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E X E C U T I V E SUMMARY 

Problem definition 
The coastal areas of Vietnam are repeatedly hit by devastating storms and typhoons. Protective sea 
dikes are overtopped or breached frequently, with the resulting flooding causing damage to agriculture 
land, loss of life and crops, and destruction of infrastructure. 
In the coastal area of the five northern provinces of the Red River Delta, 361 kilometres dikes wi l l 
be upgraded, assisted by the World Food Program, project number 5325. This project is the follow-up 
of the WFP project number 4617, which was focused on 7 provinces along the Central Coast. 

Scope of the mission 
As a result of the strong similarity in physical nature between the Netherlands and Viet Nam on water 
related issues, the Ministry of Agriculture and Rural Development of the Socialist Republic of Vietnam 
has requested to the Ministry of Transport, Public Works and Water Management of the Netherlands 
for technical assistance on flood control issues. 
As a first step the Dutch Ministry has sent in November 1995 two representatives, mr. Anne van Urk 
and mr. Ale van der Hoek, to discuss many flood control and water management issues in Viet Nam, 
on which cooperation can take place. One of the issues with the highest priority was to get a second 
opinion on the sea dike designs as to be used in the WFP program. 
So as a second step in the program a mission visited Vietnam, from 26 March to 12 April 1996, in 
order to evaluate the existing designs and execution options for the five coastal provinces of the Red 
River Delta (RRD). 

Design methodology 
In order to decide what kind of protective measures should be taken in case of coastal defence problems, 
different preceding activities must be realized. On the one hand the causes and the extent of the coastal 
problem should be assessed by means of a study into the boundary conditions and the morphological 
processes in the area considered. On the other hand an evaluation should be made of the different interests, 
which may be related to safety, agriculture, environment, economy, etc. 

There is a large research potential available in Viet Nam, e.g. Department for Dike Management and 
Flood Control, Vietnam Institute for Water Resources Research, Marine Hydrometeorological Centre 
of the Hydrometeorological Service, and Hanoi Water Resources University. However, in order to 
use this potential effectively in solving of practical coastal problems a more close cooperation between 
the different parties in the design process should be further stimulated. To achieve this goal some 
administrative actions should be undertaken by the Ministry of Agriculture and Rural Development. 

It should also be considered to develop different possible solutions to a problem and compare these 
solutions on basis of the interests involved. Even future development on economy and boundary conditions 
should be considered. Then, the available money and labour can be used in a (more) efficient way. 
Therefore a so called 'policy analyses study' should be prepared, on province-, district- or project level. 

To improve understanding between various institutes and in order to involve the different interests 
in the design process, the activities related to a certain program (problem or project) should be organized 
in a form of multidisciplinary project teams and giving proper responsibilities to the project-leader. 
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Risk level 
For a proper design, as a starting point, an acceptable risk level has to be fixed. The present designs 
for the rehabilitation and upgrading of the sea dikes in the Red River Delta are based on design-
circumstances which wil l occur with a frequency of 5 % each year ( = 1/20 years). However, the interests 
to protect vary for the different area. In order to get a balance between the investments for dike 
improvement and the value of the interests to be protect, it is advised in the future to consider a 
differentiation in risk level. 
From the moment that people realize that the area they inhabit, is protected in a sufficient way, investments 
will be done. Moreover, the living standard and the economic situation in Vietnam wil l expand in near 
future. 
Consequently the interests in the area adjacent to the sea will increase and in order to keep the interests 
and the safety level in the future in balance, the safety level wil l most probably be upgraded again. 
Therefore it should be considered to allocate a free strip on the landside of the dike for future 
improvements. 

Natural boundary conditions 

Topography and morphology 
For a sound planning and design of sea defences it is necessary to know the bottom topography in 
front of the coast (at least in the zone from 'deep water' to the toe of the dike) and even to make a 
prediction of the shoreline development for the lifetime of the structure. Such a prediction can be made 
based on the historical coastline development in combination with a morphological analyses of the coast. 
In such an analyses the effects of the sediment load of the rivers, longshore and cross shore sediment 
transports etc are evaluated. Based on the shoreline prediction the design conditions of the sea defence 
can be determined. Further, decisions can be made to concentrate efforts and investments on for instance 
eroding shoreline sections. 

Waves 
Since the bigger part of the coastline of the northern part of Vietnam has a shallow foreshore, in most 
cases the design wave heights for the sea defences wil l be depth limited. Based on the present bathymetry 
and on the predictions for the near future the design wave height for the sea defence design can be 
calculated. However, it is still important to know the deep water wave climate (wave height, wave 
period, frequency distribution). Not only for the sea dike design but also for other purposes (morphology). 

A reliable deep water wave climate can only be obtained by long term measurements. In this way a 
reliable set of statistical wave parameters can be defined. This data set should include directional frequency 
distributions of the wave height and wave period. 

Design water level 
The design water level is a dominant parameter in design of the crest height of the dike. Therefore 
much attention should be paid to the proper quality of prediction of the design water level and its 
components: astronomic high tide and storm surge ( = wind set-up). Than it is possible to tune the 
design water level to the acceptable risk level. 
Comparing the various sources of information it might be possible that the tidal level which is used 
in the present calculations already includes the wind set-up. It appears that this value has been derived 
from a water level exceedance curve and not from the astronomical tide-table figures. 
It is recommended to verify and validate the wind set-up formulation. This can be done by comparison 
of water level measurements and wind set-up computations. 
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Conclusions and recommendations 
The proper quality of input data/hydraulic and geotechnical boundary conditions is of a primary importance 
for a proper design. An expert working group should prepare a document with boundary conditions 
for the coast of Viet Nam, which should be used as a basic document for the design process. 
With respect to boundary conditions for sea dike design it is recommended to: 
• analyze all the relevant available wind, wave, current, water level and bathymetric measurements 

in order to define the boundary conditions along the entire coast the best as possible. Priority should 
be given to the water level analysis (required to obtain the design water level) and the bottom 
topography (required to obtain design wave heights); 

• prepare boundary condition guidelines and submit these to the local (provincial) governments. 
These standards wil l contain specific values (based on the analyses of measurements) to be applied 
or standardized procedures to calculate certain design parameters; 

• determine priorities for improvement. For example: setting up a long term wave measurement 
campaign. 

Design 

Crest height 
The subsoil along the line of the dikes to be improved wil l vary. So the heightening for the dike 
improvement wi l l be different. Therefore it is recommended, especially in areas with bad soil conditions 
or with settlement problems, to calculate the expected settlement of the subsoil which wil l occur due 
to load of earthfill. I f sufficient data are available, it should be supported by geotechnical calculations. 

The runup on the dike wil l be strongly influenced by the slope angle and the roughness and permeability 
of a revetment. In the present designs there is no distinction for the various types of revetment. 

In cases that the runup is calculated for an exceedance of more than 2 %, also overtopping of the dike 
should be calculated including its consequences for the stability of crest and inner slope. 

Due to the above mentioned aspects it is recommended to examine the present calculations for the crest 
height of the dike in according to state-of-the-art design standards, and differentiated for the different 
dike sections. 

Revetments 
In the present designs of sea dikes Russian formulas as well as the Hudson formula (USA) are used. 
Al l these formulas are originally developed for riprap and/or rubble mound structures (breakwaters), 
which are based on the weight of elements. However, these formulas have also been applied in the 
present designs for calculation of thickness of pitched stone and block revetments. The design of block 
revetments should be based on the thickness of a block and not on the weight of a block. 

In general, for new dikes where settlements can be expected, the loose protective units (stone, placed 
blocks) are preferred instead of interlock blocks, because of there flexibility and re-use possibility after 
eventual damage. 

The existing riprap on various dikes, which is not stable enough for design conditions can still be applied 
in the zones of less wave attack (e.g. above design water level + xh H s , and at the toe structure). 
The toe structure should be strong enough to resist the sliding forces provided by the slope revetment. 
In all cases proper transitions from the slope protection into the toe protection, and into the crest, are 
very essential for the stability of the revetment. 
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As conclusion, the actual design approach concerning the stability of the revetments on the sea dikes 
is not always based on the right formula and is also inconsistent, and can not be accepted as a final 
design. Also the construction of the transitions should be re-considered. 

Foundation 
Special attention should be paid to geotechnical aspects of dike design, such as foundation on soft soils, 
and problems of compaction of clay-earthfill especially during dry and warm periods when the clay 
is becoming very hard. An important question is "what is the influence of possible cavities between 
the blocks of clay inside the dike body on the geotechnical stability of the dike?" 

Design standards 
The actual design standards for coastal protection (including dikes) in Viet Nam should be updated 
according the actual state-of-the-art of the international knowledge in this field. Therefore new design 
guidelines should be formulated including the selection of proper design formulas for various revetment 
types, including stability of sublayers and subsoil, and also including design recommendations concerning 
toe protection and transitions. 

Implementation of knowledge 
The existing knowledge on design, construction and maintenance of dikes, especially at districts, needs 
upgrading. Because of a language problem, the access to the current literature is limited. Therefore 
training of technical staff is urgently needed. 
To improve communication in the field of transfer of know-how from The Netherlands to Viet Nam, 
the one-year training of at least two young engineers at the International Hydraulic Institute (IHE) in 
Delft, supplemented by about two months orientation within the specialistic Rijkswaterstaat Divisions 
is considered as a minimum. It is stressed that for a training in the Netherlands an adequate knowledge 
of the English language is necessary. 
Moreover a short course in Viet Nam for the engineers involved the project should be considered. 
For the long term it would be important that the (backgrounds of the) standards wil l be teached at the 
University. 

Seminar 
On a seminar on 9th April, attended by representatives of DDMFC, provincial and district design engineers, 
Hydraulic Institute, Hanoi Water Resources University and Meteorological Service Viet Nam, the Dutch 
mission has presented the results of the mission. Also a case study was presented on the calculation 
of crest height and the stability of revetments, based on the state-of-the-art design standards. 

Execution 
In order to have a reference to check, the detailed specifications of the design and execution and permitted 
tolerances, should be established i n ' execution specifications' and proper drawings. To achieve a proper 
construction special attention should be paid to the execution of the revetment, the transitions and the 
compaction of the earthfill. 
Surveillance during the execution by a supervisor who is familiar with the design of the structure, and 
a proper quality control system, are essential for a proper final result of a project. 

Operation and maintenance 
There should be a clear definition of responsibilities of various management levels resulting in 'short 
lines' in respect to decision and necessary actions concerning the repair of damages after the storm. 
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After each storm an inspection report should be prepared. Small damages should be directly repaired 
by the local authorities and people. 
The storm damages should be repaired before the next storm season starts. The unrepaired locations 
(even with small damages) may lead to the serious damages during the next storm season, which can 
be very costly to repair. 
A check list for post-storm inspection and reporting should be prepared by the Department for Dike 
Management and Flood Control, as well as the maintenance guidelines and definition of responsibilities. 

During the lifetime of the structure the boundary conditions (e.g. due to the morphological changes) 
and also the strength of the structure can change. Therefore it is recommended to order the local authorities 
to report periodically the actual state of the dike in respect to fulfilling its defence function. 
For realization of this goal it is needed to have a sufficient data base. In the present situation this actions 
are basically taken place. 

General conclusions 
From the observations of the mission and the comments as drawn in this report, the following general 
conclusions can be mentioned: 
• In all reviewed designs, each province has used different prediction methods for waves and wave 

runup, and stability of the revetments. Because of that it is nearly impossible to compare all these 
designs. 

• The applied design water level seems to be too high; on the other hand the calculated wave runup 
is insufficient. As a preliminary conclusion it can be mentioned that the calculated crest height 
is sufficient in Nam Ha Province and at some stretches in the other provinces. At most stretches 
the crest height seems to be insufficient. For abetter judgement detailed calculations are inescapable. 

• The wave prediction, especially for long and shallow foreshore, and its interaction with dike 
slope is insufficient. This wil l have repercussions for the calculated runup and revetment stability. 
Some prototype measurements on local wave spectrum and interaction with existing dikes, and 
laboratory investigations of runup with shallow foreshore are recommended. 

• The actual design approach concerning the stability of the revetments on the sea dikes is not always 
based on the right formula and is also inconsistent, and can not be accepted as a final design. 

• In most cases the dikes to be improved have a various exposition in relation to the dominant wind 
direction. From the designs it can be concluded that in each province only one direction is considered. 

• Special attention should be paid to the compaction of clay-earthfill 
• Feasibility study incl. costs should be done on stability of revetments at lower design frequency 

of water levels and resulting waves (e.g. 1/50 and 1/100 years). Mostly it is possible to achieve 
much higher stability of revetments at a little additional cost. It will reduce the amount of future 
repair costs and wil l allow additional heightening of dikes without necessity of placement of new 
revetments. 

Preliminary Action Plan 
The Dutch mission, based on her observations and conclusions as drawn above, is recommending to 
undertake the following actions: 

Dike program 1996-1997 
The designs of dike stretches planned for rehabilitation in 1996 and 1997 should be examined again, 
as soon as possible (without waiting ti l l the future design guidelines are prepared). The Dutch technical 
documents [6] and [7], which are provided to the DDMFC, can be of use for this examination. In order 
to prevent a delay in the WFP-program it is recommended to consider a second opinion of the adapted 
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designs by the members of the Dutch mission, in the foreseeable future. For this purpose it is necessary 
to provide the basic data of the dike stretches for realisation in the near future. 
The proper quality of input data/hydraulic and geotechnical boundary conditions is of a primary importance 
for a proper design. An expert working group should prepare a document with boundary conditions 
for the coast of Viet Nam, which should be used as a basic document for the design process. 
It is recommended to organize a semi-permanent help-desk at the Rijkswaterstaat for occurrent technical 
assistance during realization of this program. 

Design guidelines 
Project definition and project proposals should be worked-out concerning the preparation of the national 
design guidelines for sea dikes in the coming two years (1997-1998). For the transfer of the available 
Dutch know-how on this matter, the appointment of the joint working-team (Viet Nam - The Netherlands) 
is recommended. 
To ensure the effectiveness of such working group, the project should be commissioned by, and realized 
under direct responsibility of the Vice-Minister of the Ministry of Agriculture and Rural Development. 
The project-team should consist of representatives of DDMFC, one or two designers from the provinces, 
representatives from the Hanoi Water Resources University, Institute for Water Resources Research 
and Meteorological Service. There must be a proper commitment of all these parties to the project 
and the existing boundaries between various departments should disappear. 

Educational program 
Parallel with the activities as mentioned above, the short- and long term educational program for technical 
staff should start. 
It should include the following components (steps): 
• short course (2 to 3 weeks), for design staff in Viet Nam, preferably in 1996; 
• short visit of Vietnamese designers to The Netherlands; 
• training of few (young) engineers in The Netherlands, by attending the yearly course at the 

International Hydraulic Institute in Delft, and including a 1 or 2 months period of orientation within 
the Rijkswaterstaat Divisions; 

• upgrading the teaching program of the Hanoi Water Resources University. 

Integrated studies 
Feasibility (integrated) studies should be undertaken, concerning the coastal area of Nam Ha Province, 
with special attention to the erosion problems of the Hai Hau district. 
Besides the studies on the physical components, an integrated policy analysis for the coastal area of 
Nam Ha Province should be prepared (safety/risk analysis, evaluation of local interests, additional 
coastal protection measures, environmental aspects, etc.). The results of this policy analysis wil l provide 
the base for the necessary decisions concerning this area, by the policy-makers. 
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1 INTRODUCTION 

1.1 Background 

The coastal areas of Vietnam are repeatedly hit by devastating storms and typhoons. Protective sea 
dikes are overtopped or breached every year, with the resulting flooding causing damage to agriculture 
land, loss of life and crops, and destruction of infrastructure. 
The overtopping of the sea defences causes salt intrusion which decreases the agricultural productivity. 
Further the constant risk of flooding discourages farmers to adopt new technology or to invest in other 
income-generating activities. 
Assistance of World Food Program (WFP) wil l act as an incentive to the population to undertake self-help 
dike upgrading activities. So, under the WFP project number 5325, in the period of 1996 to 2000, 
361 kilometres dikes in the coastal area of the five northern provinces of the densely populated Red 
River Delta wi l l be assisted by the WFP program and wil l be upgraded in order to reduce the risk 
of sea water reaching the areas behind them (see picture 1.1). 

The Red River Delta is characterised as low lying with a enormous network of river branches with 
a long line of dikes and sea defences. Most of the sea dikes are built over the centuries mostly due 
to local initiatives. The sea dikes have generally an inadequate design and are poorly constructed. Due 
to the bad state of the dikes a significant part of the yearly funds has to be allocated to repairs and 
maintenance. The length of the coastline is approximately 165 km as the crow flies. 

Governmental organization 
At the national level the government is organized according to the schematized tree diagram in appendix 
F I . The country is being led by the governmental council in which Ministers are seated. Each Minister 
has the responsibility over his ministry or equivalent organization. 
The same organization structure as on the national level is also implemented on the lower levels (see 
appendix F2). These are the provincial level, the district level and the commune level (a cluster of 
villages). The administration of these levels is called the Peoples Committee of the province, district 
or commune. At the province and district level there are representatives of all the ministries and equivalent 
organizations as presented in appendix F I . Each department or representative has the responsibility 
to report to the higher level. So it is the task of the Representative of the Waterresources Department 
in the commune to report the condition of the dikes bottom up. 

Parallel to the People Committees there is also the structure of the Communist Party which has its 
national, provincial, district and commune departments and representatives as well. On each level the 
Party Committee plays an important role in all important decisions. The chairman and people on key 
positions in the Peoples Committees are usually also seated in the Party Committee. Decisions are therefore 
made in good agreement between the Party Committee and the Peoples Committee. In general it can 
be stated that the Peoples Committees are responsible for the daily administration while the Party 
Committees control the outline of the policy. 

