of the embankment 

Piping erosion advances undetected 
leading to piping failure 

Yes  The culvert in the Main Dam is 
located in a large excavation in the 
dam foundation which was 
subsequently backfilled, 

 The filter downstream of the seepage 
diaphragm does not extend under the 
culvert 

 Seepage diaphragm present 

 Filter present 

II 

 

6 

Failure of 
upstream dam or 
landslide dam 
failure 

Failure of an upstream dam or landslide 
dam releases a large flow which on 
entering the Sao reservoir causes 
overtopping and failure of the 
embankment dam. 

Embankment dam overtopped, erodes 
and fails 

No  High rainfall area  No upstream dams 

 Low topographic relief and no 
evidence on major landslides 

IV

 

7 

Normal operation Spillway gate cannot carry hydraulic load 
(spillway gates are different from 
construction drawings), gate fails 
releasing uncontrolled flow  

Spillway gate buckles and fails Yes  The radial gates are not in 
accordance with design drawings 

 Gate has been in operation since 
2003 

III Conduct a stability check of the 
installed spillway gates 
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PFM

No. 

Failure Mode Description Categorisation 

Hazard Failure Mechanism Impact on the Structure Credible

Justification 

Category 
Additional Information 

Required? Conditions making failure more 

likely 

Conditions making failure less 

likely 

8 

Earthquake  Earthquake shaking causes failure of the 
spillway gate lifting tower, preventing 
opening of the gates to pass a flood which 
causes the reservoir to rise and overtop 
the Emergency Spillway Dam 

Failed spillway gate lifting tower 
prevents opening the spillway gates for 
passage of a flood  

Yes  The gate lifting tower is not designed 
for large earthquake shaking 

 Earthquake and floods do not usually 
coincide 

 Time between earthquake shaking 
causing failure of the tower an 
occurrences of flood provides 
opportunity for intervention 

 Emergency Spillway Dam has lower 
crest level than Main Dam and is 
expected to erode if overtopped 

 Uncertain if Emergency Spillway Dam 
is designed to erode under 
overtopping 

II  

9 

Normal operation  Piping under or around the spillway gate 
structure continues undetected leading to 
failure of the spillway gate structure and 
uncontrolled release of the reservoir 
contents 

The spillway gate structure fails Yes  None identified  Spillway founded on highly weathered 
rock so some rock fabric still present 

IV  

 
PFM Categories 

I Highly credible 

II Credible 

III Insufficient information 

IV Not credible or extremely unlikely 
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A5.0 BAN MONG DAM POTENTIAL FAILURE MODES 
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Table A5.1 PFMA for Ban Mong Main Dam. 

PFM

No. 

Failure Mode Description Categorisation 

Hazard Failure Mechanism Impact on the Structure Credible

Justification 

Category 
Additional Information 

Required? Conditions making failure more 

likely 

Conditions making failure less 

likely 

1 
Earthquake Sliding on weak foundation seam (under 

concrete gravity Main Dan) 
Sliding and failure of several dam 
blocks 

More 
information 

required 

 Shear zone along bedding; sub-
vertical faults are present as potential 
release surfaces 

 Located in area of low seismicity III  Detailed examination of 
foundation exploratory drill hole 
core 

2 

Flood Flood larger than spillway capacity leads 
to overtopping of Main Dam and Closure 
Dam 

Concrete intake dam can withstand 
overtopping 

No  None identified  Concrete gravity Main Dam can 
withstand overtopping 

 Foundation rock resistant to erosion 

IV  

3 

Flood during 
construction 

During construction, flood overtops 
concrete gravity Main Dam (partly 
constructed)  

Concrete intake dam can withstand 
overtopping 

No  None identified  Diversion channel has significant 
capacity 

 Concrete gravity Main Dam can 
withstand overtopping 

IV  

4 

Weakness in 
dam body 

Sliding on weak construction joint  Failure of several dam blocks More 
information 

required 

 Requires poor construction methods 
or materials 

 Low seismicity 

 Adherence to good construction 
quality control 

 Good site supervision 

III  Stability analysis results 

 Review of quality assurance 
and site supervision after 
construction is complete 

5 

Failure of 
upstream dam or 
landslide dam 
failure 

Failure of an upstream dam or landslide 
dam releases a large flow which on 
entering the Ban Mong reservoir causes 
both the concrete gravity Main Dam and 
the Closure Dam to be overtopped. The 
closure dam is susceptible to overtopping 
and fails. 

Not a credible failure mode as 
Concrete intake dam can withstand 
overtopping 

No  None identified  Concrete intake dam can withstand 
overtopping 

IV  

 
PFM Categories 

I Highly credible 

II Credible 

III Insufficient information 

IV Not credible or extremely unlikely 
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Table A5.2 PFMA for Ban Mong Closure Dam. 

PFM

No. 

Failure Mode Description Categorisation 

Hazard Failure Mechanism Impact on the Structure Credible

Justification 

Category 
Additional Information 

Required? Conditions making failure more 

likely 

Conditions making failure less 

likely 

1 

Flood Flood larger than spillway capacity leads 
to overtopping of Main Dam and Closure 
Dam 

Closure Dam erodes and fails Yes  Overtopping of Closure Dam 
expected as crest elevation of 
Closure Dam same as concrete 
gravity Main Dam 

 None identified I  

2 

Flood during 
construction 

During construction, flood overtops 
Closure Dam (partly constructed) 

During construction, Closure Dam 
(partially constructed) overtops and 
fails 

Yes  Closure Dam (zoned earthfill) 
vulnerable to overtopping flow 

 Sluice capacity may be sufficient II / III  Credible failure mode 
(Category II) until sluice design 
capacity proven to be adequate 
to pass design flood during 
construction of earthfill Closure 
Dam  

3 

Normal operation Defect or internal erosion triggers piping in 
the body of the Closure Dam which 
continues undetected to form a pipe which 
advances upstream through the body of 
the dam causing failure. 

Closure dam erodes internally and fails Yes  More likely if filter design found to be 
unsatisfactory 

 More likely if construction methods or 
filter materials are unsatisfactory 

 Filter design to prevent internal 
erosion from progressing 

 Adherence to construction quality 
control 

 Good site supervision 

III  Filter design to check adequacy 
of filter material specification 

 Review of quality assurance 
and site supervision after 
construction is complete 

4 

Failure of 
upstream dam or 
landslide dam 
failure 

Failure of an upstream dam or landslide 
dam releases a large flow which on 
entering the Ban Mong reservoir causes 
both the concrete gravity Main Dam and 
the Closure Dam to be overtopped. The 
Closure Dam is susceptible to overtopping 
and fails. 

Closure Dam overtopped, erodes and 
fails 

Yes  High rainfall area 

 Overtopping due to crest of Closure 
Dam same level as concrete dam 

 Few natural large landslides identified 
in upstream catchment. 

 Rate of landslide failure requires 
more analysis 

 Potential for sufficient warning time 
for landslide dam failure 

 Upstream dams yet to be constructed 

II  

 
PFM Categories 

I Highly credible 

II Credible 

III Insufficient information 

IV Not credible or extremely unlikely 
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1.0 INTRODUCTION 

1.1 SCOPE 

This Chapter of the Case Study presents application of the “Hazard Impact on Downstream 
Communities” methodology detailed in the Dam and Downstream Community Safety 
Initiative Guidelines (DDSCI, 2015) to one existing dam (Sao) and one under construction 
(Ban Mong) in the Nghe An province. Refer to Chapter 1, Section 1.2 for the location, key 
parameters and a description of the Sao and Ban Mong dams. Additional details on these 
dams are provided, as required, throughout this Chapter. 

This Case Study report is divided into the following sections: 

 Section 2.0: Sao dam downstream flood hazard assessment 

 Section 3.0: Ban Mong dam downstream flood hazard assessment 

 Section 4.0: Sao and Ban Mong downstream consequence assessment 

1.2 LEVEL OF ASSESSMENT 

The level of time and resource to undertake “Hazard Impact on Downstream Communities” 
should be appropriate to the size, complexity and potential downstream impacts of the dam 
or reservoir under investigation. 

Three different levels of assessment (i.e. Preliminary, Intermediate and Detailed) are 
provided in the DDCSI (2015) Guidelines. 

An Intermediate/Detailed assessment was performed for the Sao and Ban Mong dams. The 
reasons for adopting an Intermediate/Detailed assessment are outlined in Chapter 1, Section 
1.4.3 and 1.4.4 of this Case Study. 

The analysis described in the following sections is based on generally on the Detailed 
approach outlined in the DDCSI (2015) Guidelines (refer to Table 1.1). The hydrauilc 
modelling and mapping for Sao Dam was performed at an Intermediate level because 
topographic data available (i.e 1:10,000 sacle topographic map contours) was not sufficient 
to enable a Detailed assessment. 

Table 1.1 Summary of level of assessment adopted. 

Component Sao Dam Ban Mong Dam 

Dam Failure Assessment Detailed 

(Section 2.3) 

Detailed 

(Section 3.3) 

Hydraulic Modelling and Mapping Intermediate 

(Section 2.4) 

Detailed 

(Section 3.4) 

Downstream Consequence 
Assessment 

Detailed 

(Section 4.0) 

Detailed 

(Section 4.0) 
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2.0 SAO DAM FLOOD HAZARD ASSESSMENT 

2.1 INTRODUCTION 

2.1.1 Background 

The Sao dam is located on the Sao River in Nghe An province. The dam incorporates a main 
homogenous earthen embankment dam and an earthen saddle dam located on the true 
right. In addition an emergency spillway dam is located on the true left tributary. The purpose 
of Sao dam is to create a large storage reservoir in order to provide irrigation water, water 
supply and flood retention. Further information on the dam is provided in Chapter 1 and 
Chapter 4 of this Case Study. 

The following sections provide an assessment of the hazard and consequences of spillway 
flood releases as well as hypothetical breach of the Sao dams. 

It should be noted that the likelihood of failure for a properly engineered, constructed and 
maintained dam, such as Sao dam is very low. This study only considers the hypothetical 
consequences of dam failure and does not in any way adversely reflect on the integrity of 
Sao dam. 

2.1.2 Scope 

The following sections consider both flood releases through the dam spillway as well as 
hypothetical breach of the Sao dam, as listed in Table 2.1. 

Table 2.1 Flood modelling scenarios. 

Scenario Flood Event 

Dam spillway flood release PMF 

Dam break flood Sunny day failure 

Flood failure 

2.1.3 Methodology 

The general methodology to undertake flood hazard assessment for Sao dam is summarised 
as follows, and detailed in the following sections of this report: 

1. Collect and review available information; 

2. Obtain topographic data for the downstream river valley; 

3. Development of spillway release hydrographs (refer to Chapter 3 of this Case Study); 

4. Development of dam breach hydrographs (for several scenarios); 

5. Development of a computational hydraulic model to route the outflow hydrographs; 

6. Routing of the outflow hydrographs through the downstream valley (including model 
sensitivity testing); 

7. Flood mapping of spillway release and dam break flood scenarios; 
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2.2 DATA COLLECTION 

2.2.1 Introduction 

Flood hazard assessment requires a variety of data inputs, including topographic data, 
hydrological data, aerial photography, cadastral information as well as information on the 
dam and downstream catchment. This section describes the data collection undertaken for 
the purposes of this study. 

2.2.2 Hydrological Data 

Sao Dam is a Class III structure according to the Vietnamese Government QCVN 04 
05:2012/BNNPTNT regulations. This requires that the dam is designed to pass a 1 in 100 
(1.0%) AEP flood and a 1 in 500 (0.2%) AEP check flood. 

The design flood inflows, outflows, reservoir water levels and freeboard to the dam crest level 
is summarised in Table 2.2. These values have been extracted from Decision No. 
06/2008/QĐ-U. This table indicates that there is sufficient freeboard to the dam crest (+78.4 m) 
to prevent overtopping in the 1 in 500 AEP flood event with all spillway gates operational. 

Table 2.2 Sao dam design hydrology and reservoir levels. 

Flood 
Frequency 

Peak 
Inflow 

Peak 
Outflow 

Peak WL 
Freeboard 

to Dam 
Crest 

AEP m3/s m3/s m m 

1 in 100 
(1.0%) 

1224 588 +76.77 1.63 

1 in 500 
(0.2%) 

1455 642 +77.02 1.38 

Flood hydrographs for the Sao reservoir were also derived from the hydrological study 
described in Chapter 3 of this Case Study and were used for flood modelling described in 
Section 2.5 of this report. The peak inflow, outflow and reservoir water levels are 
summarised in Table 2.3. This table also compares peak reservoir inflows and outflows from 
the Sao design report Decision No. 06/2008/QĐ-UBND. 

Table 2.3 Sao reservoir routing results. 

Flood 
Frequency 

Peak 
Inflow 

Peak 
Outflow 

Peak WL 
Freeboard 
to Parapet 
Wall Crest 

AEP m3/s m3/s m m 

1 in 50 
(2.0%) 

1206 598 +76.65 2.55 

1 in 100 
(1.0%) 

1312 
[1224] 

629 
[589] 

+76.74 
[+76.67] 

2.46 

1 in 500 
(0.2%) 

1519 
[1455] 

674 
[642] 

+76.95 
[+77.02] 

2.25 

1 in 1,000 
(0.1%) 

1602 702 +77.10 2.10 

PMF 3989 939 +78.46 0.74 

Note: Peak inflows, outflows and water levels from Sao Design Report are listed in square brackets for comparison. 
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2.2.3 Topographic Data 

1:10,000 scale topographic map data in GIS format was provided by the Centre of Mapping, 
Department of Survey and Mapping (COSAMD). This included contour intervals spaced at 
2.5, 5.0 or 10.0 m vertical intervals. These contours were used to generate a Digital 
Elevation Model (DEM) of the floodplains and areas surrounding the Sao River downstream 
to the confluence with the Hieu River. The DEM has a grid resolution of 5 m and is presented 
as Figure 2.1. The DEM was used as the basis for flood plain modelling and mapping, as 
described further in Section 2.5. 

 
Figure 2.1 Digital Elevation Model (DEM) generated from 1:10,000 scale topographic map contours and used 
for Sao flood hazard assessment. 

Legend 

Sao Reservoir 
Major River 

Ground Elevation (m) 

Sao Dam 

Sao River 
Hieu River 
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2.2.4 Hydraulic Structures 

Data on hydraulic structures such as culverts and bridges that may influence water levels 
was not made available for this study. Therefore such structures have not been included in 
the hydraulic model. 

2.2.5 Historic Flood Data 

No flow gauging information is available for the Sao River, and therefore no flow or water level 
records from historic flood events are available. Additional information such as flood debris 
marks or photographs from historic floods recorded in catchment were also not available. 
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2.3 DAM FAILURE SCENARIOS 

2.3.1 Introduction 

In the following sub-sections the hypothetical dam breach outflow hydrographs for the Sao 
dam are estimated, based on the methodology outlined in the DDCSI (2015) Guidelines. 

2.3.2 Methodology 

The outflow hydrographs for earthen embankment dams are estimated by a two-step 
process. Firstly the breach parameters listed below and illustrated in Figure 2.2 are 
estimated using empirical equations derived from regression analysis of historic dam failures 
(e.g. Froehlich, 1995a and 2008; Xu & Xhang, 2009). The breach parameters are: 

 Maximum breach depth (Dw); 

 Maximum breach width (Bw); 

 Average breach side slope (z); 

 Breach development time (tf, time to maximum breach size from breach initiation). 

Secondly these breach parameters are used as inputs into a parametric breach model, which 
models the outflow through the breach over time due to erosion of the embankment by the 
breach outflow. 

 
Figure 2.2 Schematic showing cross-section of overtopping breach development. 

2.3.3 Breach Scenarios 

Potential Failure Modes Assessment (PFMA) identified a number of potentially feasible 
failure modes for the Sao dam – refer to Chapter 4 of this Case Study. These potential failure 
modes have been considered when developing the hypothetical dam break modelling 
scenarios for Sao dam, which are summarised in the Table 2.4. These breach scenarios and 
the derivation of the dam breach outflow hydrographs are described in further detail in the 
following sections. 

As outlined in the DDCSI (2015) Guidelines both “Sunny Day” and “Flood Failure” scenarios 
are considered. The sunny day scenario considers dam failure during dry weather and 
normal operating conditions. The flood failure scenario considers dam failure during flood 
conditions. 

 

Embankment crest level 
(before breach 
development) 

Max. 
breach 
depth 
(Dw) 

Breach Development Time

Maximum breach width (Bw) 

Initial time = 0 

Intermediate time = 0.5.tf 

Final time = tf 
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Table 2.4 Dam failure scenarios. 

Scenario Dam Failure Initiating Event Failure Mechanism 

Sunny Day Failure Scenarios 

SD1 Main Dam 
Earthquake shaking causes transverse 
crack in dam body or; internal erosion 
occurs along irrigation conduit 

Piping failure of embankment dam 

SD2 Saddle Dam 
Earthquake shaking causes transverse 
crack in dam body or; internal erosion 
occurs along irrigation conduit 

Piping failure of embankment dam 

Flood Failure Scenarios 

RD1 
Emergency 

Spillway Dam 
Overtopping during flood event causes 
erosion of emergency spillway dam  

Overtopping breach of emergency 
spillway dam  

RD2 
Main or Saddle 

Dam 
Gates unable to be opened during 
flood event 

Overtopping breach of Main or Saddle 
dams 

2.3.4 Description of Sunny Day Failure Scenarios 

2.3.4.1 Main Dam 

The sunny day failure scenario for Sao main dam is assumed to be piping failure of the 
embankment dam triggered by a seismic event or internal erosion along the irrigation 
conduit. Failure is assumed to occur with the reservoir at its full supply level (FSL) of +75.7 m 
with subsequent uncontrolled release of the stored contents of the reservoir (51.42 Mm3) into 
the Sao River downstream. 

Figure 2.3 and Figure 2.4 plot a cross-section of natural ground elevation through the 
centreline of the main embankment dam and the saddle dam. This figure has been derived 
from the DEM described in Section 2.2.4 and indicates that were a breach to develop it has 
the potential to erode from the dam crest level (+78.4 m) to the natural ground level of 
approximately +52 m. 

2.3.4.2 Saddle Dam 

The sunny day failure scenario for Sao spillway dam is also assumed to be piping failure of 
the embankment dam triggered by a seismic event or internal erosion along the irrigation 
conduit. Failure is assumed to occur with the reservoir at its full supply level of +75.7 m. 

Figure 2.5 indicates that the invert of the conduit inlet is +66.2 m, and has been constructed 
in a trench below natural ground level of approximately +74 m. It is assumed that were piping 
failure to occur along the conduit the spillway dam embankment then there is potential for a 
breach erode from the dam crest level (+78.4 m) to the invert of the conduit at approximately 
+66.2 m. The reservoir volume stored between FSL and the natural ground level of +66.2 m 
is estimated to be 43.30 Mm3, based on the Sao reservoir storage-elevation curve (provided 
in Chapter 3 of this Case Study). 
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Figure 2.3 Plan of Sao main and spillway dams. 

 
Figure 2.4 Cross-section showing ground elevation through main dam and spillway dam. 

 
Figure 2.5 Long-section showing ground elevation through emergency spillway dam. 
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2.3.5 Description of Flood Failure Scenarios 

2.3.5.1 Emergency Spillway Dam 

The flood failure scenario for the Sao emergency spillway dam assumes that this dam 
breaches as a result of overtopping from elevated reservoir water levels during flood events. 

Figure 2.5 plots a long-section of natural ground elevation through the emergency spillway 
dam. This figure indicates that were a breach to develop in the emergency spillway dam it 
has the potential to erode from the dam crest level of +76.77 m to the natural ground level of 
approximately +70 m. The reservoir volume stored between FSL and the natural ground level 
of +70 m is estimated to be 34.24 Mm3, based on the Sao reservoir storage-elevation curve 
(refer Chapter 3, Section 2.7.2 of this Case Study). 

2.3.5.2 Spillway Gate Failure 

The flood failure scenario for the Sao saddle dam assumes that two of the three spillway 
gates on the Saddle Dam fail to open during a flood event due to earthquake shaking 
causing the spillway gate tower to collapse, or mechanical failure of the gate lifting 
mechanism. The reservoir water level would subsequently rise with the incoming inflow and 
has the potential to overtop the emergency spillway dam or the main and saddle dam 
embankments resulting in erosion of a breach through the dam body. Section 2.3.6.2 
discusses this scenario in more detail. It should be noted that failure of the main dam, saddle 
dam or emergency spillway are mutually exclusive events (i.e. if one of the dams retaining 
Sao reservoir breached the rapid drawdown of the reservoir will mean the other dams will 
remain standing). 

2.3.6 Development of Dam Breach Hydrographs 

2.3.6.1 Sunny Day Failure Scenarios 

Breach parameters have been estimated using the methodology described in Section 2.3.2 for 
sunny day failure of the Sao Main Dam and Saddle Dam and are summarised in Table 2.5. 
Due to the uncertainty in the equations used to derive the breach parameters a range of values 
are provided in Table 2.5. Figure 2.6 plots the maximum breach opening size estimated in 
Table 2.5 on a cross-section through the dam. 

Table 2.5 Estimated breach parameters for Sunny Day breach of Sao Main and Spillway Dam. 

Scenario 

Embank-
ment 
Crest 
Level 

Water 
Level at 
Breach 

Initiation 

Breach 
Invert 
Level 

Max 
Breach 
Depth 

Breach 
Develop-

ment 
Time 

Breach 
Side 

Slopes 

Final 
Breach 
Base 
Width 

Total 
volume 
released 

Dw tf z Bw Vw 

[m] [m] [m] [m] [hrs] [1V:zH] [m] (Mm3) 

Main  
Dam 

+78.4 +75.7 +50.0 28.4 1.4 – 3.2 0.7 19 - 57 51.42 

Saddle 
Dam 

+78.4 +75.7 +66.2 12.2 3.0 – 5.7 0.7 26 - 65 43.30 
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Figure 2.6 Cross section through Sao Main and Saddle Dams. 

A HEC-RAS (USACE, 2010) computational hydraulic model of the Sao dam, reservoir and 
the channel immediately downstream of the dam was constructed. This model was used to 
simulate the propagation of a breach in the Sao dam embankment and estimate the flow 
through the developing breach. 

A number of breach scenarios were modelled with HEC-RAS, in order to reflect the range of 
dam breach parameters listed in Table 2.5. The parameters used in each model scenario are 
summarised in Table 2.6 for the Main Dam and in Table 2.7 for the Saddle Dam. Breach 
outflow hydrographs for the sunny day breach scenarios modelled are provided in Figure 2.7 
for the Main Dam and Figure 2.8 for the Saddle Dam. 

Figure 2.7 and Figure 2.8 indicate that a range of breach outflows are possible depending on 
the breach development times, widths and breach invert levels adopted. Breach of the main 
dam results in a greater peak breach outflow than a breach occurring in the spillway dam due 
to the reduced breach depth assumed in the latter case. 

Table 2.6 Summary of Sao Main Dam sunny day dam breach model scenarios. 

Scenario 
Breach 
Invert 
Level 

Max 
Breach 
Depth 

Breach 
Development 

Time 

Breach 
Side 

Slopes 

Final 
Breach 
Base 
Width 

Breach 
geometry 

Volume 
released 

Dw tf z Bw Vw 

[-] [m] [m] [hrs] [1V:zH] [m] [-] [Mm3] 

MD_A +50 28.4 3.2 0.7 57 Trapezoidal 51.42 

MD_B +50 28.4 1.4 0.7 57 Trapezoidal 51.42 

MD_C +50 28.4 1.4 0.7 19 Trapezoidal 51.42 
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Table 2.7 Summary of Sao Saddle Dam sunny day dam breach model scenarios. 

Scenario 
Breach 
Invert 
Level 

Max 
Breach 
Depth 

Breach 
Development 

Time 

Breach 
Side 

Slopes 

Final 
Breach 
Base 
Width 

Breach 
geometry 

Volume 
released 

Dw tf z Bw Vw 

[-] [m] [m] [hrs] [1V:zH] [m] [-] [Mm3] 

SD_A +66.2 12.2 5.7 0.7 65 Trapezoidal 43.30 

SD_B +66.2 12.2 3.0 0.7 65 Trapezoidal 43.30 

SD_C +66.2 12.2 3.0 0.7 26 Trapezoidal 43.30 

 
Figure 2.7 Predicted outflow hydrographs for sunny day failure of the Sao Main Dam. 

 
Figure 2.8 Predicted outflow hydrographs for sunny day failure of the Sao Spillway Dam. 
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To check that the peak breach discharges estimated with the HEC-RAS model are within the 
expected range based on historic dam failures, the results are compared against the Wahl 
(1998), Xu & Xhang (2009) and Pierce (2010) database of historic embankment dam failures 
in Figure 2.9. In addition the Froehlich (1995) empirical equation has been used to estimate 
the peak discharge for a breach of the Sao Main and Spillway dams, based on the breach 
depths and volumes listed in Table 4.3. The peak discharge calculated with this equation has 
also been plotted in Figure 2.9 for comparison. 

Figure 2.9 indicates that the range of peak breach discharges estimated by the HEC-RAS 
model are within the general trend of historic dam failures and empirical peak discharge 
prediction equations of Froehlich (1995). It is concluded that the estimated breach outflow 
hydrographs presented in Figure 2.7 and Figure 2.8 provide an adequate estimation of the 
range of breach outflows for sunny day failure of the Sao Main and Spillway dams. 

The hydrographs with the greatest peak discharge has been carried forward as the input for 
the computational hydraulic model, as discussed in Section 2.4. Sensitivity tests to the inflow 
hydrograph was also conducted as described in Section 2.4.6. 

 
Figure 2.9 Comparison of predicted peak breach discharge for hypothetical sunny day breach of the Sao Main 
and Spillway dams with historic dam failure databases. 

2.3.6.2 Flood Failure Scenarios 

For flood failure of Sao Dam, the following two cases have been considered: 

1. PMF inflow into the reservoir with spillway gates 100% operational leads to overtopping 
of emergency spillway and subsequent breach of the emergency spillway dam. 

2. 1 in 1000 AEP inflow into the reservoir and two of the three spillway gates fail to open 
(due to electrical or mechanical failure), potentially leading to overtopping and 
subsequent breach of emergency spillway dam, the main dam or saddle dams. 

Analysis of the second flood failure case was carried out by routing the 1 in 1000 AEP inflow 
through the reservoir, assuming only one gate is operational and the emergency spillway 
dam does not breach. This resulted in the peak inflows, outflows and reservoir water levels 
listed in Table 2.8. This table includes freeboard to the dam parapet wall crest (+79.2 m) 
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which indicates that the main and saddle dams would not overtop and breach even with only 
one gate operational in the 1 in 1000 AEP flood event. Therefore the second flood failure 
case listed above has not been considered further. 

Table 2.8 Reservoir routing results assuming 2 of 3 spillway gates inoperable. 

Flood 

Frequency 

Peak  

Inflow 

Peak 

Outflow 

Peak  

WL 

Freeboard 

to Parapet 

Wall Crest 

AEP m3/s m3/s m m 

1 in 1,000 
(0.01%) 

1659 307 +77.71 1.49 

For the first flood failure case, an assumption of the critical overtopping depth of the 
Emergency Spillway dam which would initiate a rapid breach formation leading to release of 
impounded water is required. This critical overtopping depth is difficult to quantify as it 
depends on factors such as the embankment material properties, as well as the depth and 
duration of the overtopping. FEMA (2008) indicates that overtopping depths over an earthen 
embankment may range from 0.15 to 0.90 m before onset of breach formation. For the 
purposes of this study a critical overtopping depth of 0.5 m over the Emergency Spillway 
dam is assumed. 

Breach parameters estimated for flood failure of the Sao Emergency Spillway dam are 
summarised in Table 2.9. As discussed in Section 2.3.6.1 a minimum breach level of +70 m 
is assumed as this represents the natural ground level on which the Emergency Spillway 
dam is founded. Breach side slopes are assumed to be equal to 1V:1H, based on guidance 
from Froehlich (2008). The total stored volume at the assumed breach initiation level of 
+77.27 m (0.5 m above the dam crest of +76.77 m) is 49.52 Mm3, based on the reservoir 
storage-elevation curve (refer to Chapter 3 of this Case Study). 

The breach outflow hydrograph for the flood failure scenario is provided in Figure 2.10. The 
PMF outflow from the dam spillway, assuming no breach of the emergency spillway dam, is 
also provided in Figure 2.12 for comparison. Figure 2.10 indicates that breach of the 
Emergency Spillway dam superimposed on the PMF flood spillway outflows, acts to increase 
the peak outflow to approximately 2,200 m3/s. 

Table 2.9 Summary of sunny day dam breach model scenarios. 

Scenario 

Breach 

Invert 

Level 

Max 

Breach 

Depth 

Breach 

Development 

Time 

Breach 

Side 

Slopes 

Final 

Breach 

Base 

Width 

Breach 

geometry 

Volume 

released 

Dw tf z Bw Vw 

[-] [m] [m] [hrs] [1V:zH] [m] [-] [Mm3] 

PMF Inflow; 
Spillway 
100% 

Operational 

+70 35.4 5.4 1.0 68 Trapezoidal 49.52 
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Figure 2.10 Sao Emergency Spillway Dam Flood Failure breach outflow hydrograph. 
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2.4 HYDRAULIC MODEL DEVELOPMENT 

2.4.1 Introduction 

The computational hydraulic modelling software package MIKE21 has been used for flood 
modelling downstream of the Sao dam. MIKE21 is a computational engine developed by the 
Danish Hydraulics Institute (DHI) that solves the full two-dimensional (2D) shallow water 
equations using an implicit finite difference method and a rectilinear (square) grid to define 
the computational domain. This model is widely used internationally and is well suited for 
simulating complex hydrodynamics associated with river flooding, overland flow, as well as 
estuarine and tidal hydraulics. 

MIKE21 was selected for the flood modelling following reasons: 

 Topographic contour data was available for the downstream catchment, however no 
river cross-section survey data was available, meaning a 2D modelling approach was 
more suited than a 1D modelling approach (e.g. MIKE11 or HEC-RAS); 

 2D models simulate floodplain flow without the need to prescribe overland flow paths; 

 2D models are relatively easy to setup and schematise (relatively to a 1D model); 

The following sub-sections describe the MIKE21 model created for routing of the breach 
outflow hydrographs through the downstream catchment. 

2.4.2 MIKE21 Model Development 

2.4.2.1 Model Configuration 

The MIKE21 model extended from the Sao dam site to the confluence with the Hieu River, 
approximately 15 km downstream of the dam. The model extent is illustrated in Figure 2.11. 

A computational hydraulic model typically requires high-resolution topographic data to 
represent the river channel and flood-plains. Such topographic data is usually obtained by 
ground survey of river cross-sections or aerial surveying by LiDAR (Light Detection and 
Ranging). These surveying methods provide level precision to around ±0.15 m or better. 

However river cross-section survey or LiDAR data was not available for the Sao River 
catchment. Therefore the DEM generated from 1:10,000 scale topographic map contours (refer 
to Section 2.2.4) was the best topographic data source available. The contours used to generate 
the DEM have a vertical interval that ranges between 2.5 to 5.0 m. Therefore it is important to 
note that the DEM derived from topographic contours have many limitations such as: 

 Topographic contours provide an indication of the valley topography and do not provide 
any information on the river channel or the channel below the water surface; 

 Local features such as embankments and terraces with heights less than ~5 m are not 
able to be resolved in the DEM generated from topographic contours; 

The MIKE21 model developed from 1:10,000 scale topographic map contours is therefore 
only suitable for simplified routing of flood events where the flow greatly exceeds the river 
channel capacity and is conveyed largely by the valley cross-section. This approach to flood 
modelling would be termed an Intermediate level of assessment in the DDCSI (2015) 
Guidelines and will provide an indication of flood extents for low probability events such as 
dam break or PMF flood flows. 
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Figure 2.11 MIKE21 model domain. 

2.4.2.2 Model Parameters 

The ten metre square grid was used in the MIKE21 model to define the topographic domain. 
Each square grid element contains information on ground topography (sampled from the 
DEM, refer to Section 2.2.4) and surface resistance to flow (see Table 2.10). 

A computational time step of two seconds was adopted for the model. This time step 
provided sufficient numerical stability and suitable model simulation times (i.e. CPU time for a 
typical model simulation was in the order of one hour). 

MIKE21 uses the Manning’s n roughness coefficient to represent hydraulic resistance to flow. 
Manning’s n values were adopted based on typical published values (e.g. Chow, 1959) and 
site photographs. Figure 2.12 provides a typical image of the Sao river floodplains. The 
Manning’s n roughness coefficient listed in Table 2.10 was applied globally over the MIKE21 
model domain. 

Table 2.10 Manning’s n roughness coefficients. 

River Reach Typical Reach Description 
Manning’s 

n 

Floodplains 
Agricultural land, mature field crops (height varies with season), 
dispersed with bushes, fences and unsealed roadways. 

0.050 

 

Sao River

Hieu River 

Upstream model boundary 

Downstream model boundary

Legend 

Bridge 
Reservoir 
River 

Ground Elevation (m) 

Sao Dam 

Hieu River 
Confluence 
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Figure 2.12 Floodplain of Sao River upstream of the Hồ Chí Minh Road Bridge crossing 

2.4.2.3 Hydraulic Structures 

Four road bridges cross the Sao River between the dam site and the Sao-Hieu River 
confluence, as indicated in Figure 2.11. Bridges were not represented in the MIKE21 model 
due to insufficient survey information. However the backwater effect of bridge piers, 
abutments and road deck is expected to locally increase flood water levels upstream of the 
bridges in flood events. 

2.4.2.4 Hydraulic Boundary Conditions 

An inflow hydrograph was applied at the upstream boundary of the model. The upstream 
boundary is located at the Sao dam site. Inflow hydrographs were derived from reservoir 
routing (refer to Chapter 3 of this Case Study) or dam break analysis (refer to Section 2.3). 
The downstream model boundary was set with an open water level boundary set at +42 m, 
which represents normal flow conditions on the Hieu River. 

2.4.3 Model Calibration and Validation 

A hydraulic model is required to be calibrated to ensure that predicted water levels are 
representative of actual flood levels. Provided estimates of flood discharge and water levels 
are available, the model can be calibrated by making minor changes to the model Manning’s 
n roughness coefficient, until modelled water levels match measured flood levels. 

The Sao River is ungauged and no historic flood information (i.e. flood debris marks, flood 
photographs, anecdotal evidence) was available. Due to lack of data to perform a 
conventional calibration of the MIKE21 model, the model parameters were instead based on 
experience gained from other catchment studies and sensitivity tests to key model 
parameters which are described in Section 2.4.6. 

2.4.4 Flood Modelling Scenarios 

The flood scenarios listed in Table 2.11 where simulated with the MIKE21 model. As 
discussed in Section 2.4.2, the hydraulic model is only suitable for routing of extreme flood 
events where the flow greatly exceeds the river channel capacity and is conveyed largely by 
the valley cross-section. For this reason only the PMF spillway release, sunny day and flood 
failure scenarios of the Sao Main Dam have been modelled. 
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As described in Section 2.4.7.2, the PMF inflow into the Sao Reservoir will be passed 
through the spillway, and overtop the the Sao Emergency Spillway Dam. For the dam 
spillway release scenario listed in Table 2.11 it is assumed that the emergency spillway dam 
does not breach due to the overtopping flood waters. 

In the flood failure dam failure scenario, also listed in Table 2.11, the Emergency Spillway 
Dam is assumed to breach when flood waters overtop the emergency spillway dam by 0.5 m. 

Table 2.11 MIKE21 model scenarios. 

Scenario Flood Event 

Dam spillway release PMF (assuming breach of the Emergency Spillway Dam) 

Dam break flood events 
Sunny day failure of Sao Main Dam 

Flood (PMF) failure of Sao Emergency Spillway Dam 

2.4.5 Model Limitations 

There are certain limitations in all hydraulic models used for flood assessment, some of 
which are listed as follows: 

 The 2D modelling approach adopted is only suitable for routing of extreme flood events 
where the flow greatly exceeds the river channel capacity and is conveyed largely by 
the valley cross-section; 

 Local features such as bridges, embankments and terraces with heights less than ~5 m 
are not represented in the hydraulic model; 

 Calibration and verification of the model was only possible at one point on the river 
reach due to lack of historic flood data; 

 Dam spillway flood hydrographs and hypothetical dam breach flood hydrographs are 
highly sensitive to the assumptions which were used to derive them; 

 River channel and floodplain roughness can vary between seasons and may not be 
representative of actual conditions; 

 Behaviour of the river channel in dam break floods are typically larger than natural 
flood events experienced and consequently they may scour soil materials to bedrock in 
some places and deposit sediments in other places. 

End users of the results from flood risk assessment need to be aware of such model 
limitations. A set of user notes has been included on the flood maps to summarise the 
uncertainty in the results. In addition sensitivity testing to key model parameters are carried 
out to gain an understanding of the effect these model variables on the results (refer to 
Section 2.4.6 for more detail). 

If improvements in the accuracy of the hydraulic modelling are required, then it is recommended 
that LiDAR or river cross-section survey is carried out. This would significantly improve the 
resolution of the topography of the river channel and floodplains and allow flow depths and 
velocities to be predicted with greater accuracy over a greater range of flood events. 
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2.4.6 Model Sensitivity Testing 

2.4.6.1 Sensitivity Parameters 

Sensitivity of the model to the effect of modifying the key hydraulic parameters listed in Table 
2.12 was undertaken. The “baseline” model refers to the breach outflow resulting from 
scenario “MD_SD_A”, as detailed in Table 2.6Error! Reference source not found.. The 
purpose of sensitivity testing was to determine the effect of modifying key hydraulic 
parameters on the predicted flood depths and travel times. The results of these sensitivity 
tests are outlined in the following sections. All sensitivity tests were undertaken for sunny day 
breach of the Sao Main dam, as this provided the worst case flood extents and depths. 

Table 2.12 Summary of sensitivity tests. 

Model 

Code 
Model Description 

Peak breach outflow 

discharge 

[m3/s] 

Manning’s n 

Roughness Coefficient 

Baseline model 

R01 Sunny Day breach of Sao Main Dam 11,660 0.05 

Sensitivity testing models 

S01 Sensitivity to breach hydrograph 6,301 0.05 

S02 Sensitivity to lower Manning’s n value 11,660 0.04 

S03 Sensitivity to higher Manning’s n value 11,660 0.06 

2.4.6.2 Sensitivity to Inflow Hydrograph 

In this sensitivity test the MIKE21 model was run with the inflow hydrograph “MD_C” as 
indicated in Table 2.6, with a peak breach outflow of 6,301 m3/s. Table 2.13 lists the 
difference in predicted maximum water depths between this model test (denoted S01 in 
Table 2.13) and the baseline model (denoted R01 in Table 2.13) at selected locations 
downstream of the Sao Dam. Refer to Figure 2.15 for locations, in terms of river chainage, 
downstream of the dam. 

Table 2.13 indicates that water depths over the hilly reach from the Sao Dam to 
approximately 6 km downstream of the dam are sensitive to the adopted inflow hydrograph, 
with water depths reduced by approximately 0.5 m over this reach in the S01 model. After 
this the floodplain widens and the difference in water depths is negligible by the time the 
flood reaches a distance of 8 km downstream of the dam. This affect may be attributed to the 
storage volume dictating flood levels over the reach between 8 and 12 km, rather than 
channel conveyance, as flow is constricted by the narrow gorge at 12 km downstream of the 
dam and flood waters pond behind this flow constriction. 

Figure 2.16 shows the discharge hydrograph measured at 0, 2, 6, and 12 km downstream of 
the Sao Dam. This figure indicates that the dam breach flood peak is significantly attenuated 
by the time it reaches the narrow gorge, approximately 12 km downstream of the dam. Travel 
times are sensitive to the adopted inflow hydrograph, with a faster peak discharge arrival 
time for the model run R01, relative to test S01. 
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Table 2.13 Summary of maximum water depths predicted by sensitivity testing models (refer to Table 2.12 for 
model codes). 

Distance downstream 

of Sao Dam 

Maximum Water Depth (m)* 

R01 S01 S02 S03 

4 km 8.98 
8.44 

(-0.54) 

8.84 

(-0.34) 

9.13 

(0.37) 

6 km 7.99 
7.55 

(-0.45) 

7.72 

(-0.14) 

8.24 

(0.16) 

8 km 4.94 
4.92 

(-0.02) 

4.85 

(-0.09) 

5.06 

(0.12) 

10 km 6.54 
6.52 

(-0.02) 

6.43 

(-0.13)) 

6.66 

(0.13) 

12 km 9.30 
9.28 

(-0.02) 

9.19 

(-0.11) 

9.44 

(0.14) 

* Difference in water depth between sensitivity model run and test R01 is listed in brackets. 

 
Figure 2.13 Map showing distance (in terms of river chainage) downstream of Sao Dam. 
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Figure 2.14 Comparison of discharge hydrographs for sensitivity of peak inflow between models R01 (solid 
black line) and S01 (dashed red line) 

2.4.6.3 Sensitivity to Manning’s Roughness Coefficient 

In this sensitivity test the MIKE21 model was run with both lower and higher Manning’s n 
roughness coefficients, relative to the “baseline” model. The adopted change in roughness 
coefficients is outlines in Table 2.13. This table shows the difference in predicted maximum 
water depth between the model run with lower and higher roughness coefficients (denoted S02 
and S03 respectively in Table 2.13) and the baseline model (denoted R01 in Table 2.13). 

Table 2.13 indicates that water depth decreases by approximately 0.30 m over the first 6 km 
reach from the Sao dam as a result of lowering the Manning’s n values, and the opposite is 
observed when the Manning’s n value is increased. Over the reach from 8 km to 12 km, 
Table 2.13 indicates that changing the Manning’s n roughness distribution influences depths 
in the order of 0.1 m. 

Figure 2.15 and Figure 2.16 show the discharge hydrograph measured at 0, 4, 8 and 12 km 
downstream of the Sao dam breach for model tests S02 and S03 respectively. The results in 
these figures are compared with the baseline model, denoted R01 in Table 2.13. 

Figure 2.15 and Figure 2.16 indicate that the peak discharge arrival time is relatively 
insensitive to the choice of Manning’s n roughness coefficient. However flood wave arrival 
times increases slightly when the Manning’s n roughness coefficient is reduced and the 
opposite is observed when the Manning’s n value is increased. 
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Figure 2.15 Comparison of discharge hydrographs for sensitivity of lower Manning’s n roughness between 
models R01 (solid black line) and S02 (dashed red line). 

 
Figure 2.16 Comparison of discharge hydrographs for sensitivity of higher Manning’s n roughness between 
models R01 (solid black line) and S03 (dashed red line). 
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2.4.7 Model Output 

The MIKE21 hydraulic model produces a grid of flood levels, depths and velocities at regular 
time intervals throughout each model simulation. The maximum values at each grid cell are 
also recorded as separate grids. 

The digital ESRI GRID outputs, were used to derive hard copy flood depth maps and these 
are included in Appendix 1. The maps listed in Table 2.14 have been provided in Appendix 1, 
and are described in more detail in the following sub-sections. 

Flood depth maps have been generated for the scenarios listed in Table 2.14. Only the PMF 
dam spillway release scenarios have been mapped as the resolution of the hydraulic model is 
not sufficient to simulate flood events with lower return periods, as described in Section 2.4.2. 

Similarly for the dam break flood events, only the sunny day failure of the Sao Main Dam and 
flood failure of the Sao Emergency Spillway Dam has been mapped as these represent the 
worst case dam failure events. GIS layers of maximum flood depth for all flood events listed 
in Table 2.14 have been produced and are available in electronic format for integration with 
GIS systems. 

Table 2.14 List of flood maps. 

Scenario Flood Event 

Dam spillway release PMF 

Dam break flood events 
Sunny day failure of Sao Main Dam 

Flood Failure (PMF) of Sao Emergency Spillway Dam 
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2.4.8 Flood Depth Maps 

Maps showing the maximum flood depth for the model simulations listed in Table 2.14 are 
provided in Appendix 1. A description of the flood extent is provided in the following sub-
sections. 

Flood extents provided in Appendix 1 indicate that the flooding is contained within the 
relatively narrow gully from the dam site to approximately 4 km downstream of the dam. The 
flood waters then disperse over the relatively flat agricultural land between 4 km and 12 km 
downstream of the dam site. A significant proportion of flooding occurs over a low lying reach 
of land around the township of Bình Thành. The narrow gorge 12 km downstream of the dam 
site acts as a flow constriction and flood waters exit the gorge into the Hieu River at 
approximately 13 km downstream of the dam site.  

Time to initial and peak water level is shown on the sunny day dam break flood hazard maps 
provided in Appendix 1. These two parameters are defined as follows and indicated at 2 km 
intervals, in terms of channel chainage, measured from the initial breach location to the 
downstream model boundary.  

 Time to initial water level:  Time at which cross-section experiences arrival of initial 
flood wave. 

 Time to peak water level:  Time at which cross-section experiences the peak flood 
water level. 

All travel times are relative to the rapid onset of breach development (i.e. time zero published 
on maps in Appendix 1 equals the start of breach development). For the flood failure 
scenario time to initial and peak water level is not included, as the dam break occurs in the 
context of the PMF flood which develops over a period of days. 
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3.0 BAN MONG DAM FLOOD HAZARD ASSESSMENT 

3.1 INTRODUCTION 

3.1.1 Background 

Bản Mồng dam is located on the Hieu River in Nghe An province and is currently under 
construction. The dam will incorporate a main concrete gravity dam and an earthen 
embankment closure dam In addition, saddle dams will be constructed to prevent flooding of 
the village of Chau Binh. The dams will create a large reservoir to provide storage for 
irrigation, hydro-electric power generation and water supply. Refer to Chapter 1 and Chapter 
4 of this Case Study for further detail on the Ban Mong dams. 

This report assesses the hazard and consequences of spillway flood releases as well as 
hypothetical breach of the Bản Mồng dams. 

It should be noted that the likelihood of failure for a properly engineered, constructed and 
maintained dam, such as the Bản Mồng dams is very low. This study only considers the 
hypothetical consequences of dam failure and does not in any way adversely reflect on the 
integrity of the Bản Mồng dams. 

3.1.2 Scope 

This report considers both flood releases through the dam spillway as well as hypothetical 
breach of the Bản Mồng dam, as listed in Table 3.1. 

Table 3.1 Flood modelling scenarios. 

Scenario Flood Event 

Dam spillway flood release 1 in 50 AEP through Main Dam spillway 
PMF through Main Dam spillway 

Dam break flood Sunny day failure of Closure Dam 
Flood failure of Closure Dam 
Sunny day failure of Chau Binh Saddle Dam No.3 
Flood failure of Chau Binh Saddle Dam No.1 

3.1.3 Methodology 

The general methodology to undertake flood hazard assessment for Bản Mồng dam is 
summarised as follows, and detailed in the following sections of this report: 

 Collect and review available information; 

 Obtain river cross-section and topographic data for the downstream river valley; 

 Development of spillway release hydrographs (refer to Chapter 3 of this Case Study); 

 Development of dam breach hydrographs (for several scenarios); 

 Development of a computational hydraulic model to route the outflow hydrographs; 

 Flood mapping of spillway release and dam break flood scenarios; 

 Evaluate consequences spillway release and dam break flood scenarios on 
downstream people, property and the environment. 
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3.2 DATA COLLECTION 

3.2.1 Introduction 

Flood hazard assessment requires a variety of data inputs, including topographic data, 
hydrological data, aerial photography, cadastral information as well as information on the 
dam and downstream catchment. This section describes the data collection undertaken for 
the purposes of this study. 

3.2.2 Hydrological Data 

Ban Mong Dam is a Class II structure according to the Vietnamese Government QCVN 04 
05:2012/BNNPTNT regulations. This requires that the dam is designed to pass a 1 in 200 
(0.5%) AEP flood and a 1 in 1000 (0.1%) AEP check flood. 

The design flood inflows, outflows, reservoir water levels and freeboard to the dam crest 
level is summarised in Table 3.2. These values have been extracted from the HECII design 
report (refer to HECII, 2008). This table indicates that there is sufficient freeboard to the dam 
crest (+79.8 m) to prevent overtopping in the 1 in 1,000 AEP flood event with all spillway 
gates operational. 

Table 3.2 Ban Mong design hydrology and reservoir levels (after HECII, 2008). 

Flood 

Frequency 

Peak 

Inflow 

Peak 

Outflow 

Peak 

WL 

Freeboard 

to Dam 

Crest 

AEP m3/s m3/s m m 

1 in 200 

(0.5%) 
6,170 5,937 +76.72 2.18 

1 in 1,000 

(0.1%) 
7,750 7,336 +78.51 0.39 

Inflow design floods for the Bản Mồng reservoir were also derived from the hydrological 
study described in Chapter 3 of this Case Study. The peak inflow into the reservoir from 
Chapter 3 is summarised in Table 3.3 and compared with peak discharges from the HECII 
(2008) design report. This table indicates good agreement with the peak discharge estimates 
between the results from Chapter 3 and HECII (2008) studies. 

The reservoir inflow hydrographs for the 1 in 50, 1 in 200, 1 in 1000, 1 in 5000 and PMF 
events are plotted in Figure 3.1 from Chapter 3 of this report. Figure 3.1 also includes the 
recorded discharge at the Quy Chau hydrological gauging station for the largest recorded 
flood event which occurred in October 2007. The inflow design floods have been routed 
through the reservoir to obtain a spillway discharge as described further in Section 3.3. 
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Table 3.3 Peak reservoir inflows. 

Source 

Peak reservoir inflow (m3/s) for various flood frequencies (AEP) 

PMF 0.01% 0.02% 0.10% 0.20% 0.50% 1% 2% 5% 

NA 1:10000 1:5000 1:1000 1:500 1:200 1:100 1:50 1:20 

Chapter 
3 

12460 9652 9019 7485 6831 5964 5308 4649 3775 

HECII 

(2008) 
NA NA NA 7754 7076 6173 5495 NA 3896 

 
Figure 3.1 Bản Mồng reservoir inflow hydrographs. 

3.2.3 Topographic Data 

148 cross-sections of the Hieu River from Quy Chau to the Ca River confluence were 
surveyed in 2007 as part of the Ban Mong dam design. These cross-sections were provided 
from HECII in AutoCAD format and are spaced at approximately 1 km intervals. The cross-
sections were used to form the basis of the computational hydraulic model, as described in 
Section 3.5. 

1:10,000 scale topographic map data in GIS format was provided by COSAMD. This 
included contour intervals spaced at 2.5 to 5.0 m vertical intervals. These contours were 
used to generate a Digital Elevation Model (DEM) of the floodplains and areas surrounding 
the Hieu River. The DEM has a grid resolution of 10 m and is presented as Figure 3.2. The 
DEM was used as the basis for flood plain mapping, as described further in Section 3.6. 

3.2.4 Hydraulic Structures 

Data on hydraulic structures such as culverts and bridges that may influence water levels 
was not available for this study. Therefore such structures have not been included in the 
hydraulic model. 
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3.2.5 Historic Flood Data 

Water level gauging stations are located on the Hieu River at Quy Chau and Nghe Khan, as 
indicated in Figure 3.2. These stations are managed by National Centre for Hydro-
Meteorology Forecasting (NCHMF) of the Ministry of Natural Resources and Environment 
(MONRE) and provide the best quality hydrological data record available. Hourly water levels 
are recorded at these stations and converted to discharge via a rating curve. 

Stage and discharge hydrographs for the two historic floods listed in Table 3.4 was supplied 
by NCHMF at these two hydrological gauging stations. The October 2007 flood is the largest 
flood on record and resulted from rainfall from Typhoon Lekima. 

Additional information such as flood debris marks or photographs on the two historic floods 
recorded in Table 3.4 were not available. 

Table 3.4 Historic flood events on the Hieu River. 

Flood Event 

Peak Flow Rate recorded at 

Quy Chau 

(m3/s) 

4th – 5th October 2007 4,820 

29th – 30th August 2005 2,230 
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Figure 3.2 Extent of Digital Elevation Model, including detail at Ban Mong Dam Site and Nghe Khan Gauging 
Station. 
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3.3 DAM FAILURE SCENARIOS 

3.3.1 Introduction 

In the following sub-sections the hypothetical dam breach outflow hydrographs for Bản Mồng 
dam are estimated based on current best practice methodologies. 

3.3.2 Methodology 

3.3.2.1 Earthen Embankment Dams 

The dam breach outflow hydrographs for earthen embankment dams are estimated by a two-
step process. Firstly the breach parameters listed below and illustrated in Figure 3.3 are 
estimated using empirical equations derived from regression analysis of historic dam failures 
(e.g. Froehlich, 1995a and 2008; Xu & Xhang, 2009).  

 Maximum breach depth (Dw); 

 Maximum breach width (Bw); 

 Average breach side slope (z); 

 Breach development time (tf, time to maximum breach size from breach initiation). 

Secondly these breach parameters are used as inputs into a parametric breach model, which 
models the outflow through the breach over time due to erosion of the embankment by the 
breach outflow. 

 
Figure 3.3 Schematic showing cross-section of overtopping breach development. 

3.3.2.2 Concrete Gravity Dams 

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 resulting peak 
breach discharge through the breach can be estimated using the instantaneous dam break 
equation, which is reproduced as follows, where Qp is the peak breach discharge (m3/s), B is 
the adopted breach width (m), d is the initial water depth over the breach invert (m) and g is 
gravitational acceleration (m/s2). 