The coastal defence system in Viet Nam is in principle the responsibility of the Ministry of Agriculture 
and Rural Development (MARD). The Ministry is organized according to appendix F3. In this schedule 
the Department of Dike Management and Flood Control (DDMFC, appendix F4) is in charge of the 
monitoring, maintenance, improvement, design and funding of projects on the river and sea dikes. 
The DDMFC manages 5.000 km of river dikes and 3.000 km of coastal and estuarine dikes throughout 
the whole country. In practice, the Ministry has especially a funding, controlling, managing and supportive 
function towards the local (province and district level) representatives. The institutional structure for 
combatting the annual effects of floods and typhoons is presented in appendix F5. 
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The DDMFC (appendix F5) also runs the Secretariats of the Central Committee for Flood and Storm 
Control (CCFSC) and the Viet Nam National Committee for the International Decade for Natural Disaster 
Reduction (VNCDONDR). The CCFSC is responsible for the emergency responses just before (forecasting 
and warning), during (coordination) and after the onset of the disastrous event. The VNCIDNDR is 
responsible for preparing the community and the responsible authorities is cooperation with international 
organizations (public awareness, emergency preparedness. 

1.2 Terms of reference mission 

As a result of the strong similarity in physical nature between the Netherlands and Viet Nam on water 
related issues, the Department of Dike Management en Flood Control (DDMFC) of the Ministry of 
Agriculture and Rural Development has requested to the Ministry of Transport, Public Works and 
Water Management of the Netherlands for technical assistance on flood control issues. 
As a first step in this program a mission visited Vietnam in order to evaluate the designs and execution 
options for the five coastal provinces of the Red River Delta. 

The Terms of Reference for the mission is as follows: 
a. Review of the existing improvement plans with their status. 
b. Survey and assessment of the dike systems and designs in the provinces including field visits together 

with the designers. 
c. Evaluation of the hydraulic boundary conditions for the dike design. 
d. Evaluation of other factors affecting the design and stability of the dikes, as coastal erosion, etc. 
e. Introduction of Dutch guidelines for design. 
f. Review of and advice on the incorporation of the specific constructions in the dikes as water discharge 

sluices etc. 

g. Preliminary Action Plan with Prioritizing; for this issue the results of the V V A study can be used. 

Members of the mission: 
Ministry of Transport, Public Works and Water Management 
* Mr. Krystian W.Pilarczyk, Road and Hydraulic Engineering Division 
* Mr. Piet J.Eversdijk, Civil Engineering Division 
Viet Nam Vulnerability Assessment project (VVA) 
* Mr. Gijsbert Kant 
Mr. Kant has assisted the mission in order to provide the necessary information gathered in the scope 
of the V V A project. 

1.3 Results of the mission 

During the mission discussions were held with the different parties, which are involved in the program 
for the improvement of the sea dike system in the RRD, even on Ministry -, Province - and District 
level. Different documents were examined and site visits gave an impression of the present situation. 
At one place, a dike improvement under construction was visited. 
The impressions, comments and recommendations are described in this report. Moreover, a seminar 
was held for the people of the different institutes and design offices, involved in the dike improvement 
program (see also appendix A2, page 10, and picture 1.10). 

In chapter 2 a short description of a design methodology and a view on the risk level is given. 
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In chapter 3 the hydraulic boundary conditions as the bottom topography, and the water level and waves 
in front of the coastline of the Red River Delta, are discussed. 
In chapter 4 the present designs are described and also comments to that are given. 
The mission paid only limited attention to the execution and maintenance aspects. Nevertheless some 
topics are mentioned in chapter 5. 
In the chapters 6 to 10 more specific remarks for each province are presented. 
To give some idea about the more systematic design approach and the sensitivity of the outcome in 
respect to the input data, in chapter 11 a simplified case study was prepared. 
Finally in chapter 12 conclusions are drawn and some recommendations are given, resulting in a preliminary 
action plan. 

The mission wishes to thank the representatives of the different organisations and agencies involved 
for the open and fruitful discussions and for the great hospitality. Especially, the support of Ms. Pham 
Thi Hong and Mr. Ton That Vinh should be acknowledged. 

Figure 1,1 Dutch delegation during visit of Hanoi University 
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2 DESIGN PHILOSOPHY 

2.1 Design methodology 

In order to decide what protective measures should be taken in case of coastal defence problems, different 
preceding activities must be realized. On the one hand the causes and the extent of the coastal problem 
should be assessed by means of a study into the boundary conditions and the morphological processes 
in the area considered. On the other hand an evaluation should be made of the different interests, which 
may be related to safety, agriculture, recreation, environment, economy, etc. 
The general methodology is drawn in figure 2.1. 

Problem d e f i n i t i o n 

Causes In t e re s t s 

Boundary condi t ions 
- present p r o t e c t i o n 
- bottom p r o f i l e s 
- morphology 
- sea condi t ions 
- topographic data 

Evaluat ion of aspects 
- s a fe ty 
- economy 
- r ec rea t ion 
- environment 

A l t e r n a t i v e so lu t ions 

Selec t ion 

Boundary condi t ions 
- mater ia l s 
- equipment 
- l o c a l experience 

Pre l iminary design Pre l iminary design 
1 

De ta i l ed design 

Figure 2.1 Methodology for solving coastal defence problems 

Problem definition 
An appropriate solution can only be found when the problem is well defined. This does not only include 
the identification of the actual problem itself, but also why the problem is identified as such. 
From section 1.1 it can be concluded that in case of the dikes along the Northern coast of Viet Nam 
(Red River Delta) the problem can be summarized as follows: 
a. The strength of the present dikes is not enough to withstand devastating storms and typhoons 
b. Salt intrusion due to overtopping: crest is to low 
From the problem definition a program of requirements can be defined which must be met when designing 
the alternative solutions. 
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Boundary conditions 
A clear insight into the hydraulic boundary conditions and the morphological processes in the area 
of interest is necessary to determine the causes of the coastal problem and to choose the right type 
of protective measures. 
The actual design of coastal protections is determined by the local conditions like waves, tides, currents, 
bottom profiles, morphological processes and the characteristics of sediments and soils. 

The knowledge of the hydraulic conditions and the morphological processes can be obtained by careful 
analysis of the available data. Additional measurements may be necessary. 

Not only the present evolution in the coastal zone needs to be known, but also the change which is 
expected to occur in the future (for instance a rise in sea level, structural erosion, accretion). In fact, 
the present condition and the future development of the coast should be confronted with the interests 
involved in order to decide whether protective measures should be taken or not and to which extent. 

Aspects 
An evaluation of the different interests should be made in order to be able to make a proper decision 
between the alternative solutions. 
First, all relevant aspects should be discerned. Second, the relative importance (weight) of the aspects 
should have to be determined. 
In case of the RRD such aspects as safety, economy, housing, environment, sacral and historical values 
(see also picture 1.2), and agriculture should be considered. 

Alternative solutions 
Experience and engineering judgement play an important role in applying the design rules in the actual 
design process of coastal protection measures. 
Possible solutions must solve the defined problem(s), taking into account the local boundary conditions 
and the interests defined. The hydraulic and morphological consequences of the alternatives must be 
known. The solutions have to be work out to such a level that a comparison of the different alternatives 
is possible. 
In case of the RRD e.g. the following alternatives can be considered: 
• retreat or maintain present dike in erosion area 
• maintain or replace dike seawards in accretion area 
• stabilize the existing foreshore in erosion area eventually in combination with groynes or offshore 

sills 

• different amount of overtopping, in combination with additional measures for overtopped dikes 

Selection 
A weighing of the relevant aspects against the effectiveness of the alternative solutions can result into 
a decision on what protective measures should be taken. Therefore a so called 'policy analyses study' 
should be prepared, on province-, district- or project level. 
The weight or relative importance of the various aspects is a matter of policy-makers. By using several 
sets of weight scores, different points of view can be evaluated. The effectiveness scores can be qualitative 
(for instance scores like + + , + , o, -, and - ) or quantitative in terms of absolute or relative figures, 
or by means of ranking. 
Ranking of the alternatives can be determined by a summation of the aspect scores. 
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Table 2.1 gives a simplified example of an evaluation matrix. Safety is in this example the most important 
aspect. The scores of the alternatives are given by ranking (1 = worst; 5 = best). The highest total 
score gives the best alternative which is in this example alternative "3". 

Aspects Weight Alternative solutions Aspects Weight 

1 2 3 4 5 

Safety 50 % 5 1 4 2 3 

Economy 25 % 1 2 3 5 4 

Envi ronment 25 % 2 5 3 4 1 

100 % 3.25 2.25 3.5 3.25 2.75 

Table 2.1 Example of an evaluation matrix 

Using another viewpoint, for instance safety = 30 %, economy = 60 %, and environment = 10 %, 
it wil l give "4" as best alternative with a total score of 4.0. 

In this way the optimal solution considering the importance of all the relevant aspects, seen from a 
certain viewpoint, can be selected in a relatively objective way. However, especially in Viet Nam case, 
the cost of construction and future maintenance should also be included in this analysis, because the 
cost wi l l be generally a controlling factor in the final choice of alternative solutions. 

Preliminary design 
After choosing one or two conceptual designs, these designs must be worked out in detail. At this stage 
(the preliminary design), more accurate boundary conditions are required to determine the dimensions 
of the protective measure. 

Detailed design (and tender documents) 
In the scope of the detailed design all possible failure modes should be examined according to the actual 
calculation methods. After that the final structural design of the structure according to the actual design 
criteria can be performed. 
This includes, for example, such structural components as: 
• dike body and its composition and compaction 
• settlement of subsoil 
• revetment (if necessary) including filter structure 
• transitions and toe protection 
• splash area (crest) and inner-slope 
The possible execution methods (inch availability of equipment) and future maintenance should be 
taken into consideration during the design process. The detailed design should be properly reported 
including necessary detailed drawings and tender documents. 

Summary and recommendations 
In order to decide what kind of protective measures should be taken in case of coastal defence problems, 
different preceding activities must be realized. On the one hand the causes and the extent of the coastal 
problem should be assessed by means of a study into the boundary conditions and the morphological 
processes in the area considered. On the other hand an evaluation should be made of the different interests, 
which may be related to safety, economy, housing, environment, agriculture etc. 
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There is a large research potential available in Viet Nam, e.g. Department for Dike Management and 
Flood Control, Vietnam Institute for Water Resources Research, Hydrometeorological Service of the 
Marine Hydrometeorological Centre and Hanoi Water Resources University. However, to use effectively 
this potential in solving of practical coastal problems a more closely cooperation between the different 
parties in the design process should be further stimulated. To achieve this goal some administrative 
actions should be undertaken by the Ministry of Agriculture and Rural Development. 
Special attention should be paid to the quality of hydraulic boundary conditions which wil l strongly 
influence the final quality of the design. 

It should also be considered to develop different possible solutions to a problem and compare these 
solutions on basis of the interests involved. Also future development on economy and boundary conditions 
should be considered. Then, the available money and labour can be used in a (more) efficient way. 
Therefore a so called 'policy analyses study' should be prepared, on province-, district- or project level. 

To improve understanding between various institutes and in order to involve the different interests 
in the design process, the activities related to a certain program (problem or proj ect) should be organized 
in a form of multidisciplinary project teams. The leaders of such project teams should have sufficient 
wide, properly defined responsibilities. 

2.2 Risk level 

Socially acceptable risk-levels for inundation 
The first problem in dike-design is to establish an allowable failure frequency of the structure. It has 
to be decided how often flooding of an area is acceptable. This is normally not a responsibility of a 
designer, but more an economical and political problem of policy makers. One can imagine that an 
optimum relation can be found between the cost of dike construction and the value of the protected 
goods. Higher dikes costs more, but are economic when you have to protect valuable infrastructure 
in the area protected by the dike. However this problem can not be solved only on a financial basis. 
Another important question is: 'what is the economic value of a natural reserve and especially of human 
lives'. So in fact it is a mixture of politics and economics. 
Thus the level of safety depends on the willingness of investing money in safety and (of course) on 
the availability of money. 
Because in the Netherlands the building of dikes started by (small) private land-owners working together, 
they build up a tradition of investing in the property they used to work on. 

Determination of design values 
After having determined the risk level (and thus the allowable probability of failure), one can determine 
the strength of a structure and the design load on the structure. 

In the Netherlands it was decided to design dikes with a design load with a given probability of occurrence. 
Under this design load the construction has to be strong enough to ensure an extremely low probability 
of failure. 
Practically this means for the central part of the Netherlands that the design water level is the level 
with an occurrence of once every 10,000 years (1/10,000). So we design a dike with a design water 
level (including a storm surge) with a probability of 1/10,000 per year. This water level is determined 
using extreme value statistics. Together with this design water level we determine the corresponding 
boundary conditions (like the wave-height, etc.). 
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Not every place in the Netherlands needs to be protected against a 1/10,000 level. Places where less 
people live, or with less economic activity, may use a lower design value. For the south-western and 
northern part of the country a level of 1/4,000 is adopted. For river dikes a level of 1/1250 is accepted. 

Practical values 
The values of 1/10,000 and 1/4,000 are general values in the Netherlands. These frequencies are reasonable 
because about a half of the Netherlands wil l be flooded during severe storms without proper sea defences 
(dunes, dikes and other structures). It is quite doubtful that in the rest of the world identical values 
should be used. As indicated above, these values depend on the economic value of the activities in 
the area, the social acceptance of flooding, the amount of money authorities are willing to spend on 
flood protection, etc. 

In general one can state that high-yield agricultural areas should not be flooded too frequently, especially 
not by salt water. It also depends on the time of the year when flooding usually occurs. For high-yield 
agricultural areas which might be flooded by fresh water one should think of a flooding frequency 
of once every 10 years. When high investments were made in irrigation and drainage, one might decrease 
the frequency to 1/25. For salt-water flooding one should use frequencies in the order 1/50 to 1/100. 

For individual houses a value of 1/50 - 1/100 is a good guideline. In this case it is assumed that the 
flooding causes considerable damage to the construction of the house. I f the flooding only causes some 
water in the house, the frequency might be in the order of 1/10. 
For a complete village the values for damage-causing floods should be in the order of 1/100 to 1/500. 
For big cities, industrial areas and areas vital for the functioning of the country (airports, railway stations, 
etc.) the frequency of damage to a protection resulting in a flood should be in the order of 1/500 to 
1/1000. 

In the above it is assumed that the dikes only protect against a flood, and that after the flood or storm 
surge the water flows away naturally from the area. I f the dikes protect a polder area with a surface 
level below normal high tide (like it is in the Netherlands), then a tidal flow wil l remain in the dike 
breach, even after the storm surge. In that case the frequencies should be at last a factor 10 less. 

Of course the above mentioned values are only first estimates. In many cases the selected safety wil l 
be a factor 10 more or less. In any case one should compare the risk of flooding with the other risks 
in the area (problems with chemical industry, earthquakes, volcanos, etc.). 

Conclusions for the Red River Delta Viet Nam 
For a proper design, as a starting point, an acceptable risk level has to be fixed. The present designs 
for the rehabilitation and upgrading of the sea dikes in the RRD are based on design-circumstances 
which wil l occur with a frequency of 5% each year (1/20 years). However the interests to protect, 
vary for the different area. In order to get a balance between the investments for dike improvement 
and the value of the interests to be protect, it is advised to consider a differentiation in risk level. 
From the moment that people realize that the area they inhabit, is protected in a sufficient way, investments 
wil l be done. Moreover, the living standard and the economic situation in Vietnam wil l expand in near 
future. Consequently, the interests in the area adjacent to the sea wil l increase. In order to keep in 
balance the future interests and the safety level, the safety level will probably be upgraded again. Therefore 
it should be considered to allocate a free strip on the landside of the dike for future improvements and/or 
developments (see also picture 1.3). 
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3 H Y D R A U L I C BOUNDARY CONDITIONS F O R SEA D I K E DESIGN 

3.1 Introduction 

In order to achieve an effective planning of the shoreline protection and to achieve sound sea dike designs 
along the coast a reliable set of statistics which describe the hydraulic boundary conditions acting on 
the sea defence is essential. A good insight is needed in operational conditions as well as in extreme 
conditions. Well documented and reliable data wil l in general lead to a optimal and cost effective defence 
strategy whereas a lack of data usually results in costly conservative designs or in unexpected high 
risk levels which may lead to unpredicted losses and high maintenance costs. 

In this chapter the most important hydraulic boundary conditions for sea dike design are discussed. 
Further, a preliminary comparison is made between the boundary conditions used in the sea dike design 
of the five northern provinces of Vietnam (WFP project 5325) and data gathered during the Vietnam 
Vulnerability Assessment Project. 

Hydraulic boundary conditions are determined by the following parameters. The most important parameters 
which wil l be discussed in this chapter are: 
• bottom topography 
• wind 
• waves 
• water levels 
• currents 

These parameters interact and may act simultaneously. In figure 3.1 the interaction of the various hydraulic 
boundary conditions is presented. 
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Figure 3.1 Interaction of hydraulic boundary conditions 



Sea dikes Northern Part of Viet Nam; review 
Document: TOZV-4-96050 

Page: 22 of 63 
Date: May 1996 

3.2 Bottom Topography 

Knowledge about the bottom topography is important since it determines how the environmental conditions, 
like for instance waves and currents, act on the dike. Nearshore and offshore boundary conditions usually 
vary significantly because of the influence of the bottom topography. Shallow areas are for instance 
vulnerable for a high wind set-up during storms resulting in a high design water level. On the other 
hand shallow areas force waves to break which wil l reduce the wave attack and run-up on the dike 
face. 

In the case of a shallow foreshore waves wil l break in front of the dike. The way that wave breaking 
occurs depends on the wave characteristics (wave height and wave period), and the local water depth. 
For example: a solitary wave wil l break when the wave height becomes bigger than 0.8 times the local 
water depth. 

A shallow foreshore can be very advantageous with respect to the maximum wave forces acting on 
the dike. Therefore it is of importance to know the bottom topography in front of the dike and also 
the stability of the foreshore. In case of an eroding coast the water depth in front of the dike wil l increase 
in time which wil l also result in an increasing wave attack. Accretion in front of the dike wil l result 
in a decreasing wave attack during the lifetime of the dike. Whether erosion or accretion is expected 
depends on the morphological behaviour and development of the coastline. 