 
3/28

27pQ B gd  Equation (1) 

Embankment crest level 
(before breach 
development) 

Maximum breach width (Bw) 

Max. 
breach 
depth 
(Dw) 

Initial time = 0 

Intermediate time = 0.5.tf 

Final time = tf 

Breach Development Time



Dam and Downstream Community Safety Initiative – November 2015 

 

Case Study, Chapter 5 – Hazard Impact on Downstream Communities 33 
 

The shape of the flood hydrograph is approximated by assuming a triangular profile where the 
time to peak discharge is in the range of 10 to 30 minutes and the time to end discharge is 
calculated by ensuring that the volume under the hydrograph matches the reservoir volume. 

3.3.2.3 Development of Breach Scenarios 

Both the sunny day and flood failure dam breach scenarios were considered for the Ban 
Mong Dam. Section 2.4.4 provides further description of these scenarios. 

3.3.2.4 Adopted Breach Scenarios 

Potential Failure Modes Assessment (PFMA) identified a number of potentially feasible 
failure modes for Bản Mồng Main and Closure Dams – refer to DDCSI (2013b). These 
potential failure modes have been considered when developing the hypothetical dam break 
modelling scenarios for Bản Mồng, which are summarised in the Table 3.5. These breach 
scenarios and the derivation of the dam breach outflow hydrographs are described in further 
detail in the following sections. Refer to Chapter 1 of this Case Study for location and 
descrptions of dams and saddle dams associated with Ban Mong. 

Table 3.5 Dam failure scenarios. 

Scenario Description Initiating Event Failure Mechanism 

1 
Main Dam, 

Sunny Day 

Earthquake triggers foundation failure, 
abutment failure or crack in the dam 
body 

Collapse of several concrete monoliths 

2 
Main Dam, 

Flood Failure 
Not applicable Not applicable 

3 
Closure Dam, 

Sunny Day 

Material defect triggers internal 
erosion of embankment materials  

Piping failure of embankment dam  

4 
Closure Dam, 

Flood Failure 

Extreme flood causes overtopping of 
Main Dam and Closure Dam crests 

Overtopping breach of embankment 
dam (Main Dam considered to be 
capable of withstanding overtopping) 

5 

Chau Binh 
Saddle Dam 3, 

Sunny Day 

Material defect triggers internal 
erosion of embankment materials 

Piping failure of embankment dam 

6 
Chau Binh 

Saddle Dam 1, 
Flood Failure 

Heavy rain triggers landslide in Co Ba 
Diversion Channel, Chau Binh Saddle 
Dam No.3 overtops 

Overtopping breach of Chau Binh 
Saddle Dam No.1 

3.3.3 Breach Scenarios for Bản Mồng Main Dam 

3.3.3.1 Sunny Day Failure Scenario 

The sunny day failure scenario for Bản Mồng Main Dam is assumed to be earthquake or 
foundation/abutment failure which induces collapse of several concrete monoliths of the dam. 
Failure is assumed to occur with the reservoir at full supply level of +76.4 m with subsequent 
release of the stored contents of the reservoir (224.78 Mm3) into the downstream Hieu River. 
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3.3.3.2 Flood Failure Scenario 

Flood failure scenario for Bản Mồng Main Dam considers the case where the Probable 
Maximum Flood (PMF) inflow into the Ban Mong reservoir causes the water level in the 
reservoir to rise to a peak level of +81.75 m, as identified in Section 3.3. At this peak water 
level, overtopping of both the crest of the Ban Mong Main and Closure dams (+78.9 m) would 
occur. As the Closure Dam is an earthen embankment structure, this dam is expected to 
erode and breach. However the Main Dam is a concrete gravity dam and considered to be 
capable of withstanding overtopping without failure. Therefore, a flood failure scenario for the 
Main Dam has not been considered further. 

3.3.3.3 Main Dam Breach Outflow Hydrographs 

The outflow hydrograph for hypothetical breach of Bản Mồng concrete gravity dam is 
estimated using guidance from USACE (1997). For Bản Mồng Main Dam, it is assumed that 
three 20 m wide concrete monoliths fail, resulting in a total breach width of 60 m with a time 
to peak breach discharge of 20 minutes. 

For the sunny day failure scenario, the reservoir is assumed to be at full supply level of 
+76.4 m with a storage volume of 224.78 Mm3. A downstream river level of +45.0 m has 
been adopted, which approximates the normal river operating level. This results in a total 
head of d = 31.4 m for use in Equation (1). Instantaneous failure of the reservoir is estimated 
to release a peak breach breach discharge of 9,800 m3/s by applying Equation (1). The 
resulting dam breach hydrograph is plotted in Figure 3.4, assuming a triangular hydrograph 
profile and conserving the volume under the hydrograph so that is equals the reservoir 
storage volume. 

  
Figure 3.4 Hypothetical dam break hydrograph for sunny day failure of the Bản Mồng Main Dam. 
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3.3.4 Breach Scenarios for Bản Mồng Closure Dam 

3.3.4.1 Sunny Day Failure Scenario 

Breach parameters have been estimated for sunny day failure of the Ban Mong Closure Dam 
and summarised in Table 3.6. The sunny day failure scenario considers piping type failure of 
the dam initiated by unchecked internal erosion or seismic shaking. Due to the uncertainty in 
the equations used to derive the breach parameters a range of values is provided in Table 
3.6. Figure 3.5 plots the assumed breach invert level for the breach failure scenario and full 
supply level on a long-section through the dam. Figure 3.6 plots the maximum breach 
opening size assumed in Table 3.6 on a cross-section through the dam. 

A HEC-RAS computational hydraulic model of the Ban Mong dam, reservoir and downstream 
channel was constructed. This model is described in detail in Section 3.5. This model was 
used to simulate the propagation of a breach in the Ban Mong Closure dam embankment 
and estimate the flow through the developing breach. 

A number of breach scenarios were modelled with HEC-RAS, in order to reflect the range of 
dam breach parameters listed in Table 3.6. The parameters used in each model scenario are 
summarised in Table 3.7. A case where the breach erodes to a invert level of +49 m, five 
meters above the assumed breach invert of +44 m, is also considered for sensitivity testing. 
Breach outflow hydrographs for the sunny day breach scenarios modelled are provided in 
Figure 3.7. 

Table 3.6 Estimated breach parameters for Sunny Day breach of Bản Mồng Closure Dam. 

Embank-

ment 

Crest 

Level 

Water 

Level at 

Breach 

Initiation 

Breach 

Invert 

Level 

Max 

Breach 

Depth 

Breach 

Development 

Time 

Breach 

Side 

Slopes 

Final 

Breach 

Base 

Width 

Total 

volume 

released 

Dw tf z Bw Vw 

[m] [m] [m] [m] [hrs] [1V:zH] [m] (Mm3) 

+78.9 +76.4 +44.0 32.4 2.4 – 5.2 0.7 67 – 83 224.78 

 
Figure 3.5 Long Section through Bản Mồng Closure Dam. 

Full Supply Level 
(+76.4 m) Embankment crest 

level (+78.9 m) 

Assumed breach 
invert level (+44.0 m) 
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Figure 3.6 Cross section through Bản Mồng Closure Dam. 

Table 3.7 Summary of sunny day dam breach model scenarios. 

Scenario 

Breach 

Invert 

Level 

Max 

Breach 

Depth 

Breach 

Development 

Time 

Breach 

Side 

Slopes 

Final 

Breach 

Base 

Width 

Breach 

geometry 

Volume 

released 

Dw tf z Bw Vw 

[-] [m] [m] [hrs] [1V:zH] [m] [-] [Mm3] 

BM_SD_A +44 32.4 5.2 0.7 67 Trapezoidal 224.78 

BM_SD_B +44 32.4 2.4 0.7 67 Trapezoidal 224.78 

BM_SD_C +44 32.4 2.4 0.7 83 Trapezoidal 224.78 

BM_SD_D +49 22.4 2.4 0.7 83 Trapezoidal 224.07 

 
Figure 3.7 Predicted outflow hydrographs for sunny day failure of the Ban Mong Closure Dam. 
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Figure 3.7 indicates that a range of breach outflows are possible depending on the breach 
development times, widths and breach invert levels adopted. The assumption of an 83 m 
breach width results in a greatest peak breach outflow. In addition, the breach invert level of 
+44 m also results in a greater peak breach outflow than if a level of +49 m is assumed. 

To check that the peak breach discharges estimated with the HEC-RAS model are within the 
expected range based on historic dam failures, the results are compared against the Wahl 
(1998), Xu & Xhang (2009) and Pierce (2010) database of historic embankment dam failures 
in Figure 3.8. In addition the Froehlich (1995) empirical equation has been used to estimate 
the peak discharge for a breach of the Ban Mong Closure Dam, based on the breach depths 
and volumes listed in Table 3.6. The peak discharge calculated with this equation has also 
been plotted in Figure 3.8 for comparison. 

Figure 3.8 indicates that the range of peak breach discharges estimated by the HEC-RAS 
model are within the general trend of historic dam failures and empirical peak discharge 
prediction equations of Froehlich (1995). It is concluded that the estimated breach outflow 
hydrographs presented in Figure 3.7 provide an adequate estimation of the range of breach 
outflows for sunny day failure of the Ban Mong Clousre Dam. The hydrograph with the 
greatest peak discharge, BM_SD_C, has been carried forward as the input for the 
computational hydraulic model, as discussed in Section 3.5. Sensitivity tests to the inflow 
hydrograph was also conducted as described in Section 3.5.6. 

 
Figure 3.8 Comparison of predicted peak breach discharge for hypothetical sunny day breach of the Ban 
Mong Closure Dam with historic dam failure databases. 
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3.3.4.2 Flood Failure Scenario 

For flood failure of Ban Mong Closure Dam, the following two cases have been considered: 

1. PMF inflow into the reservoir with spillway gates 100% operational leads to overtopping 
and subsequent breach of the Closure Dam; 

2. 1 in 1000 AEP inflow into the reservoir and two of the five spillway gates fail to open 
(due to electrical or mechanical failure), leading to overtopping and subsequent breach 
of the Closure Dam. 

The critical overtopping depth of the Closure Dam which would initiate a rapid breach 
formation leading to release of impounded water is difficult to quantify as it depends on 
factors such as the embankment material properties, as well as the depth and duration of the 
overtopping. FEMA (2008) indicates that overtopping depths over an earthen embankment 
may range from 0.15 to 0.90 m before onset of breach formation. For the purposes of this 
study a critical overtopping depth of 0.5 m over the Closure Dam is assumed. 

Breach parameters were estimated for flood failure of the Ban Mong Closure Dam and are 
summarised in Table 3.8. Breach side slopes are assumed to be equal to 1V:1H, based on 
guidance from Froehlich (2008). The remaining breach parameters represent the parameters 
which provide the worst case breach hydrograph, based on Table 3.7 for the sunny day 
failure case. The total stored volume at the assumed breach initiation level of +79.4 m (0.5 m 
above the dam crest of +78.9 m) is 304.74, based on the reservoir storage-elevation curve 
presented in Chapter 3, Section 2.7.3 of this Case Study. Breach outflow hydrographs for the 
flood failure breach scenarios modelled are provided in Figure 3.9. 

Table 3.8 Estimated breach parameters for Flood Failure breach of Bản Mồng Closure Dam. 

Scenario 

Breach 

Invert 

Level 

Max 

Breach 

Depth 

Breach 

Developme

nt Time 

Breach 

Side 

Slopes 

Final 

Breach 

Base 

Width 

Breach 

geometry 

Volume 

released 

Dw tf z Bw Vw 

[-] [m] [m] [hrs] [1V:zH] [m] [-] [Mm3] 

PMF Inflow; 
Spillway 100% 

Operational 
+44 35.4 2.4 1.0 83 

Trapezoid
al 

304.74 

1:1000 AEP 
Inflow; 3 of 5 

spillway gates 
operational 

+44 35.4 2.4 1.0 83 
Trapezoid

al 
304.74 
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Figure 3.9 Ban Mong Closure Dam Flood Failure breach outflow hydrograph. 

Figure 3.9 indicates that breach of the Closure Dam superimposed on the flood spillway 
outflows, acts to significantly increase the peak outflow to approximately 35,000 m3/s. To 
check that the peak breach discharges estimated with the HEC-RAS model are within the 
expected range based on historic dam failures, the results are compared against the 
Wahl (1998), Xu & Xhang (2009) and Pierce (2010) database of historic embankment dam 
failures in Figure 3.10. In addition the Froehlich (1995) empirical equation has been used to 
estimate the peak discharge for flood failure of the Ban Mong Closure Dam, based on the 
breach depths and volumes listed in Table 3.8. The peak discharge calculated with this 
equation has also been plotted in Figure 3.10 for comparison. 

Figure 3.10 indicates that the range of peak breach discharges estimated by the HEC-RAS 
model are within the general trend of historic dam failures and empirical peak discharge 
prediction equations of Froehlich (1995). It is concluded that the estimated breach outflow 
hydrographs presented in Figure 3.9 provide an adequate estimation of the range of breach 
outflows for flood failure of the Ban Mong Closure Dam. 
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Figure 3.10 Comparison of predicted peak breach discharge for hypothetical flood failure breach of the Ban 
Mong Closure Dam with historic dam failure databases. 
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3.3.5 Breach Scenarios for Bản Mồng Saddle Dams 

3.3.5.1 Sunny Day Failure Scenario 

Failure of Chau Binh Saddle Dam No.3 under normal operating conditions would release the 
Ban Mong reservoir into the Chau Binh commune, and is the worst case “sunny day” failure 
scenario for the Chau Binh Saddle Dams. The sunny day failure scenario for Chau Binh 
Saddle Dam No.3 is assumed to be unchecked piping leading to erosion of a breach through 
the embankment. Failure is assumed to occur with the reservoir at a full supply level of 
+76.4 m, and the breach progresses to the downstream toe of the dam at +65.5 m. The 
stored reservoir volume between these two levels is 141.44 Mm3. 

The peak breach outflow hydrograph for Sunny Day failure of the Chau Binh Saddle Dam 
No.3 was estimated with the Froehlich (1995) empirical equation as 3,300 m3/s. This 
assumes a breach depth of 10.9 m (+76.4 m minus +65.5 m) and a reservoir volume at time 
of failure of 141.44 Mm3. Time to peak breach outflow is estimated using Hughes, 
et al (2000) as 21.8 minutes. The resulting dam breach hydrograph is plotted in Figure 3.11, 
assuming a triangular hydrograph profile and conserving the volume under the hydrograph 
so that is equals the reservoir storage volume. 

 
Figure 3.11 Hypothetical dam break hydrograph for sunny day failure of the Chau Binh Saddle Dam No.3. 
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3.3.5.2 Flood Failure Scenario 

The flood failure scenario for Chau Binh Saddle Dams considers the case where a 1 in 1,000 
AEP flood occurs on the Co Ba River in conjunction with a large landslide in the Co Ba 
Diversion Channel (refer to Figure 3.3). The landslide causes flood water from the Co Ba 
River to back up behind the Chau Binh Saddle Dam No.1, eventually overtopping and 
breaching the dam. 

The total volume of water released in this dam failure scenario is equivalent to the 1 in 1,000 
AEP flood volume for the Co Ba River catchment. The failure hydrograph for this scenario is 
assumed to be equivalent to the 1 in 1,000 AEP flood hydrograph for the Co Ba River at the 
dam site shown in Figure 3.19. It is assumed that the additional peak discharge from 
overtopping failure of Chau Binh Saddle Dam No.1 would have negligible affect on the peak 
discharge (1124 m3/s) or volume of the hydrograph shown in Figure 3.19. 

 
Figure 3.12 Co Ba River 1 in 1,000 AEP flood discharge hydrograph. 
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3.4 HYDRAULIC MODEL DEVELOPMENT 

3.4.1 Introduction 

The computational hydraulic modelling software package HEC-RAS has been used for flood 
modelling in this study. HEC-RAS is a computational engine developed by the US Army 
Corps of Engineers (USACE) that solves the full, dynamic one-dimensional shallow water 
equations using an implicit, finite difference method. This model is widely used internationally 
and is well suited for simulating complex hydrodynamics associated with river flooding. 

HEC-RAS was selected for the flood modelling following reasons: 

 River cross-section survey data was available for the channel downstream of the Ban 
Mong Dam, meaning a 1D modelling approach was more suited than a 2D modelling 
approach (e.g. MIKE21 or TUFLOW); 

 1D models are much more efficient than 2D models at simulating large river reaches 
such as the approximately 135 km reach downstream of the Bam Mong dam; 

The following sub-sections describe the HEC-RAS model created for routing of the breach 
outflow hydrographs through the downstream valley. This approach for flood modelling would 
be termed a Detailed level of assessement in the DDCSI (2015) Guidelines. 

3.4.2 HEC-RAS Model Development 

3.4.2.1 Model Extent 

The HEC-RAS model extended from Ban Mong dam site to 2.2 km upstream of the Con-Ca 
River confluence. The model extent is illustrated in Figure 3.13. A long-section of the river 
bed elevation is provided in Figure 3.14. 
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Figure 3.13 Location of HEC-RAS model river cross-sections. 
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Figure 3.14 Hieu/Con River invert from Quy Chau gauging station to confluence with Ca River. 

3.4.2.2 Cross-Sections 

The HEC-RAS model was based on cross-section survey data for the Hieu and Con Rivers, 
surveyed in 2007 as part of the Ban Mong dam design (HECII, 2008). In total 26 cross-
sections where surveyed at approximately 1 km intervals upstream of the Ban Mong dam site 
and 131 cross-sections downstream of the dam site. The location of the cross-sections is 
displayed in Figure 3.13. 

In a number of locations, the predicted flood water level was higher than the maximum 
elevation of the surveyed cross-sections. In these areas the cross-sections where extended 
onto the floodplains using a DEM generated 1:10,000 scale topographic map contours (refer to 
Figure 3.18). An example of this process is illustrated in Figure 3.15 where the surveyed river-
cross section has been extended on the true right with ground information from the DEM. 

3.4.2.3 Hydraulic Structures 

There are three bridges which cross the Hieu and Con Rivers, as located in Figure 3.13. 
An image of the Hieu River bridge at Thái Hòa is provided in Figure 3.16 were not 
represented in the HEC-RAS model due to insufficient survey information. However the 
backwater effect of bridge piers, abutments and road deck is expected to locally increase 
flood water levels upstream of the bridges in extreme flood events. 
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Figure 3.15 Hieu River cross-section K22 (Chainage 61340 m). 

3.4.2.4 Model Parameters 

Analysis of aerial photographs indicates that floodplain storage is signficant for the Hieu and 
Con Rivers due to the relatively flat river gradient and large floodplain areas. An unsteady 
flow model was therefore used for all HEC-RAS model runs, in order to simulate floodwave 
attenuation and floodplain storage. 

HEC-RAS uses Manning’s n roughness coefficient to represent hydraulic resistance to flow. 
Manning’s n values were adopted based on typical published values (e.g. Chow, 1959) and 
site photographs. Figure 3.16 provides a typical image of the Hieu River and floodplains. The 
Manning’s n roughness coefficients listed in Table 3.9 were adopted for the HEC-RAS model. 

Table 3.9 Manning’s n roughness coefficients. 

River Reach Typical Reach Description 
Manning’s

n 

Main Channel 
Meandering, gravelly-silt bed river, minimal aquatic vegetation with 
some shoals and deep pools. 

0.032 

Floodplains 
Agricultural land, mature field crops (height varies with season), 
dispersed with bushes, fences and unsealed roadways. 

0.040 

 
Figure 3.16 Hieu River at Thái Hòa road bridge (Cầu Hiếu). 
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3.4.2.5 Hydraulic Boundary Conditions 

An inflow hydrograph was applied at the upstream boundary of the model. The upstream 
boundary is located at Ban Mong dam site for flood assessment scenarios, and at the Quy 
Chau gauging station for calibration and verification models. Inflow hydrographs were 
derived from either historic flood hydrographs (refer to Section 2.6), reservoir routing (refer to 
Section 3.2) or dam break analysis (refer to Section 4.0). 

A normal depth boundary was applied at the downstream boundary of the model, which uses 
the Manning’s equation to compute the stage based on the local channel slope (S = 0.00015). 
It is noted that the downstream model boundary will be susceptible to the influence of water 
levels at the Ca River confluence, approximately 2.2 km downstream. Sensitivity to the 
downstream water level has therefore been tested, and is discussed further in Section 3.5.6. 

Lateral inflow hydrographs were used to represent the contribution of tributary rivers into the 
Hieu River. Inflows only from the major contributing catchments of the Dinh and Sao Rivers 
were included in the model. The Dinh River enters the Hieu River at model chainge 59232 m 
and the Sao River at model chainage 67292 m, as indicated in Figure 3.14. Inflow 
hydrographs for the Dinh and Sao Rivers were estimated from the HEC-GeoHMS rainfall 
runoff model described in Chapter 3 of this Case Study. Table 3.10 summaries the peak 
flood discharge for the Dinh and Sao Rivers for various flood frequencies. 

Table 3.10 Flood frequency for Dinh and Sao inflow to the Hieu River. 

Flood Frequency 

(AEP) 

Peak Discharge 

Dinh River @ Hieu River 

Confluence 

Peak Discharge 

Sao River @ Hieu River 

Confluence 

1 in 10 2892 707 

1 in 20 3256 800 

1 in 50 3637 895 

1 in 100 3938 913 

Concurrent flooding on the Dinh and Sao catchments at the same time as a flood occurring 
on the Hieu River catchment has been addressed using a simplified approach, which takes 
into account the low likelihood of a flood with the same AEP occurring on all catchments, 
given the large spatial distribution of the catchments. Table 3.11 summaries the AEP for 
flood occurring on the main Hieu River and concurrent flood AEP adopted for the Dinh and 
Sao tributary rivers. 

Table 3.11 Concurrent flooding assumptions for Dinh and Sao Rivers. 

SCENARIO 
MAIN RIVER FLOOD 

Hieu River 

CONCURRENT FLOOD 

Dinh and Sao Rivers 

Dam spillway flood release 1 in 50 AEP 1 in 10 AEP 

1 in 200 AEP 1 in 20 AEP 

1 in 1,000 AEP 1 in 50 AEP 

1 in 5,000 AEP 1 in 100 AEP 

PMF 1 in 100 AEP 

Dam break flood Sunny day failure Baseflow only 

Flood failure 1 in 100 AEP 
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3.4.3 Model Calibration and Validation 

A hydraulic model is required to be calibrated to ensure that predicted water levels are 
representative of actual flood levels. Provided estimates of flood discharge and water levels 
are available, the model can be calibrated by making minor changes to the model 
Manning’s n roughness coefficient, until modelled water levels match measured flood levels. 
The following sections describe the model calibration and verification process. 

3.4.3.1 Model Calibration Approach 

The HEC-RAS model was calibrated against two historic flood events occurring on the Hieu 
River. Table 3.12 lists the two historic flood events with their associated peak discharge 
recorded at the Quy Chau gauging station. Note that the October 2007 flood event is the 
largest flood on record and corresponds to an approximately 1 in 50 AEP event. 

Table 3.12 Historic flood events and peak flood discharge. 

Flood Event 

Recorded Peak 

Discharge at Quy 

Chau 

(m3/s) 

Estimated Peak 

Discharge for Dinh 

River @ Hieu River 

confluence 

Estimated Peak 

Discharge for Sao 

River @ Hieu River 

confluence 

4th – 5th October 2007 

(calibration event) 
4,820 1,953 658 

29th – 30th August 2005 

(verification event) 
2,230 840 200 

Stage and discharge data was available for both events listed in Table 3.12 at the Quy Chau 
and Nghe Khan gauging stations. The locations of these stations are illustrated in Figure 
3.13. At the time of the study, no further flooding information was available (e.g. flood debris 
marks, photographs of flood events). 

The model was calibrated by inputting the recorded discharge hydrograph at Quy Chau as 
the upstream model boundary, and comparing water levels and discharge predicted by the 
model with observed data at the Nghe Khan gauging station, as described in the following 
sections. Contributions from the Dinh and Sao tributary rivers were also estimated with the 
HEC-GeoHMS model described in Chapter 3 of this Case Study and included as lateral 
inflows into the model. The estimated peak discharge for these two catchments at their 
confluence with the Hieu River is summarised in Table 3.12. 

It is noted that the river bed profile is likely to be constantly changing in response to flood 
activity and it is difficult to know how accurately the cross-section data reflects the bed profile 
at the peak of the flood events listed in Table 3.12. However the 2007 river cross-section 
data is the best known dataset available for defining the river bed profile for the Hieu River. 

3.4.3.2 October 2007 Flood Event – Model Calibration 

Figure 3.17 compares measured water level and flow hydrographs against those predicted 
with the HEC-RAS model at the Nghe Khan gauging station for the October 2007 flood 
event. This figure indicates that the HEC-RAS model, incorporating the 2007 river cross-
sections with the Manning’s n roughness distribution outlined in Table 3.9, generally matches 
water levels to with ±0.15 m and flood discharge within shape to within 50 m3/s at the flood 
peak, implying that the model is well calibrated at this location. 
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3.4.3.3 August 2005 Flood Event – Model Verification 

Figure 3.18 compares measured water level and flow hydrographs against those predicted 
with the HEC-RAS model at the Nghe Khan gauging station for the August 2005 flood event. 
This figure shows that the HEC-RAS model predict water levels and discharges at this 
location to within the same tolerances indicated in the October 2007 calibration event.  

3.4.3.4 Model Calibration Summary 

Based on the model calibration and verification, the HEC-RAS model appears reasonably 
calibrated to predict flood levels in the Hieu River. However, the available historic flooding 
data allowed calibration to be carried out at only one point on the approximately 135 km river 
reach. Therefore, there is limited understanding of how well the model is calibrated upstream 
and downstream of this calibration point. Additional flooding information (e.g. flood debris 
marks, flood photographs) would enable more refined model calibration. 

 
Figure 3.17 Comparison of measured and predicted (a) discharge and (b) water level on the Hieu River at the 
Nghe Khan gauging station for the October 2007 flood event. 

 
Figure 3.18 Comparison of measured and predicted (a) discharge and (b) water level on the Hieu River at the 
Nghe Khan gauging station for the August 2005 flood event. 
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3.4.4 Flood Modelling Scenarios 

The flood scenarios listed in Table 3.13 were simulated with the calibrated HEC-RAS model. 
Figure 3.19 plots the long section of water levels predicted by the HEC-RAS model for the 
dam spillway release scenarios, and Figure 3.20 plots the same information for the dam 
break scenarios. Flood inundation maps are discussed and presented in Section 6.0. 

Figure 3.19 indicates that water depths increase to over 10 m above the channel bed invert 
over the entire river reach in all flood scenarios. The river runs through a narrow gorge at 
chainge 46986 m which acts as a hydraulic constriction and influences upstream water levels. 

Figure 3.20 indicates that the sunny day failure scenario for Ban Mong Main Dam causes 
significant flooding over the reach from the dam site to the Dinh River confluence. However 
the flood wave attenuates and the resulting flooding downstream of the Dinh River 
confluence is generally less than a 1 in 50 AEP event. A similar effect is seen for sunny day 
failure of Ban Mong Closure Dam, with elevated flood levels over the reach from the dam site 
to the Dinh River confluence due to the higher peak breach discharge for this event. 

For the flood failure scenarios, Figure 3.20 indicates that dam failure on top of an extreme 
flood event raises water levels over the reach from the dam site to the Nghia Khan gauging 
station. Downstream of the gauging station however, the dam break floods do not raise water 
levels higher than the PMF flood levels due to the attenuation of the dam break flood peak. 

Table 3.13 HEC-RAS model scenarios. 

Scenario Main Flood Event 

Hieu River 

Concurrent Flood Event

Dinh and Sao Rivers 

Dam spillway 
flood releases 

1 in 50 AEP 1 in 10 AEP 

1 in 200 AEP 1 in 20 AEP 

1 in 1,000 AEP 1 in 50 AEP 

1 in 5,000 AEP 1 in 100 AEP 

PMF 1 in 100 AEP 

Dam break flood 
events 

Sunny day failure of Ban Mong Main Dam Baseflow only 

Sunny day failure of Ban Mong Closure Dam Baseflow only 

Flood Failure of Ban Mong Closure Dam 

(PMF inflow, 5 of 5 spillway gates operational) 
1 in 100 AEP 

Flood Failure of Ban Mong Closure Dam 

(1,000 AEP inflow, 3 of 5 spillway gates operational) 
1 in 100 AEP 
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Figure 3.19 Water surface profiles for dam spillway flood release events. 
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Figure 3.20 Water surface profiles for dam break flood events. 
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3.4.5 Model Limitations 

There are certain limitations in all hydraulic models used for flood assessment, some of 
which are listed as follows: 

 The 1D modelling approach adopted is not able to represent complex two dimensional 
floodplain flow paths; 

 Calibration and verification of the model was only possible at one point on the river 
reach due to limited availability of historic flood data; 

 Dam spillway flood hydrographs and hypothetical dam breach flood hydrographs are 
highly sensitive to the assumptions which were used to derive them; 

 River channel and floodplain roughness can vary between seasons and may not be 
representative of actual conditions; 

 Behaviour of the river channel in dam break floods are typically larger than natural 
flood events experienced and consequently they may scour soil materials to bedrock in 
some places and deposit sediments in other places. 

End users of the results from flood risk assessment need to be aware of such model 
limitations. A set of user notes has been included on the flood maps to summarise the 
uncertainty in the results. In addition sensitivity testing to key model parameters are carried 
out to gain an understanding of the effect of these model variables on the results, refer to 
Section 3.5.6 for more detail. 

If improvements in the accuracy of the hydraulic modelling are required, then it is 
recommended that the model is converted to a 1D-2D link model. This approach would 
model the main river channel with a one-dimensional modelling approach and floodplain 
flows are modelled over a two-dimensional grid. This would provide better resolution on out 
of channel flooding and also allow depths and velocities to be computed on the floodplains. 

3.4.6 Model Sensitivity Testing 

3.4.6.1 Sensitivity Parameters 

Sensitivity of the model to the effect of modifying the key hydraulic parameters listed in Table 
3.14 was undertaken. The “baseline” model refers to the Sunny Day failure of the Ban Mong 
Closure Dam, which represents the worst case sunny day dam break scenario and labelled 
as “BM_SD_C”, as detailed in Figure 3.7. The purpose of sensitivity testing was to determine 
the effect of modifying key hydraulic parameters on the predicted flood depths and travel 
times. The results of these sensitivity tests are outlined in the following sections. 

3.4.6.2 Sensitivity to Inflow Hydrograph 

In this sensitivity test the HEC-RAS model was run with the inflow hydrograph “BM_SD_A” 
as indicated in Figure 3.7, with a peak breach outflow of 15,751 m3/s. Table 3.15 lists the 
difference in predicted maximum water depths between this model test (denoted S01 in 
Table 3.14) and the baseline model (denoted R01 in Table 3.14) at locations downstream of 
the Ban Mong Dam - refer to Figure 3.14 for an illustration of these locations. 
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Table 3.14 Summary of sensitivity tests. 

Model 

Code 
Model Description 

Peak breach 

outflow discharge

[m3/s] 

Manning’s n 

Roughness 

Coefficient 

Downstream 

boundary 

Baseline model 

R01 
Sunny Day breach of Ban 
Mong Closure Dam 

22,488 0.032 / 0.040 
Normal flow with 

S = 0.00015 

Sensitivity testing models 

S01 Sensitivity to breach 
hydrograph 

15,751 0.032 / 0.040 
Normal flow with 

S = 0.00015 

S02 Sensitivity to lower 
Manning’s n value 

22,488 0.028 / 0.030 
Normal flow with 

S = 0.00015 

S03 Sensitivity to higher 
Manning’s n value 

22,488 0.036 / 0.050 
Normal flow with 

S = 0.00015 

S04 Sensitivity to higher 
downstream water level 

22,488 0.032 / 0.040 
Fixed water level 

= +30 m 

Table 3.15 indicates that water depths over the 19.5 km reach from the dam site to the Dinh 
River confluence are sensitive to the adopted inflow hydrograph, with water depths reduced 
by approximately 1.0 to 2.0 m over this reach in the S01 model. However, attenuation of the 
initial flood peak means that the difference in water depths is negligible by the time the flood 
reaches a distance of 85 km downstream of the dam. 

Figure 3.21 shows the discharge hydrograph measured at 0, 19.5, 28.6, 48, 85.3 and 133.6 km 
downstream of the Ban Mong dam. This figure indicates that the dam breach flood peak is 
significantly attenuated by the time it reaches the Tan Ky river bridge, approximately 85.3 km 
downstream of the dam. Travel times are sensitive to the adopted inflow hydrograph, with a 
faster peak discharge arrival time for the model run R01, relative to test S01. 

Table 3.15 Summary of maximum water depths predicted by sensitivity testing models (refer to Table 3.14 for 
model codes). 

Location 
Distance 

Downstream of 
Ban Mong Dam 

Maximum Water Level (m)* 

R01 S01 S02 S03 S04 

Ban Mong Dam 0 km +66.86 
+64.77 
[-2.09] 

+65.92 
[-0.94] 

+67.78 
[0.92] 

+66.86 
[0.00] 

Dinh River Confluence 19.5 km +52.17 
+51.24 
[-0.93] 

+52.09 
[-0.08] 

+52.37 
[0.20] 

+52.17 
[0.00] 

Sao River Confluence 28.6 km +48.46 
+48.07 
[-0.39] 

+48.16 
[-0.30] 

+48.64 
[0.18] 

+48.46 
[0.00] 

Nghia Khanh Gauging 
Station 

48.0 km +41.96 
+41.82 
[-0.14] 

+41.74 
[-0.22] 

+42.13 
[0.17] 

+41.96 
[0.00] 

Tan Ky River Bridge 85.3 km +33.58 
+33.58 
[0.00] 

+33.53 
[-0.05] 

+33.62 
[0.04] 

+34.05 
[0.47] 

3 km upstream of Con 
River Confluence 

133.6 km +26.03 
+26.03 
[0.00] 

+25.99 
[-0.04] 

+26.06 
[0.03] 

+30.00 
[3.97] 

* Difference in water depth between sensitivity model run and test R01 is listed in brackets. 
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Figure 3.21 Comparison of discharge hydrographs for sensitivity of peak inflow between models R01 (solid 
black line) and S01 (dashed red line). 

3.4.6.3 Sensitivity to Manning’s Roughness Coefficient 

In this sensitivity test the HEC-RAS model was run with both lower and higher Manning’s n 
roughness coefficients, relative to the “baseline” model. The adopted change in roughness 
coefficients is outlines in Table 3.15. This table shows the difference in predicted maximum 
water depth between the model run with lower and higher roughness coefficients (denoted S02 
and S03 respectively in Table 3.14) and the baseline model (denoted R01 in Table 3.14). 

Table 3.15 indicates that water depth decreases in a range of -0.9 to -0.1 m over the reach 
from the Ban Mong dam to the Nghia Khan gauging station as a result of lowering the 
Manning’s n values, and the opposite is observed when the Manning’s n value is increased. 
Over the reach from 85.3 km to 133.6 km, Table 3.15 indicates that changing the 
Manning’s n roughness distribution has a minimal affect on flood depths as the channel is 
dictated primarily by the downstream water level over this reach.  

Figure 3.22 and Figure 3.23 show the discharge hydrograph measured at 0, 19.5, 28.6, 48, 
85.3 and 133.6 km downstream of the Ban Mong dam breach for model tests S02 and S03 
respectively. The results in these figures are compared with the baseline model, denoted 
R01 in Table 3.14. 

Figure 3.22 and Figure 3.23 indicate that the peak discharge arrival time is relatively 
insensitive to the choice of Manning’s n roughness coefficient. However flood wave arrival 
times increases slightly when the Manning’s n roughness coefficient is reduced and the 
opposite is observed when the Manning’s n value is increased. 
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Figure 3.22 Comparison of discharge hydrographs for sensitivity of lower Manning’s n roughness between 
models R01 (solid black line) and S02 (dashed red line). 

 
Figure 3.23 Comparison of discharge hydrographs for sensitivity of higher Manning’s n roughness between 
models R01 (solid black line) and S03 (dashed red line). 
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3.4.6.4 Sensitivity to Downstream Boundary 

The downstream boundary was changed from a normal flow boundary to a constant water 
level boundary of +30.0 m, which relates to an approximately 1 in 100 AEP discharge 
through the downstream channel cross-section. The purpose of this test is to understand the 
influence of downstream water levels on predicted flood depths, as the level of the Song Ca 
River during concurrent flood events on the Song Con is not known with great certainty. The 
effect of the change on predicted water depths is listed in Table 3.15, and shows that the 
downstream boundary affects water depths over a the reach from the Tan Ky River bridge to 
the downstream model boundary. This is influence is important to note as the accuracy of 
water levels over this reach are sensitive to water levels on the downstream Song Ca river. 

3.4.6.5 Summary of Sensitivity Testing 

The following conclusions are drawn from the sensitivity tests described in this section: 
Water depths and timings are sensitive to the adopted inflow hydrograph; 

 Water depths over the reach from the dam site to the Sao River confluence are 
sensitive to the adopted dam breach hydrograph; 

 Water depths are slightly sensitive to the Manning’s n roughness coefficient; 

 Travel times are sensitive to both the assumptions regarding the inflow hydrograph as 
well as the choice of Manning’s n roughness coefficient. 

 The downstream model boundary influences water depths on the reach between the 
Tan Ky road bridge to the confluence with the Song Con river. 

3.4.7 Model Output 

The HEC-RAS model provides a water level and cross-sectional average velocity for each 
cross-section at regular time intervals throughout each model simulation. The maximum 
values at each cross-section are also recorded. 

The geo-referenced river cross-sections are used to represent water level contours, and a 
maximum water level surface is created using ArcGIS by interpolating water levels between 
adjacent cross-sections. The underlying digital elevation model (DEM) is then subtracted 
from the water level surface to provide a flood depth map. For this purpose the DEM 
generated from 1:10,000 scale topographic map contours was used (refer to Section 2.4). 

Flood depth maps have been generated for the scenarios listed in Table 3.16. Only the 1 
in 50 AEP and PMF dam spillway release scenarios have been mapped as these represent 
the upper and lower limit of floods analysed. Similarly for the dam break flood events, only 
the sunny day and flood failure of the Ban Mong Closure Dam have been mapped as this 
represents the worst case dam failure event. GIS layers of maximum flood depth for all flood 
events listed in Table 3.16 have been produced and are available in electronic format for 
integration with GIS systems, should this be required. 
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Table 3.16 List of flood maps. 

Type Description 

Dam spillway 
flood releases 

1 in 50 AEP 

PMF 

Dam break flood 
events 

Sunny day failure of Ban Mong Closure Dam 

Flood Failure of Ban Mong Closure Dam 
(PMF inflow, 5 of 5 spillway gates operational) 

Sunny day failure of Chau Binh Saddle Dam No.3 (refer 
to Section 3.4.9) 

Flood failure of Chau Binh Saddle Dam No.1 
(refer to Section 3.4.9) 

3.4.8 Flood Depth Maps 

Maps showing the maximum flood depth for the model simulations listed in Table 3.16 are 
provided in Appendix 2. A description of the flood extent is provided in the following sub-sections. 

Time to initial and peak water level is also shown on the dam break flood hazard maps 
provided in Appendix 2. These two parameters are defined at indicated at 5 km intervals, in 
terms of channel chainage, measured from the initial breach location to the downstream 
model boundary. All travel times are relative to the rapid onset of breach development (i.e. 
time zero published on maps in Appendix 2 equals the start of breach development). For the 
flood failure scenario time to initial and peak water level is not reported, as the dam break 
occurs in the context of the PMF flood which develops over a period of days. Accordingly, the 
times reported on the sunny day dam break inundation maps are: 

 Time to initial water level: Time at which cross-section experiences arrival of initial 
flood wave. 

 Time to peak water level: Time at which cross-section experiences the peak flood 
water level. 

3.4.9 Chau Binh Saddle Dam Inundation 

The inundation from breach of the Chau Binh Saddle dams (refer to Chapter 1, Section 1.3.4 
of this Case Study) has been estimated using an approximate method. 

The Chau Binh basin has only one outflow path via the Co Ba Drainage Channel (refer to 
Chapter 1, Figure 1.6 of this Case Study). The Drainage Channel at approximately KM 
3+100 is excavated approximately 15 m below the natural ground level, as shown in Figure 
3.31. The water level in the Chau Binh basin will be controlled by this channel section as it 
provides a hydraulic constriction for water to exit the basin area. 

For the Sunny Day failure scenario the peak breach discharge for failure of Chau Binh 
Saddle Dam No.3 is 3,300 m3/s (refer to Section 3.3.5) and greater than the capacity of 
channel section KM 3+100 at the maximum water level of Ban Mong Reservoir (+76.4 m at 
Full Supply Level). Therefore the breach outflow will fill the Chau Binh basin until the water 
level in the basin equalises with the water level in Ban Mong Reservoir at +76.4 m. 
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For the flood failure scenario, the breach outflow for failure of Chau Binh Saddle Dam No.1 is 
assumed to be equivalent to the 1 in 1,000 AEP flood event, with a peak discharge of 1,124 
m3/s (refer to Section 3.3.5). Assuming an average bed-slope of 0.0008 and Manning’s n 
roughness of 0.025, cross-section KM 3+100 is estimated to convey 1,124 m3/s at a peak 
water level of +78.2 m. This level is taken as the peak water level expected in the Chau Binh 
basin for the flood failure scenario. This is an approximate method that provides a 
conservative result and does not take attenuation of the breach outflow into account. Note 
that the crest level of Chau Binh Saddle Dam No.3 is +79.9 m and therefore this dam is not 
predicted to overtop. 

Flood maps for Sunny Day and Flood Failure scenarios of the Chau Binh saddle dams are 
provided in Appendix 2. 

Chau Binh Saddle Dam No.4 is a small dam to the south-west of Chau Binh Saddle Dams 1 
to 3 (refer to Figure 3.3). If this dam were to fail it would inundate a relatively small area 
adjacent to the Drainage Channel. The Sunny Day flood map provided in Appendix 2 also 
shows this inundation area. 

Table 3.17 Peak water level. 

Scenario Peak Outflow 
Peak Water Level in 

Chau Binh Basin 

Sunny Day 3,330 +76.4 

Flood Failure 1,124 +78.2 

 
Figure 3.24 Co Ba Drainage Channel, section KM 3+100. 

 



 

 

This page is intentionally left blank. 

 



Dam and Downstream Community Safety Initiative – November 2015 

 

Case Study, Chapter 5 – Hazard Impact on Downstream Communities 61 
 

4.0 DOWNSTREAM CONSEQUENCE ASSESSMENT 

4.1 INTRODUCTION 

4.1.1 Background 

RiskScape quantitative loss assessment software (RiskScape, 2015) was used to model direct 
consequences of dam-related flooding to downstream communities due to flood events related 
to the Sao and Ban Mong dams. RiskScape processes flood hazard, asset and vunerability 
information to estimate downstream impacts due to flooding (Figure 4.1). The results from and 
development of the RiskScape model and are described in the following sections. 

 
Figure 4.1 Schematic showing the main components of RiskScape. 

4.1.2 Scope 

A RiskScape model was developed which contained asset information and vunerability 
functions for all areas at risk of flooding downstream of the Sao and Ban Mong dams. 

Flood hazards layers, developed from the hydraulic modelling described in Sections 2 and 3, 
were then processed with the asset information and vunerability functions to calculate 
impacts for the flooding scenarios listed in Table 4.1. RiskScape was used to determine 
damages for a calibration event (i.e. Typhoon Lekima, 2007 flooding) a moderate and 
extreme spillway flood release (i.e. a 1 in 50 AEP flood and a PMF respectively) and a dam 
failure event (i.e. a Sunny Day failure scenario). The flood scenarios listed in Table 4.1 were 
selected as they proivde a broad range of flood events, however additional flood secnarios 
could be modelled if required. 

Table 4.1 Flood scenarios selected for consequence modelling. 

Dam Flood Type Flood Event 

Ban Mong Historical flood (calibration) Typhoon Lekima 2007 

Ban Mong Spillway flood release 1 in 50 AEP 

Ban Mong Spillway flood release PMF 

Ban Mong Dam break flood Sunny day failure 

Sao Spillway flood release PMF 

Sao Dam break flood Sunny day failure 

Hazard Assets Vulnerability Impacts 
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4.1.3 Methodology 

The general methodology to undertake the consequence assessment using RiskScape is 
summarised as follows, and detailed in the following sections of this report: 

1. Determine areas at risk from flooding using flood extent maps (refer to Sections 2 
and 3 of this Chapter) 

2. Collect available spatial and non-spatial data on assets (buildings, people and 
infrastructure within the flood extent areas) 

3. Undertake survey of downstream study area to determine typical construction types, 
and other necessary attributes for consequence modelling 

4. Develop asset datasets for buildings, population and crops using collated data, survey 
data and extrapolation methods 

5. Create RiskScape flood, asset, aggregation, and fragility function modules for chosen 
flood scenarios 

6. Calibrate results using Cyclone Lekima event 

7. Run RiskScape for model scenarios listed in Table 4.1, export results as maps and tables 
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4.2 RISKSCAPE MODEL DEVELOPMENT 

4.2.1 General 

Table 4.2 summaries the main model components and inputs used in the RiskScape model. 
Each of the inputs are described in more detail in the following sub-sections. 

Table 4.2 RiskScape input requirements. 

Model 

Component 
Input Source Input Format RiskScape File Format 

Flood Hazard  Hydraulic model ouput 
(refer to Section 2 and 3) 

GIS format (ASCII grid 
files) including extent and 
depth attributes 

RiskScape hazard module 
file (contains extent and 
depth attributes) 

[*.rksa file] 

Assets 

 Buildings 

 Population 

 Crops 

Building asset dataset 
created from extrapolated 
survey sample and 
statistical analysis 

GIS format converted into 
RiskScape compatible 
format using RiskScape 
Asset Repository Tool 
(includes attributes for type 
and value)  

RiskScape asset module 
file (contains all attributes 
required for impact 
calculation) 

[*.rksa file] 

Population attributes are 
assigned to buildings, 
assuming an average of 
four people per residential 
dwelling (refer to Section 
4.2.3.2) 

Included in building asset 
dataset 

Crops dataset created from 
analysis of land use maps 

GIS format (polygon crop 
shapefiles) converted 
RiskScape compatible 
format using RiskScape 
Asset Repository Tool 
(includes attributes for type 
and value) 

Fragility functions Modified RiskScape flood 
fragility functions for New 
Zealand and the Pacific – 
adapted for Viet Nam 

Mathematical depth 
damage functions 
described in graphical and 
equation format (not 
currently able to be directly 
imported by user) 

RiskScape fragility module 
file (contains depth damage 
relationship) 

[*.rksf file] 

Results Aggregation  Viet Nam administrative 
district and commune 
boundaries 

GIS format (polygon 
shapefile) 

RiskScape aggregation 
module file 

[*.rksm file] 
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4.2.2 Flood Hazard 

Flood hazards layers, developed from the hydraulic modelling described in Sections 2 and 3, 
were used as an input into the RiskScape software for the scenarios listed in Table 4.1. 

The flood hazard layers were also used to define the area downstream of Sao and Ban Mong 
dams potentially at risk from flooding. Figure 4.2 shows a screenshot from RiskScape with 
the PMF flood extent for both Sao and Ban Mong dams. Assest information was collected 
within this area, as described in Section 4.2.3. 

The area potentially at risk from flooding lies within the five districts shown on Figure 4.3 
(i.e Quy Hop, Nghia Dan, Thai Hoa, Tan Ky and Anh Son). The southern boundary for the 
RiskScape model is the junction of the Ca and Hieu Rivers. 

 
Figure 4.2 Flood extent combined for Sao and Ban Mong PMF scenarios shown in the RiskScape software 
interface. Scale for flood inundation layer is 0 – 20 metres; maximum depth of water for Ban Mong PMF is19.72 m 
and for Sao PMF is 9.28 m. 
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Figure 4.3 Districts are 1-5 included in the downstream consequences assessment. Note: District 6, Quy 
Chau, contains Ban Mong Reservoir but is not included in the consequences analysis and is shown for context 
only. Sao reservoir is in District 2, Nghia Dan. 

1. Quy Hop 

2. Nghia Dan 

3. Thai Hoa 

4. Tan Ky 

5. Anh Son 

6. Quy Chau 

Legend 
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Road 
River 
District Boundary 
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4.2.3 Asset Databases 

4.2.3.1 General 

Asset datasets were generated for buildings, people and agricultural land (crops). To develop 
asset datasets an assessment of existing asset information was first conducted and then 
where gaps were identified new datasets were created. Section 4.2.3.2 and 4.2.3.3 explain 
this process. 

4.2.3.2 Existing Data 

Assets at-risk are those assets within flood extent boundaries and can include people, 
buildings, building contents, infrastructure, livestock and agricultural crops. RiskScape 
requires attribute information to be associated with each asset type, so the degree of 
damage can be determined. 

Existing data, listed in Table 4.4, was used to populate and calibrate asset datasets. 

Geospatial information from topographic maps on structures, population and agriculture in 
the districts shown in Figure 4.2 did not provide sufficient information required for RiskScape. 
Topographic maps that were used for flood modelling (1:10,000) were examined for potential 
use as they include data points indicating buildings. However, the location of the buildings on 
the topographic maps was not consistent with ground surveys or the most-up-date satellite 
imagery and aerial photographs available on Google Earth. Also, many new buildings had 
been constructed since the topographic maps were published. 

Google Earth aerial photograph images however provided high resolution building footprints. 
These were able to be used to determine building locations and densities, but were not able 
to be exported as geo-rectified maps. Google Earth images were therefore not suitable for 
creating new datasets, but were used to assist with populating and calibrating artificially 
created datasets (Figure 4.4). Some GIS layers of land use and agriculture were available 
but these were incomplete or not sufficiently detailed (Figure 4.5). 

Statistical information in tabular form providing district level totals for population, enterprises 
and agriculture is available in Viet Nam statistical yearbooks (Nghe An Statistics Office, 
2011). Population information in statistical yearbooks includes urban and rural population 
counts for each district, and average population densities for each district. Information on the 
number of businesses, schools and hospitals is also available in the yearbook. This 
information is provided as district totals and is not geo-located with the necessary precision 
for geospatial modelling. Based on population densities in yearbooks and on the physical 
surveys, it was determined that an average of four people per residential dwelling would 
provide a good estimate of population in all districts. 
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Table 4.3 Sources of existing data and usefulness for creating asset datasets. 

Data Source Data contents Spatial parameters Asset dataset use 

Nghe An 
Statistical 
Yearbook 

 Population 

 Enterprises and 
businesses 

‐ types 

 Agriculture 

‐ types 

‐ value 

 Government buildings 

‐ government offices 

‐ hospitals 

‐ schools 

 District counts 

 District percentages 

 District densities 

 Building dataset 

‐ people 

‐ use category 

‐ density and count 
calibration 

 Agriculture dataset 

‐ value of crops 

‐ types of crops 

Land use maps  

GIS polygon and 
line data 

 Crop types (general) and 
locations  

 Boundaries of urban 
areas 

 Limited use category 
information 

‐ industrial sites 

‐ residential  

 VN 2000 projection 
compatible 

 Building dataset 

‐ use category 

 Crops dataset 

‐ crop type 

‐ boundary of crop 
dataset 

Aerial 
photographs 

(Google Earth) 

 Rivers 

 Building location and 
density 

 Individual buildings 
visible 

 Crop types  

 Buildings dataset 

‐ location of buildings 

  
Figure 4.4 Google Earth images of Thai Hoa Town showing building locations and density (left) and close up 
of commercial and residential area north-west of the bridge (showing building footptint). 
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Figure 4.5 General crop types (tree, rice, vegetable) projected as incomplete GIS polygons. 

4.2.3.3 Creation of Asset Datasets 

For all areas at-risk of flooding asset datasets are required for RiskScape modelling. To 
supplement the available data outlined in Section 4.2.3.3, it was necessary to develop spatial 
asset datasets as described in the following sections. 

Buildings 

The methodology described the DDCSI (2015) Guidelines was used to develop a building 
and population dataset for the downstream study area. The methodology involves surveying 
in situ building assets, creating classes of typical building types, and extrapolating building 
types to create datasets for the entire study area. The Real Time Attribute Capture Tool 
(RiACT) was used for the survey to ensure necessary information for RiskScape modelling 
was collected. 

A field survey to determine typical building types was undertaken in early March 2014. The 
survey team consisted of eleven people and was completed over four days. Over 900 
buildings were surveyed, and the data captured and archived in real-time using the RiACT 
application, installed on five Android tablets with 3G connections for live upload capability. 
Most buildings were surveyed in the Thai Hoa area but approximately 100 buildings in more 
remote rural areas were surveyed to capture any different construction types in those 
locations. As data was collected it was transmitted live to the asset repository (Figure 4.6). 
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Figure 4.6 Screenshot of asset repository showing progress of asset survey in commercial, and government 
sectors of Thai Hoa Town. 

The data shown in Table 4.5 to Table 4.9 summarise several key attributes of the surveyed 
buildings in Thai Hoa region. These tables provide information on building usage, age, 
number of stories, height, construction materials and construction standard. 

The information gathered from the building survey was used to extrapolate building attributes for 
the non-surveyed areas in Thai Hoa and other areas affected by flood inundation (Figure 4.7). 
For more detail on the extrapolation process refer to the DDCSI (2015) Guidelines. The assets 
dataset displayed within the RiskScape software is shown in Figure 4.9. 

Crops 

Basic GIS information for crop types was available from land use maps (Table 4.1). Aerial 
images were used to populate missing GIS information for crop types. During the building 
survey in Thai Hoa area (Section 4.3.3.1) the location of different crop types was noted and 
this information used to define types on aerial images and fill in the gaps for the crop 
datasets. 
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Table 4.4 Summary of usage category for surveyed buildings. 