For a sound planning and design of sea defences it is therefore necessary to know the bottom topography 
in front of the coastline and to make a prediction of the shoreline development for the lifetime of the 
structure. Such a prediction can be made based on the historical coastline development in combination 
with a morphological analyses of the coast. In such an analyses the effects of the sediment load of the 
rivers, longshore and cross-shore sediment transports etc are evaluated .Based on the shoreline prediction 
the design conditions of the sea defence can be determined. Further, decisions can be made to concentrate 
efforts and investments on for instance eroding shoreline sections and not on accreting shoreline sections. 

3.3 Wind 

Wind itself is not a parameter which is needed for a sea defence design. However, wind is the important 
parameter which governs the wave climate and, to a certain extend, the current climate. 

In the study area the wind climate can be divided into a summer and winter monsoon period. During 
the summer monsoonperiod moderate winds (average force: 3 Bft) from south westerly direction prevail. 
In winter the predominant wind direction is north east. The average wind force during the winter monsoon 
period is about 4 Bft. 

On average two typhoons per year hit the coastline of the northern provinces in Vietnam. The typhoon 
season in this part of the country starts in May and lasts t i l l October. The highest activity of typhoons 
occurs in the months July and August. According to international standards typhoons develop maximum 
wind speeds over 32 m/s. Tracks of typhoons are irregular both in propagation speed and in direction. 
Therefore typhoon generated wave climates are not easy to predict. The best insight in typhoon generated 
waves wil l be achieved by means of measurements. 
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3.4 Waves 

As the wind climate, the wave climate can be divided into a summer and winter monsoon period. The 
average deep water wave height in the summer months is about 1.5 m from south westerly directions. 
The average wave height in winter is about 2 m coming from the north east. 

However, during typhoons the deep water significant wave height may develop up to 10 m. No data 
on wave periods is available. Most likely wave periods of over 10 sec are to be expected. 

Since the bigger part of the coastline of the northern part of Vietnam has a shallow foreshore in most 
cases the design wave heights for the sea defences wil l be depth limited. Based on the present bathymetry 
and on the predictions for the near future the design wave height for the sea defence design can be 
calculated. However, it is still important to know the deep water wave climate (wave height, wave 
period, frequency distribution). Not only for the sea dike design but also for other purposes (morphology, 
coastline development predictions). 

As mentioned earlier the reliability of (design)wave predictions using the relationship between wind, 
fetch length and wave height is questionable especially under typhoon conditions due to the typical 
strong variations in wind speed and wind direction. This method should at least be verified against 
measurements for the local circumstances. 

A reliable deep water wave climate can only be obtained by long term measurements. In this way a 
reliable set of statistical wave parameters can be defined. This data set should include directional frequency 
distributions of the wave height and wave period. 

In this respect available measuring equipment (e.g. wave rider buoys) can be used to obtain these long 
term wave data. 

3.5 Water levels 

One of the important parameters determining the crest level of the dike is the so called design water 
level. For the design usually a choice is made on the exceedance probability of the design water level. 
The water level at the dike is a combination of several effects and processes. The most important are: 

• astronomical tide 
The astronomical tide is a regular periodic vertical water movement, driven by the gravitational 
forces of the moon and the sun. The astronomical tide can be predicted by use of a harmonic analyses. 
Results of these analyses are published in tide-tables. Astronomical tides are often measured or 
published with a datum level which is related to the lowest astronomical tide. For dike design 
purposes the astronomical tide levels should be transferred to the design datum level (in Vietnam: 
Mean Sea Level). 

• wind set-up (surge) 
Water level variation due to wind set-up is a result of the friction between the wind and the surface 
of the water. 
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• sea level rise 
Sea level rise is a long term effect which is a result of climatologic changes. As a result the average 
sea level rises. Based on the lifetime of the new structure the effect of sea level rise can be taken 
into account. Predictions of this sea level rise vary up to 90 cm per century. However at this moment 
it is sufficient to take into account approximately 20 cm. 

The design water level is determined by a combination of astronomical tide and the wind set-up. Based 
on the lifetime of the structure a value is added for the predicted sea level rise over this period. For 
the analyses of the design water level the recordings of the water level (hydrometeorological stations) 
can be of big help. 

Water level recorders measure the water level which actually occurs. Sometimes a special structure 
is built to filter out short period water level variations (like wind waves, characteristic time scale: seconds). 
However, wind set-up (characteristic timescale: hours) can not be filtered out and is therefore always 
included in water level recordings. Further, each recorder measures water levels related to a specific 
datum level. For design purposes the values should be transferred to for instance mean sea level. 

The design water level can be computed via three different paths: 

• water level recording exceedance curve 
The water level recordings of a station (which include astronomical tide and wind set-up) are 
statistically analyzed. In Vietnam recordings of over 30 years are available. In this way the water 
level which, for instance, wil l statistically be exceeded once in every 10 years can be computed. 
The results of these analyses, in combination with the predicted sea level rise, can then be used 
as design water level for the sea dike design. 
An example of such an analysis is presented in figure 3.2. Maximum yearly water levels of 34 
years of measurements are put into a water level exceedance curve. Based on this preliminary 
analysis the water level (astronomical tide plus wind set-up) with a return period of 20 years would 
be approximately 2.25 m MSL. 

Figure 3.2 Example water level exceedance curve 
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• summation of astronomical tide and a wind set-up exceedance curve 
Water level recordings can be analyzed such that the measured water level is compared to the 
astronomical tide level (figure 3.3). In this way the wind set-up can be computed by subtraction 
of these components. When this analysis is done for the entire set of measured water levels a reliable 
exceedance distribution of the wind set-up can be made. This distribution can then be statistically 
combined with the astronomical tide and sea level rise prediction resulting in the design water 
level. 
In order to combine the astronomical tide and wind set-up it is important to know the characteristic 
time scale of these effects. The tide in northern Vietnam is diurnal (period 24 hrs and 50 min); 
the time scale of a wind set-up event varies from a few hours to over 24 hours. Knowing these 
time scales it is obvious that the maximum wind set-up does not necessarily coincide with high 
water. This should be taken into account in the statistical analysis. 

• summation of astronomical tide and a wind set-up computation 
When no data on the magnitude of wind set-up is available the wind set-up can be predicted by 
a simple formulation. With this formulation the wind set-up for a rectangular basin can be computed 
by calculating the static equilibrium between the wind-water friction and the water level gradient. 
Parameters which influence the wind set-up are the fetch length, the water depth and, of course, 
the wind velocity. However, the results of this method are questionable for moving wind fields 
as it assumes a static condition. The results of the computation can and should be verified against 
actual wind and surge measurements in order to validate the formulation. The computed wind 
set-up can then be statistically combined with the astronomical tide and sea level rise prediction 
to obtain the design water level. Also, in this analysis the chance of coincidence of the wind set-up 
and a specific phases of the astronomical tide should be taken into account. 

Figure 3.3 Astronomical tide and wind set-up 
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During the mission the data as presented in table 3.1 was gathered on water levels along the northern 
coast of Vietnam. 

Hon Ngu station station datum [m] relative to MSL [m] 

maximum recorded water level (30 years) 3.88 1.98 

mean sea level 1.90 0.00 

minimum recorded water level (30 years) 0.14 -1.76 

Hon Dau station (Hai Phong) station datum [m] relative to MSL [m] 

maximum recorded water level (30 years) 4.21 2.35 

maximum astronomical tide level 1992 3.80 1.94 

mean sea level 1.86 0.00 

minimum recorded water level (30 years) -0.07 -1.95 

Hon Gai station (Quang Ninh) station datum [m] relative to MSL [m] 

maximum recorded water level (30 years) 4.73 2.67 

maximum astronomical tide level 1992 4.20 2.14 

mean sea level 2.06 0.00 

minimum recorded water level (30 years) -0.26 -2.32 

Cua Ong station (Quang Ninh) station datum [m] relative to MSL [m] 

maximum recorded water level (30 years) 4.74 2.55 

maximum astronomical tide level 1992 4.50 2.31 

mean sea level 2.19 0.00 

minimum recorded water level (30 years) 0.09 -2.10 

Table 3.1 Data on water levels along the northern coast of Viet Nam; stations presented in 
Appendix D 

Based on this data it appears that the amplitude of the diurnal astronomical tide increases going from 
south (Hon Ngu) to north (Cua Ong). Also the wind set-up varies along the coast depending on the 
water depth and fetch length. It is recommended to analyse the available water level data in more detail 
in order to specify design water levels throughout the entire coastline. There might well be significant 
differences in design water level between Ninh Binh province and for instance Quang Ninh province 
as a result of the difference in tidal amplitude and wind set-up. 
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Comparing the above presented data to the design reports of the upgrading of the sea dikes of the five 
northern provinces (summarized in table 4.1) the following remarks, comments and recommendations 
can be made: 

• The design water level has been determined based on a summation of the tidal level (5 % exceedance 
probability) and the wind set-up. 

• The design water levels vary from 3.39 m MSL (Hai Phong and Thai Binh) to 2.86 m MSL (Quang 
Ninh). From the tables presented above can be derived that the maximum recorded water level 
in 30 years in Hai Phong was 2.35 m MSL and in Quang Ninh 2.67 m MSL. ft can be concluded 
that there appears to be a difference in safety level, (risk of flooding) between both provinces. 

• Comparing the various sources of information it might be possible that the tidal level which is 
used in the calculations already includes the wind set-up. It appears that this value has been derived 
from a water level exceedance curve and not from the astronomical tide-table figures. 

« As explained earlier, it is recommended to verify and validate the wind set-up formulation. This 
can be done by comparison of water level measurements and wind set-up computations. 

• Comparing the design water levels for the designs and the above presented maximum recorded 
water levels for different stations for a 30 year period it can be concluded that the safety standards 
for the various provinces are not consistent. 

Figure 3.4 View on island with Eon Dau Station 
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3.6 Currents 

Currents are of significant importance with respect to the development of the coastline. The interaction 
of waves and currents is the important transport mechanism which governs the coastal morphology 
and development. Therefore it is necessary to have a good insight in the current climate and the current 
driving forces along the coast. Currents are the result of a superpositionof a number of different driving 
forces. The most important currents are: 

• tide driven current 
the astronomical water level variations along the coast induce tidal currents along the coast. The 
magnitude of the tidal current depends on the tidal amplitude, the tidal period and the shape of 
the bathymetry. 

• wind driven current 
Especially when the wind is directional persistent and/or very strong, there wil l be a significant 
effect on the surface current. In Vietnam the persistent monsoon winds wil l have a effect on the 
(surface) current climate. Typhoons wil l cause significant impacts on the current, but only for 
a very limited period of time. 

• wave driven current 
Part of the energy of breaking waves is transformed into the generation of the so-called wave driven 
current. Especially in the surfzone this current plays an significant contribution to the current climate. 

• river currents 
In the direct vicinity of rivers (estuaries) the effects of river discharges wil l be noticeable. Especially 
during peak discharges. 

3.7 Recommendations 

The following recommendations with respect to boundary conditions for sea dike design have been 
formulated: 

• analyse all the relevant available wind, wave, current, water level and bathymetric measurements 
in order to define the boundary conditions along the entire coast the best as possible. Priority should 
be given to the water level analysis (required to obtain the design water level) and the bottom 
topography (required to obtain design wave heights). 

• prepare boundary condition guidelines and submit these to the local (provincial) governments. 
These standards wil l contain specific values (based on the analyses of measurements) to be applied 
or standardized procedures to calculate certain design parameters. 

• determine priorities for improvement. For example: setting up a long term wave measurement 
campaign. 
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4 T Y P E S OF D I K E S AND DESIGN CALCULATIONS 

4.1 Types of protection 

In general four types of dikes can be distinguished: 
• sea dikes and estuarine-dikes 
• river-dikes or levees 
• dikes around lakes 
• dikes along canals 

These four types differ in design and construction method. During the mission only sea dikes and more 
or less estuary dikes have been considered. 

4.2 Dikes and revetments in general 

Dikes and revetments are both types of shoreline protection. However, their aim is different. The aim 
of a dike is to prevent flooding and salt intrusion of the area behind the dike. This can be both a temporary 
flooding or a permanent flooding. Permanent flooding occurs when the land is below normal high water 
level. Temporary flooding occurs when the land is above normal high water, but below the flood level. 
In case of a land level between normal low water and normal high water, as it is in the coastal zone 
of the RRD, the area wil l be flooded, with the rhythm of the tides. This land is usually called intertidal 
land. 

The most important aspects in a dike design are: 
• crest level 
• stability under design conditions 
• watertightness 
of which crest level and stability strongly influence the geometry of the dike. 

The geometry of the seaward face of the dike or dam can vary. A simple dike has a single slope, the 
composite dike has two slopes, the upper one being steeper than the lower, and the bermed dike has 
a horizontal step (berm). The steepness of the slope can be varied. 

Revetments have a different aim. Their aim is to prevent loss of land (loss of shore-face) due to erosion. 
This erosion can be caused by currents, by waves, or by both at the same time. Sometimes this erosion 
occurs only during storms (like the erosion of dunes). 
On a dike one usually also finds a revetment. The aim of such a revetment is the prevention of erosion 
of the dike-front, due to wave action. This can be both extreme or normal condition wave action. Very 
often the revetment on a dike is called slope-protection. In this way a distinction is made with a bottom-
protection which has the task to prevent scouring of the bottom under water, in front of a structure. 

Types of revetments 
There are numerous types of revetments. They can be distinguished in several groups: 
a Loosely deposited material like gravel, riprap, tetrapods or dolosse, etc. 
b Regularly placed concrete elements 

• concrete blocks 
• concrete columns 
• blockmatresses 
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c Monolith constructions 
• cement concrete slab 
• (hydraulic) asphaltic concrete 
• riprap (fully or pattern) grouted with an asphaltic mixture (bituminous emulsion) 
• riprap (fully or pattern) grouted with concrete 

d Special structures 
• sandbags or sand sausages filled with sand, gravel, cement, rock, etc. 
• gabions (wire mesh containers with relatively coarse material) 
• gravel 
• grass on a clay layer 

Selection of a reliable revetment depends on the following boundary conditions: 
• availability and quality of materials 
• availability of labour, engines and devices 
• experience with the application of the construction technique, and 
• costs for transport and apply 
• possibilities for re-use in the future 

4.3 Calculation of crest height 

Formula used 
For the calculation of the crest height in the 5 northern provinces of the RRD the following formula 
is used: 

H d d = H t + H n d + H„ + a 
of which: 
H d d = design crest height (m) 
H t = design tidal water level corresponding to probability of P = 5 % (m) 
H n d = height of storm surge corresponding to wind of 9B scale (m) 
H s l = height of wave runup (m) 
a = free board 
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Results 
The results of the calculations which were made are summarized in table 4.1. 

Province Quang 
Ninh 

Hai Phong Thai Binh Nam Ha Ninh Binh 

H, (m) 2.56 2.29 2.29 2.29 2.29 
(m) 0.30 1.1 0.9 0.8 1.10 1.00 0.95 

Design water level 2.86 3.39 3.19 3.09 3.39 3.29 3.14 
(m + MSL) 
H , (m) 1.77 1.82 1.57 3.09 1.50 2.00 1.48 
a (m) 0.30 0.30 0.30 0.20 0.30 0.21 0.25 

H d d (m + MSL) 4.94 5.51 5.06 4.46 5.20 5.50 4.97 
round 5.00 5.50 5.00 4.50 5.00 

in case of mangroves 4.50 

outer slope 1:4 1:3 + 1:4 1:4 1:4 1:4 
H s 

2.18 1.82 1.57 1.17 1.56 2.14 1.56 

Table 4.1 Summarized results of crest height calculations 

Water level and stormsurge 

In section 3.5 H t and H n d already have been considered. 

Wave runup 
In the present design practice in Vietnam various formulas are used for prediction of wave runup. There 
is no recommendation which formula is the most actual and should be used. In the reviewed design 
of sea dikes the following two Russian formulas were mostly used: 
1° H S L = (3.8 * h,)/m * cos 13, 

where h s = local wave height, m = ctga = slope angle, and 13 = angle of wave front approaching 
the coast. 

2° H S L = 2 * K„ * OVm) * (X s /h s ) , / 3 , 
where K„ = reduction coefficient due to roughness of a slope and Xs = local wave length. 

When using both formulas no indication is given on estimation of local wave length. Even for wave 
height a number of various formulas is used without indication howfar the formula used is appropriate 
for conditions under consideration. No effect of the slope roughness is included in the formula (1°). 
The first formula (1°) is similar to the 'old'-Dutch formula: H S L = 8 * H s * ctga. 
However, the numerical coefficient in formula (1°) is about a half of the Dutch formula, which has 
been proved to work satisfactorily for smooth slopes and wave steepness of about 4% (or 3 to 5%). 
That means that the formula with coefficient 3.8 should only be used for riprap slopes where runup 
is reduced by factor 0.5. Using this formula for revetments or pitched stone and 2% wave runup the 
numerical coefficient of about 7.5 should be used (instead of 3.8). 
The second formula (2°) is a more general formula including effect of slope roughness. (K n ) and wave 
steepness X s/h s. 
Note: in some designs (e.g. Haiphong) the component (X s/h s) 1 / 3 is also written as (Xs * h.)" 3. It is difficult 
to judge whether this is a typing mistake or a calculation mistake. 
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Formula (2°) can be rewritten to the form: 
H S L = 2 * K n * h s * £ * ( h A ) " 6 

where £ = tana/^/X,)" 2 

The component (h s /X s ) l / 6 in the range of storm waves, 2 < h / X s < 5 , provides the numerical values of 
0. 52 to 0.60. 
That results in: H S L = (1-H 1.2) * K,, * h s * £, which can be compared with the formula actually used 
for design of sea dikes in the Netherlands, namely: 
( H S L ) M / H S = 1.5 * £ * T R * T b * r f l ) for £ < 2, and ( H S L ) 2 % / H S = 3.0 * r R * r B * r„, for £ > 2, where 
H s is a wave height and the numerical coefficients 1.5 and 3.0 represent average values (for design 
purposes the value 1.6 and 3.2 are used), T r = K„ = reduction due to roughness, T b = reduction due 
to berm, T b = the angle of approach of wave front. 
Because (H S L) 2% = 1.4 ( H S L ) 1 3 % , the formula (2°) is probably correct for wave runup with exceedance 
percentage of about 13%; that means that the crest wil l be overtopped by about 13% of runups. 
Due to the using of various runup formulas, the predicted runup, and thus the predicted crest of the 
dike are not very consistent. Very often the designers are not really calculating the runup and the crest 
of the dike, but just concluding that it must be MSL + 5.5 m. The proper recommendation on prediction 
of runup and crest calculation is very urgent. 