Category No. of Bldg 

 

Residential 614 

Commercial 69 

Government 19 

Education 13 

Industrial 5 

Hospital 5 

Total 725 

Table 4.5 Summary of construction age for surveyed buildings. 

Category No. of Bldg 

 

Unknown age band 15 

pre 1950 2 

1950-1970 8 

1970-1990 99 

1990- 601 

Total 725 

Table 4.6 Summary of usage category for surveyed buildings. 

Category No. of Bldg 

 

1 554 

2-3 165 

4+ 6 

Total 725 

Table 4.7 Summary of usage category for surveyed buildings. 

Category No. of Bldg 

 

< 0.25 324 

0.25 – 0.5 351 

0.5 -1 37 

> 1 13 

Total 725 

 

 

Residential 

Commercial 

Government 

Education 

Industrial 

Hospital 

Unknown 

pre 1950 

1950-1970 

1970-1990 

1990- 
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Table 4.8 Summary of construction material for surveyed buildings. 

Category No. of Bldg 

 

Unknown 24 

Concrete 401 

Masonry 235 

Earth 1 

Steel/Metal 36 

Wood 28 

Total 725 

Table 4.9 Summary of usage category for surveyed buildings. 

Category No. of Bldg 

1 (Informal) 74 

2 290 

3 (Standard) 282 

4 63 

5 (Superior) 16 

Total 725 

 

 
Figure 4.7 Areas of common use mapped to provide template for extrapolation of buildings. 

Unknown 

Concrete 

Masonry 
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Residential – Low Density 
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Figure 4.8 RiskScape asset dataset created using survey and extrapolation method. 

4.2.4 Fragility Functions 

To calculate flood impacts to assets at risk, RiskScape uses the depth-damage relationships 
outlined in the DDCSI (2015) Guidelines. Table 4.10 lists the fragility functions used in 
RiskScape. 

Table 4.10 Summary of fragility functions. 

Asset 
Fragility 

Function 
Explanation 

People Injuries Injuries to people due to flood effects 

Buildings Building 
Damage State 

The degree of damage to buildings calculated based on the vulnerability of 
the asset and the depth of the water 

Buildings & 
People 

Population 
Displacement 

The number of buildings unusable due to flood damage, and the 
corresponding number of people unable to access buildings 
The duration buildings are unusable due to flood damage, and the 
corresponding duration people are unable to access building 

Buildings & 
Crops 

Reinstatement 
Cost 

The repair, replacement or reconstruction cost of buildings or crops damaged 
by flooding 

Loss of life due to flooding was not estimated with RiskScape. An attempt to apply Jonkman 
(2008) depth-velocity loss of life functions for natural flood events and the Graham (1999) 
methodology for dam break flood events was attempted. However the hydraulic models used 
to estimate flood inundation areas (refer to Section 2 and 3) were only suitable to generate 
maximum flood depth. Application of the Jonkman (2008) and Graham (1999) method using 
depth only flood hazard data resulted in unreliable estimates of loss of life. For example, for 
dam failure events the modelled number of deaths exceeded the numbers of critical and 
serious injuries. 

Due to the limitations of the adapted fragility functions in estimating loss lof life using depth 
only flood hazard information, only injuries (moderate, severe and critical) have been 
included in the RiskScape results. Further work is required to develop appropriate methods 
for determining loss of life with RiskScape using depth-only flood hazard information. 
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Evacuation during flood events in Viet Nam is generally highly effective (Red Cross, 2014; 
Centre for Assistance in Disaster Management and Humanitarian Assistance, 2012). 
However, no data is available on expected or previous evacuation rates for very large flood 
events in flood inundation area downstream of the Ban Mong and Sao dams. For this reason, 
all casualty results are modelled for the worst possible case which assumes no evacuation. 
The reason for this is to allow Disaster Risk Management (DRM) planners to consider how 
critical effective evacuation planning can be in reducing casualties. Calculations for effective 
evacuation can be applied following RiskScape modelling. Examples are provided in the 
results (Section 4.3) for each scenario showing casualties with no evacuation, and if 95% 
evacuation is achieved. 

The functional downtime is calculated for all buildings inundated. Because of building design 
and construction materials many buildings not significantly damaged may still experience 
inundation to a level that causes population displacement. In these cases it is expected 
people will evacuate from their homes until they can return and clean them. 

It should be noted that fragility functions used in RiskScape were compiled by the RiskScape 
development team. Modification of fragility functions is not currently available to general 
users. The functionality for users to import new fragility functions into RiskScape is expected 
in a future release of the RiskScape software. 

4.2.5 Results Aggregation 

RiskScape calculates damages on a per-asset basis. However results at a per-asset scale, 
can yield a high degree of uncertainty, particularly when fragility functions for the asset type 
are not well developed. RiskScape results have therefore been aggregated over District and 
Commune administrative boundaries. These aggregation boundaries were judged to be most 
appropriate for DRM planning purposes. Aggregated results are described by the 
classifications and units listed in Table 4.11. Refer to the DDCSI (2015) Guidelines for further 
description of the damage classes listed in Table 4.11. 

Table 4.11 Classification of RiskScape results. 

Asset Fragility Function Damage Classes Units 

People Injuries  None 
 Light or insignificant injury* 
 Moderate injury 
 Severe Injury 
 Critical injury 

People 
(number of people in each class) 

Buildings Building Damage 
State 

 None (no damage) 
 Light 
 Moderate 
 Severe 
 Critical 

Buildings 
(number of buildings in each class) 

Buildings & 
People 

Population 
Displacement 

 None (no downtime) 
 One day 
 One day to one week 
 One week to one month 
 One month to six months 

Buildings 
(number of buildings unusable for 
each duration class) 
People 
(number of people unable to use their 
dwelling for each duration class) 

Buildings & 
Crops 

Reinstatement Cost  Monetary range VND 
(buildings) 
$US crops 
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4.2.6 Limitations 

Uncertainty in results produced with RiskScape can result from: 

 Uncertainties carried over from flood hazard modelling (these could be due to low 
resolution topographic data or uncertainty in spillway operation rules or how quickly 
and severely the dam might fail structurally). 

 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. 

It is impossible to remove all uncertainty from a model and therefore it is recommended that 
users consider the results not as a solution but as useful information to assist with planning. 

It should be noted that RiskScape is a decision support tool. It provides results that can be 
used for decision making regarding DRM planning; land use planning, as well as cost benefit 
analyses for mitigation and structural upgrades. Modelling consequences in RiskScape does 
not reduce losses or make any person safer from flood harm unless the results are used by 
authorities to manage existing risk or to avoid future risk. 

Chapter 6 of this Case Study provides further detail on how results from RiskScape can be 
used to assist DRM decision-making. 

4.2.7 RiskScape Model Compilation 

The flood hazard layers, asset databases, fragility functions and aggregation units described 
previously were entered into the RiskScape model. Results from the model are presented in 
Section 4.3. 
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4.3 MODEL OUTPUT 

4.3.1 Model Scenarios 

RiskScape was used to estimate downstream impacts for the scenarios described in  
Table 4.12. The same asset database, fragility functions and aggregation units described in 
Section 4.2.3 to 4.2.5 were used for all model runs. 

For each model run, the user is required to include certain variables such as the time day or 
night, or whether to calculate for all assets or a subset (e.g. only residential buildings). The 
selections used for the RiskScape model scenarios are summarised in Table 4.12. 

Results for each model run are summarised in the following sections: 

 Section 4.3.1: Model calibration results 

 Section 4.3.3: Ban Mong dam consequence assessment results 

 Section 4.3.2: Sao dam consequence assessment results 

Table 4.12 RiskScape model scenarios and parameters. 

No. 
Model Scenario 

Evacuation 
Day or 

Night 

Duration 

of Flood Dam Flood Type Flood Event 

1 Ban Mong Historical flood 
(calibration) 

Typhoon Lekima 
2007 

No evacuation Night 1 day 

2 Ban Mong Spillway flood 
release 

1 in 50 AEP No evacuation Night 1 day 

3 Ban Mong Spillway flood 
release 

PMF No evacuation Night 1 day 

4 Ban Mong Dam break flood Sunny day 
failure 

No evacuation Night 1 day 

5 Sao Spillway flood 
release 

PMF No evacuation Night 1 day 

6 Sao Dam break flood Sunny day 
failure 

No evacuation Night 1 day 

Results can be viewed in the following formats: 

 Two dimensional maps: most useful for overviews of worst affected areas and for 
viewing non-classified results 

 CSV file spreadsheets: produce results in tabular form. Most useful for rapid data 
analysis and viewing all impacts from model runs 

 Export shapefiles for viewing in GIS: useful for viewing classified impacts as layers but 
requires GIS expertise 

 Google Earth projections: visually attractive for rapid overviews but less detail provided 
for analysis. 

In Sections 4.3.3 and 4.3.4 the results of the case study consequences assessment for each 
flood scenario are presented in tabular form. 
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4.3.2 Calibration Results 

In October 2007, Typhoon Lekima caused significant flooding in Nghe An Province, including 
the areas downstream of the Sao dam and proposed Ban Mong dam. Considerable data on 
the physical, social and economic impacts of Typhoon Lekima are available from the records 
of the Central Committee for Flood and Storm Control (CCFSC). The flood depth and extent 
for the Typhoon Lekima event was developed using the HEC-RAS model (described In 
Section 3.0) and applied in RiskScape to provide a comparison with actual losses from the 
event. A comparison of damages and losses estimated from RiskScape and collected by 
CCFSC after Typhoon Lekima are shown in Table 4.13. 

The actual damages from Typhoon Lekima are provided at the provincial level. The study 
area, downstream of Ban Mong dam, covers approximately 6 of the total 20 districts, towns 
and cities in Nghe An. Therefore provincial damages listed in Table 4.13 have been 
multiplied by 0.25 (5/20 = 0.3) to reflect the damages to our study area. It is noted that this 
assumes that equal damages and losses occurred for all districts during the event, and it is 
understood that losses were greater in the coastal area. However the study area also 
contains two large settlements (Thai Hoa and Tan Ky) and it is considered reasonable to 
apply this assumption for model calibration. 

Casualties and injuries listed in Table 4.13 are provided for two cases, one assuming no 
evacuation and the other case assuming reductions in casualties with highly effective (95%) 
evacuation. Reports from the Red Cross on the Typhoon Lekima event (IFRC, 2007) indicate 
that evacuation was highly successful. 

Table 4.13 indicates that the RiskScape modelling results, assuming a 95% evacuation rate, 
generally compare well with the actual damages from the Typhoon Lekima event. RiskScape 
somewhat overestimated the number of collapsed and washed away buildings although the 
calculated number is within the order of magnitude of the actual result. Reasons for this 
could be under-reporting of damage, errors in the flood hazard model (unlikely given the 
other estimates are good), or that the fragility function is overly conservative with regards to 
the vulnerability of Viet Nam buildings. Overall, Table 4.13 suggests satisfactory model 
calibration when considering the uncertainties contained in quantitative consequence 
modelling due to assumptions in the hazard input layers, asset datasets, fragility calculations, 
economic costs, etc. 

Table 4.13 Comparison of actual losses form Cyclone Lekima with modelled results from RiskScape. 

Parameter 

Actual Damage from CCFSC RiskScape Damage Estimates 

Total for 

Nghe An 

Province 

Estimation 

for six 

districts 

Estimation for 

six districts 

(95% evacuation) 

Estimation for 

six districts 

(No evacuation) 

Number of buildings 
collapsed and washed away 

87 22 69 69 

Number of buildings 
submerged and damaged 

8102 2026 2285 2285 

Serious or critical injuries 16 4 8 164 

Economic losses 

(Million VND) 
550,000 * 137,500 132,000 * 132,000 * 

* RiskScape economic loss results are for repair and reconstruction of buildings only. 



Dam and Downstream Community Safety Initiative – November 2015 

 

Case Study, Chapter 5 – Hazard Impact on Downstream Communities 77 
 

 
Figure 4.9 Cyclone Lekima Flood hazard model for the Hieu River (max depth 14.53m). 
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4.3.3 Ban Mong Dam Consequence Assessment Results 

4.3.3.1 Building Damage and Reconstruction Costs 

The following tables provide estimates of the number of buildings damaged to varying degrees 
in the five main districts from several Ban Mong dam failure scenarios (1 in 50 AEP, PMF, 
Sunny Day failures). Results include only buildings that are inundated, rather than all buildings 
in study area. The results include reinstatement costs, number of casualties for various 
evacuation scenarios, people displaced, and crops damaged for the various failure scenarios. 
The results show considerable differences between the Districts, and between the various 
scenarios, which is a function of the hazard (size of the event and distance to Ban Mong Dam) 
and exposure in each District (building stock, population, evacuation policies, Crops). 

Table 4.14 Number of buildings damaged Ban Mong 1in 50 AEP scenario per district. 

District None Insignificant Light Moderate Severe Critical 

Thai Hoa 60 86 179 307 337 84 

Quy Hop 2 0 0 0 1 0 

Nghia Dan 195 121 347 747 779 184 

Tan Ky 69 12 76 206 296 83 

Anh Son 7 0 1 23 26 21 

Total 333 219 603 1283 1439 372 

Table 4.15 Reinstatement cost for Ban Mong 1 in 50 AEP scenario in Viet Nan Dong Millions and $US. 

District VND millions $US 

Thai Hoa 72,900 3,412,937 

Quy Hop 28 1,313 

Nghia Dan 160,000 7,490,672 

Tan Ky 44,100 2,064,616 

Anh Son 3,626 169,735 

Total 280,654 13,139,273 

Table 4.16 Number of buildings damaged Ban Mong PMF scenario per district. 

District None Insignificant Light Moderate Severe Critical 

Thai Hoa 76 122 285 1118 1378 736 

Quy Hop 4 0 1 2 8 4 

Nghia Dan 563 1118 1665 3620 3087 1714 

Tan Ky 40 26 126 395 715 611 

Anh Son 7 0 0 5 36 102 

Total 690 1266 2077 5140 5224 3167 
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Table 4.17 Reinstatement cost for Ban Mong PMF scenario in Viet Nan Dong Millions and $US. 

District VND millions $US 

Thai Hoa 329,000 15,402,694 

Quy Hop 750 35,096 

Nghia Dan 903,000 42,275,479 

Tan Ky 152,000 7,116,138 

Anh Son 13,000 608,617 

Total 1,397,750 65,438,024 

Table 4.18 Number of buildings damaged Ban Mong sunny day dam failure scenario per district. 

District None Insignificant Light Moderate Severe Critical 

Thai Hoa 53 86 198 344 398 97 

Quy Hop 6 0 1 12 26 18 

Nghia Dan 301 248 426 1186 942 343 

Tan Ky 31 4 25 54 53 22 

Anh Son 3 1 0 8 10 0 

Total 394 339 650 1604 1429 480 

Table 4.19 Reinstatement cost for Ban Mong sunny day dam failure scenario in Viet Nan Dong Millions and $US. 

District VND millions $US 

Thai Hoa 81,500 3,815,561 

Quy Hop 3,300 154,313 

Nghia Dan 245,000 11,470,091 

Tan Ky 11,200 524,347 

Anh Son 698 32,687 

Total 341,698 15,996,999 
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4.3.3.2 Casualties 

Table 4.20 Significant injuries for Ban Mong 1 in 50 AEP scenario – no evacuation. 

District Moderate injury Serious injury Critical injury 

Thai Hoa 403 51 17 

Quy Hop 1 0 0 

Nghia Dan 881 112 37 

Tan Ky 294 37 13 

Anh Son 31 4 1 

Total 1,610 204 68 

Table 4.21 Significant injuries for Ban Mong PMF scenario – no evacuation. 

District Moderate injury Serious injury Critical injury 

Thai Hoa 1,323 168 56 

Quy Hop 8 1 0 

Nghia Dan 4,118 523 175 

Tan Ky 678 86 29 

Anh Son 49 6 2 

Total 6,175 784 263 

Table 4.22 Significant injuries for Ban Mong sunny day dam failure scenario – no evacuation. 

District Moderate injury Serious injury Critical injury 

Thai Hoa 3,119 396 133 

Quy Hop 108 14 5 

Nghia Dan 10,706 1,359 455 

Tan Ky 5,746 729 244 

Anh Son 107 14 5 

Total 19,787 2,511 841 
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4.3.3.3 Effective evacuation 

Table 4.23 Reduction in casualties for Ban Mong 1 in 50 AEP scenario with 95% effective evacuation. 

All district total Moderate injury Serious injury Critical injury

With no evacuation 1,610 204 68 

With 95% evacuation 81 10 3 

Table 4.24 Reduction in casualties for Ban Mong PMF with 95% effective evacuation. 

All Districts total Moderate injury Serious injury Critical injury

With no evacuation 6,175 784 263 

With 95% evacuation 309 39 13 

Table 4.25 Reduction in casualties for Ban Mong sunny day dam failure with 95% effective evacuation. 

All Districts total Moderate injury Serious injury Critical injury

With no evacuation 19807 2511 841 

With 95% evacuation 989 126 42 
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4.3.3.4 Population Displacement 

Table 4.26 Number of buildings affected and people displaced Ban Mong 1 in 50 AEP scenario. 

Table 4.27 Number of buildings affected and people displaced Ban Mong PMF scenario. 

Table 4.28 Number of buildings affected and people displaced Ban Mong sunny day failure scenario. 

Study area 
None 

One day to 

one week 

One week to 

one month 

One month to 

six months 

Buildings People Buildings People Buildings People Buildings People

Thai Hoa 7129 28516 465 1860 69 276 519 2076 

Quy Hop 263 1052 2 8 0 0 1 4 

Nghia Dan 29035 116140 854 3416 156 624 1363 5452 

Tan Ky 15441 61764 307 1228 34 136 401 1604 

Anh Son 173 692 32 128 4 16 42 168 

Total 52042 208164 1660 6640 263 1052 2326 9304 

Study area 
None 

One day to 

one week 

One week to 

one month 

One month to 

six months 

Buildings People Buildings People Buildings People Buildings People

Thai Hoa 4467 17868 759 3036 143 572 2813 11252 

Quy Hop 247 988 7 28 1 4 11 44 

Nghia Dan 19641 78564 4098 16392 363 1452 7306 29224 

Tan Ky 14270 57080 385 1540 73 292 1455 5820 

Anh Son 101 404 15 60 2 8 133 532 

Total 38726 154904 5264 21056 582 2328 11718 46872 

Study area 
None 

One day to 

one week 

One week to 

one month 

One month to 

six months 

Buildings People Buildings People Buildings People Buildings People

Thai Hoa 7006 28024 528 2112 31 124 617 2468 

Quy Hop 203 812 21 84 2 8 40 160 

Nghia Dan 27962 111848 1293 5172 116 464 2037 8148 

Tan Ky 15994 63976 115 460 4 16 70 280 

Anh Son 229 916 13 52 2 8 7 28 

Total 51395 205580 1970 7880 155 620 2771 11084 
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4.3.3.5 Crop losses 

Table 4.29 Value of crop losses for Ban Mong 1 in 50 AEP scenario in Viet Nan Dong Millions and $US. 

District VND millions $US 

Thai Hoa 17 804 

Quy Hop 1 57 

Nghia Dan 92 4,318 

Tan Ky 362 16,953 

Anh Son 11 503 

Total 484 22,636 

Table 4.30 Value of crop losses for Ban Mong PMF scenario in Viet Nan Dong Millions and $US. 

District VND millions $US 

Thai Hoa 42 1,978 

Quy Hop 3 163 

Nghia Dan 226 10,584 

Tan Ky 565 26,468 

Anh Son 25 1,192 

Total 863 40,384 

Table 4.31 Value of crop losses for Ban Mong sunny day dam failure scenario in Viet Nan Dong Millions and $US. 

District VND millions $US 

Thai Hoa 20 941 

Quy Hop 10 453 

Nghia Dan 150 7,000 

Tan Ky 208 9,740 

Anh Son 2 74 

Total 389 18,209 
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4.3.4 Sao Dam Consequence Assessment Results 

4.3.4.1 Building Damage and Reconstruction Costs 

The following tables provide estimates of the number of buildings damaged to varying degrees 
in the five main districts from several Sao Dam failure scenarios (1 in 50 AEP, PMF, Sunny 
Day failures). Results include only buildings that are inundated, rather than all buildings in 
study area. The results include reinstatement costs, number of casualties for various 
evacuation scenarios, people displaced, and crops damaged for the various failure scenarios. 
The results show considerable differences between the Districts, and between the various 
scenarios, which is a function of the hazard (size of the event and distance to Ban Mong Dam) 
and exposure in each District (building stock, population, evacuation policies, Crops). 

Table 4.32 Number of buildings damaged Sao PMF scenario per district. 

District None Insignificant Light Moderate Severe Critical 

Thai Hoa 0 0 0 0 0 0 
Quy Hop 0 0 0 0 0 0 
Nghia Dan 225 124 173 394 332 18 
Tan Ky 0 0 0 0 0 0 
Anh Son 0 0 0 0 0 0 
Total 225 124 173 394 332 18 

Table 4.33 Reinstatement cost for Sao PMF scenario in Viet Nan Dong Millions and $US. 

District VND millions $US 

Thai Hoa 0 0 
Quy Hop 0 0 
Nghia Dan 61,400 2,874,545 
Tan Ky 0 0 
Anh Son 0 0 
Total 61,400 2,875,545 

Table 4.34 Number of buildings damaged Sao sunny day dam failure scenario per district. 

District None Insignificant Light Moderate Severe Critical 

Thai Hoa 0 0 0 0 0 0 
Quy Hop 0 0 0 0 0 0 
Nghia Dan 288 259 235 654 409 118 
Tan Ky 0 0 0 0 0 0 
Anh Son 0 0 0 0 0 0 
Total 288 259 235 654 409 118 

Table 4.35 Reinstatement cost for Sao sunny day dam failure scenario in Viet Nan Dong Millions and $US. 

District VND millions $US 

Thai Hoa 0 0 
Quy Hop 0 0 
Nghia Dan 103,000 4,822,120 
Tan Ky 0 0 
Anh Son 0 0 
Total 103,000 4,822,120 
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4.3.4.2 Casualties 

Numbers of people with no injuries, insignificant injuries and light injuries are not shown. 

Table 4.36 Significant injuries for Sao PMF scenario – no evacuation. 

District Moderate injury Serious injury Critical injury

Thai Hoa 0 0 0 

Quy Hop 0 0 0 

Nghia Dan 497 63 21 

Tan Ky 0 0 0 

Anh Son 0 0 0 

Total 497 63 21 

Table 4.37 Significant injuries for Sao PMF scenario – no evacuation. 

District Moderate injury Serious injury Critical injury

Thai Hoa 0 0 0 

Quy Hop 0 0 0 

Nghia Dan 738 94 31 

Tan Ky 0 0 0 

Anh Son 0 0 0 

Total 738 94 31 

4.3.4.3 Effective evacuation 

These rates are calculated outside RiskScape using exported casualty results. 

Table 4.38 Reduction in casualties for Sao PMF with 95% effective evacuation. 

All districts total Moderate injury Serious injury Critical injury

With no evacuation 497 63 21 

With 95% evacuation 25 3 1 

Table 4.39 Reduction in casualties for Sao sunny day dam failure scenario with 95% effective evacuation. 

All districts total Moderate injury Serious injury Critical injury

With no evacuation 738 94 31 

With 95% evacuation 37 5 2 
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4.3.4.4 Population Displacement 

Table 4.40 Number of buildings affected and people displaced Sao PMF scenario. 

Study area 
None 

One day to 

one week 

One week to 

one month 

One month to 

six months 

Buildings People Buildings People Buildings People Buildings People

Thai Hoa 8182 32728 0 0 0 0 0 0 

Quy Hop 266 1064 0 0 0 0 0 0 

Nghia Dan 30142 120496 697 2788 38 152 531 2124 

Tan Ky 16183 64732 0 0 0 0 0 0 

Anh Son 251 1004 0 0 0 0 0 0 

Total 55024 220096 697 2788 38 152 531 2124 

Table 4.41 Number of buildings affected and people displaced Sao sunny day dam failure scenario. 

Study area 
None 

One day to 

one week 

One week to 

one month 

One month to 

six months 

Buildings People Buildings People Buildings People Buildings People

Thai Hoa 8182 32728 0 0 0 0 0 0 

Quy Hop 266 1064 0 0 0 0 0 0 

Nghia Dan 29445 117780 1066 4264 46 184 851 3404 

Tan Ky 16183 64732 0 0 0 0 0 0 

Anh Son 251 1004 0 0 0 0 0 0 

Total 54327 217308 1066 4264 46 184 851 3404 

4.3.4.5 Crop losses 

Table 4.42 Value of crop losses for Sao PMF scenario in Viet Nan Dong Millions and $US. 

District VND millions $US 

Thai Hoa 0 0 

Quy Hop 0 0 

Nghia Dan 12 567 

Tan Ky 0 0 

Anh Son 0 0 

Total 12 567 

Table 4.43 Value of crop losses for Sao sunny day dam failure scenario in Viet Nan Dong Millions and $US. 

District VND millions $US 

Thai Hoa 0 0 

Quy Hop 0 0 

Nghia Dan 16 765 

Tan Ky 0 0 

Anh Son 0 0 

Total 16 765 
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A1.0 SAO DAM MAXIMUM FLOOD DEPTH MAPS 

 PMF Spillway Release (no dam failure) 

 Sunny Day Failure Scenario 

 Flood Failure Scenario 
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Safety Initiative, Case Study” November 2015 which 
describes the methodology to produce the map and its 
limitations. 
3. Flood travel times (if indicated on the map) are measured 
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vary from those indicated. 
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A2.0 BAN MONG DAM MAXIMUM FLOOD DEPTH MAPS 

 1 in 50 AEP Spillway Release (no dam failure) 

 PMF Spillway Release (no dam failure) 

 Sunny Day Failure of Ban Mong Closure Dam 

 Flood Failure of Ban Mong Closure Dam 

 

 Sunny Day Failure of Chau Binh Saddle Dam 

 Flood Failure of Chau Binh Saddle Dam 
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1.0 INTRODUCTION 

1.1 SCOPE 

This Case Study report presents application of methods detailed in the Dam and 
Downstream Community Safety Initiative Guidelines (DDSCI, 2015) to improve the safety of 
a dam, as well as the disaster risk management practices for communities living downstream 
of a dam. 

The methodology is applied to one existing dam (Sao) and one under construction (Ban 
Mong) in the Nghe An province. Refer to Chapter 1 for the location, key parameters and a 
description of the Sao and Ban Mong dams. 

The following sections provide the methodology and list of improvements recommended to 
improve dam safety (Section 2.0) and disaster risk management (Section 3.0) related to the 
Sao and Ban Mong dams. 

1.2 LEVEL OF ASSESSMENT 

The level of time and resource to undertake “Dam Safety and Disaster Risk Management” 
assessment outlined in the DDCSI (2015) Guidelines should be appropriate to the size, 
complexity and potential downstream impacts of the dam or reservoir under investigation. 

Three different levels of assessment (i.e. Preliminary, Intermediate and Detailed) are 
provided in the DDCSI (2015) Guidelines. 

An Intermediate/Detailed assessment was performed for the Sao and Ban Mong dams. The 
reasons for adopting an Intermediate/Detailed assessment are outlined in Chapter 1, Section 
1.4.3 and 1.4.4 of this Case Study. 

The analysis described in the following sections is based generally on the Intermediate 
approach outlined in the DDCSI (2015) Guidelines (refer to Table 1.1). 

Table 1.1 Summary of level of assessment adopted. 

Component Sao Dam Ban Mong Dam 

Dam Safety Intermediate 

(Section 2.0) 

Intermediate 

(Section 2.0) 

Disaster Risk Management Intermediate 

(Section 3.0) 

Detailed 

(Section 3.0) 
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2.0 DAM SAFETY MANAGEMENT 

2.1 INTRODUCTION 

The general methodology to carry out a dam safety assessment for the Sao and Ban Mong 
dams is consistent with the DDCSI (2015) Guidelines and is summarised as follows: 

1. Assemble and review existing information on dam safety management, including: 

˗ Operation and Maintenance Program 

˗ Emergency Preparedness Plan 

2. Identify any dam safety issues from: 

˗ Surveillance and Inspections 

˗ Dam safety reviews 

˗ Potential Failure Modes Assessment (refer to Chapter 4 of this Case Study) 

3. Develop improvements to any dam safety deficiencies identified 

Based on the information assembled for Ban Mong and Sao Dams, gaps in existing dam 
safety management and potential dam safety issues were identified and improvements are 
recommended as outlined in the following sections. 
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2.2 COLLECT AND REVIEW EXISTING DAM SAFETY INFORMATION 

2.2.1 Introduction 

The DDCSI (2015) Guidelines provide the typical requirements of a dam safety program. 
These are summarised as follows: 

 Operation and Maintenance Program: 

An Operation and Maintenance Program is a formal set of procedures to ensure that a 
dam and reservoir is adequately operated and maintained. The program should be 
formally documented in an Operations and Maintenance Plan, and contain information 
on the following: 

˗ Operation Procedures 

˗ Maintenance Procedures 

˗ Surveillance and Monitoring Procedures 

˗ Maintenance and Testing of Flow Control Equipment 

 Emergency Preparedness Plan: 

An Emergency Preparedness Plan (EPP) is a formal plan which identifies potential 
emergency conditions at a dam and prescribes the procedures to be followed in an 
emergency so that potentially harmful downstream consequences are minimised. 

Information on the items listed above were requested from the management company that 
operates and regulates the Sao Dam (QLKTCTTL Nghĩa Đàn). Section 2.2.2 outlines the 
outcome from review of the Sao Dam safety program. 

Ban Mong dam is currently under construction so information on its dam safety program is 
not yet available to review – refer to Section 2.2.3. 

2.2.2 Sao Dam 

A formal document outlining the operation and maintenance of Sao dam was not available.  

However regulatory operation rules for the Sao reservoir are documented in Decision No. 
06/2008/QD-UBND of the People's Committee of Nghe An. These operation rules were 
reviewed. 

An indication of maintenance methods for the dam were obtained from discussion with 
DARD officials and management staff of QLKTCTTL Nghĩa Đàn responsible for operation 
and maintenance of Sao Dam during a site visit in November 2014. 

The existing spillway operation rules from Decision No. 06/2008/QD-UBND were reviewed 
and are represented graphically in Figure 2.1. The target reservoir water level at the end of 
the wet season (i.e. end of November) is equivalent to Full Supply Level (75.7 m). This is so 
that there is maximum water stored for irrigation at the beginning of the dry season. 
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Figure 2.1 Sao Reservoir Target Water Level by Month End. 

From the flood routing described previously in Chapter 3 of this Case Study, Sao reservoir has 
adequate capacity to significantly route the design (1 in 100 AEP) and check flood (1 in 500 
AEP) inflows using the reservoir capacity between the Full Supply Level and the dam crest. 

Accordingly, the existing flood discharge release rules for operating the gated spillway, 
represented in Figure 2.1, are considered appropriate for flood routing and there is little 
opportunity for improvement particularly considering the need to store water for irrigation at 
the beginning of the dry season. However, as outlined in Section 3.0, increased 
communication by the dam owner of intended spillway release to the population downstream 
should be improved. 

2.2.3 Ban Mong Dam 

No operation and maintenance documentation or Emergency Preparedness Plans have 
been prepared for this dam as it is under construction and this documentation will be 
prepared subsequently when construction is nearing completion. 

Due to the size and potential downstream impact of the Ban Mong dam, the Operation and 
Maintenance Plan should be reviewed by independent experts when it is available. 
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2.3 IDENTIFICATION OF DAM SAFETY ISSUES 

2.3.1 Introduction 

The following sub-sections outline the dam safety issues for the Sao and Ban Mong dams. 
Dam safety issues were identified from: 

 Review of dam safety program documentation and discussions  

 Potential Failure Modes Assessment 

 Visual inspections and discussion with DARD officials and dam management staff 

2.3.2 Sao Dam 

2.3.2.1 Issues Identified from Review of Dam Safety Program 

Based on the review of the operation rules and discussions with DARD officials and dam 
management staff, it was concluded that the Operation and Maintenance Program should be 
expanded and documented to include the following: 

1. The reservoir operation and maintenance procedures should be formally documented 
and outline pre-planned procedures for operating and maintaining all mechanisms 
associated with the dam including outlet control valves and spillway gates. 

2. The requirements for surveillance and monitoring should be documented and consist of: 

˗ Regular (monthly or weekly) inspections of the dam by trained inspectors who 
understand the Potential Failure Modes for the dam (refer to Section 2.3) and 
read dam monitoring instruments (piezometers and seepage weirs) and defined 
observations of components of the dam. 

˗ Systematic recording of readings and observations from monitoring instruments, 
including storage of data in a reliable and accessible place or network. 

˗ The data from monitoring instruments and observations is reviewed for 
consistency, inconsistent data is checked and verified and the reviewed data 
securely archived. 

˗ The recorded data from monitoring instruments and observations is evaluated 
periodically, in accordance with the dam safety program, to assess safe 
behaviour of the dam. 

3. The requirements for periodic dam safety inspections should be documented and 
carried out at the following intervals, as per Decree 72: 

˗ Monthly or weekly dam safety inspections 

˗ Annual dam performance inspection 

˗ 7-yearly dam safety verification inspection 

˗ Special purpose inspections 

4. An Emergency Preparedness Plan should be prepared and include the flood inundation 
maps prepared in Chapter 5 of this Case Study  

5. Procedures to identify and manage dam safety issues should be prepared and 
documented 
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6. Communication of intended spillway release by the dam owner to the population 
downstream should be improved (refer to Section 3.0 for more information). 

2.3.2.2 Issues Identified from PFMA 

Potential failure modes for the Sao Dam, were developed in Chapter 4 of this Case Study. 
The credible potential failure modes for Sao Dam are listed in Table 2.1. 

Potential options to improve dam safety, specific to the credible failure modes that have been 
identified for Sao Dam, are also summarised in Table 2.1. 

Table 2.1 Sao Dam credible potential failure modes. 

No. Potential Failure Mode Dam Safety Improvement Options 

1 Internal erosion (piping) along the irrigation 

supply conduit through the Main or the Saddle 

Dam embankment continues unchecked 

resulting in embankment breach. 

Examine existing surveillance program to 

determine whether seepage at downstream area 

of conduit is routinely monitored. If seepage in 

this area not routinely monitored then develop 

method for intercepting and monitoring seepage 

(e.g. instrumentation within conduit filter), and 

install if feasible. 

2 Earthquake shaking causes a transverse crack 

through the Main Dam or the Saddle Dam 

embankment which erodes causing a breach. 

Include post major earthquake inspection in Sao 

Dam safety program inspection regime. 

Inspection needs to be implemented promptly 

after a major earthquake and include inspection 

of the embankment crest and downstream 

slopes. Knowledge of local contractors with 

capability to staunch a leaking crack should be 

included in the Emergency Preparedness Plan. 

Also consider having stockpile of staunching 

material available on site. 

3 Earthquake shaking causes the spillway gate 

tower which supports the spillway gate lifting 

mechanism to collapse making the spillway 

gates inoperable and unable to be opened to 

pass a flood which overtops and breaches the 

dam. 

Assess capacity and overtopping erosion 

susceptibility of Emergency Spillway Dam to 

ascertain whether it can protect the Main and 

Saddle Dam embankments from failure during a 

flood should the main spillway gates become 

inoperable. If the Emergency Spillway Dam 

capacity is not sufficient to prevent flood 

overtopping of the Main Dam and Saddle Dam 

when the main spillway gates are inoperable 

then there is a need to upgrade the main spillway 

gate tower. Such an upgrade should be 

prioritised based on the return period of the 

earthquake which would damage the spillway 

tower. 

A number of potential failure modes required additional information to either rule them out or 
to confidently assess them as credible. These potential failure modes are listed in Table 2.2 
for Sao Dam. This list of potential failure modes should be prioritised based on their potential 
risk and the amount of work required to produce the further information listed in Table 2.2. 
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Options to mitigate these potential failure modes should be developed (as per Table 2.1) if 
they are considered to be credible once further information is gathered and analysed. 

Table 2.2 Sao Dam potential failure modes requiring further information. 

Potential Failure Mode Description Further Information Required 

Spillway gates fail to open (power failure or malfunction) 

or flood exceeds spillway capacity and Emergency 

Spillway Dam overtops 

 Estimate overtopping erosion performance of 

Emergency Spillway Dam 

 Investigate reliability of auxiliary power supply 

for spillway gates 

Main Dam embankment slope failure triggered by 

earthquake 

 Confirm Maximum Design Earthquake loading 

 Obtain constructed soil properties of the 

embankment. 

 Stability analysis for earthquake with peak 

ground acceleration of 0.4g 

Internal erosion of the Main Dam or Saddle Dam 

embankment due to material incompatibility 
 Check filter design and compatibility 

Spillway gate cannot carry hydraulic load (spillway gates 

are different from construction drawings), gate fails 

releasing uncontrolled flow 

 Conduct a structural check of the installed 

spillway gates 

2.3.2.3 Issues Identified from Inspection 

During the November 2014 site visit the following additional considerations to overall dam 
safety management were identified based on observations and discussion with DARD 
officials responsible for safety of Sao Dam: 

 Control vegetation growing on the main and spillway embankment dam downstream 
faces (necessary to facilitate observation of any seepage on the downstream face) 

 Investigate ponding at the downstream toe of the main embankment (to establish if 
seepage is occurring through the embankment and to facilitate monitoring of any 
seepage) 
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2.3.3 Ban Mong Dam 

2.3.3.1 Issues Identified from Review of Dam Safety Program 

Ban Mong dam is currently under construction and therefore no dam safety program was 
available for review. 

2.3.3.2 Issues Identified from PFMA 

Potential failure modes for the Ban Mong Dam, were developed in Chapter 4 of this Case 
Study. The credible potential failure modes for Ban Mong Dam are listed in Table 2.3. 

Potential options to improve dam safety, specific to the credible failure modes that have been 
identified for Ban Mong Dam, are also summarised in Table 2.3. 

Table 2.3 Sao Reservoir Target Water Level by Month End. 

No. Potential Failure Mode Dam Safety Improvement Options 

1 An extreme flood (greater than the Main Dam 

spillway capacity of 1 in 1,000 annual exceedance 

probability) causes overtopping and breach of the 

Closure Dam. 

Raise the Closure Dam to prevent overtopping 

during an extreme flood. Achievable by raising 

crest parapet wall design. 

2 During construction of the embankment Closure 

Dam, a flood occurs, exceeding the capacity of the 

two sluices in the Main Dam, in turn causing the 

partly constructed Closure Dam to be overtopped 

and breached. 

Risk of breach is related to time required to 

construct Closure Dam and the Closure Dam type. 

Very rapid construction of the embankment dam 

may reduce risk to acceptable level. Alternatively, 

a different dam type (such as RCC or concrete 

faced rock fill) which can survive overtopping may 

reduce risk to acceptable level. 

3 Failure of an upstream dam or landslide dam 

releases a large flow which on entering the Ban 

Mong reservoir causes both the concrete gravity 

Main Dam and the Closure Dam to be overtopped. 

The Closure Dam (earthfill) is susceptible to 

overtopping and fails. 

Raise the Closure Dam to prevent overtopping 

(see PFM No. 1). 

Include aerial observation of upper catchment for 

major landslides after extreme rainfall and 

earthquake events in Emergency Preparedness 

Plan. 

A number of potential failure modes required additional information to either rule them out or to 
confidently assess them as credible. These potential failure modes are listed in Table 2.4 for Ban 
Mong Dam. This list of potential failure modes should be prioritised based on their potential risk 
and the amount of work required to produce the further information listed in Table 2.4. Options to 
mitigate these potential failure modes should be developed (as per Table 2.3) if they are 
considered to be credible once further information is gathered and analysed. 
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Table 2.4 Potential failure modes for Ban Mong requiring further information. 

Potential Failure Mode Description Further Information Required 

Internal erosion develops in the body of the Closure Dam 

forming a pipe which advances upstream through the 

body of the dam causing failure 

 Filter compatibility design to check adequacy of 

filter material specification 

 Review of quality assurance and site 

supervision after construction is complete 

During construction of the earthfill embankment Closure 

Dam, a flood occurs which exceeding the capacity of the 

two sluices in the Main Dam, in turn causing the partly 

constructed Closure Dam to be overtopped and breached. 

 Credible failure mode (Category II) until sluice 

design capacity proven to be adequate to pass 

design flood during construction of earthfill 

Closure Dam 

2.3.3.3 Issues Identified from Inspection 

Ban Mong dam is currently under construction and therefore no dam safety issues were 
identified from site inspection. 
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3.0 DISASTER RISK MANAGEMENT 

3.1 INTRODUCTION 

The methodology outlined in the DDCSI (2015) Guidelines has been used to undertake an 
assessment of Disaster Risk Management (DRM) planning and practice related to the Sao 
and Ban Mong dams. The overall methodology for review of DRM planning is summarised in 
Figure 3.1. 

Recommendations are made for improvement to existing DRM planning and practice. The 
DRM assessment uses the findings from Chapter 5 of this Case Study with regards to 
planning and capability for response to dam-related flooding. 

 
Figure 3.1 Methodology for evaluation of Emergency (DRM) planning. 
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3.2 BACKGROUND 

3.2.1 Context 

The study area for the Hieu River case study covers Nghe An Province downstream of the 
presently under construction Ban Mong Dam and downstream of the existing Sao Dam 
(Figure 3.2). The Ban Mong Dam is on the main branch of the Hieu River, and the Sao Dam 
is on the Sao River, a tributary of the Hieu. The southern boundary of the downstream study 
area is the junction of the Hieu and Ca Rivers in the northwest of Anh Son District. 

The downstream case study area consists of four districts and one town. There is some large 
industrial activity in the study area (e.g. sugar cane processing, manufacturing factories) but 
the primary economic activities in the study area are agriculture and small to medium 
enterprises. 

 
Figure 3.2 Case study area and surrounds. Purple: Ban Mong reservoir (left, following construction) and Sao 
reservoir (right); Districts: 1: Quy Hop; 2: Nghia Dan; 3: Thai Hoa; 4: Tan Ky; 5: Anh Son; 6: Quy Chau (not 
affected by downstream impacts but location of Ban Mong reservoir). 

Reservoir 

Road 

River 

District Boundary 

Legend
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Table 3.1 Overview of downstream study area demographics. 

District or Town Population 
Area 

km2 

Population density

(people/km2) 

Quy Hop 119690 942 127 

Thai Hoa (Town) 67427 135 499 

Nghia Dan 158006 617 256 

Tan Ky 132531 726 182 

Anh Son 110311 603 183 

3.2.2 Hieu River flood risk 

The topography of the downstream area is largely rolling hills and river plains with most 
urban settlement clear of the Hieu River flood plain. The flood basin does contain intensive 
agriculture; mostly rice fields. Some large and damaging floods have been experienced in 
the study area. The most recent large flood event was due to heavy rainfall from Cyclone 
Lekima in 2007. River flooding of built-up areas is not a significant problem in the study area 
as most urban settlement is outside the Hieu River floodplain. 

Planning and practice for flood risk management is presently based on past experience and 
local knowledge. Operation of the Sao Dam has changed the flood risk for those directly 
downstream from the dam. Operation of the Ban Mong Dam, will introduce potential dam 
break flood scenarios as described in Chapter 5 of this Case Study. In Hieu River, 
Government authorities have not previously had to make DRM plans for floods of the 
magnitude as those presented in our case study, downstream communities are not 
experienced with planning for and responding to dam-related flooding and the potential 
number of people affected could be far greater than previously experienced. 

Planning for and responding to dam-related flooding requires an understanding of areas at 
risk, the population and assets exposed, and the capacity and capability of DRM 
arrangements to manage the risk and provide long term solutions for reducing the risk. 

The Viet Nam government has identified dam safety and dam-related flooding as a priority 
issue. Loss of life from dam-related flooding is the primary concern. Agricultural and other 
economic impacts are also a high priority. Long-term risk reduction for people, homes, 
livelihoods and community assets is the ideal outcome of DRM activities; however, in the 
short to medium term DRM planning requires a focus on life-safety readiness such as 
evacuation planning and response planning to prevent deaths, injuries and economic loss. 
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3.2.3 DRM themes and activities 

To provide a clear scope and framework for analysis of DRM it is necessary to identify the 
key themes that are considered in the assessment. For the intermediate level analysis, the 
following themes were included for evaluation: 

 Monitoring systems (weather) 

 Roles and responsibilities (at all levels) 

 Local understanding of hazards and consequences 

 Links and communications between District, Provincial and Central government 

 Evacuation and preparedness  

 Warning systems including public alerting systems 

 Community based disaster risk management 

 Exercises and drills 

 Monitoring and evaluation 

 Risk reduction activities (e.g. land use planning) 

3.2.4 The DRM investigation 

Existing DRM planning and practice in the study area was investigated by a specialist team. 
The team included specialists in areas of consequences and vulnerability from the Water 
Resources University (WRU), Ha Noi; evacuation planning and public alerting systems, 
community engagement, and end-to-end warning processes from the GNS Science, New 
Zealand; and in DRM practice and theory, including response and readiness operational 
planning, from the Joint Centre for Disaster Research, New Zealand. 

The following sections describe the process followed in the Hieu River study area to: 
evaluate DRM arrangements for dam-related flooding, identify potential areas for 
improvement in current planning and practice, and to suggest existing examples and 
templates that could be applied to implement improvements. 
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3.3 METHODOLOGY FOR EVALUATING DRM 

3.3.1 General 

This section describes how current Disaster Risk Management (DRM) planning and practice 
in the Hieu river study area was investigated. A range of methods described for an 
intermediate level DRM analysis in the DDCSI (2015) Guidelines were applied. For more 
information on the steps that involved in conducting a more comprehensive and detailed 
analysis, please refer to the relevant subsection on detailed analyses in the DDCSI (2015) 
Guidelines. 

The intermediate methodology applied was to: 

1. Establish the context  

2. Identify the risk – considering the result of the consequences analyses described in 
Chapter 5 of this Case Study 

3. Analyse the risk – how is the risk currently managed? 

a. Identify key agencies involved in DRM at each of these levels; 
b. Review all available information and request further information from agencies, 

as necessary. 
c. Create process diagrams and summaries of current DRM practice, roles and 

responsibilities  
d. Confirm or update understanding of current arrangements through meetings and 

workshops with agencies responsible for DRM 
e. Assess current arrangements and the capacity to manage flood scenarios 

4. Evaluate and recommend methods for addressing critical gaps and to make 
improvements  

5. Take Actions – suggest templates or planning processes to address critical gaps and 
make improvements 
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3.3.2 Identification of flood risk 

Chapter 5 of this Case Study describes ten flooding scenarios; three scenarios for the Sao 
Dam, six for Ban Mong Dam, and a calibration scenario based on the Cyclone Lekima flood 
of 2007. Scenarios useful for consideration in DRM assessment were selected. The 
scenarios chosen provide a range of flood extents and consequences. The Sao Dam 
scenarios provide localised impacts all within Nghia Dan District, while the Ban Mong 
Scenarios cover the length of the study area. The scenarios chosen for inclusion in the DRM 
case study are listed in Table 3.2 and a summary of direct consequences relevant to DRM 
planning are shown in Table 3.3. 

Table 3.2 Scenario floods for evaluation DRM capability and capacity. 

Dam Flood Scenarios Flood Type 

Sao Dam Sao Dam Probable Maximum Flood 

Sao Dam ‘Sunny Day’ Dam Failure 

Dam spillway flood release 

Dam failure flood 

Ban Mong Dam 1 in 50 AEP Flood 

Ban Mong PMF 

Ban Mong ‘Sunny Day’ Dam Failure 

Dam spillway flood release  

Dam spillway flood release  

Dam failure flood 

Table 3.3 Summary of potential consequences of importance for DRM planning (*province totals). 

 Sao Dam 

Probable 

Maximum 

Flood 

Sao Dam 

Sunny Day 

failure 

Ban Mong 

50 AEP Flood 

Ban Mong 

Probable 

Maximum 

Flood 

Ban Mong 

Sunny Day 

Failure 

Number of people 

affected by inundation 

(any depth) 

5064 7852 16996 70256 19584 

Number of buildings 

unusable for >1 month 
531 851 372 11,718 2771 

People displaced for 

more than 1 month 
2124 7852 9304 46872 11084 

People at-risk of serious 

or critical harm 
84 125 272 1046 3352 

Reduction in serious 

injuries with 95% 

evacuation 

4 6 13 52 168 

Number of buildings with 

severe or critical damage 
350 1063 1181 8391 1909 

Economic cost of building repair and reconstruction 

VND Millions 61,400 103,463 280,654 1,397,750 341,694 

US$ 2,874,544 4,843,785 13,140,000 65,526,503 15,991,293 

* District totals are provided in the Downstream Impacts Case Study report. 
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3.3.3 Collect Available data 

An all-of-catchment approach was adopted to determine current DRM capacity and 
capability, which considered: planning, communications and practices from national through 
to commune level. Table 3.4 outlines the information used for our analysis and, the collection 
methods at all levels. Each of these sources is described in more detail in later sections of 
this report. 

Sections 3.2.1 – 3.2.5 describe the information readily available and collated to develop an 
initial understanding of DRM arrangements. 

Table 3.4 Information sought on DRM arrangements. 

Type of Information Methods for collection Applicable Levels 

 Consequences of dam-related flood events 

 Maps of flood scenarios showing at-risk 

locations 

 DDCSI project, ten flood 

scenarios 

 RiskScape modelling, six 

scenarios 

District 

Commune 

 Legislation and government policy on DRM  Review of policies 

 Meetings with officials 

National 

Provincial 

 Operating plans and procedures, 

 Chain of command for communications 

 Roles and responsibilities 

 Workshops and meetings 

 Official written request for 

information 

National 

Province 

District 

Commune 

 Communication methods and message 

content 

 Warning systems including public alerting 

systems 

 Written request for information 

 Workshops and meetings 

 Interviews 

National 

Province 

District 

Commune 

 Experiences of DRM at the village level for 

those at risk 

 Interviews Commune 

 The Role of NGOs1 in DRM planning  Interviews National 

 Information on response and recovery to past 

flooding events in our study river 

 Review NGO reports 

 Interviews 

National 

Province 

District 

Commune 

 Land-use planning for flooding  Interviews National 

Province 

                                                 
1 Non-government Organisations. 
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3.3.3.1 Viet Nam DRM Legislation and Government Guidelines 

Online and printed sources of relevant policies, plans, guidelines and legislation were 
collected. These included the VNCOLD (2012) Dam Safety Manual and the Sao Dam 
Operating Procedures (Decision No. 06/2008/QD-UBND). 

Viet Nam enacted new legislation for Disaster Risk Management: the Law on Natural 
Disaster Prevention and Control (Law No. 33/2013/QH13). This legislation covers all natural 
hazards and provides a comprehensive framework for DRM planning. Until the passage of 
this legislation, meteorological and geophysical hazards were treated under separate 
ordinances and over 100 ordinances were relevant to DRM planning (Red Cross, 2014). The 
flood hazard management structure of Committees for Storm and Flood Control (CSFCs) at 
national, provincial, district and commune level was established prior to the legislation and 
continue under this legislation. The 2013 legislation includes provisions on early warning 
systems, risk mapping and community based disaster risk management (as well as elements 
of building codes and land use planning), providing a comprehensive framework for 
undertaking DRM activities and planning at all levels, including community based disaster 
risk management (CBDRM). For the safe operation of dams the relevant legislation is Decree 
No. 72/2007/ND-CP on Dam Safety Management (2007) and for the safety of large dams 
guidelines have been developed; the VNCOLD (2012) Dam Safety Manual. 

3.3.3.2 Disaster Risk Management Strategies and Plans 

Internationally, best-practice disaster risk management policy starts from the bottom-up, with 
communities and their members being encouraged and enabled to understand the significant 
risks that they face to be able to reduce the likelihood or consequences of the particular 
hazards relevant to them. Indicators of effective risk management at community level include: 

 Appreciation of significant risks and their potential direct and indirect impacts 

 Seasonal risk reduction and response planning or practices 

 Longer-term management of land-use and infrastructure taking risk into account 

 Avoidance of significant risks 

 Preparedness to respond 

 Well understood warning and response communication processes  

 Evacuation plans – including warning, routes, shelter, relief, and 

 Post-disaster recovery planning taking into account risk and risk-reduction 

In Viet Nam, the document for guiding disaster risk management activities is the Strategy for 
National Disaster Prevention, Response and Mitigation to 2020 (CCFSC, 2009). The objectives 
of the strategy included moving away from the traditionally response-focused model to: 

 integrating risk management in national and provincial socio-economic development 
and management plans 

 establishing sustainable disaster recovery that integrates risk reduction 

 developing a regional disaster risk management strategy for each of Vietnam’s five 
regions 

 adopting combined structural and non-structural risk reduction measures, and 

 rationally allocating risk reduction responsibilities and targets across a defined set of 
ministries and departments 
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3.3.3.3 Roles and responsibilities 

The legislation and strategy identifies the cross-department Committee for Flood and Storm 
Control (CFSC) as the lead agency for managing flood preparedness and response at the 
provincial level. The Central Committee for Flood and Storm Control (CCFSC) is the National 
level standing committee made up of representatives from a wider number of government 
agencies (Figure 3.3). The Central Committee for Flood and Storm Control provides a 
coordinating, multi-agency committee to develop plans, provide logistics training and support 
to the provinces. The organisational framework for the CCFSC is as follows: 

 
Figure 3.3 Organisational Chart for the Central Committee for Flood and Storm Control (source CCFSC, 2009). 