Free board 
In the present design calculations a freeboard of 20 to 30 cm is applied. It is not clear why these values 
are applied; in some cases it should be a value for the settlement of the subsoil and/or higher economical 
values of land protected. 
The settlement of the upper layers and dike foundation can be calculated quite accurately when enough 
geotechnical data are available. The settlement is caused by compression of sublayers due to the weight 
of the dike. This settlement may vary considerably over the route of the dike. 
In the calculations which were made for the improvement of the sea dikes in the RRD a value for the 
settlement of the subsoil was not considered. Furthermore, it was not clear whether the foundation 
of the dike sections was stable enough to assure the stability of the dike. 

Relative sealevel rise 
The subsidence of deep layers is more a geologic phenomenon and is much more difficult to calculate. 
Because it is quite constant over the whole route of the dike, it is generally combined with the increase 
of the sea level. The combination of sea-level rise and subsoil subsidence is usually called relative 
sealevel rise. Because the value for this parameter is only minimal (in the order of 10 cm) it is not 
necessary to be considered in this case. 

Comments and conclusions 

1. In case of new dikes the additional free board should be added for expected settlement of the subsoil, 
which will occur due to load of earthfill. Especially is areas with bad soil conditions or with settlement 
problems, it should be supported by geotechnical calculations for profiles dependent on the differences 
of the quality of the subsoil. 

2. In case of improvement of the existing dikes it should be verified whether the additional settlement 
can take place or not. It can be a case when the dike is founded on soft soils. 

3. The design water level is a dominant parameter in design of the crest height. Therefore much attention 
should be paid to the proper quality of prediction of the design water level (DWL) and its components: 
astronomic high tide and storm surge ( = wind set-up) (see sections 3.2 to 3.5 as well). 
It is reasonably to assume that, due to the short duration of the maximum wind speed (say about 
2 hours), it is probably not necessary to superpose the maximum storm surge with the maximum 
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tidal height (durinal tide). Therefore the expected design water levels wil l probably vary between 
MSL + (2.0 to 2.5). 
Because of the present uncertainty concerning the prediction methodology it seems to be more 
safe to assume design water level (incl. wind set-up) equal to MSL + 2.5 m (southern provinces) 
to MSL + 3.0 m (northern provinces), as a first approximation. 

4. In most cases, there is a shallow foreshore (beach + foreshore with slopes 1:100 to 1:50). That 
also means that the associated deep water waves wil l break on the foreshore few times. The local 
wave height in front of the dike (in such cases) wil l be determined by the local water depth, d. 
The, so called, depth-limited wave height for these conditions can be roughly estimated as H s m a x 

= 0.5 d for significant wave height, and for H m a x » H 2 % = 0.6 d. 
More precisely calculations are possible by using mathematical models. 

5. The deepwater wave length is defined as L o p = gT2/27r = 1.56T2 (T in sec, L in m). The local 
wave length (L s) due to the shoaling effect wil l be reduced approximately to L s = iVgTd, where 
T is wave period in deep water and d = local water depth. For long shallow foreshore there wil l 
be a combination of waves transformed from the deepwater and the locally developed waves. This 
wil l affect the shape of the wave spectrum. The existing runup formulations are based on wave 
steepness defined by a local wave height H s and the deepwater wave length L o p . For conditions 
with long shallow foreshore and resulting depth-limited wave height it provides for dike slopes 
1 on 3 and 1 on 4, a breakwater-index £ larger than 2. In such case the wave runup becomes 
independent of wave period and can be defined as: 
R2%/(H s) l o c a, = 3.0 * r R * r B * T„, 
It is a save (conservative) approximation which can be used for runup calculation as long as no 
better information on local wave spectrum is available. 
Some prototype measurements on local wave spectrum and interaction with existing dikes, and 
laboratory investigation of runup with shallow foreshore are recommended. 

6. The runup on a dike wil l be strongly influenced by the slope angle (m = ctg a) and the roughness 
and permeability of a slope ( = reduction factor r R ) . 
A high roughness and a high permeability of the revetment provide a high reduction of runup. 
For example, riprap = random dumped stones in 2 layers on a granular sublayer/filter provides 
a 40% reduction ( T r = 0.6). Pitched stones and blocks wil l provide r R « 0.85 4- 0.90, say 15 
% to 10% reduction. The concrete slabs or fully grouted stones provide practically no reduction. 
The milder slopes (e.i. m = ctga = 4) provides less runup than steeper slopes (e.i. m = ctga 
= 3). 
Additional advantage of a milder slope is that the required stone or block size (thickness) for protection 
against waves is also smaller. However, the length of protection is becoming larger. On the other 
side, it should be mentioned that the upper part of such a slope, from the level (DWL + (Vi to 
1)HS) can be protected by smaller units (say 50% smaller) (see appendix G.3). 

In case of fully grouting of (unstable) riprap the permeability wi l l be drastically reduced, and also 
the surface roughness wil l be reduced, providing as a result of nearly no reduction of runup. In 
such case the pattern grouting (local grouting) with strips of concrete may somewhat help to increase 
the permeability, and thus, the reduction of runup (see figure 4.1). 
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C : fully grouting 

Figure 4.1 Different types of grouting 

7. Based on the present designs (outer slope 1:3 to 1:4; block revetment), design water level as mentioned 
above (see comment 3) and a fore shore level as mentioned in appendix G7 (case study), as a first 
approximation the crest height of the dike needs to be MSL + 5.5 m (southern provinces) to MSL 
+ 6.5 m (northernprovinces). As a preliminary conclusion it can be mentioned that the calculated 
crest height is sufficient in Nam Ha Province and at some stretches in the other provinces. At 
most stretches the crest height seems to be insufficient. However for a better judgement detailed 
calculations are inescapable. 

8. It should be considered to stabilize the existing foreshore to a certain extent so that, the existing 
depth-limited conditions for wave development can be guaranteed for long time. 

9. In cases that the runup is calculated for an exceedance of more than 2%, also overtopping of the 
dike should be calculated including its consequences for the stability of crest and inner slope. 

10. The dikes to be improved have a various exposition (direction) in relation to the dominant wind 
direction. From the designs which has been examined by the mission it can be concluded that in 
each province only one direction is considered. It is advised to make a separate calculation for 
each homogeneous section of the dike. 

11. See also the remarks in chapter 11: Case study. 
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4.4 Calculation of revetment 

Present designs: thickness of protection layers 

Province Quang Ninh Hai Phong Thai Binh Nam Ha Ninh Binh 

pitched stone (d in m) 
gravel (d in m) 
coarse sand (d in m) 

0.45 
0.20 
0.15/0.05 

0.35 0.35 
0.25 0.37 
0.05 0.12 

0.40 
0.15 
0.10 

0.50 0.10 
0.25 0.15 

0.45 
0.30 

concrete plate (d in m) 
gravel (d in m) 
coarse sand (d in m) 

0.35/0.25/0.15 
0.25 
0.10 

loamy soil 0.70 0.50 

if mangroves turfing 

Table 4.2 Outline of revetments according to the present designs 

Comments and conclusions 
1. In the present designs of sea dikes Russian formulas as well as the Hudson formula (USA) are 

used. A l l these formulas are originally developed for riprap and/or rubble mound structures 
(breakwaters), which are based on the weight of elements. However, these formulas have also 
been applied in the present designs for calculation of thickness of pitched stone and block revetments. 
No comparison between the Russian and Hudson formula are made. 
Also, no official recommendations are formulated on the choice of one of these formulas for the 
design of revetments. The choice of the formula is left up to the designers. However, the designers 
have no sufficient information on the backgrounds of these formulas, and they are making a choice 
based on their own individual preference. 
Due to this fact, each design office use different formulas and provides different stability calculations 
and, as a result, the comparison of various designs is not possible. 

2. The design of block revetments should be based on the thickness of a block and not on the weight 
of a block. That provides possibility to produce a concrete block of a high stability but with an 
acceptable (lower) weight for a handling by individual persons (see also case study). 

3. When using interlock blocks the stability may increase by a factor 1.5 to 2 in comparison with 
loose blocks. In such a case, special attention should be paid to a stable design of revetment foundation 
(sublayers and subsoil). Even small settlement wil l lead to creating of cavities under the interlocked 
blocks. These cavities wil l be not visible (not inspectable) until a damage take place. 

4. In general, for new dikes where settlements can be expected, the loose protective units (stone, 
placed blocks) are preferred instead of interlock blocks (grouting of present stone revetments should 
be forbidden, see also picture 1.4, or only allowed as a pattern grouting; see figure 4.1). 
When a certain settlement take place the slope must be re-placed, and the existing loose protective 
units can be used once again on a slope. 

5. When using placed concrete blocks the revetment can be strengthened by washing in the interspaces 
by a coarse sand. 

6. New design guidelines should be formulated including the selection of proper design formulas 
for various revetment types, including stability of sublayers and subsoil, and also including design 
recommendations concerning toe protection and transitions. 

7. The actual level of knowledge on design of revetments is rather poor. Therefore adequate training 
of technical staff (design and construction) is recommended. 
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8. The existing riprap on various dikes, which is not stable enough for design conditions can be still 
applied in the zones of less wave attack (e.g. above design water level + (Vi to 1)HS, and at the 
toe structure. 

9. The toe structure should be strong enough to resist the sliding forces provided by the slope revetment. 
10. In all cases a proper transition from the slope protection into the toe protection is very essential 

for the stability of the revetment. This transition must be soil-tight to prevent migration (escaping) 
of subsoil from the slope through the toe structure. 

11. The existing foreshore should be stabilized to a certain extend, so that the existing depth-limited 
conditions for wave development can be guaranteed on long term. 

12. In a number of actual designs of dikes is mentioned the possibility of replacing of granular filter 
by a geotextile filter. However, it is only possible for revetments exposed to wave attack with 
waves lower than 1 m. For wave height higher than 1 m there wi l l be necessary to place an additional 
granular layer with aim to reduce the hydraulic gradients and to prevent the migration of the subsoil 
along the slope and to avoid local liquefaction, and thus the deformation of a slope. 

13. See also the remarks in chapter 11: Case study. 

As conclusion, the actual design approach concerning the stability of the revetments on the sea dikes 
is very inconsistent, and can not be accepted for a final design. 

The attention should be paid to: 
• re-use of materials in general 
• transition between revetment and crest 

When designing slope protection (revetments) it should be taken into consideration the future (possible) 
increase of safety requirements. The placement of revetments is a very expensive post of the project 
(dike strengthening). It is often (on long-term) cheaper to provide a stronger revetment than required 
for design conditions. It wi l l limit the damage and the necessary repair due to the storms exceeding 
the design conditions. It wi l l also allow to increase the dike height (when necessary) without the necessity 
of placement of new revetments. For this purpose the dimensions of revetments should be calculated 
also for water levels, and resulting waves, with frequency of exceedance of 2% (1/50 years) and 1 % 
(1/100 years). 
Based on the level of additional cost the proper choice of revetment size can be made. Mostly with 
relatively low extra cost a much higher safety level of protection can be achieved. 

4.5 Geotechnical aspects 

Special attention should be paid to geotechnical aspects of dike design, such as foundation on soft soils, 
and problems of compaction of clay-earthfill especially during dry and warm periods when the clay 
is becoming very hard. The question is "what is the influence of possible cavities between the blocks 
of clay inside the dike body on the geotechnical stability of the dike?" (see picture 1.3). 
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5 EXECUTION AND MAINTENANCE 

5.1 Execution 

It is recommended to define the requirements, specifications and tolerances (e.g. quality of concrete, 
dimensions and gravity of rock), which are permitted in 'execution specifications'. Also proper design 
drawings should be made. In order to achieve a proper construction special attention should be paid 
to the execution of the revetment and the transitions (e.g. toe construction) and the compaction of the 
earthfill (especially in dry season). 

During the mission only one sea dike under construction is visited. During this visit earth filling by 
means of clay-hulks was going on (see picture 1.9). Special attention should be given in periods with 
high temperatures. Then the clay wil l petrify and compaction will be very problematic. As a result 
there is a risk of spaces (cavities) between the clay hulks in which rainwater can infiltrate and instability 
of the dike can occur (e.g. sliding). 

Because the earth is excavated and transported by manpower, it is logic that the earth is mined in the 
area adjacent to the dike. It should be stressed that a strip along the inner toe of the dike should be 
reserved for the reason of stability of the present dike and as a reservation for future improvements 
(also including a strip due to stability). 

The implementation of a quality assurance programme is beneficial. For quality assurance to be effective 
it is necessary to define the purpose of the scheme, the conditions of use, the expected lifetime and 
the serviceability. A proper monitoring program is essential. 

Figure 5.1 Earthfill of clay: difficult to compact 



Sea dikes Northern Part of Viet Nam; review 
Document: TOZV-4-96050 

Page: 38 of 63 
Date: May 1996 

Supervision during the execution by a experienced technician who knows something about the design 
of the construction, and a proper quality control system, are essential for a proper final result of a 
project, especially when the execution is done by unskilled and unexperienced voluntary labour. 

Special attention should be given to the following elements/aspects: 
• toe construction (width, lining, transition with revetment) 
• compaction of the earthfill 
• location of mining 
• dimensions (e.g. slope steepness, height and width of crest) 
• revetment type and dimensions 
• filterlayers 
• quality of materials (rock, concrete, gravel) 
• work termination at the end of the season (protection of the last part of the work) 
• execution schedule, planning, phasing, measurements 

Conclusions 
The implementation of a quality assurance programme is beneficial. In order to have a reference to 
check on detailed specifications of the design and execution should be established. 

5.2 Operation and maintenance 

Because of the substantial investments for the upgrading of the sea dikes it is extremely important to 
establish a (management) system to ensure a proper repair and maintenance of these dikes. Such a system 
may not fully rely on voluntary labour provided by the farming families living in the protected areas. 
Instead of that, a cost-sharing arrangement should be defined between central and local government, 
and the people benefiting from the improved dikes. 
It should be stressed that also the designers must think about 'how to maintain the construction'. 
A clear definition of responsibilities of various management levels is needed. There should be short 
lines in respect to decision and necessary actions concerning the repair of damages after the storm. 
After each storm an inspection report should be prepared. Small damages should be directly repaired 
by the local authorities and people. 
The storm damages should be repaired before the next storm season starts. The unrepaired locations 
(even with small damages) may lead to the serious damages during the next storm season, which can 
be very costly to repair. 
During the mission various examples of damages have been observed. A check list for post-storm inspection 
and reporting should be prepared by the Department for Dike Management and Flood Control, as well 
as the maintenance guidelines and definition of responsibilities. 

Set-up of a management system 
A management scheme for a sea-defence system, including revetments and bottom protection, must 
satisfy and fu l f i l needs of the responsible public authority (districts or regional council) so that maximum 
value for the invested capital is achieved (social output). 
Al l relevant data of the sea-defence (risk level, boundary conditions, shape of the dike, revetment) 
should be recorded in a database (or register). The system has to provides basic information on the 
maintenance plan, the annual budget estimates, the annual accountancy and justification reports. 
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During the lifetime of the structure the boundary conditions (e.g. due to the morphological changes) 
and the strength of the structure can change. Therefore it is recommended to order the local authorities 
to report periodically, e.i. each 5 years, the actual state of the dike in respect to fulfilling its defence 
function. 
For realization of this goal it is needed to have: 
• update design standards and criteria 
• updated boundary conditions 
• an accurate data base of the dike 

Conclusion 
To ensure a proper repair and maintenance of the (improved) dikes it is recommended to set-up a 
management plan. Also it should be considered to establish a policy to order the local authorities e.g. 
each 5 year to prove that the dike in the concerned area is in a good shape and can fu l f i l its function 
in the coming period. 
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6 R E V I E W QUANG NINH PROVINCE 

Reference [1] and appendix A2, page 9 (site visit); pictures 1.1, 1.3 and 1.9 

Outcome of study: 
* length of coastline 250 km 
* length of sea dikes appr. 300 km 
* to be improved under WFP km, in 10 dike sections, with different exposition 
* used: tidal water level MSL + 2.56 m (probability of 5%) 
* storm surge calculated by formula ( + 0,3 m) 
* design water level MSL + 2.86 m 
* wave runup: used only one angel for the wind direction to the direction of the dike; H s=2.18 m 
* freeboard 0.3 m 
* calculated crest height MSL + 5.00mandMSL + 4.50 mat the locations where mangrove planting 

is foreseen (calculation method see section 4.3) 
* dike profile: seaside slope 1:3; landside slope 1:2; crestwidth 2 m 
* pitched stone revetment in Yen Hung Zone, thickness 45 cm (no calculation found) 
* other zones: calculated riprap (used Russian formula); d=22 cm; thickness of layer 45 cm; on 

drawings pitched stone and block revetment! 
* layer of gravel (20 cm) and layer of sand (5 cm) 

Comments 
The transition of the revetment and the clay-layer on the crest is insufficient; due to rainfall and 
overtopping of water, clay will erode to respectively stonelayer (in case of riprap slope protection) 
and filter construction (in case of pitched stone revetment). 
Toe protection: 
* filter construction under riprap is lacked 
* in case of pitched stone slope protection, the transition between revetment and toe protection 

is insufficient; due to movements of the stonelayer also the pitched stones wil l move and 
the filterlayer wil l erode and consequently the revetment wil l damage. 