At the provincial level the CSFC is primarily comprised of representatives from the 
Department of Agriculture and rural Development (engineering, finance, irrigation etc.,) and 
local dam operators. The roles of the CCFSC and CFSC member organisations are to plan 
and implement flood management and DRM arrangements according to the 2013 legislation 
(Law No. 33/2013/QH13) and the national strategy (CCFSC, 2009). More information on 
specific DRM activities identified in these documents can be found in Appendix 1. 

3.3.3.4 Government reports and media articles on past flood events in the study area 

When seeking information on the study area, flooding related to meteorological events and/or 
to the operation of the Sao Dam was considered. Sao Dam releases water into a tributary of 
the Hieu River and the effects of dam releases or failure from this source are currently 
relatively localised (see Chapter Five of case study report). We were unable to find or access 
published news articles relevant to events in our study area but did receive some information 
from local government authorities during meetings with provincial and district officials. The 
information provided was summarised at the province and district level and was not collected 
by the government agencies with a focus on our study area, but as part of administrative 
reporting for larger areas. It was therefore difficult to isolate information specific to our study 
area for particular analysis. Discussions with officials indicated that most of our study area 
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was not significantly affected by flooding on a regular basis., Officials reported that of the 
large towns, Tan Ky was currently more flood prone than Thai Hoa, and in the smaller 
settlements the Nghia Bin area had experienced more frequent flooding, in recent years. 

3.3.3.5 Information requests regarding local government arrangements for DRM 

During the inception phase of the case study, project discussions were held to determine 
which agencies, government departments and other organisations should be contacted to 
request meetings and seek information on DRM. The most critical agencies identified for 
gaining an understanding of DRM arrangements were identified as: 

 Ministry of Agriculture and Rural Development in Ha Noi (MARD); 

 The Disaster Management Centre in Ha Noi (MARD) 

 Department of Agriculture and Rural Development (DARD) in Vinh (province), and Thai 
Hoa, Nghia Dan, Tan Ky districts; 

 The Committee for Flood and Storm Control in Ha Noi, Vinh and the district office 
representatives (standing committees of MARD and DARD); 

 People’s Committee representatives in Vinh, the districts and communes; 

 Dam Operators in our Hieu River study area; and 

 NGOs in Ha Noi and in the province if appropriate. 

Meetings in Ha Noi and the province were scheduled to introduce government officials to the 
project aims, and methodologies. These meetings gave the team opportunities to request 
information and cooperation for the various stages of the project. We were able to make 
requests during these early inception visits for easily accessible DRM-related information, 
with the intention to seek more detailed DRM information further into the project when we 
had a greater understanding of the flood hazard and population at-risk. Our requests for 
information were favourably received and many officials provided their time and expertise as 
well as organising digital and printed information to the project. The initial requests focussed 
on information regarding organisational representation on the CFSC and the role of the 
CFSC before, during and after flood events. 

3.3.3.6 Non-Governmental Organisations (NGO) disaster reports and interviews 

The study area experiences some flooding, but relative to many other flood-prone, coastal 
areas does not feature significantly in available post-disaster reports found during our 
literature review. Nghe An province is often mentioned alongside other provinces in reports 
outlining impacts and response for large storm events (e.g. reports on the Cyclone Lekima, 
2007 disaster); however, isolating the information that is relevant to our study proved difficult. 
We were unable to identify specific impact data or reports on local planning and responses 
for our case study area from published NGO reports or from interviews with NGO 
representatives. 

Meetings with NGOs and multilateral organisation (International Red Cross, OXFAM, and 
World Bank) introduced us to DRM programs and policy development underway at national 
and local levels, in particular Project 1002; a community based disaster risk management 
CBDRM delivery project. Project 1002 targets 6000 high priority communes, and uses NGO 
expertise in project delivery. Our case study area on the Hieu River did not include any of the 
project 1002 communes. 
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3.3.4 Synthesise understanding of DRM 

The process to synthesise the understanding of the DRM was as follows: 

1. Gather and synthesise all readily available information regarding DRM arrangements 
from a range of sources 

2. Collate the information; where appropriate using tools such as draft process diagrams 
and identify gaps in understanding of the process 

3. Undertake a field visit to meet national, provincial, district and commune 
representatives involved with DRM to fill the gaps in our understanding of current 
planning and practice 

4. Produce a summary of the current planning and practice for DRM related to dam-
related flooding in the Hieu River study area 

We summarised our understanding of DRM arrangements prior to targeted interviews and 
workshops in the province. We used our understanding to create targeted questions for 
province, district and commune level interviews, which helped gain a stronger understanding 
of current DRM planning and practice Table 3.4). For the critical element of life safety during 
dam-related flooding events we developed a process diagram to capture the roles and 
responsibilities at each level during the warning and response phase. 

Table 3.5 Initial understanding of DRM planning and practice. 

Policy/ 

Procedure 

Level 

National Province District Commune 

Legislation and 

policy 

Specific DRM 

legislation –defines 

roles and 

responsibilities 

 

National DRM 

strategy for risk 

management 

approach 

Specific DRM 

legislation –defines 

roles and 

responsibilities 

 

National DRM 

strategy for risk 

management 

approach 

Specific DRM 

legislation –defines 

roles and 

responsibilities 

 

National DRM 

strategy for risk 

management 

approach 

Specific DRM 

legislation – defines 

roles and 

responsibilities 

 

National DRM 

strategy for risk 

management 

approach 

Standard 

Operating 

Procedures 

(SOP) 

VNCOLD guidelines 

provide guidance on 

SOPs  

Sao Dam operating 

procedures provided 

Unclear if these 

have been 

developed for DRM 

Unclear if these 

have been 

developed for DRM 

Local 

understanding of 

hazards and 

consequences 

Including flood 

zone maps 

Understanding of 

Hieu River flood risk 

by national agencies 

limited due to lower 

priority 

Strong 

understanding of 

historic flood 

patterns 

 

Limited 

understanding of 

dam-related flooding 

Strong 

understanding of 

historic flood 

patterns 

 

Limited 

understanding of 

dam-related flooding 

Strong 

understanding of 

historic flood 

patterns 

 

Limited 

understanding of 

dam-related flooding 

Public alerting 

systems 

National television 

and radio broadcast 

warnings to public 

Role unclear Role unclear Local PA systems 
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Policy/ 

Procedure 

Level 

National Province District Commune 

Planning and 

operations 

framework 

 

Coordinating 

response during 

events 

CCFSC 

 

 

 

CCFSC 

CFSC 

 

 

 

CFSC 

CSFC 

 

 

 

 

Role unclear 

 

 

 

Volunteer groups 

Community 

Based Disaster 

Risk Management 

Supported by 

legislation 

Operational through 

Project 1002 

Some parts of Nghe 

An included in 

project 1002 

No examples of 

CBDRM found for 

study area districts 

No examples of 

CBDRM found for 

study area 

communes 

Risk Reduction 

(e.g. land use 

planning) 

Supported by 

legislation 

Unclear if happening 

in practice 

Unclear if happening 

in practice 

Unclear if happening 

in practice 

Evacuation 

planning and 

response 

Not undertaken at 

national level 

 

Supported by 

strategy 

No evacuation maps 

or plans found 

No evacuation maps 

or plans found 

No evacuation maps 

or plans found but 

evacuation 

successful during 

previous storm 

events (e.g. Lekima) 

Exercises  Supported by 

strategy 

 

Exercise program 

not found 

Exercise program 

not found 

Exercise program 

not found 

Exercise program 

not found 

Monitoring 

systems 

National weather 

agency 

Province does not 

provides forecasts 

has some (rainfall) 

monitoring 

equipment  

District does 

undertake official 

monitoring or 

provides forecasts  

Role unclear 

Collating impact 

reports for people 

and property 

Receive reports from 

province 

CSFC 

 

NGOs 

(Red Cross) 

Process unclear Process unclear 

3.3.4.1 Draft Process diagram for flood warning and response activities 

We developed a draft schematic showing our understanding of roles, responsibilities and 
activities at the national, province, district and commune levels during the flood warning and 
response phases of emergency events. We included hydro-meteorological triggers for 
operational spillway release and dam failure triggers for non-operational floods Figure 3.4. 
The draft diagram was created in English and translated into Vietnamese for use in 
consultation with stakeholders. 

 



 

 

 
Figure 3.4 Draft process diagram for flood event management. 
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3.3.5 Consultation 

Targeted workshops and interviews were then used to fill in the gaps in our understanding 
and allow for a comparison of existing arrangements with the potential risks. We used formal 
written requests to arrange these meetings and also carried official letters with us in support 
of information requests from government agencies. Many attendees were familiar with 
elements of our project from meetings conducted in the earlier project stages of hazard 
identification and downstream impact assessment. 

In Ha Noi we interviewed the head of the Central Committee for Flood and Storm Control and 
were given a tour of the national operations centre for emergency events including the 
weather monitoring and forecasting displays. We also had further meetings with NGOs to 
gain a better understanding of the Project 1002 process. 

3.3.5.1 The importance of partnership 

WRU, the in-country partner, took the lead role in all meetings and workshops in Nghe An, as 
these were conducted in Vietnamese. WRU arranged all official letters and requests for 
information and provided translation during all discussions. 

Provincial level meetings included government representatives from the People’s Committee, 
and other relevant departments such as: irrigation, engineering, dam operations, 
construction, investment and resettlement. For the more formal meetings we provided a 
visual presentation of the project aims and stages and described the purpose of the meeting 
for the DRM phase, including what information we were seeking and how the information 
would be used for our project. Less formal meetings were conducted as interviews with 
targeted questions and note-taking. Workshops were conducted using a more structured 
approach. We would introduce the project and its various stages, identify the elements we 
were currently working 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. Again it was 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. 

In Nghe An we met with provincial, district and commune leaders; the operators of Sao Dam, 
and a range of officials who sit on the CFSC at province level. 

3.3.6 Additional information received 

We received useful new information at all levels. We used a selection of questions from 
those provided in the DDCSI (2015) Guidelines, Chapter 6 (Appendix C) to develop our 
improved understanding of DRM. The questions we used were: 

Risk Awareness: 

1. What major flood hazards has your organisation or community experienced recently 
and what impact have they had on what you do now? 

2. What provisions are made in land-use or development management plans in relation to 
hazard and risk management? 

3. Does your organisation have hazard and consequence maps in relation to flood 
hazards in your area? 
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Communication, Coordination and Warning: 

4. What technologies or processes do you use to communicate with other agencies? Are 
they reliable? How often does communication occur? 

5. How effectively does communication work up and down between DRM partners? 

6. 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? 

7. Describe the emergency warning systems that your community/organisation uses. 

8. How effective are your warning systems and how might they be improved? 

9. What is the content of warning messages? What information regarding the threat and 
the action required is included in messages? 

10. What sort of monitoring systems are currently used to predict flooding events? 

11. Do you have sufficient local information (about inflows and weather systems upstream) 
to make timely decisions in relation to dam operations? 

Preparedness: 

12. What sort of response training is provided or sought within your 
community/organisation?  

13. What emergency plans or operating procedures do you use?  

14. Does your organisation undertake response exercises or drills? If so, how often what 
type?  

15. How are citizens/partner organisations involved in planning and response?  

16. 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? 

17. What preparedness or response training have people in your organisation had in the 
past 12 months, 2 years, 5 years?  

18. 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? 

Response: 

19. Who decides when to release water from the dam? 

20. Is a specific operations centre activated during responses? 

21. How do you use flood or evacuation maps for your planning and responses? How are 
these shared with communes or with at-risk citizens? 

22. How have processes worked during real flood events? Were there any problems with 
communications or activities? 

23. What is the role of non-government agencies? 

24. Are you able to request and receive emergency response resources from higher 
levels? 

25. How do vulnerable people receive assistance during evacuation? 

The responses to these questions provided us with an increased understanding in several 
key DRM areas. 



Dam and Downstream Community Safety Initiative – November 2015 

 

Case Study, Chapter 6 – Dam Safety and Disaster Risk Management 25 
 

3.3.6.1 Flood Risk 

The flood risk from typhoons and storm was considered to be generally manageable by those 
we spoke to in flood risk areas (citizens), communes, district and provinces due to most people 
building outside of the flood plain. The commune leader we interviewed indicated that floods 
did seem to be becoming more severe with time. For most events the Sao Dam was seen as 
aiding flood control, as the catchment area is relatively small in comparison with the reservoir 
size. However, some spillway releases were reported and affected areas that had not 
previously been in the flood-risk zone prior to the dam becoming operational. 

There are not the resources or expertise available for extensive flood risk mapping in Nghe 
An. The Sao Dam operators had commissioned flood hazard maps showing the area 
impacted when an emergency release occurred in 2011 (Figure 3.5). This map is used to 
assist dam operators with training. 

 
Figure 3.5 Sao Dam Manager shows the DDCSI team a flood map of the 2011 release (small map on right) 
and a map of the reservoir catchment (left). 

3.3.6.2 National roles and responsibilities 

The role of the National Centre for Hydro Meteorological Forecasting (NCHMF) was clarified. 
The NCHMF is the official monitoring and forecasting agency and provides all official 
warnings for weather-related flood events. The NCHMF also provides flood maps to the 
CCSFC. These are for entire provinces and not locally specific. The NCHMF maintains a 
website that provides monitoring and warning information in real time. 

The CFSC head identified that his Committee had an active program to provide advice and 
training on flood prevention, although officials from Nghe An had not yet been involved. They 
provided official warning information from the NCHMF to provincial officials using several 
communications methods. 
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3.3.6.3 Communication pathways used 

The following pathways are used for information exchange: 

 Website (meteorological centre), accessible to all but forecasts are at province level 

 Videoconferencing – national to province from operations centre to operations centre 

 Telecommunications (calls and SMS) – used at all levels- person to person 

 Official letter delivered by motorbike – delivered from districts to commune leaders to 
warn of operational spillway releases 

 Shared discussions at committee meetings – person to person 

 Fax – national to province to district 

 Television and radio – national direct to public – not locally specific, general warnings 
from NCHMF 

3.3.6.4 Public Alerting 

Our understanding of the use of local public alerting loudspeakers was expanded with 
information provided on the activation and operation of these systems for delivering flood 
warnings to at-risk citizens. The loudspeakers have very wide coverage and good audibility 
in commercial and residential areas even along rural roads where houses are present. They 
are not always audible to agricultural workers as their effectiveness declines with distance. 
The loudspeakers are manually activated and warning messages read by a commune leader 
or delegated person. Provincial and commune level officials and dam operators reported that 
dam spillway releases should be notified at least 24 hours in advance to provincial officials at 
the CSFC so communes may be informed by letter and telephone, and have adequate time 
to activate the local loudspeaker warning system. 

Door-to-door alerting by commune volunteers (on foot or travelling by scooter/ motorbike) is 
also undertaken in some communes. 

Television and radio do provide warnings for large storm events. However, the information is 
very general as it comes from the NCHMF, which develops warnings and flood predictions at 
the provincial level. These warnings are not necessarily a good indicator of how heavy 
rainfall will be managed in reservoirs by dam operators. For non-dam controlled river flooding 
(e.g. in the lower reaches of the Hieu River around Tan Ky) these general warnings on TV 
and radio are likely to be more appropriate. Television and radio are not able to be used for 
local dam failure or emergency spillway release events. 

An emergency release opening of all three spillways occurred at the Sao Dam in 2011, 
during unseasonal very heavy rain when the reservoir had not been lowered for the start of 
the flood season. Homes were flooded, property was damaged and many livestock were 
killed. The dam operators installed an emergency siren system to be used in such events, to 
provide citizens with some warning time where there is insufficient time to activate the local 
loudspeakers. The effective range of the sirens is limited and requires repeatable audibility 
testing to confirm the actual range, and this range is likely to be limited further by heavy 
rainfall reducing audibility at downstream locations. The siren is tone-only and not able to 
provide information regarding what is occurring and what action citizens should take. 
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Figure 3.6 Tone only siren installed at Sao Dam for emergency alerting (left; location of sirens on dam control 
tower, right; close-up of sirens). 

3.3.6.5 Evacuation planning 

Evacuation maps for flood hazard are currently not used at province, district or commune 
level. The communities and government officials in typically flood prone areas have 
knowledge from past flood events of areas at risk, and use their local understanding during 
response. The areas at-risk from flooding since the construction of the Sao Dam were 
reported to have changed with some households indicating that areas that had not flooded 
for three generations were now flooding every two to three years. 

Interviews with commune and district leaders, and local citizens indicated it was not usually 
difficult to reach higher ground during most flood events (as the terrain is rolling downstream 
from the Sao Dam. Moving possessions and family members upstairs during flood events is 
also common practice where a mezzanine or second storey is available for vertical 
evacuation. Commune leaders informed us that army personnel could be requested at the 
commune level or the province level to assist with evacuation. Volunteer organisations within 
communes such as the Youth Union provide assistance with evacuation (and rescue) 
support. Specific plans for those with disabilities are often developed. 

Schools have plans for evacuation and care of pupils, but as warning of flood events is 
usually given at least 24 hours in advance, most parents currently choose to keep their 
children home from schools if floods are predicted. 
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3.3.6.6 Additional information from citizens in at-risk areas 

We interviewed two adults who lived approximately three kilometres downstream from the 
Sao Dam. They informed us that flooding was now a yearly event for them and showed us 
water marks on their interior walls at approximately 1.2 m and 2 m of height, which were the 
result of larger flooding events in 2011 and 2013. During one of these recent events no 
warning was received and the householders were aware of the flooding only when it woke 
them, as the event occurred in the night-time. The other large event mentioned was 
preceded by warnings which were delivered to the householders via the local loudspeaker 
system and personally from a local People’s Committee member. They had never heard the 
alarm signal from the siren system installed at the Dam in 2013, although it has been 
activated on several occasions, according to the Dam Operators. The warning messages 
that were delivered via loudspeaker or by person, did not include information on which areas 
were at risk, safe locations or what action should be taken by those at-risk. Warnings 
contained information on the reservoir levels and the number of spillway gates that would be 
opened. The water from the dam takes approximately two hours to reach the home once the 
spillway gates are opened. The dam operators can open one, two or all three spillway gates 
at any one time, and the number of gates opened controls the amount of water released and 
consequently the volume of the flood flow. 

With adequate warning, in 2013 they were able to protect some of their property in their 
mezzanine floor and evacuate to safety at a neighbouring relative’s home. Even though they had 
sufficient time to reach the official shelter in this event, they evacuated to the relative’s nearby as 
they wanted to be able to return home immediately after the flood water dropped to remove mud 
and clean up their home. The evacuation centre is in the cultural house on the other side of the 
river and they knew they could be cut off from their home for a considerable time if they 
evacuated to the shelter. In both events they lost livestock (chicken, pigs and cows) and they 
estimated losses of about VND 20 Million in the 2011 event. They did receive compensation in 
2011 of VND 6 million because the flood was caused by an unofficial and un-warned spillway 
release. In 2013 they received no compensation as it was a weather-related flood. 

The householders expressed the belief that the flooding problem at their house had 
worsened since the construction of the Sao Dam 12 years ago. They are the third generation 
to live at their house and observed the regular spillway releases, sometimes without warning, 
had a high annual cost. They believed that the dam was not helping control flooding in their 
commune and was contributing to an increase in flooding frequency. Neighbours had also 
experienced regular flooding but the interviewed couple’s house was more exposed due to 
its location closer to the river. Evacuation for life safety was usually achievable because 
although the water was deep it rose steadily and not too rapidly to prevent evacuation to 
nearby high ground. The financial costs and loss of food supplies and crops were the most 
important considerations for the householders. 

Key concerns from the householder interview include: 

 The increase in regular flood events due to either one, two or three spillway releases to 
control reservoir levels; 

 the lack of warning for some spillway releases, 

 the official warnings include technical, hydrological information but not risk information 
or action information to citizens; 

 the lack of audibility of the new emergency release siren system; and, inadequate 
compensation for loss of food and possessions 
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3.3.6.7 Community based disaster risk management CBDRM 

Currently in our study area, CBDRM is undertaken primarily with regards to response 
activities. Exercise and training in first aid and search and rescue were reported. However, 
citizen involvement in risk reduction or readiness activities such as developing evacuation 
plans, hazard awareness and vulnerability assessment activities is not occurring. 

There are some key reasons for this: 

 CBDRM is a relatively recent approach in Viet Nam and while supported by legislation 
and strategy, it will take some time before capability and capacity exists to deliver such 
programmes in all communes 

 Our study area is not included in Project 1002 so NGO resources are not currently 
available locally to assist with delivery of CBDRM 

 The risk from all hazards is still relatively manageable for the majority of citizens, 

 There are currently no targeted resources available for provincial officials to undertake 
training in, or delivery of CBDRM, although this may change in the future as the 
national strategy is implemented 

3.3.6.8 Welfare 

The sheltering of displaced citizens is organised at the commune level and buildings 
identified for use as shelters included Peoples’ Committee halls, community centres and 
schools. These are staffed by local volunteers. Some aid in the form of rice and 
compensation is offered to citizens who lose their food supplies or livestock and property but 
this is not likely to be equivalent to the sum lost (pers. comm. Nghia Dan citizens, 2014). To 
the best of our understanding, there have not been large scale welfare activities for 
emergency sheltering in any of our case study districts. Evacuees often prefer to seek shelter 
with relatives, neighbours or friends, and if possible near their home. 

3.3.6.9 Land-use planning 

Our interviews provided no new information on land-use planning provisions for managing 
flood risk in the study area. The inclusion of flood hazard (and other natural hazards) into 
land use planning is an effective measure for long-term risk reduction. 

3.3.7 Update of life safety process diagram for Dam-related flooding 

The results of interviews, workshops and information requests were used to create an 
updated flood event process diagram (Figure 3.7). Together with the expanded information 
available on other areas of DRM, a comparison with the consequences results an 
assessment of gaps and issues was able to be undertaken (Section 3.7) and areas for 
improvement identified (Section 4). 

Key differences in the updated diagram include: 

 Direct communication pathways from dam operators to district level officials (as both sit 
on the CFSC) 

 The role of the NCHMF in providing official warnings via television and radio as well as 
to the CCSFC 

 Clarification of the role of commune volunteer groups in assisting with evacuation, 
welfare and rescue 
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Figure 3.7 Flood events management process diagram updated following consultation. 
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3.3.8 Current DRM Planning and Scenario impacts 

The consequence modelling indicates that larger scale events (particularly PMF or dam 
failure events) will produce damage and displacement not currently planned for. 

Some key results from the RiskScape consequence modelling of note for DRM are 
highlighted in Table 3.6. 

Table 3.6 Implications of loss modelling for DRM planning. 

Results Implications for DRM and community resilience 

Population displacement for >1 

month 

1000s of people 

 Sheltering and food provisions for displaced citizens,  

 Loss of income for businesses through disruption or loss of local 

customers,  

 Care of farm animals when homeowners displaced 

 Travel to employment or school more difficult 

Many buildings severely damaged 

100s to 1000s 

 Local resources and population available to undertake many urgent 

repairs and reconstruction  

Many potential severe and critical 

injuries if no or inadequate warning 

and evacuation 

10s to 1000s 

 Evacuation planning and community engagement in planning essential 

to ensure effective evacuation for dam-related flooding 

 Clinics and hospitals may be overwhelmed 

 Flood related casualties can include development of disease or chronic 

conditions 

Productive time lost for clean-up of 

homes that are not severely 

damaged but are inundated 

1000s of buildings in flood extent 

 Even shallow inundation will require time and effort to clean flood 

waters and remove debris and silt 

Economic costs of building repair 

and reconstruction 

VND millions - billions 

 Community resilience reduced by economic loss to homeowners and 

businesses 

 Costs to government if compensation paid  

The potential disruption to hundreds of businesses due to building clean-up and damage, 
and the displacement of hundreds and potentially thousands of people out of their homes 
modelled from the Ban Mong PMF and ‘sunny day’ dam failure scenarios, as well as the 
potential for many casualties highlight the need for an increased focus on risk-based 
planning. Inclusive training or mentoring of officials from commune to provincial level is 
required to assist with this new approach to planning. The national strategy and legislation 
support CBDRM implementation and increased understanding of hazards and their impacts; 
however, people, time and funds will be required to ensure officials have the resources 
required to expand their planning capability and capacity. 

By considering and planning for not only the regular and relatively predictable floods, but also 
including low probability high consequence events, and new dam-related scenarios in 
planning, officials in Nghe An at the province, district and commune level have the 
opportunity to expand current arrangements and test processes and activities before an 
emergency occurs. 
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3.4 RECOMMENDATIONS FOR IMPROVEMENT IN DISASTER RISK MANAGEMENT 

In this section we outline identified gaps in resources, policy or practice that we believe can be 
realistically met. We also outline options for longer term improvements in policy and practice that 
would be desirable for long term risk reduction but are secondary considerations to meeting 
current gaps. Discussions with stakeholders at all levels, community, dam operator, district, 
provincial, and central ministry personnel, indicated recognition of the need to take DRM 
seriously at all levels. In considering the regulations and discussions there is a clear tendency to 
focus predominantly on response and, to a lesser extent, readiness, risk reduction and recovery. 
In consideration of the comprehensive DRM approach outlined in the DRM Guidelines report, 
recommendations are classified as those related to readiness and preparedness, those related 
to emergency/disaster response and those related to risk reduction. The most critical immediate 
consideration is life safety during dam-related floods, and therefore priorities for improvements 
are focussed primarily on readiness and response activities. 

3.4.1 Readiness and preparedness recommendations 

The recommendations that follow are related to activities and planning undertaken in 
preparation for emergency events. These types of activities are based on the recognition that 
unless there are no people living or working in at-risk areas, some risk always remains to 
communities even with robust dam management systems and well-built structures. It is not 
possible to build or operate dams that will survive every possible hazard scenario and the 
possibility always exists that events could occur that exceed design limits. The chance of 
extreme weather events, emergency dam releases or upstream hazards impacting dams 
creates “residual risk”. This risk is typically the risk that is managed through disaster planning 
and response. We first recommend improvements to the preparedness planning and activities. 
These improvements will then allow for a more effective response should a disaster occur. 

3.4.1.1 Monitoring of meteorological hazards that could impact dams 

Issue: The Sao Dam operators currently have access to general weather forecasts for their 
area however decision making for reservoir level management and safe release of water 
often requires more detailed upstream information. 

At each level of government we were advised by officials that additional rainfall monitoring 
equipment upstream of dam sites would provide greater certainty for local government 
officials and dam operators to enable decision-making for spillway release and response 
planning. Currently all rainfall data is collected downstream of the Sao Dam site. The yearly 
plan which includes consideration of long-term rainy season forecasts provides a general 
plan for reservoir level control; and this is supplemented by forecasting for specific rainfall 
events by the Meteorological Centre. However, this information is generalised and the 
collection and instant transmission of rainfall data or stream flow data in the upper catchment 
of the Sao Dam (and, in the future, for the Ban Mong Dam) would provide dam operators 
with greater information and increased time for spillway release decisions. 