Conclusion: toe protections are poorly designed. 
A sufficient layer of clay with a vegetation of grass is important to prevent damage due to overtopping. 
Only one calculation of crest height and revetment for the different sections; differentiation 
recommended. 
It would be useful to control once again the prediction of the wave height which seems to be on 
the high side. Use bottom bathymetry and compare with other prediction methods where the depth 
of water is included. 
The calculated stone size by using Russian formula (for H = 2.18 m) seems to be too low. Calculation 
with the Hudson formula is not included. 
No distinction is made between estuary and exposed sea dikes. The differences in the various existing 
foreshores (with or without mangroves) are not taken into account in the design. 
Calculations were made for riprap while in drawings a pitched stone is shown. 
During our visit to Quang Ninh we have discovered that the proposed pitched stone wil l be grouted 
by concrete. This is not mentioned in the design report. Because of bad experience up to now 
with grouted stone (see pictures 1.4 and 1.5), it should be recommended to look for a better solution. 

Questions 
What does it mean in report [1], "reduction of stone size by 25 %", when calculating stone size? 
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Figure 6.1 Design Cross-sections in Quang Ninh Province 
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7 R E V I E W HAI PHONG PROVINCE 

Reference [2] and appendix A2, pages 8 and 9 (site visit); pictures 1.6, 1.7 and 1.8 

Results 
* length of sea dikes 93 km; to be improved under WFP 81 km 
* tidal difference 3 - 4 m; tidal characteristics: one high and one low tide each day 
* design tidal water level MSL + 2.29 m (probability of 5%) 
* distinguished routes: sea dikes I , I I and I I I ; Trang Cat; Bach Dang 
* storm surge calculated by formula (respectively 1.1, 0.9 and 0.8 m) 
* design water level respectively MSL + 3.39, 3.19 and 3.09 m 
* wave runup: used only one angel for the wind direction to the direction of the dike; respectively 

H s = 1.82, 1.57 and 1.17 m 
* crest height respectively MSL + 5.5 m, 5,0 and 4.5 m; at the location where mangrove planting 

is possible: MSL + 4.5 m (calculation method see section 4.3) 

Dike line H5% Storm-surge Runup Freeboard Crest height 
(m) (m) (m) (m) (m) 

- Dike I, II, III + 2.29 1.10 1.82 0.30 + 5.50 
- Trang Cat + 2.29 0.90 1.57 0.30 + 5.00 
- Bach Dang + 2.29 0.80 1.17 0.20 + 4.50 

Table 7.1 Summarized results of crest height calculations for Hai Phong Province 

* dike profile: seaside slope 1:3.5 - 4; landside slope 1:2; crest with 3 - 5 m 
* slope protection: pitched stone and concrete slab calculated according to Russian formula and Hudson 
* layer of gravel (25 - 37 cm) and layer of sand (5 - 10 cm) 

Comments 
Prediction of hydraulic boundary conditions (tidal level, storm surge, wave height, etc.) is not 
clear. The calculated wave heights and wave length are probably not correct and should be examined 
once again (including influence of various foreshore types). 
The calculation of the revetment sizes is also not clear. There is no argumentation for use high 
values of K D ( = 5.8 and 7) in the Hudson formula. 
Application of concrete slabs or concrete grouting, because of bed experience with these systems 
up to now, should not be recommended. 
The transition between the revetment and the layer of clay on the crest is insufficient; due to rainfall 
and overtopping water clay wil l erode to filter construction under pitched stone revetment). 
A sufficient layer of clay with a vegetation of grass on the crest and the inner slope is important 
to prevent damage due to overtopping. 
Above the calculated crest height an extra size is needed due to settlement of the subsoil which 
wi l l occur due to load of earthfill. 
The design drawings, especially concerning toe protection, need further improvement. The present 
toe construction seems to be insufficient. 
Proper specifications for execution should be prepared. 
Extra attention should be given to the execution of the transition between the two revetment types. 
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Figure 7.1 Typical cross-section of sea-dike no. I - Hai-Phong Province 

Figure 7.2 Typical cross-section of sea-dike no. II - Hai-Phong Province 
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Figure 7.3 Typical cross-section of sea-dike no. Ill - Hai-Phong Province 
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Figure 7.4 Typical cross-section of sea-dike Ikang-Cat, Hai-Phong Province 
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Figure 7.5 Typical cross-section of sea-dike Bach-Dang, Hai-Phong Province 
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Figure 7,6 Interlock blocks 
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8 R E V I E W THAI BINH PROVINCE 

Reference [3] 

* 3 districts located along the coast: from north to south, Thai Thuy, Dong Hung and Tien Hai. 

Results 
* length of coastline as the crow flies 40 km 
* the coastline is divided into four sections of equal length of about 10 km by five branches of the 

Red River 
* length of sea dikes 152 km; to be improved under WFP km, divided in a lot of sections, various 

located to the direction of wave attack 
* design tidal water level MSL + 2.29 m (probability of 5%) 
* storm surge calculated by formula ( + 1.1m) 
* design water level MSL + 3.39 m 
* H s = 1.5 m 
* wave runup: only one angel is used for the wind direction 
* freeboard 0.3 m 
* calculated crest height MSL + 5.20 m (slope 1:4) (calculation method see section 4.3) 
* dike profile: seaside slope 1:4; landside slope 1:2; crestwidth 4 m 
* pitched stone revetment, thickness 40 cm (calculated with the formula for riprap) 
* layer of gravel (15 cm) and layer of coarse sand (10 cm) 
* if mangrove planting: turfing revetment 

Comments 
The connection between the revetment and the layer of clay on the crest is insufficient; due to 
rainfall and overtopping water clay wil l erode to filter construction under pitched stone revetment). 
Construction of toe protection in lit 1 only vaguely conveyed. The construction appears to be 
insufficient. 
A sufficient layer of clay with a vegetation of grass is important to prevent damage due to overtopping. 
Above the calculated crest height an extra size is needed due to settlement of the subsoil which 
wil l occur due to load of earthfill. 
Because uncertainties concerning calculation of the wave height, the calculated stone size is also 
uncertain. 
In the report [3] riprap is calculated while on the drawings a pitched stone is shown! It must be 
clear what is applied: riprap or pitched stones. These are two different revetments which should 
be calculated by separate methods. 

Questions 
How is it possible that you get such low wave height of about 1.5 m for wind of 24 m/s and fetch 
length of 300 km? It is only possible when the depth of the sea bottom is about 5 m, which we 
don't think it is! 
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Figure 8.1 Cross-section dike Thai Binh Province; sketches la, lb and detail A 
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Figure 8.2 Cross-section dike Thai Binh Province; sketches 2a, 2b and 3 
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Figure 8.3 Cross-section dike Thai Binh Province; sketches 4 and 5 
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9 R E V I E W NAM HA PROVINCE 

Reference [4] and appendix A2, pages 7 and 8 (site visit); pictures 1.2, 1.4 and 1.5 

Results 
* length of coastline 70 km 
* three coastal districts (with length of sea dikes): Xuan Thuy (32 km), Hai Hau (33 km) and Nghia 

Hung (26 km) 
* to be improved sea dikes under WFP km, divided in different sections, various located to the 

direction of wave attack 
* design tidal water level MSL + 2.29 m (probability of 5%) 
* storm surge from calculations by formula and observations ( + 1.0 m) 
* design water level MSL + 3.29 m 
* compared submerged groyne to mangrove planting; normative: H s = 2.14 m 
* wave runup: 2.0 m (slope 1:4) 
* freeboard 0.21 m 
* calculated crest height MSL + 5.50 m (slope 1:4) (calculation method see section 4.3) 
* dike profile: seaside slope 1:4; landside slope 1:2; crestwidth 4 m 
* pitched stone revetment: 

-below MSL + 3.5 m: thickness 45 cm (calculated formula for rock revetment); block dimensions 
0.50 x 0.50 x 0.45 (appr. 250 kg) 
- above MSL + 3.5 m: thickness 0.30 

* layer of gravel (25 and 15 cm) and layer of loamy soil (70 and 50 cm) 

Comments 
Prediction of the hydraulic boundary conditions should be controlled according to the updated 
input data. 
It is not clear which wave height is used for prediction of runup (how do you get runup of 2 m?) 
Also for runup and stability calculations of revetments should be using more actual formulas (separately 
for riprap and for block revetments). 
Design drawings must also contain detailed drawings suitable for a proper execution, supported 
by a proper specifications. 
The transition between the revetment and the layer of clay on the crest is insufficient; due to rainfall 
and overtopping water clay wil l erode to filter construction under pitched stone revetment 
Construction of toe protection seems to be insufficient 
A sufficient layer of clay with a vegetation of grass is important to prevent damage due to overtopping 
above the calculated crest height an extra size is needed due to settlement of the subsoil which 
wil l occur due to load of earthfill. 

Re-use of stone from the 'first dike' for the improvement of the 'second dike' is recommended. 

General remarks 
The central part of the coast in Nam Ha Province is highly eroding. It is decided to offer the first defence 
line and to improve the dike lying in the second defence line. Stone from the first dike can be re-used 
on dikes to be improved, in the zones of less wave attack (upper slope and toe, and foreshore stabilization). 
The progress of erosion of the foreshore should be carefully studied to be able to make a proper prediction 
for future development, and its consequences for the new dike. At certain moment the existing foreshore 
should be stabilized to prevent increase of wave attack due to deepening of the foreshore. 
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Figure 9.2 Discharge sluice; Hai Hau District 
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10 R E V I E W NINH BINH PROVINCE 

Reference [5] 

Results 
* length of coastline km 
* length of sea dikes 16 km; to be improved under WFP km 
* design tidal water level MSL + 2.29 m (probability of 5%) 
* storm surge 0.95 m 
* design water level MSL + 3.14 m 
* H s = 1.5 m 
* wave runup: perpendicular to the coastline: 1.48 m 
* freeboard 0.25 m 
* calculated crest height MSL + 5.0 m (calculation method see section 4.3) 
* dike profile estuary dike: seaside slope 1:3; landside slope 1:2; crestwidth 4.5 m; pitched stone 

revetment, thickness 45 cm (calculated formula for rock revetment and filter layer (30 cm) (gravel 
and coarse sand?) 

* sea dike: mangrove planting; slope 1:4; slope protection: turfing 

Comments 
The connection between the revetment and the layer of clay on the crest is insufficient; due to 
rainfall and overtopping water clay wil l erode to filter construction under pitched stone revetment). 
Construction of toe protection in lit 1 only vaguely conveyed. The construction seems to be 
insufficient. 
A sufficient layer of clay with a vegetation of grass is important to prevent damage due to overtopping. 
Above the calculated crest height an extra size is needed due to settlement of the subsoil which 
wil l occur due to load of earthfill. 
The prediction of the wave height should be examined once again taking into account the bathymetry 
of the foreshore. 
For estuary dikes the wave height wil l probably about 1 m. Therefore, the actually calculated weight 
of stone is too big. Probably a riprap with stone size of about 30 cm wil l be sufficient. 
The crest height of the estuary dike is reduced by 0.5 m, "based on experience". Probably when 
the calculations are done properly one gets a lower crest height for estuary dikes in comparison 
with the crest height of the sea dikes, without introducing this kind of reduction. 
The remark given in the report [5] that "in case of using geotextile, we can replace conventional 
filter layer by geotextile", is only true for waves lower than 1, thus for estuary dikes. 
For high waves often an additional granular layer is needed between the toplayer and geotextile, 
to reduce the hydraulic gradients at the interface with a sandy subsoil below the critical values. 
In the report [5] riprap is calculated while on the drawings a pitched stone is shown! It must be 
clear what is applied: riprap or pitched stones. These have two different revetments which should 
be calculated by separate methods. Moreover, the details of the toe protection are not reworked 
sufficiently. 

Questions 
Wave height is calculated with wind speed of 24 m/s for sea dikes with fetch length of 300 km 
and for estuary dikes with fetch of 3 km. How is it possible that the result is: H s = 1.56 m for 
fetch of 300 km (sea dike) and H s = 1.59 m for fetch of 3 km (estuary dike)? The wave height 
for a sea dike is probably too low, and the wave height for estuary dikes is probably too high! 
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Figure 10.2 Designing cross sections of sea dike in Ninh Binh Province 
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11 C A S E S T U D Y 

In all reviewed designs, each province has used different prediction methods for waves and wave runup, 
and stability of the revetments. Because of that it is nearly impossible to compare all these designs. 
Very often for the same wind speed (about 25 m/s), nearly the same wave height was predicted for 
the fetch length of 3, 10 or 300 km. It is obvious that the wrong prediction of waves will have repercussions 
for the calculated runup and revetment stability. 
To give some idea about the more systematic approach and the sensitivity of the outcome in respect 
to the input data, a simplified case study was prepared for conditions similar to those of the northern 
coast of Viet Nam. Both the crest height of the dike and the stability of the revetment were calculated. 

As input to the calculations the following variables were assumed: 
windspeed 25 m/s and associated deep water conditions ( H o s = 5 m, T p = 8 sec) for the fetch 
length of 100 km 
various types of foreshore 
design water level (including high tide plus storm surge) equal to MSL +3.0 m 

It is assumed that a new dike is build as an improvement (strengthening) of the existing dike, where 
no additional settlement of the subsoil is expected (otherwise, the calculated settlement should be added 
to the design crest height). 
Two slopes of a dike are considered: m = ctg a = 3 and 4. 
Three types of slope revetments are assumed: smooth slope (e.g. grouted stone or concrete slabs), 
block revetment and riprap (2 layers of random placed stones on thick granular filter). However, the 
combination of geotextile and granular filter layer can be considered as an alternative material for filter 
structure. 

The results of this case study were presented on the seminar of 9 th April , attended by representatives 
of Dike Department, provincial and district design engineers, Hydraulic Institute, Hanoi Water Resources 
University and Meteorological Service Viet Nam. 
The results are included in Appendix G: Case study on calculation of the crest height and Appendix 
H: Case study on calculation of stability of revetments. 
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12 CONCLUSIONS AND RECOMMENDATIONS 

12.1 Conclusions and recommendations 

From the discussions which were held and from the impressions of the site visits the following conclusions 
and recommendations can be given: 

Design methodology 
In the scope of the design of the dike improvements in some cases (e.g. erosion and accretion 
area) it should be considered to develop different possible solutions and compare these solutions, 
on basis of the interests involved. Also future development on economy and boundary conditions 
should be considered. Then, the available money and labour can be used in a (more) efficient way. 
Therefore a so called 'policy analyses study' should be prepared, on province-, district- or project 
level. 
There is a large research potential available in Viet Nam. However, in order to use this potential 
effectively, in solving of practical coastal problems a more close cooperation between the different 
parties in the design process should be further stimulated. To achieve this goal some administrative 
actions should be undertaken by the Ministry of Agriculture and Rural Development. 
To improve understanding between various institutes and in order to involve the different interests 
in the design process, the activities related to a certain program (problem or project) should be 
organized in a form of multidisciplinary project teams and giving proper responsibilities to the 
project-leader. 
To be able to predict the future development in the Hai Hau area of Nam Ha Province, a policy 
analysis study (including all interests) should be undertaken in the near future. This subject is very 
suitable for a pilot project where also the already achieved results in the scope of the 'Vietnam 
Vulnerability Assessment' project can be implemented and further extended. 

Risk level 
In the present designs for the rehabilitation and upgrading of the sea dikes in the Red River Delta 
no differentiation in design-circumstances is adopted. However, the interests to protect vary for 
the different areas. In order to get a balance between the investments for dike improvement and 
the value of the interests to be protect, it is advised in the future to consider a differentiation in 
risk level. 
From the moment that people realize that the area they inhabit is protected in a sufficient way 
investments wi l l be done. Moreover, the living standard and the economic situation in Viet Nam 
will expand in near future. Consequently the interests in the area adjacent to the sea wil l increase 
and in order to keep the interests and the safety level in the future in balance, the safety level wil l 
most probably be upgraded again. Therefore it should be considered to allocate a free strip on 
the landside of the dike for future improvements. 

Natural boundary conditions 

Topography and morphology 
In order to calculate the wave height in front of the dike it is necessary to know the bottom 
topography, at least in the zone from 'deep water' to the toe of the dike. 
Also a forecast of erosion and accretion must be done. In this respect special attention should be 
paid to the area of Hai Pong Province and Hai Hau District, where erosion rate is observed. 
It should be considered to stabilize the existing foreshore to a certain extent so that, the existing 
depth-limited conditions for wave development can be guaranteed for long time. 
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Wave heights 
In most cases there is a shallow foreshore. In such cases for the determination of the crest height 
the so called depth limited wave can be used. That also means that the dependent deep water waves 
will break on the foreshore few times. More precisely calculations are possible by using mathematical 
models. 
The calculated wave heights according to the present designs are not calculated in accordance with 
the above mentioned method. Therefore it is advised to make new calculations. Then also the wave 
length has to be considered. 
Moreover the present prediction of wave heights is not documentated properly and should be examined 
by wave experts. 

Design water level 
The design water level should be determined based on a summation of the tidal level, the wind set-up 
and the sealevel rise. Comparing the various sources of information it might be possible that the tidal 
level which is used in the calculations already includes the wind set-up. 

Conclusion 
An expert working group should prepare a document with boundary conditions for the coast of Viet 
Nam, which should be used as a basic document for in the design process. 

Design 

Crest height 
The subsoil along the line of the dikes to be improved wil l vary. So the heightening for the dike 
improvement wi l l be different. Therefore it is recommended, especially in areas with bad soil 
conditions, to calculate the expected settlement of the subsoil which will occur due to load of earthfill. 
I f sufficient data are available it should be supported by geotechnical calculations. 
The runup on the dike will be strongly influenced by the slope angle and the roughness and 
permeability of a revetment. In the present designs there is no distinction for the various types 
of revetment. 
Due to the above mentioned aspects it is recommended to examine the present calculations for 
the crest height of the dike in according to the updated standards, even more differentiated for 
the different dike sections. 
In cases that the runup is calculated for an exceedance of more than 2 %, also overtopping of the 
dike should be calculated including its consequences for the stability of crest and inner slope. 
The dikes to be improved have a various exposition (direction) in relation to the dominant wind 
direction. From the designs which has been examined by the mission it can be concluded that in 
each province only one direction is considered. It is advised to make a calculation for each 
homogeneous section of the dike. 

Revetments 
In the present designs of sea dikes the Russian formulas as well as a Hudson formula (USA) are 
used. A l l these formulas are originally developed for riprap and/or rubble mound structures 
(breakwaters), which are based on the weight of elements. However, these formulas have also 
been applied in the present designs for calculation of thickness of pitched stone and block revetments. 
The choice of the formula is left up to the designers; each design office use different formulas 
and with different stability calculations and, as a result, the comparison of various designs is not 
possible. 
The design of block revetments should be based on the thickness of a block and not on the weight 
of a block. 
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When using interlock blocks the stability may increase by a factor 1.5 to 2 in comparison with 
loose blocks. In such a case, special attention should be paid to a stable design of revetment foundation 
(sublayers and subsoil). 
In general, for new dikes where settlements can be expected, the loose protective units are preferred 
instead of interlock blocks. 
Grouting of stones should be forbidden, or only allowed as a pattern grouting. 
When using placed concrete blocks the revetment can be strengthened by washing in the interspaces 
by a coarse sand. 
The existing riprap on various dikes, which is not stable enough for design conditions, can be 
still applied in the zones of less wave attack. 
The toe structure should be strong enough to resist the sliding forces provided by the slope revetment. 
In all cases a proper transition from the slope protection into the toe protection is very essential 
for the stability of the revetment. This transition must be soil-tight to prevent migration (escaping) 
of subsoil from the slope through the toe structure. 
In a number of actual designs of dikes the possibility of replacing of granular filter by a geotextile 
fdter is mentioned. However, it is only possible for revetments exposed to wave attack with waves 
lower than 1 m. For wave height higher than 1 m there wil l be necessary to place an additional 
granular layer with aim to reduce the hydraulic gradients and to prevent the migration of the subsoil 
along the slope and to avoid local liquefaction, and thus the deformation of a slope. 
The attention should be paid to re-use of materials in general and the transition between revetment 
and crest. 

Geotechnical aspects 
Special attention should be paid to geotechnical aspects of dike design, such as foundation on soft soils, 
and problems of compaction of clay-earthfill, especially during dry and warm periods when the clay 
is becoming very hard. 

As conclusion, the actual design approach concerning the stability of the revetments on the sea dikes 
is very inconsistent, and can not be accepted for a final design. 

Design standards 
The actual design standards for coastal protection (including dikes) in Viet Nam should be updated 
according the actual state-of-the-art of the international knowledge in this field. Therefore new design 
guidelines should be formulated including the selection of proper design formulas for various revetment 
types, including stability of sublayers and subsoil, and also including design recommendations concerning 
toe protection and transitions between different constructions. 

Implementation of knowledge 
The existing knowledge on design, construction and maintenance of dikes, especially at districts, 
needs upgrading. 
Therefore, the preparing of the updated design guidelines and training of technical staff is greatly 
needed. 
It is recommended that The Netherlands will help to prepare new design standards, suited to the 
situation in Viet Nam. 
To improve communication in the field of transfer of know-how from The Netherlands to Viet 
Nam, the one-year training of at least two (young) engineers at the International Hydraulic Institute 
(IHE) in Delft, supplemented by about two months orientation within the specialistic Rijkswaterstaat 
Divisions is considered as a minimum. It is stressed that for a training in the Netherlands an adequate 
knowledge of the English language is necessary. 
Moreover a short course in Viet Nam for the engineers involved the project should be considered. 
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For the long term it would be important that the (backgrounds of the) standards will be teached 
at the University. 

Execution 
In order to have a reference to check, the detailed specifications of the design and execution should 
be established in 'execution specifications' and detailed drawings. To achieve a proper construction 
special attention should be paid to the execution of the revetment, the transitions and the compaction 
of the earthfill. 
Surveillance during the execution by a supervisor who is familiar with the design of the structure, 
and a proper quality control system, are essential for a proper final result of a project. 
Also the implementation of a quality assurance program would be beneficial. 

Operation and maintenance 
There should be a clear definition of responsibilities of various management levels resulting in 
short-lines in respect to decision and necessary actions concerning the repair of damages after the 
storm. 
After each storm an inspection report should be prepared. Small damages should be directly repaired 
by the local authorities and people. 
A l l storm damages should be repaired before the next storm season starts. The unrepaired locations 
(even with small damages) may lead to the serious damages during the next storm season, which 
can be very costly to repair. 
A check list for post-storm inspection and reporting should be prepared by the Department for 
Dike Management and Flood Control, as well as the maintenance guidelines and definition of 
responsibilities. 
During the lifetime of the structure the boundary conditions (e.g. due to the morphological changes) 
and the strength of the structure can change. Therefore it is recommended to order the local authorities 
to report periodically the actual state of the dike in respect to fulfilling its defence function. For 
realization of this goal it is needed to have a sufficient data base. 

12.2 Preliminary Action Plan 

The Dutch mission, based on her observations and conclusions as drawn above, is recommending to 
undertake the following actions: 
1) Dike program 1996-1997 

The designs of dike stretches planned for rehabilitation in 1996 and 1997 should be examined again, 
as soon as possible (without waiting ti l l the future design guidelines are prepared). The Dutch 
technical documents [6] and [7], which are provided to the DDMFC, can be of use for this 
examination. 
In order to prevent a delay in the WFP-program it is recommended to consider a second opinion 
of the adapted designs by the members of the Dutch mission in the foreseeable future. For this 
purpose it is necessary to provide the basic data of the dike stretches for realisation in the near 
future. 
The proper quality of input data/hydraulic and geotechnical boundary conditions is of a primary 
importance for a proper design. An expert working group should prepare a document withboundary 
conditions for the coast of Viet Nam, which should be used as a basic document for the design 
process. 
It is recommended to organize a semi-permanent help-desk at the Rijkswaterstaat for occurrent 
technical assistance during realization of this program. 
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2) Design guidelines 
Project definition and project proposals should be worked-out concerning the preparation of the 
national design guidelines for sea dikes in the coming two years (1997-1998). For the transfer 
of the available Dutch know-how on this matter, the appointment of the joint working-team (Viet 
Nam - The Netherlands) is recommended. 
To ensure the effectiveness of such working group, the project should be commissioned by, and 
realized under direct responsibility of the Vice-Minister of the Ministry of Agriculture and Rural 
Development. The project-team should consist of representatives of DDMFC, one or two designers 
from the provinces, representatives from the Hanoi Water Resources University, Institute for Water 
Resources Research and Meteorological Service. There must be a proper commitment of all these 
parties to the project and the existing boundaries between various departments should disappear. 

3) Parallel with the activities mentioned under 2), the short- and long term educational program for 
technical staff should start. 
It should include the following components (steps): 
• short course (2 to 3 weeks), for design staff in Viet Nam, preferably in 1996; 
• short visit of Vietnamese designers to The Netherlands; 
• training of few young engineers in The Netherlands, by attending the yearly course at the 

International Hydraulic Institute in Delft, and including a 1 or 2 months period of orientation 
within the Rijkswaterstaat Divisions; 

• upgrading the teaching program of the Hanoi Water Resources University. 

4) Feasibility (integrated) studies should be undertaken, concerning the coastal area of Nam Ha Province, 
with special attention to the erosion problems of the Hai Hau district. 
Besides the studies on the physical components, a integrated policy analysis for the coastal area 
ofNamHaProvinceshouldbe prepared (safety/riskanalysis, evaluation of local interests, additional 
coastal protection measures, environmental aspects, etc.) 
The results of this policy analysis will provide the base for the necessary decisions concerning 
this area, by the policy-makers. 
Possibly this project can be carried out as a pilot project, in a close cooperation with the current 
VVA project. 
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1. Ministry of Water Resources (MWR) 
WFP project 5325; Rehabilitation and upgrading of sea dike in Quang Ninh Province, annex I : 
Calculation of technical parameters relating to dike crest, dike sections, protection of dike slopes 
and relevant meteorological documents 
?, dated ? 

2. Ministry of Water Resources (MWR) 
WFP project 5325; Rehabilitation and upgrading of sea dike in Hai Phong Province, annex I : 
Calculation of technical parameters 
Ha Phong, August 1994 

3. Ministry of Water Resources (MWR) 
WFP project 5325; Rehabilitation and upgrading of sea dike in Thai Binh Province, annex I : 
Calculation of designing standards of cross section of sea dike 

dated December 1993 

4 Ministry of Water Resources (MWR) 
a. WFP project 5325; Rehabilitation and upgrading of sea dike in Nam Ha Province, annex 

I : Design cross section sea dike 
dated March 1994 

b. Stage: Appraisal 

5. Ministry of Water Resources (MWR) 
WFP project 5325; Rehabilitation and upgrading of sea dike in NinhBinh Province, annexl: Design 
cross section of sea dike 

dated July 1994 

6. Centre for Civil engineering Research and Codes, and Rijkswaterstaat/Road and Hydraulic Engineering 
Division 
Design manual for pitched slope protection 
1995, The Netherlands 

7. Centre for Civil Engineering Research and Codes, and Rijkswaterstaat/Road and Hydraulic engineering 
Division 
Manual on use of rock in hydraulic engineering 
1995, The Netherlands. 
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Appendix A l : Itinerary in brief 

Monday 25 March 
Departure from Schiphol airport 

Tuesday 26 March 
Arrival at Hanoi airport 
Arrival in the Hoa Binh Hotel 

Wednesday 27 March 

Attending the 3 r d scientific meeting of the Vietnam Vulnerability Assessment Project (VVA project) 

Thursday 28 March 
Ministry of Agriculture and Rural Development (MARD); discussion and agreement on the objectives 
and the program of the mission 
Meeting at World Food Program (WFP) 
Ministry of Agriculture and Rural Development, DDMFC; presentation and discussions on design 
of dike systems in Vietnam 

Friday 29 March 
Ministry of Agriculture and Rural Development, DDMFC; discussions on dike design, construction 
and maintenance 
Vietnam Institute for Water Resources Research; introduction on tasks of Institute, presentations 
and visit of the laboratory 

Saturday 30 March 
Hanoi Water Resources University; introductions, explanation on the activities of the University, 
discussions, visit of the university and campus 
Working session at the hotel. 

Sunday 31 March 
free 

Monday 1 April 
Visit to the flood control diversion structures in the Red River, 30 km north west of Hanoi, site visit 
of river dikes on the southern bank of the Red River 

Tuesday 2 April 
Travel and visit to the Provincial Hydraulic Service of the Nam Ha Province in Nam Dinh; 
presentation, discussions on dike design 
Visit to the Peoples Committee of the Hai Hau district; presentation 

Wednesday 3 April 
site visit to the Hai Hau sea dike system 
return to Hanoi 

Thursday 4 April 
Travel and visit to the Provincial Hydraulic Service of the Hai Phong Province in Hai Phong; 
introduction, -Site visit to a block factory and dike section 
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Visit of Rock Hills with view on island with Hon Dau station (meteorological station, water level 
recording station) 

Visit to fishing harbour and neighbouring dike (planned for rehabilitation) 

Friday 5 April 
Meeting with the Hydraulic Service of the Hai Phong Province; discussions 
Travel to Quang Ninh Province 
Visit to Halong Bay 

Saturday 6 April 
Meeting with Provincial Hydraulic service of the Quang Ninh Province 
Meeting at the peoples committee of the Yen Hung district 
Site visit to an estuary dike under construction 
Return to Hanoi 

Sunday 7 April 
Working session in the hotel 

Monday 8 April 
Meeting with Mr. Uong and Ms. Huong 
Working session in the hotel and at the V V A project office 

Tuesday 9 April 
Seminar on the findings of the mission at the Ministry of Agriculture and Rural Development; 
lectures and discussions 

Wednesday 10 April 
G. Kant: return to The Netherlands 
Working session in the hotel 
Briefing Netherlands Embassy 

Thursday 11 April 
Working session in the hotel 
Meeting at the Ministry of Agriculture and Rural Development (MARD); discussions on further 
assistance by The Netherlands in the field of (sea) dikes 
Reception in the Sophia Restaurant 

Friday 12 April 
K.W. Pilarczyk and P.J. Eversdijk return to The Netherlands 

Saturday 13 April 
Arrival in The Netherlands 
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Appendix A2: Extensive itinerary 

Monday 25 March 

Departure from Schiphol airport 

Tuesday 26 March 

Arrival at Hanoi airport, collected by Ms Huong, Ministry of Agriculture and Rural Development 
Arrival in the Hoa Binh Hotel 
Preliminary discussions with: 

• Gijsbert Kant and Geoff Toms (VVA/Frederic R. Harris BV) 
• Cees Hulsbergen and Frank Hoozemans (VVA/Delft Hydraulics) 
• Ryszard Zeidler and Thomas Okroj (VVA/IBW-PAN, Polish Academy of Sciences) 

Wednesday 27 March 

Attending the 3rd scientific meeting of the Vietnam Vulnerability Assessment Project (VVA project); discussions 
held with (among others): 

• Frans van der Knaap (VVA/WL) 
• Marshall Silver (United Nations Development Programme, UNDP) 
• Felix Hoogveld (Netherlands embassy) 
• Eric Evers (Vietnam-Holland Dredging) 
• Wim Klein (Rook Revetment) 
• Abraham de Kock (World Food Program, WFP) 
• Anne van Urk (RIKZ) 

Thursday 28 March 

Morning: 

Ministry of Agriculture and Rural Development (MARD) 

Attendants: 
• Mr. Nguyen Cat Giao, Director International Cooperation Department 
• Mr. Doan The Uong, Deputy Director Department of International Cooperation 
• Ms. Pham Thi Hong, Department of International Cooperation 
• Mr. Nguyen Sy Nuoi, Deputy Director DDMFC 
• Mr. Ton That Vinh, Chief Engineer DDMFC 
• Dr. Quan Ngoc An, Division head, Vietnam Institute for Water Resources Research 
• Representative University of Hanoi 
• Anne van Urk (RIKZ) 

Discussion and agreement on the objectives of the visit. 
Discussion and agreement on the program of the mission. 
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World Food Program (WFP) 

Attendants: 
• Mr. Julian Lefevre, Country Director WFP 
• Mr. Abraham de Kock, WFP 
• Mr. Joost Martens, SNV 
• Anne van Urk (RIKZ) 

Explanation on the WFP involvement in two dike rehabilitation projects in the central and northern provinces 
of Vietnam. The collaboration between the WFP, UNDP and the Vietnamese Government was explained. Project 
in five northern provinces of Vietnam is scheduled for 1996 to 2000. Second opinion on designs was provided 
by Mr. Minetti (Italian Consultant). 
Discussions were held on the implementation of VVA results in the WFP (in relation to boundary conditions 
and selection of dikes to be upgraded). 

Afternoon 

Ministry of Agriculture and Rural Development, DDMFC 

Attendants: 
• Dr. Doan The Uong, Deputy Director Department of International Cooperation 
• Mr. Nguyen Sy Nuoi, Deputy Director DDMFC 
• Mr. Ton That Vinh, Chief Engineer DDMFC 
• others 

After a brief introduction by Dr. Nuoi a presentation was held by Mr. Vinh on the boundary conditions and the 
dike systems in Vietnam. Followed by discussions on boundary conditions and design formulae. WFP sea dike 
designs for the five northern provinces: Ninh Binh, Nam Ha, Thai Binh, Hai Phong and Quang Ninh Province, 
were made available for review purposes. 

Friday 29 March 

Morning 

Ministry of Agriculture and Rural Development, DDMFC 

Attendants: 
• Mr. Ton That Vinh Chief Engineer 
• Mr. Phan Due Tac, Engineer 
• Mr. Nguyen Thi Hien, Engineer 
• Ms. Bui Thi Kha, Engineer 

Discussions were held on dike design, construction and maintenance. Mr. Pilarczyk gave an introduction to the 
attendants on present Dutch design techniques. Subjects: breaker type, toe protection, subsoil, damages, crest 
level, crest and back side protection, revetment types. Mr Vinh showed us the interlocking blocks which were 
developed and tested in the Vietnam Institute for Water Resources Research (within MARD). According to Mr. 
Vinh the required budget for dike improvement is US$ 500/m. However, the available budget from the WFP 
(25 million from WFP and 15 million US$ from the Vietnamese government) is only 40 million US$ for 360 
km of sea dike. This means that there is about US$ 100/m available for dike improvement. 
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Afternoon 

Vietnam Institute for Water Resources Research 

Attendants: 
• Prof. Nguyen Thanh Nga, Director Vietnam Institute for Water Resources Research 
• Dr. Tran Xuan Thai, Director River and Coastal Engineering Research Centre 
• Dr. Quan Ngoc An, Division head, Vietnam Institute for Water Resources Research 
• Dr. Dao Xuan Son 
• Mr. Ton That Vinh, Chief Engineer, DDMFC 
• Mr. Phan Due Tac, Engineer, DDMFC 

Dr. An gave an introduction on the tasks of the Institute. Further he presented some results of the National Program 
for Marine Research titled: 'Erosion problems at the coast of Vietnam and technical solutions for the most urgent 
places' (hot spots: north, Hai Phong and Nam Ha; central, Qung Binh and Ninh Thuan; south, Tian Giang). 
After discussions about the Nam Ha coastline and about the introduction of new design standards the laboratory 
was visited. The physical testing facilities comprise a wave model facility installed by HR Wallingford and a 
physical model of the Red River. Also two Wave Rider buoys donated by the Norwegian Government were shown. 