It is recommended that investigation into the installation of low-cost rainfall or stream 
flow monitoring systems in the Sao catchment is a priority for DARD and CFSC, 
perhaps with financial support from MARD or another agency if necessary. Currently 
resources are not available at the district or province level for the purchase, installation, 
maintenance and training costs associated with new monitoring systems. Options for rainfall 
monitoring equipment could include: 
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 Telemetry based systems: These are usually installed in remote locations and collect 
and transmit rainfall data in real time. These systems can be costly to install and 
depending on location, maintenance may be more difficult: 

 Manual rainfall data collection and transmission sites at village locations in the upper 
catchment. This would require the recruitment of reliable residents in suitably located 
villages with access to reliable telecommunications or email access to transmit 
information at an agreed frequency. This system could be a lower cost alternative to 
telemetry systems if satisfactory sites and agreements can be put in place and there is 
funding for manual rainfall collection systems. 

 A combination of the two systems suggested above. 

It would be beneficial to simultaneously transmit rainfall information to several organisations 
simultaneously (the meteorological office, DARD and the CSFSC, and the dam operators) so 
informed decisions can be made regarding the potential for changes in reservoir levels and 
so the dam operators can get advice from the meteorological service and DARD if required. 
Any new technology would require training in interpretation of the rainfall data and what the 
data represents in terms of possible inflow to the reservoir. This training in data capture, 
transmission and interpretation should be included in any investigation into the purchase and 
installation of rainfall monitoring systems. The investigation should also consider not only 
installation and training costs but how on-going maintenance will be financed, and if any 
budget is required for manual data capture and transmission. 

Guidance: Guidelines are available from the UNISDR (2004) in their document “Guidelines 
for reducing Flood Losses”, Section 3.2 of this document provides advice on best practice 
and low cost options for improving real time monitoring networks, including analysing and 
expanding monitoring systems and communication and interpretation of data. 

3.4.1.2 Communications 

Issue: While communications are generally well established, there are no clear protocols in 
place for rapidly communicating emergency events at dam sites to those who can warn at-
risk communities (e.g. communes). 

Communications refers to communication methods used between planning and response 
agencies prior to, and during emergency events and not the alerting systems used to warn 
the citizens of a flooding threat (see Section 4.1.4 for alerting systems discussion). Multiple 
communications pathways are already in place and well utilised in our study area. The 
following methods of communication between agencies are currently used: 

 telephone (mobile and landline) 

 email 

 SMS text messaging, 

 fax, 

 live updates on websites (meteorological service) 

 official letters (delivered via motorbike) 

The use of multiple systems to deliver communications is best practice and the continued 
use of multiple systems between agencies is recommended. The key gap identified in the 
communications process was the occasional but significant emergency release of water from 
the reservoir not being communicated from the dam operator to DARD or the districts in a 
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timely manner and therefore providing no opportunity for alerting the at-risk public through 
the usual warning channels. Any release of water from the dam must be communicated in a 
timely manner to allow for warning of citizens in at-risk downstream areas. This includes 
timely communication to local government agencies (province, district) so public alerting 
systems can be rapidly activated. 

The installation and effective operation of rainfall monitoring systems as described in Section 
4.1.1 will assist dam operators in providing timely communication through providing more 
time for decision making and communication with DARD and CSFSC when reservoir levels 
require control through spillway release. Additionally, the dam operators should ensure that 
any emergency release of water is communicated to the province and district, as well as the 
communication of non-emergency releases to maintain prescribed reservoir levels. 

The response, notification and communication processes between the dam operator, local 
and provincial agencies appears to be well understood, practiced and relied upon during 
incidents. Inclusion of communities, individual families, commercial enterprises, and their 
various needs in planning for and responding to incidents is more problematic. 

It must be noted that an emergency public warning system in the form of a tone-only siren 
has been installed at the Sao Dam in 2013. This system is discussed more fully in Section 
4.4. However, it is important to note that the installation of this siren system does not replace 
direct communications from the dam operators to the provincial and district storm and flood 
committees during emergency releases. 

It is recommended that additional processes for emergency communications be 
included in Dam Operation guidelines. These process steps would ensure that all regular 
and emergency spillway releases, and unforeseen emergency dam release from dam failure 
(should they occur) be communicated to the province and district CSFC, in a timely manner 
(24 hours prior to release for planned spillway releases) and immediately for emergency 
releases or dam failure. 

Guidance: A database of emergency numbers should be created, kept up-to-date and be 
readily available to all dam operations staff at the Sao Dam site. The database should 
include telephone numbers to be contacted for all emergency spillway release events, in 
particular CSFC officials and commune leaders. The establishment, maintenance and 
regular sharing between agencies, of the database, can be undertaken without external 
guidance or resources. 

3.4.1.3 Hazard understanding, evacuation and preparedness planning 

The flood hazard is influenced by the role Sao Dam plays in releasing water within the 
current spillway operating rules and during emergency high expected rainfall and full dam 
situations as experienced in 2011. The construction of the Ban Mong Dam will create a new 
potential for flooding through spillway release, emergency release and in the worst case 
scenario, dam failure. These potential flood hazards from Ban Mong are well outside the 
current flood experience of downstream communities, and have the potential to affect 
communities along a long stretch of the Hieu River, including the large towns of Thai Hoa 
and Tan Ky. Sharing flood hazard scenario maps between province, district, and commune 
leaders and with at-risk citizens provides the opportunity for developing evacuation plans for 
low-frequency-high consequence scenarios. 
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Guidance and good practice in Vietnam, as evidenced in DRM projects on the Mekong delta, 
and elsewhere, suggest that enabling communities within hazard areas to understand the 
hazards they face through facilitated workshops better enables them to develop the means to 
manage aspects of the risk themselves. The desire for enhanced information at community-
level, including the development of hazard and evacuation maps, was expressed by district 
and commune officials. This enhanced information could include maps relevant to 
communities indicating hazard, evacuation routes, resources, response plans or guidance, 
signage within communities. 

There appears to be no resistance to communities receiving or developing and maintaining 
community-level hazard and response information - other than the potential monetary costs. 
All identified the potential value of maps being developed and held within individual 
communities in particular. 

It is recommended that flood scenario maps produced for this project are shared with 
communities (commune leaders and citizens) in order to develop local evacuation 
plans for a range of scenarios. These maps could assist with the development of 
community based evacuation route maps and safe location identification. 

Guidance: Guidelines are available outlining community based engagement in Viet Nam, and 
providing methodologies appropriate for Viet Nam that can provide assistance to those 
planning community engagement regarding hazards and risks. NGO organisations that are 
participating in Project 1002, have experience in discussing hazards and vulnerability with at-
risk citizens and their expertise in this process should be utilised to assist commune leaders 
and district and province officials in learning these engagement techniques (UNFAO, 2011; 
Wright et.al., 2011; ICLEI, 2007; ADPC, 2008; CFE-DHMA, 2012; GFDRR, 2011). 

3.4.1.4 Alerting systems and alerting messages 

Warning to communities in potential or actual incidents was a topic of discussion at all levels. 
The current community-level warning system, based largely on formal, paper-based 
notification, has limitations with regard to timeliness. Communication of potential or actual 
storm or flood incidents, by numerous electronic means, has the potential to have additional 
value and effectiveness in relation to potential area-wide consequences. 

The communications between various levels of government and with the dam operators for the 
most part appears robust and well developed. However, the communications with at-risk 
citizens, particularly with little or no warning such as the emergency release of 2011, is an area 
that could be improved. The dam operators have acknowledged that short-term warning to 
local citizens is important and have themselves funded a siren system with three speakers on 
the dam structure. This siren is a tone-only system and has been installed at the dam site to be 
sounded to warn those closest to the dam of any emergency releases at short notice. There is 
a marked difference in the understanding of the capability of the siren system at the province 
level and the district level regarding the actual volume, and reach of the siren. At the provincial 
level the understanding of the range of the siren was that it is audible for 7 km downstream 
from the dam with multiple sirens; it was understood at the district level to have 5 km of 
audibility and to be a single siren located in the at-risk area, and we were advised by the dam 
operators that the system was only audible for 3km, and that it is located at the dam site, not in 
the downstream at-risk community. The siren was sounded for us while we were adjacent to it 
at the dam site. We did not have the equipment to test the audibility; however it seemed 
unlikely that the siren (because of the tone type and loudness) would be heard for more than a 
km or two, and would be considerably less audible during heavy rainfall. The citizens we 
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interviewed who lived 3km downstream from Sao Dam stated they had never heard the siren, 
which we were advised had been activated on occasions following installation. 

It is recommended that templates for emergency alerting messages be developed that 
can be used in emergency situations to initiate rapid response to at-risk communities. 
Templates should provide information on the nature of the threat (flood), the locations 
at risk, expected arrival time of floodwaters if known and action required by citizens. 

It is recommended that CBDRM planning include discussion of the most practical way 
to reach at-risk citizens out of range of public loudspeakers (e.g. farm workers) during 
short lead-in emergencies. The investigation of mobile phone or mobile loudspeaker 
(bicycle or motorbike) based systems to reach these people is advised. 

Guidance: There is a significant body of international literature regarding public alerting 
based on international case studies for a range of hazards, including floods. The theory and 
application of effective public alerting systems, including methods for evaluating existing 
systems and considering additional options to fill alerting gaps, is provided in resources 
available from the New Zealand Ministry of Civil Defence and Emergency Management 
(MCDEM, 2015) and Wright et al (2014). 

3.4.2 Evacuation planning 

Issue: Currently evacuation planning is conducted based on local knowledge about previous 
flood events. No evacuation zone maps or evacuation plans were found during our case 
study. 

Evacuation planning requires consideration of frequent and more ‘typical’ flood extents as well as 
consideration of extreme events which may be outside the experience of authorities and citizens 
but are still possible. The scenarios developed with Ban Mong and Sao Dams, particularly those 
for extreme events have produced flood extent maps, which can be used as the basis for 
evacuation planning. Evacuation plans should include identification of at-risk locations, 
evacuation routes (including whether they are pedestrian, bicycle or motor vehicle suitable), safe 
locations and recognisable landmarks to help citizens orient themselves when viewing the maps. 
The addition of routes, landmarks and locations of any evacuation shelters should be agreed in 
consultation with communities to ensure they are appropriate and practical. 

It is recommended that community based evacuation planning be conducted jointly by 
officials and citizens based on scenario maps. Evacuation plan development should 
include information about warnings, at-risk and safe locations and appropriate actions 
required. 

Guidance: Community based evacuation planning has been successfully applied using the 
methodology described above. Scientific base maps, shared with communities and plans 
developed together with government authorities and citizens. A full methodology and case 
study for this approach, that has been applied in New Zealand and Samoa is available in 
Wright et al, (2011). 
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3.4.3 Exercises and Drills 

Issue: Exercises in communes are currently focused on rescue from flood waters rather than 
testing the planning, communication and evacuation required before floodwaters reach 
communities. There is no formal exercise program at the province or district level. 

Exercises are a useful tool to evaluate current capability and capacity for DRM, particularly 
response activities and planning 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 
planning in a “safe” environment as opposed to finding out where any gaps are when a real 
event occurs. Developing and conducting exercises requires knowledge and experience in the 
areas being tested. Exercises may target specific activities (e.g. alerting systems), or be 
comprehensive, testing response at local and provincial levels. Resources not currently 
available in Nghe An include expert assistance with development and conducting exercises, as 
well as the resources of staff time for participation and the development of exercise materials. 

It is recommended that the Nghe An CSFC seek resources and expertise to assist with 
developing and conducting exercises to test arrangements and activities required to 
respond to dam-related flooding. 

Guidance: Online resources are available from the New Zealand and US Government’s 
emergency management agencies, covering the theory, development and evaluation of 
exercises (MCDEM, 2015 and FEMA, 2015). These guidelines and templates can be 
adapted for use in Viet Nam. External expertise is likely to be required for initial exercises, 
until local authorities become familiar and experienced with exercise development. 

3.4.4 Operational Planning and Standard Operating Procedures (SOPs) 

Issue: Arrangements for response roles and responsibilities for familiar flood hazards are 
generally well understood at all levels. Unfamiliar flood events or the new focus on readiness 
and risk reduction are not reflected in current planning and programs of work. 

Areas which could be formalised in SOPs include: 

 thresholds for dam-related emergency events can be set which trigger activities such 
as warning and communications; 

 formalised annual programs for readiness activities such as training, exercises and 
planning, 

 formalised plans for testing emergency communications and public alerting, 

 formalised plans and templates for recording the consequences and impacts of 
disaster events 

It is recommended that the CFSC produce an annual and five year work program to 
formalise and plan for new DRM activities which will assist Nghe An to work towards 
the goals of the National Strategy (see Appendix 1). 

Guidance: The Asia Disaster Preparedness Centre has information on developing SOPs for 
disaster management (ADPC, 2015a and 2015b). 
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3.4.5 Monitoring and evaluation of DRM 

Issue: There are no formal arrangements for monitoring and evaluating current planning and 
practice for emergencies (disasters) in Nghe An. The National Strategy and Law on Disaster 
Prevention provide strong support for the inclusion of risk and vulnerability assessments, 
community based DRM planning and risk reduction using a range of mitigation options. 
However, implementation and monitoring of progress to achieve risk reduction and more 
holistic planning requires training and resources, not currently available. 

Many international agencies monitor country-level progress in improving DRM arrangements 
(e.g. UNDP, GFDRR, UNISDR); however, progress at the province level and levels below, is 
strongly associated with specific DRM programs and therefore not applied universally or in a 
standardised way. Provinces with higher risk are typically targeted for NGO activity and 
international Aid-funded DRM projects. Individual projects may report on specific DRM 
improvements, but as our study area is in a relatively low-risk area nationally, there are no 
templates or monitoring in place to record activities conducted that contribute towards the 
goals of the National Strategy or the Legislation. 

In Viet Nam good digital and paper records are kept of a wide range of statistics such as 
those collated annually in Statistical yearbooks. In lieu of a formal template for DRM 
monitoring, activities could be recorded by CSFC as statistical data showing meetings, 
training, projects, plans and SOPs developed, details of exercises and participation of 
organisations. Results of evaluating training, exercises and projects can provide benchmarks 
for future years, to determine which DRM activities are being conducted, which require 
prioritisation, and which are the most effective. 

Evaluation of DRM to show success is difficult unless similar disaster events occur before 
and after DRM activities in the affected area. The consequences can then be compared and 
the value of the DRM activities undertaken can be considered. However, these types of 
scenarios are not likely and therefore, a more practical evaluation of DRM could be based on 
recording activities that contribute to the goals and aims of the National Strategy and 
legislation (refer Appendix 1). Evaluation could take the form of surveys, counts of materials 
produced, frequency of exercises and numbers of participants etc. As data is collected over 
time, comparison of activity counts and results of surveys etc. are possible. 

It is recommended that monitoring and evaluation of DRM activities be initiated at the 
province, district and commune level. This could initially be undertaken through 
statistical recording of activities and expanded as expertise develops. 

Guidance: Templates for recording such information are already in use by international 
agencies such as the Center for Excellence in Disaster Management & Humanitarian 
Assistance (CFE-DHMA, 2012) and the GFDRR (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 teaching 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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3.5 ADDITIONAL CONSIDERATIONS FOR LONG-TERM RISK REDUCTION 

Opportunities to build-in resilience to future incidents, both prior to and immediately 
subsequent to incidents, were identified through discussions with community members living 
and undertaking activities within hazard zones. Although good practice is reflected in central 
government policy would see hazards identified in provincial, district and local development 
plans, no evidence of this sort of initiative was apparent in relation to the project area. 

The undertaking of vulnerability, resource and capacity assessments within communities can 
highlight areas of strength and areas which could be targeted for activities to increase 
resilience. A resilient community reduces its long-term exposure to hazards where possible, 
prepares for events that cannot be avoided, responds appropriately to reduce losses to 
people and assets, and manages recovery in a way that does not increase vulnerability to 
future events. 

Structural improvements for long-term risk reduction can include the following: 

 Constructions of dykes to protect valuable assets 

 Relocation of critical infrastructure, valuable assets or frequently flooded homes or 
businesses 

 Raising floor levels  

 Encouraging construction of mezzanine floors or upper levels on buildings to provide 
safe locations for household belongings and business stock and assets 

Non-structural activities to increase resilience to economic losses could include: 

 Diversification of crops or introduction of more flood-resistant varieties of crops. 

 Increased uptake of insurance for business owners in at-risk locations 

 Catchment management, to reduce deforestation in reservoir catchments and 
sedimentation in reservoirs 

 Land-use planning or zoning for future development that allows only certain activities in 
flood risk areas. This is a complex process, likely requiring National and Provincial level 
policy change and new regulations planning for flood hazard. Land-use planning for 
reducing risk from (non-dam related) riverine flooding is effectively employed in many 
countries through policies such as minimum floor heights or zones of prohibited 
development (avoidance). Currently much of the development in the Hieu River study 
area is not located in the most frequently flooded areas for riverine flooding; but 
considerable areas of development could be at risk from dam-related flooding. The 
frequency of flooding is often one of the most important considerations for land-use. 
Any considerations for land-use planning for dam-related flooding would require that 
the probability of this type of flooding be considered before imposing strict land-use 
policies. Also, improvements in dam construction and operation to reduce dam-related 
flooding can in theory remove much of the risk to downstream communities. Land-use 
planning should complement other flood risk reduction activities and ideally be used 
where the risk is unacceptable and unable to be managed using other methods. 
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3.5.1 Summary 

This case study reports outlines the methodology and results for assessing and providing 
recommendations for improvements of Disaster Risk Management in the case study districts 
of Quy Hop, Nghia Dan, Thai Hoa, Tan Ky and Anh Son districts in Nghe An province. 

Priorities for improving readiness and response to dam-related flood events have been 
recommended. Links and references for resources including best practice guidance, useful 
templates and case studies have been provided. Viet Nam DRM policy and planning at the 
National level has been updated to reflect international best practice as presented in the 
Hyogo Framework for Action (UNISDR, 2005). It should be noted that the Hyogo Framework 
has now been superseded by the recently released Sendai Framework for Disaster Risk 
Reduction 2015-2030 (UNISDR, 2015). Although this document was released after the 
development of Viet Nam’s national policy, the national policy is also consistent with the 
Sendai Framework. 

Viet Nam, like many nations, is evolving from a more response focussed disaster model to a 
holistic, risk reduction and resilience model. This change in approach requires resources and 
training at many levels to support provinces and districts in adopting new practices and 
creating new plans. 

Planning for unfamiliar, low-probability, high consequence events is not currently undertaken 
in our case study area. These types of events could eventuate from the flooding scenarios 
modelled for Ban Mong and Sao Dam. Including at-risk citizens in community based DRM 
planning, and support for government officials to undertake a wider range of DRM tasks and 
training are two key priorities for improving DRM for the Hieu river study area. 
  



Dam and Downstream Community Safety Initiative – November 2015 

 

Case Study, Chapter 6 – Dam Safety and Disaster Risk Management 41 
 

4.0 REFERENCES 

ADPC (2008). Monitoring and reporting progress on Community Based Disaster Risk Management in 

Viet Nam - Partnerships for Disaster Reduction-South East Asia Phase 4. Asian Disaster 

Preparedness Center. 

ADPC (2015a). Asia Disaster Preparedness Center – Disaster Management Systems. [Online]. 

Available: http://www.adpc.net/v2007/Programs/DMS/Default.asp 

ADPC (2015b). Asia Disaster Preparedness Center – Community Based Disaster Risk Management. 

[Online]. Available: http://www.adpc.net/v2007/Programs/CBDRM/Default.asp 

CCFSC (2009). Implementation plan of the national strategy for natural disaster prevention, response, 

and mitigation to 2020. Central Committee for Flood and Storm Control. 

CFE-DMHA (2012). Country Disaster Response Handbook: Viet Nam. Centre for Excellence in 

Disaster Management and Humanitarian Assistance. 

DDCSI. (2015). Dam and Downstream Community Safety Initiative: Guidelines. A report prepared by 

the GNS Science Limited, Damwatch Projects Limited and Water Resources University Joint 

Venture for the New Zealand Ministry of Foreign Affairs and Trade. 

Decision No. 06/2008/QĐ-U (2008). Approved Operation Procedures for Song Sao [in Vietnamese]. 

People’s Committee Nghe An Province. Date: 11/01/2008. 

Decree 72/2007/ND-CP. (2007). Dam Safety Management [in Vietnamese]. Decree of the Vietnamese 

Government. Date: 07/05/2007. 

FEMA (2015). Federal Emergency Management Agency - Ready Resources [Online]. Available: 

http://www.ready.gov/business/testing/exercises 

GFDRR (2011). Disaster Risk Management Programs for Priority Countries. Global Facility for 

Disaster Reduction and Recovery. 

ICLEI (2007). Assessment of disaster risk management (DRM): guidelines and tools. Local 

Governments for Sustainability, World Secretariat. 

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

Government. Date: June 28, 2013. 

MARD (2007). Water-related disaster and its management in Viet Nam - Main points of National 

Strategy for Natural Disaster Prevention Response and Mitigation. Ministry of Agriculture and 

Rural Development. 

MCDEM (2015). Civil Defence & Emergency Management - Exercises & Resources. [Online]. 

Available: http://www.civildefence.govt.nz/cdem-sector/exercises/resources/ 

Red Cross (2014). Viet Nam: Country Case Study Report - How Law and Regulation Support Disaster 

Risk Reduction. International Federation of Red Cross and Red Crescent Societies, May 2014 

UNFAO (2011). Strengthening Capacities to Enhance Coordinated and Integrated Disaster Risk 

Reduction Actions and Adaptation to Climate Change in Agriculture in the Northern Mountain 

Regions of Viet Nam. United Nations Food Administration Organisation Report No. 

NJP/VIE/037/UNJ. 

UNISDR (2004). Guidelines for Reducing Flood Losses. United Nations International Strategy for 

Disaster Reduction. 



Dam and Downstream Community Safety Initiative – November 2015 

 

42 Case Study, Chapter 6 – Dam Safety and Disaster Risk Management 
 

UNISDR (2005) Hyogo Framework for Action 2005-2015: Building the resilience of nations and 

communities to disasters. United Nations International Strategy for Disaster Reduction. 

UNISDR (2015). Sendai Framework for Disaster Risk Reduction 2015-2030. United Nations 

International Strategy for Disaster Reduction. [Online]. Available: 

www.wcdrr.org/uploads/Sendai_Framework_for_Disaster_Risk_Reduction_2015-2030.pdf 

VNCOLD. (2012). Dam Safety Manual. A report prepared by the Vietnam National Committee on 

Large Dams (VNCOLD) for the Ministy of Agriculture and Rural Development (MARD). Date: 

Dec 2012. 

Wright, K. C., Beavan, R. J., Daly, M. C., Gale, N. H., Leonard, G. S., Lukovic, B., Palmer, N. G., et al. 

(2011). Filling a critical gap in end-to-end tsunami warning in the Southwest Pacific: a pilot 

project in Samoa to create scientifically robust, community-based evacuation maps. GNS 

Science Report 2011/53. Lower Hutt, New Zealand. 140p. 

Wright, K. C.; Leonard, G. S.; Beatson, A.; Morris, B.; O’Sullivan, R.; Coomer, M. A.; Freire, D. (2014). 

Public Alerting Options Assessment: 2014 update. GNS Science Report 2014/66. 118p. 

 



 

 

 

 

 

 

 

 

 

 

 

APPENDICES 

 



 

 

This page is intentionally left blank. 

 



Dam and Downstream Community Safety Initiative – November 2015 

 

Case Study, Chapter 6 – Dam Safety and Disaster Risk Management 44 
 

A1.0 APPENDIX A: EXCERPTS FROM THE NATIONAL STRATEGY FOR 
NATURAL DISASTER PREVENTION RESPONSE AND MITIGATION (2007) 

“Non-structural solutions include forest rehabilitation, renovating communication systems, 
forecasting, warning, international cooperation, raising community awareness, strengthening 
institutional capacity and organizational capacity for flood and storm prevention, response 
and search and rescue network (MARD 2007 p. 9).” Relevant excerpts from the National 
Strategy are as follows: 

Strategy – B1 Preparedness and Prevention Phase 

B.1.1.6. Raise community awareness of natural disaster prevention, response and mitigation 

 Implement simultaneous measures and methods to raise social awareness and 
capacities to respond to natural disasters: 

 Include basic knowledge about natural disaster prevention, response and mitigation in 
the school curriculum; carry out practical activities in schools to help students know 
how to respond to disaster situations and support their family and community. 

 Provide training for those directly involving in disaster prevention and mitigation 
activities, especially decision-makers, managers, planners, practitioners, and local 
officers. 

 Frequently carry out such exercises as search, rescue, evacuation, dyke protection, 
etc. for responsible officers in localities and sectors. 

 Expand television and radio networks to remote areas, increase broadcast time, 
diversify means of communication in order to spread knowledge on disaster prevention 
and mitigation throughout communities. 

 Encourage cultural and arts organizations to raise public awareness as well as promote 
natural disaster prevention, response and mitigation by their art works and programs. 

B.1.1.7. Socialization of natural disaster prevention, response and mitigation 

 Promote the community involvement in formulating relevant laws, regulations, 
programs and plans. Disclose these documents after they have been approved. 

 Promote the community involvement in managing and monitoring the implementation of 
programs and projects. 

 Develop and multiply the model “disaster safe villages” in which the communities are 
aware of potential disaster risks and consequences. Collect human resources and 
facilities; establish funds for disaster prevention and mitigation and other humanitarian 
foundations. 

 Develop the self-preparedness capacity in the community, mobilize on-site resources 
for proactive search and rescue. 

 Promote mutual help and protection against disasters, encourage organizations and 
individuals to participate in relief efforts for affected localities by various efficient ways. 
(MARD, 2009. P. 13) 
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C.2.4. Community awareness raising and non-structural measures 

 Including knowledge of natural disaster issues in school curriculum: 

 * Leading agency: Ministry of Education and Training; 

 * Coordinating agencies: concerned ministries, sectors and localities 

 * Implementation time: 2007-2010. 

 Community training on natural disaster issues 

 * Leading agency: CFSCs at all levels and CCFSC; 

 * Coordinating agencies: Organizations and individuals at home and abroad 

 * Implementation time: Annually 

 Information dissemination on natural disaster issues via the mass media: 

 * Leading agency: Ministry of Culture and Information, VOV, VTV; 

 * Coordinating agencies: Concerned ministries, sectors and localities. 

 * Implementation time: Annually 

 Capacity strengthening for natural disaster management agencies from the central to 
local level: 

 * Leading agency: MARD; 

 * Coordinating agencies: concerned ministries, sectors and localities 

 * Implementation time: 2007-2020. 

 Capacity strengthening for search and rescue forces: 

 * Leading agency: Ministry of Defense 

 * Coordinating agencies: concerned ministries, sectors and localities 

 * Implementation time: 2007-2020. 
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