Saturday 30 March 

Morning 

Hanoi Water Resources University 

Attendants: 
• Prof. Ngo Tri Vieng, Vice Rector Hanoi Water Resources University 
• Prof. Nguyen Cong Man, Deputy head of the ministry research program 
• Assoc. Prof. Do Van Hua, Head Department of Science and International Cooperation 
• Assoc. Prof. Do Tat Tuc, Deputy Dean of the faculty of Hydrology 
• Dr. Le Dinh Chung, Deputy dean of the faculty of Hydraulic Engineering 
• Mr. Le Van Uoc, Deputy dean of the Postgraduate Training Faculty 
• Mr. Ho Sy Minh, Lecturer on coastal engineering 
• Dr. Vu Nhu Hoan, Centre of Ocean Meteorology 
• Dr. Nguyen Ba Quy, Member of the research project (hydrology) 
• Mr. Vu Minh Cat, Member of the research subject 
• Mr. Luu Van Lam, Secretary of research subject (Hydraulic engineering) 
• Mr. Nguyen Mai Dang, Member of the Centre of Hydrology 
• Prof. Dr. Nguyen Dich Dy, Natural Centre of Natural Science and Technology 
• Mr. Dinh Van Thuan, member of National Centre of Natural Science and Technology 
• Prof. Ngo Dinh Tuan, Director of Hydrology and Environment 
• Mr. Ton That Vinh, Chief Engineer, DDMFC 
• Anne van Urk (RIKZ) 

After introductions of both sides Mr. Cat explained on the activities of the University. The University is involved 
in the study of the morphological behaviour of two provinces, Quang Minh and Hai Phong .Mr. Cat is also involved 
in the UNDP project Sea Dike Engineering Services. The University assisted in the dike design of the central 
provinces for the WFP. Professor Man presented the research project called 'Master Plan Sea Dikes in Vietnam'. 
In this project the following tasks are being executed (proceedings were handed over): (i) evaluation of existing 
sea dike system, (ii) evaluation of site conditions (geology, hydrology, morphology, boundary conditions), (iii) 
impacts of reclamations on the coastline, (iv) socio-economic analyses. These tasks must lead to a sound evaluation 
of safety standards. 
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Discussions were held on design methods, design philosophy, need for education, and surge levels. Mr. Pilarczyk 
stressed the need for the introduction and use of the same state of the art design standards throughout the country. 

Prof. Man proposed a joint project by the Hanoi University, DDMFC and the Dutch Government. The title would 
be 'Master Plan of Sea Dikes in Vietnam' and will need to be sponsored by the Dutch Government. Mr. van 
Urk welcomed the proposal and will take this under consideration. 

The visit was finished with a short walk through the university and campus. 

Afternoon 

Working session at the hotel. 

Sunday 31 March 

free 

Monday 1 April 

Morning and Afternoon 

Visit to the flood control diversion structures in the Red River, 30 km north west of Hanoi. 

Attendants: 
• Mr. Le Tin, Director Flood Control Diversion Management 
• Mr. Ton That Vinh, Chief Engineer DDMFC 

Mr. Tin presented the principles and history of the flood diversion structures in the Red River and its contributories. 
The strategy has been developed in order to reduce risk of floods near Hanoi in the case of extreme discharges 
through the Red River. In the old days the extreme water levels in were fought by blowing dikes in the Da River 
(one of the three contributories to the Red River). In this way the (extreme) water level in the Red River could 
be somewhat reduced. 

In 1934 the French constructed the flood control diversion structure (floating weir principle, design discharge 
2200 mVsec). In the case of extreme high water levels water can be discharged into the Day River, which flows 
directly to the Gulf of Tonkin. In this way the water level in the red River can be somewhat influenced. After 
its construction the structure was used 5 times, during the flood seasons of 1940, 1945, 1947, 1969 and 1971. 
However, the operation and maintenance of the structure was not satisfactory. In 1977 it was replaced by the 
present structure (mechanical weir operation, design discharge 5000 m3/sec). The structure was used once; in 
1986. In this year also the construction of the Hoa Binh Reservoir Dam was completed (in the Da River). From 
then on floods coming from this contributory can also be influenced by means of this dam. 

Before water from the Red River can reach the diversion structure the water must pass the sluice structure near 
Van Coc, on the southern bank of the Red River. In case of a flood this structure is opened and nearby river 
dikes will overtop. In this way water will reach the diversion structure and will be discharged through the Day 
River to the sea. 
The flood diversion structure, the sluice near Van Coc as well as river dikes on the southern bank of the Red 
River were visited during the remainder of the day. 
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Tuesday 2 April 

Morning 

Travel and visit to the Provincial Hydraulic Service of the Nam Ha Province, seated in Nam Dinh, the capital 
of the province. 

Attendants: 
• Mr. Pham Hap, Director of Nam Ha Hydraulic Service 
• Mr. Nguyen Ngoc Thanh, Chief of Dike management division 
• Mr. Nguyen Van Tiem, Director of Hydraulic Design Department 
• Mr. Dang Vu Chu, Deputy director Hydraulic Design Department 
• Mr. Ton That Vinh, Chief Engineer, DDMFC 
• Mr. Nguyen Sy Nuoi, Deputy Director DDMFC 
• Dr. Quan Ngoc An, Division head, Vietnam Institute for Water Resources Research 

Mt. Thanh welcomes the mission and presents the situation of the sea dikes in Nam Ha Province. Nam Ha province 
(250.000 ha) consists of 13 districts of which three are coastal. Nam Ha counts 2.6 million inhabitants. The total 
population in the three coastal provinces is about 850.000 people. 70 km of coastline, 90 km sea dike. In Hai 
Hau district the coastline is retreating for at least a century. Estimated erosion rates: 

1900 - 1953 35 - 50 m/year 
1953 - 1973 15 - 20 m/year 
1973 - 1990 8 - 10 m/year 
1990 - 1996 5 m/year 
Locally the total coastline retreat has reached up to 3 km in this century. 

In the period 1890-1992, 23 heavy storms passed the province. In the years 1892, 1905, 1925, 1944 (7 days, 
3 successively storms), 1956, 1968, 1971, 1975, 1982 and 1986 the sea dikes were severely damaged. 
The averaged capitalized damage for the province is calculated on 2.1 * 106 US$/year (loss of live, houses, boats, 
cultivated area, damage to structures, earth f i l l loss, revetment loss, loss of crops etc.) 

Afternoon 

Continuation of discussions with above listed attendants. 

The toe level of the sea dikes is in general +0.5 m MSL in the Nam Ha Province. Discussions about boundary 
conditions, toe protection, revetment type, inner slope protection, geotechnical stability etc. 
Discussions about the double dike strategy, as being adopted in the Hai Hau district. 

Visit to the Peoples Committee of the Hai Hau district. 

Attendants: 
• Mr. Oang, Chairman of the Hai Hau People Committee 
• Mr. Thang, Vice Chairman of the Hai Hau People Committee 
• Mr. Pham Hap, Director of Nam Ha Hydraulic Service 
• Mr. Nguyen Van Tiem, Director of Hydraulic Design Department 
• Mr. Hien, Vice Deputy of the Hydraulic Service of Hai Hau District 
• Mr. Tho, Director of Construction Company 

Mr. Dang gave a short presentation of his district. Beside the general issues of the district he stressed his concern 
about the problems related to the coast erosion. 
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The Hai Hau district is encircled by 33 km of sea dike and by 47 km of river dike. Population: 330.000 people. 
45 % of the inhabitants has the catholic religion. 133 churches. Total area 266 km2. The limestone which is being 
used for the revetment of the sea dikes has to be transported over 100 km. During this transport the means of 
transportation changes 7 times. 

Mr. Hap proposes to the mission to start up a joint pilot project for the coast of Hai Hau District. The project 
would comprise the morphological study of the coastline development, sea dike design, construction and maintenance. 
Support from the Netherlands, both technically as financially, is requested. 

Wednesday 3 April 

Morning 

Breakfast, followed by a site visit to the Hai Hau sea dike system. Almost the entire coastline of the Hai Hau 
district was visited. On many places the results of the strong erosion could clearly be observed. On many places 
heavily damaged revetments were inspected. Visits to the improved sea dike sections with interlocking blocks 
and square placed blocks. Mr. Vinh commented upon the situation and showed the dikes which will be improved 
by the World Food Program (in general the second dike). 

Afternoon 

Lunch and return to Hanoi. 

Thursday 4 April 

Morning 

Travel and visit to the Provincial Hydraulic Service of the Hai Phong Province, seated in Hai Phong, the capital 
of the province. 

Attendants: 
• Mr. Le Huu Ban, Vice Director Hydraulic Service 
• Mr. Le Tue Tien, Chief Division of Dike Management Hydraulic Service 
• Mr. Do Trung Thoai, Director of Dike Management Board 
• Mr. Duong Van Gang, Deputy Chief Division of Dike Management of Hydraulic Service 
• Mr. Nguyen Van Miul, Senior Technical Expert Dike Management 
• Mr. Vu Thi Bao, Deputy Director Design Company Hydraulic Service 
• Mr. Tran Xuan Hop, Chief of Division Design Company 

Mr. Tien gave a brief introduction on general issues of the province. In total Hai Phong Province has 93 km 
of sea dike of which 81 km will be upgraded by the WFP. 

Afternoon 

Mr. Hien continues his presentation. Sea dike system protects 40.000 ha land. Dikes are in general built on soft 
soil (silt). The bed level in front of the dike is in general between 0 - +0.5 m MSL. Beach is not stable: even 
erosion and accretion. 
Within the dike system are 55 sluices for drainage purposes. For about 25 % of the dikes the wave action is 
reduced due to the presence of mangroves. Present crest level: +4 - +4.5 m MSL. Protection systems used: 
rock, concrete plates, interlocking blocks. Crest level after WFP upgrading: +5 - +5.5 m MSL. 
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Site visit: 
A visit was made to a block factory were the interlocking blocks were produced. Figures: 8 blocks/man/day; 
25 blocks/m3 concrete; 150 blocks/day. Use of interlocking blocks is 8 times more expensive than the traditional 
rock protection. 

Visit of damaged dike section (concrete plate revetment). 

A recently constructed dike section was visited (interlockingblocks, next to placed rock) outer slope 1:3.5; rock 
D = 20 -30 cm (40-200 kg) 

Visit of Rock Hills with view on island with Hon Dau station (meteorological station, water level recording station) 
and visit to fishing harbour and neighbouring dike (planned for rehabilitation) 

Friday 5 April 

Morning 

Meeting with the Hydraulic Service of the Hai Phong Province. Discussions about foreshore, boundary conditions 
and design formulae. Mr. Tien explained on the confusion with respect to design formulae and parameters to 
be used in these formulae. Mr. Pilarczyk stressed the importance of understanding of the processes and boundary 
conditions. Further he advised on the use, design and calculation of concrete plates, toe protections, filter layers, 
settlements, transitions, interlock systems, reuse of old revetments, geotextiles, quality control, maintenance, 
importance of repair and damage reporting. 

A request was made to the mission to provide support for the integrated introduction of design standards, maintenance 
standards, and quality control standards in Vietnam. 

Afternoon 

Travel to Quang Ninh Province; visit to Halong Bay (coast with a great number of rocky islands). 

Saturday 6 April 

Morning 

Meeting with Provincial Hydraulic service of the Quang Ninh Province. 

Attendants: 
• Mr. Dang Quang Nhi, Director Quang Ninh Hydraulic Service 
• others (list via Ms. Huong) 
General introduction by Mr. Nhi. Brief discussions on boundary conditions (tide, surge and wave conditions). 
Subsoil layers of the dikes is usually soft. 
250 km coastline; 373 km dikes, of which 300 km (?) sea dikes in 10 different sections. 
HHWS: difference between north and south of Quang Ninh 10 to 30 cm. 

Meeting at the peoples committee of the Yen Hung district 

Site visit to an estuary dike under construction which was funded by the World Food Program (project Vietnam 
5325). 
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Afternoon 

Return to Hanoi. 

Sunday 7 April 

Working session in the hotel 

Monday 8 April 

Meeting in the hotel; attendants: 
• Mr. Doan The Uong 
• Ms. Pham Thi Hong 
• Mr. Pilarczyk and Mr. Eversdijk 

Discussions on the proposal of a 'project' for (technical) assistance by The Netherlands; subjects: 
Design guidelines and technical norms 
Training/courses both in The Netherlands and in Viet Nam 
Standards and guidelines for operation and maintenance 
Equipment for design (computers) and field survey 
Pilot study Nam Ha (and evt. Hai Hau) 

Working session in the hotel and at the VVA project office. 

Tuesday 9 April 
Seminar on the findings of the mission at the Ministry of Agriculture and Rural Development; lectures and discussions. 

Attendants: 
• 25 to 30 representatives of different departments, institutes and the university 

Morning 

Welcome 
Opening 
Introduction 
The coastline of the Netherlands 
Boundary conditions 

Mr 
Mr 
Mr 
Mr 
Mr 

Tu Mao, Director General of DDMFC 
Nguyen Sy Nuoi 
P.J. Eversdijk 
P.J. Eversdijk 
G. Kant 

Afternoon 

Design methodology 
Design practice in the Netherlands 
Runup calculations, berms 
Revetment types 
Revetment stability calculations 

Mr. K.W 
Mr. K.W 
Mr. K.W 
Mr. K.W 
Mr. K.W 

Pilarczyk 
Pilarczyk 
Pilarczyk 
Pilarczyk 
Pilarczyk 
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Wednesday 10 April 

Morning 

G. Kant: return to The Netherlands 
Working session in the hotel 

Afternoon 

Briefing Netherlands Embassy 

Attendants: 

• Mr. D.A.V.E. Ader, Her Majesty's Ambassador 
• Mr. Robert van Embden, First Secretary 

• Mr. Pilarczyk and Mr. Eversdijk 

Thursday 11 April 

Morning 

Working session in the hotel 

Afternoon 

Ministry of Agriculture and Rural Development (MARD) 

• Mr. Prof. Dr. Vu Trong Hong, Vice-Minister, Ministry of Agriculture and Rural Development 
• Mr. Tu Mao, Director General of DDMFC 
• Mr. Doan The Uong, Deputy Director Department of International Cooperation 
• Ms. Pham Thi Hong, Department of International Cooperation 
• Mr. Nguyen Sy Nuoi, Deputy Director DDMFC 
• Mr. Ton That Vinh, Chief Engineer DDMFC 
• Mr. D.A.V.E. Ader, Her Majesty's Ambassador 
• Mr. Pilarczyk and Mr. Eversdijk 
• others 

Introductions by mr. Hong and Mr. Ader 
Discussions on the help of The Netherlands in general 
Briefing of the mission; topics: 
* cooperation between departments and institutes involved 
* differentiation in safety standard should be considered on basis of costs/benefits study 
* different alternatives should be considered: policy analysis study 
* updating of design-tools 
* transfer of knowledge from The Netherlands to Viet Nam 
* study of the natural boundary conditions 
* for training in The Netherlands, knowledge of the English language is very important 
Proposal of a 'project' for (technical) assistance by The Netherlands in the field of (sea) dikes: 
* Introducing new design guidelines/standards 
* Training of staff: courses in both The Netherlands and Viet Nam 
* Arrange a visit to The Netherlands for Policy makers and technicians 
* Standards and guidelines for operation and maintenance 
* Equipment for the collection of field information 
* Pilot-/feasibility study Hai Hau (Nam Ha) 



Sea dikes Northern Part of Viet Nam; review 
Document: TOZV-4-96050 

Page: 12 of 12 
Date : May 1996 

Conclusion: Viet Nam will send aproposal to Her Majesty's Ambassador, for assistance by The Netherlands 
in the field of sea dikes, except the 'equipment item'; Dutch side will help with formulation of a project. 

Evening 

Reception "on the occasion of working visit of Ministry of Transport, Public Works and Water Management 
of The Netherlands", in the Sophia Restaurant 

Attendants: 
• Mr. Prof. Dr. Vu Trong Hong 
• Mr. Tu Mao 
• Mr. Doan The Uong 
• Ms. Pham Thi Hong 
• Mr. Nguyen Sy Nuoi 
• Mr. Ton That Vinh 
• Mr. Quan Ngoc An 
• Mr. Lambert Grijns, Second Secretary of Netherlands Embassy 
• Mr. Pilarczyk and Mr. Eversdijk 

Friday 12 April 

K.W. Pilarczyk and P.J. Eversdijk return to The Netherlands 

Saturday 13 April 

Arrival in The Netherlands 
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Appendix B: List of Abbreviations 

C C F S C Central Committee for Flood and Storm Control 
DDMFC Department of Dike Management and Flood Control 
D W L Design Water Level 
HHWS High High Water Spring 
HWRU Hanoi Water Recources University 
HMS Hydro Meteorelogical Service of Viet Nam 
L A T Lowest Astronomical Tide 
L L W S Low Low Water Spring 
MARD Ministry of Agriculture and Rural Development 
M S L Mean Sea Level 
RRD Red River Delta 
RWS Rijkswaterstaat (Directorate General of Public Works and Water Management of the 

Ministry of Transport, Public Works and Water Management) 
UNDP United Nations Development Program 
VNCIDNDR The Viet Nam National Committee for the International Decade for Natural Disaster 

Reduction 
W A Vietnam Vulnerability Assessment 
WFP World Food Program 
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Appendix C: Glossary 

Acceptable risk 

Breaking index 

Design water level 

Failure modes 

Fetch length 

Flood 

Geotechnical instability 

Geotextile 

Grouted systems 

Hydraulic gradient 

Hydraulic loads 

Interlocked blocks 

Internal stability 

Loose blocks 

One percent probability 
flood 

Pitched stone 

Degree of loss that is perceived by the community, as acceptable 

Relationship between the maximum wave height (with respect to breaking) 
and the water depth 

Maximum water level calculated in the design of hydraulic structures of 
dams, dikes etc 

Various mechanisms of water-soil-structure interactions, which may lead 
to failure of structure 

Length of sea or estuary, in the direction from which the wind comes 

The inundation of a normally dry land, by water 

Collective name for related geotechnical failure mechanisms, e.g.: deformation 
of the filter and/or base material into S-profile or slip circle, soil movement 
in the subsoil, and sliding of the cover layer or dike body 

Plastic fabric applied, for example, to sand or clay to prevent them being 
washed into the filter 

Stone or blocks, grouted by binding material (concrete, asphalt); i f fully 
grouted, they are similar to slabs/plates 

Change in hydraulic pressure head per unit length (pressure head gradient) 

Wave heights (or pressure head differences on the cover layer or in the 
filter, or in the subsoil) which threaten the stability of the structure 

Prefabricated blocks which, because of their shape, lock together providing 
a higher stability 

Migration of the fine fraction of a filter layer or subsoil, through the pores 
of filter and/or toplayer 

Blocks in the revetment which are only in contact with the row of blocks 
immediately below and which can be lifted out by a force which is only 
slightly greater than their own weight 

The flood with an annual exceedance probability of one percent 

One layer of stones regularly placed with the longest axis perpendicular 
to the slope 
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Revetment structure 

Riprap 

Runup 

Shoaling 

Storm surge 

Subsoil 

All the layers which protect the dike core of sand/clay against erosion by 
water movement, comprising a cover layer with (possibly) filter layers and/or 
geotextile 

At least two layers of random dumped stones 

The height of water level on a slope, relative to the still water level, due 
to the interaction between waves and structure 

Change in wave height as function of bottom topography (waterdepth) 

A rise in water level in the open coast due to action of wind stress as well 
as atmospheric pressure on the sea surface. 

Sand or clay underneath a granular filter or a geotextile 

Sustainable development Development that meets the needs of the present generation without 
compromising the ability of future generations to meet their own needs. 

Toe structure Structure at the bottom of the slope forming a transition between the foreshore 
or a supporting berm 

Transition structure Structure designed to join together two different types of revetment 

Vulnerability 

Wave set-up 

Wave steepness 

Wind set-up 

Expected degree of loss (as a percentage) resulting from a potentially 
damaging phenomenon. 

Increase in water level as a result of windwaves 

Relationship between wave height and wave length 

The temporary rise of the sea level at the coast by the friction between the 
wind and the water surface 
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River branches Red River Delta 
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Appendix F : Organisation schemes 





Governmental 
Council 

other ministries 
Ministry of 

Agriculture and Rural 
Development 

Ministry of Science 
and Technology 

National Center for 
Natural Science and 

Technology 
(NCNST) 

National Center for 
Human Science 

(NCHS) 
General Department 
of Hydrometeorology 

(HMS) 
State Planning 

Committee (SPC) 

Division of 
Management 

Institute of 
Mechanics 

Marine 
Hydrometeorological 

Center (MHC) 

Division of Research 
and Training Institute of Geografy 

Center of 
Hydrometeorology 

(south) 

Division of 
Engineering 15 other institutes Institute of 

Hydromeorology 

National Center for 
Hydrometeorological 

Forecasting 

Governmental organization at national level 
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Districts Party 
Committee 

Communes Party 
Committee 

Central Party 
Committee 

i \ 

1 

Provincial Party 
Committee 

/ 

\ 

\ 

7 

Governmental 
Council 

Ministries 

SPC, HMS, NCNST, NCHS 

Ministries 

SPC, HMS, NCNST, NCHS 

Provincial Peoples 
Committee 

r n 

Districts Peoples 
Committee 

Communes Peoples 
Committee 

Departments of the Ministries, 

SPC, HMS, NCNST, NCHS 

Departments of the Ministries, 

SPC, HMS, NCNST, NCHS 

Local representatives 

Governmental organization Governmental organization 
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Ministry of Agriculture and 
Rural Development 

Minister and Vice Minister 

Division of Management 
Division of Research and 

Training 
Division of Engineering 

Administrat ion 

Personnel 

Finance 

Legislation and Inspection 

Planning 

International Cooperat ion 

Water Resources Science & 
Technology 

Dike Management & Flood 
Control 

Basic Construct ion 

Irrigation & Drainage 

Institute for Water Resources, 
Planning & Management 

National Institute for Hydraulic 
Research 

Water Resources Economic 
Institute 

Hanoi Water Resources 
University 

National Institute for Hydraulic 
Investigation & Design 

Water Resources Vocational 
School 

Worker Training School 

Regional Water Resources 
Institutes 

Construction Enterprise No. 1 
(north) 

Construction Enterprise No. 2 
(central) 

Construction Enterprise No. 4 
(south) 

Hydrodynamics Machinery 
Factory 

Machinery & Equipment Repair 
Factory 

Provincial Water Resources 
Services 

Organization of Ministry of Agriculture and 
Rural Development 
Organization of Ministry of Agriculture and 
Rural Development 

Sea dikes northern part of Vietnam; review Appendix F3 



Ministry of Agriculture and Rural Development 

Minister and Vice Minister 

Division of Management 2 other divisions 

Department of Dike Management & Flood Control 
(DDMFC) 

Provincial and District Dike Services Engineering Staff 

i 

Dike Construction Monitoring 
(13 units) 

Dike Management Brigades 
(77 units) 

Grouting Groups 
(8 units) 

Flood Control 
(1 unit) 

Organization of Department of Dike Management & Flood Control 
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Council of 
ministers 

Ministry of 
water resources 

Vietnam 
national 

bommittee for IDNDR 

Department of dyke 
management and 

flood control 

Provincial 
hydraulic 
services 

Secretariat 
of VNCIDNDR 

Flood control 
day river 

Central committee 
for flood and 
storm control 

Secretariat 
of CCFSC 

Provincial 
CFSC 

Ministries 

Each 
ministry's 

CFSC 

Provincial 
people's 

committee 

Dy 
groi 
grc 

ke 
iting 
>up 

Dyke 
construction 
& monitoring 

District 
people's 

committee 

District 
hydraulic 
services 

Village 
hydraulic 

engineering 

Dyke management 
brigades 

Village 
people's 

committee 

from: Strategy and Action Plan for Mitigating Water Disasters 
in Vietnam, DHA, UNDP and MWR, Hanoi 1994 [lit 6] 

Institutional structure for combating the annual 
effects of floods and typhoons 
Institutional structure for combating the annual 
effects of floods and typhoons 
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Appendix G: Results case study on calculation of crest height 
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results: ctga = 3 ; 7 b = l clga = 4 • -yb = 1 ctga = 4 ; y b = 0.7 

storm surge M S L + 5.00 5.00 5.00 

run-up 13.30 10.00 7.00 

sea-level rise 0.25 0.25 0.25 

seiches / oscillations 0.25 0.25 0.25 

settlement 0.50 0.50 0.50 

dike crest MSL + 19.30 16.00 13.00 

Figure 3 Example of dike calculation (alternatives) ; (HL = 4.7 m. 

depth limited, Tp= 8.5 sec, berm reduction y g = 0.7 for 

ctga =4 and B = 4 H s 
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Appendix H: Results case study on calculation of stability of revetments 
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Appendix I: Pictures 
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Dutch Delegates 

Ministry of Transport, Public Works and Water Management 

Directorate-General for Public Works and Water Management 

Civil Engineering Division 

Piet J. Eversdijk B.Sc. 

Hydraulic Engineering Branch 

Senior Expert Coastal Engineering 

P.O. box 2 0 0 0 0 

3502 LA Utrecht 

The Netherlands 

Telephone + 3 1 3 0 2 8 5 7 7 9 4 

Telefax + 3 1 3 0 2 8 0 0 6 8 6 

Private 

Gouvernantelaan 7 

3454 WE De Meern 

The Netherlands 

Telephone + 3 1 3 0 6 6 6 4 2 0 5 

V I E T N A M V U L N E R A B I L I T Y A S S E S S M E N T P R O J E C T 

Mr. Gijsbert Kant 
Specialist Advisor 

Office : 
29A Nam Thanh Cong Tel. 
Dong Da - Hanoi - Vietnam Fax. 

Royal Netherlands Embassy 

(+844) 340825 
: (+844) 350606 

Ministry of Transport. Public Works and Water Management 

Directorate General of Public Works and Water Management 

Road and Hydraulic Engineering Division 

Krystian W. Pilarczyk M.Sc. 

Deputy Head Watersection 

PO Box 

NL—2600 GA Delft 

Van der Burghwegh 1 

N l - 2 6 2 8 CS Delft 

Telephone + 3 1 1 5 6 9 9 4 2 7 

Telefax + 3115611361 

Home Address 

Nesciohove 23 

NL-2726 BJ Zoetermeer 

Telephone + 3 1 7 9 5 1 5 9 3 0 

Ministry of Transport, Public Works and Water Management 

Directorate-General for Public Works and Water Management 

National Institute for Coastal and Marine Management/RfXZ 

mr Anne van Urk M.Sc.CE 
Head North Sea Division. Senior Project Off icer 

Kortenaerkade 1 
P.O. box 20907 
2500 EX The Hague 
The Netherlands 
Telephone +31 (70) 311 43 44 
Telefax + 31 (70) 311 43 21 

Home address 
Rozetuin 3 
2811 AA Reeuwijk 
The Netherlands 
Telephone +31 (182) 39 37 96 

Email: urk@rikz.rws.minvenw.nl 

D . A . V . E . A D E R 
HER MAJESTY'S AMBASSADOR 

ROYAL NETHERLANDS EMBASSY 
VAN PHUC DIPLOMATIC COMPOUND 
HANOI 

TEL. : 430605 
FAX :431013 

R O B E R T VAN E M B D E N 
First Secretary 

Royal Netherlands Embassy 
Van Phuc Diplomatic Compound 
Building Dl 
Hanoi, Vietnam 

Tel. 84-4-8430605 
Fax. 84-4-8431013 

Second Secretary 

Royal Netherlands Embassy 
Van Phuc Diplomatic Compound 
Building Dl Tel. 84-4-430605 
Hanoi, Vietnam Fax. 84-4-431013 
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Ministry of Agriculture and Rural Development 

MINISTRY OF AGRICULTURE AND RURAL DEVELOPMENT 
Socialist Republic of Vietnam 

THE CENTRAL COMMITTEE FOR STORM AND FLOOD CONTROL 
THE NATIONAL COMMITTEE FOR " IDNDR" OF VIETNAM 

Prof. Dr. VU TRONG HONG 
Vice - Minister 

Office : 2 Ngoc Ha 
Ba Dinh - Hanoi - Vietnam 
fi:436173 Home: 
Fax:84 - 4 - 454319 fi : 699648 

i 

Eng. TU MAO 
Director General 

Department ol Dyke Management Flood Control and Storm Preparedness 
Ministry of Agriculture and Rural Development 

Add : 164 - Tran Quang Khai - Hanoi - Vietnam 
Tel : 8254471 (Office) - 8264995 (Home) 

MINISTRY OF AGRICULTURE AND RURAL DEVELOPMENT ^ 
Socialist Republic of Vietnam 

MINISTRY OF AGRICULTURE AND RURAL DEVELOPMENT MINISTRY OF AGRICULTURE AND RURAL DEVELOPMENT ^ 
Socialist Republic of Vietnam 

Dr. DOAN THE UONG 
DEPUTY DIRECTOR 

Department of International Cooperation 

2 Ngoc Ha Str. Tel : 433400 - 459670 
Hanoi, Vietnam Fax : 84. 4. 454319 

NGUYEN CAT GIAO 
Director 

International Cooperation Department 

Office : 2 Ngoc Ha 
Ba Dinh - Hanoi - Vietnam 
8 : 459670 - 459672 Home : 
Fax:84 - 4 - 454319 fi: 622181 . 

Dr. DOAN THE UONG 
DEPUTY DIRECTOR 

Department of International Cooperation 

2 Ngoc Ha Str. Tel : 433400 - 459670 
Hanoi, Vietnam Fax : 84. 4. 454319 

- \ 

MINISTRY OF AGRICULTURE AND RURAL DEVELOPMENT 

Socialist Republic of Vietnam 

NGUYEN SY NUOI 
Deputy Director 

DEPARTMENT OF FLOOD CONTROL AND DIKE MANAGEMENT 

Office: Home : Room 316 - C5 
164 Tran Quang Khai - Hanoi Ho Quynh - Apartment 
Tel : 249806 Hai Ba Trung District - Hanoi 
Fax : 84-4-252065 Tel : 630091 
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Vietnam Institute for Water Resources Research 

Prof. NGUYEN THANH NG A 
VIETNAM INSTITUTE FOR WATER RESOURCES RESEARCH 
RIVER AND COASTAL ENGINEERING RESEARCH CENTER 

Director 
VIETNAM INSTITUTE 

FOR WATER RESOURCES RESEARCH or *7fia*t 'TCuaa *7&tU 
DIRECTOR 

Address; Toy Son Street Res: Chua Boc Road 
Dong Da, Hanoi, Vietnam Dong Da, Hanoi, Vietnam 
Tel: 523766 - 522086 Tel: 521833 

Office: Tel : 6536524 (office) 
- 40 Chua Boc Sir. 8521624 (office) 
- 299 Tay Son Sir, 8525570 (home) 
Dong Da - Hanoi Fax : 84-4-536290 

VIETNAM INSTITUTE FOR WATER RESOURCES RESEARCH VN INSTITUTE FOR WATER RESOURCES RESEARCH 
DONQ DA - HANOI 

Dr. DAO XUAN SON 

HEAD OFFICE: HOME: 
299 Tay Son Sir. 504B A1 
Hanoi City Chua Boc Sir. 
Tel: (04) 8.521.624 Tel (04) 8.534.538 

Dr. QUAN NGOC AN 
Division Head - Senior Consultant 

River and Coastal Tel (Offlice): 521624 
Engineering Tel (Home): 532632 

Hanoi Water Resources University 

HANOI WATER R E S O U R C E S UNIVERSITY T H E HA N O I WATER RESOURCES UNIVERSITY 

Department of Science and International Cooperation 

Prof. NGUYEN CONG MAN 
HIGH - RANKING EXPER T 

VU MINH CAT, M E 
Lecturer 

Department of Hydrology and Environment 

Offico : Residence : 
299 Tay Son Sir. 95 Tan Klufdng Sir. 
Dong Da Dist., Hanoi Dong Dü Dist., Hanoi 
Tol/F;ix : M 4 !j34 1 98 Tol 84 4 !>2!.!512 

29§ Toy Son, Dong Da District. Ha Nol 
Tel : 522027 

Prof. Dr. NGO DINH TUAN 
HEAD DEPARTMENT OF HYDROLOGY AND ENVIRONMENT. H.W R U 

Director 
CENTRE FOR APPLIED HYDROLOGY AND ENVIRONMENTAL 

ENGINEERING ICAHENE) 

Vice President 
OF VIETNAM ENVIRONMENTAL AND WATER RESOURCES ASSOCIATION 

Olfice : 299 Tay Son Residence : 
Dong Da - Hanoi - Vietnam 16 Thuy Loi - H.W.R.U 
Tel : 8.522027 - 8 521441 Tel : 8.528514 
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Provinces 

QUANG NINH SERVICE WATER T H E HAIPHONG H Y D R A U L I C S S E R V i C E 

D A N G QUANG NHI 
Director 

GIENG DAY • HONG GAI GIENG DAY - HONG GAI 
QUANG NINH QUANG NINH 

Tel Home : 01.33.46533 Tel Office : 01.33.46569 j 

E n g L E H U U BAN 
Vice Director 

Office : Cai Tat drain Home : No. 27 / 28 
Ton Due Thang avenue Lach Tray Str. Haiphong City 
Tel: 57331 Tel: 54375 

WATER RESOURCES SERVICE OF NAM HA PROVINCE NAM HA H Y D R A U L I C C O N S T R U C T I O N C O N S U L T A N C Y COMPANY 

PHAM HAP 
Irrigation Engineer - Director 

Add Tel 
Office : 140 Dong Thap Muoi St Office : 49596 

Nam Dinh town Home : 48203 
Home : 380 Thanh Nien Road Fax 

Nam Dinh Domestic fax :01 35 46779 
Foreign fax : 84 35 46779 

Various 

"MTT A M ' n i s t r y o f Science Technology and Environment 
lMJEii^ National Environment Agency 

Eng NGUYEN VAN TIEM 
Director i 

\rt*jJ'A-O Pti't" *( «**** 
Office : Home 
138 Dong Thap Muoi 23C Hung Vuong Joint office 
Nam Dinh Nam Dinh 
Tel : 48579 - 49765 Tel : 48575 

H M S MARINE HYDROMETEOROLOGICAL CENTER 

E n g Hua Chien Thang 
Deputy Director 

Pollution Control and Waste Management Division 

Office : 39 Tran Hung Dao, Hanoi Residency 
Tel. +(84-4) 8242510 P18, A6. Thanh Cong 
Fax. +<84-4)-8251518 Ba Dinh, Hanoi 

+(84-4)-8252733 Tel. +(84-4)-8350785 

Dr. NGUYEN NGOC HUAN 
Deputy Di rector 

Office : Lang Trung - Dong Da - Hanoi Home : 153 B 
Tel; 3.52657 - 3 43558 Hao Nam - Hanoi 
Fax : 844 350606 Tel: 511957 

i f a A 

World Food Programme 
The Food Aid Organization of the United Nations System 

P.O. Box 25 Tel : 463896, 464738, 234174 
Van Phuc 2B. #203 Fax : (84-4) 232072 
Hanoi, Vietnam E-mail: wfp@netnam.org.vn 
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Picture LI Start of W.F.P. project Nr. 5325 in Quang Ninh Province 
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Picture 1.3 Excavation close to the inner toe of the dike 
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Picture 1.5 Damage on stone revetment in Hai Hau District 
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Picture 1.7 Damage of concrete grouted stones revetment in Hai Phong Province 
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Picture 1.9 Dike under construction in Yen Hung District 
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Picture 1.10 Seminar by the Dutch mission 

Picture 1.11 Hand over of design guidelines 


