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ABSTRACT

In the low-lying coastal regions coastal defencacstires are usually designed with a
main function to protect the hinterland from highiylnerable to coastal flooding. Sea
dikes are usually the most common and importanmnefgs which form the coastal
flood defence system. Sea dikes are designed atedlefined circumstance and
requirement. For instance, dikes are designed wh@vertopping; some overtopping;
or large overtopping water is allowed. The moseri@sting issues at the preliminary
design stages of a sea dike are its height andutagnd associated overtopping
discharge criteria. There have been many discussionwhether sea dikes should be
designed high enough to not allow any overtoppirdew or using relatively low but
“strong” dikes in order to allow for some to largeertopping water. First option leads
to a very high and big dike as, for example, anast sea dikes in the Netherlands. The
second option needs a transitional area to ster@vkrtopping water or to have a way
to release and/or collect the overtopped wateredlsas a proper resistance of upper and
inner parts of the dikes to avoid erosion due tertmpped water. Recently, the
ComcCoast project develops and demonstrates invevatilutions for flood protection
in coastal areas. In which different types of dikess section and layouts of defensive
system were proposed. Concepts of defensive zameprasented beside the already
existing concept of defensive lines. However, wittie ComCoabtproject, attentions
are paid mainly to developments of the innovatedcepts rather than focusing on
comparison of the proposed system with the coneratisea defences. Thus, there is
still lack of guidance and comparative tools toedeiine the best choice amongst the
conventional or innovated options in decision mgkpmocess. This study focuses on
development of the comparative framework and genguidance to support the
decision making process in selection of the beisalsle layout option of the sea dike
system for a given location. Based on overtoppnitgrta two situations are considered
for the analysis: (i) using one defensive line) (ising two defensive lines (defence
zone). The multi-criteria analysis, which takes i@hceconomic, environment and
technical aspects into account, and the cost-ltes&dilysis, are used in the selection of
the best option. Finally application is made fovesal case studies of coastal flood
defence in Vietnam.

! ComCoast - COMbined functions in COASTal defenoees - is a European project which develops
and presents innovative solutions for flood pratecin coastal areas.

UNESCO - IHE Delft, June 2008
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CHAPTER | INTRODUCTION

CHAPTER| INTRODUCTION

1.1 Background infor mation

Sea defense systems are of interests for manynsadilb over the world, depending on
the nature, climate, topography characteristicsdaelopment states these systems are
at different levels. Sea dike defense systems ailetb protect the low-lying coastal
regions/countries from sea floods e.g. in Neth@$aiGermany, Belgium, Bangladesh,
China, Vietnam ... Dikes are also used in the oddend reclamation for urbanization
or land expansion. Sometime dikes are needed inabe of fixing shorelines in erosion
area, besides/ in combination of other shore ptioteeeasures.

Main function of sea dikes is preventing sea wateflood into the polder at a pre-

defined circumstance and or criteria. For examplikes are designed with no
overtopped or some overtopped or large overtoppetérws allowed. Therefore, at the
preliminary design stages of sea dikes, the hegjhthe dikes and its associated
overtopping are most important. Experiences in maoyntries show that, for most of
sea dikes, the damage by wave overtopping is arnf@jare mechanism. The actual
situation of sea dikes in Vietnam supports theestaint very well (Vinh et al., 1996;

Vrijling et al, 2000; Mai et al, 2006). Wave ovasfing leads to several consecutive
failure mechanisms, i.e. erosion of dike crestemslope and dike body; breaking of
crown walls; functional failures due to too muckedwepped discharges, if duration and
intensity of storm are large enough. So, the oppittg mode is the most important
aspect which relates to the main function of skagland it safety.

As consequence of climate changes the averageegelid expected to rise. This will
increase hydraulic loads on coastal water defentidil now, traditional dike
improvement (step-by-step dike heightening) comatass for increasing hydraulic
loads. However, with the ongoing rise in sea lewrallitional dike improvement might
not be the optimum way to strengthen coastal wdgérnces. From both economic and
technical points of view, alternatives are desired.

There have been many discussions on whether thdilses should be designed high
and strong enough to not allow any water overtopfiets the case for most of sea
defence in The Netherlands) or using relatively lmw “strong” dikes in order to allow

some to large overtopped water. The first opti@ueto very high and big dikes, while
the second option needs some additional componéenteyder to ensure the dike

function and safety of the dike itself, such agnnoto collect the overtopped water or
way to release the overtopped water; proper resistaf upper and inner parts of the
dikes to avoid erosion due to overtopped water.

As the first attempt, an international researchjgmtp named ComCoast, had been
appointed within European countries which borderNtorth Sea. Project objectives are
to develop and demonstrate innovative solutiondlémd protection in coastal areas. A
new approach, known as ComCoast approach, has dmeweptually proposed. The
ComCoast approach is to search for alternativendefeystems and new sustainable sea
flood management strategies to cope with increasiw loads. The chosen concept
involves the use of a wide coastal area for watfente, which means a gradual
transition from sea to land. This coastal transiticea is referred to as a coastal defence
zone, instead of coastal defence line. The conceptsCrest Drainage Dike”,
“Overtopping resistance dike” and “second dike” afitbod storage area” are
mentioned. A number of studies have been done degato understanding of social,
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economic as well as physical insights and safepeets of the proposed innovated
concepts. Case applications have been done foraddweeations along the North sea
[DHV, 2005]. However within the project much attiemtis put on developments of the
innovated concepts rather than focusing on a casgraof the proposed system with
the conventional sea defences. Thus, there islatil of guidance and comparative
framework to determine the best choice between eutinal or innovated options for
decision making.

In order to fulfil the gap, this study focuses oavelopment of the comparative
framework and generic guidance to support the aetimaking process in selection of
the best suitable layout option of the defenceesgsgiven a location. In which two
situations will be considered for the analysisu@)ng one defensive line; (ii) using two
defensive lines (defence zone). Aspects of so@abhnomic, environmental and
technical characters are taken into account tmparanalysis criteria.

Finally application is made for the case studiesazfstal flood defence in Vietnam.

1.2 Problem definition

For certain low lying coastal regions the mainriest is how to protect the regions from
sea floods. At present, different solutions may dwmsidered which varied from
conventional approach (using one dike line) tograéed coastal zone defence approach
(as concepts proposed by ComCoast project). Questibat arise in the decision
making process at a certain location are “whiclitsmh should be applied” and “why is
that so”. To present date there is still lack aflsoand knowledge to give a proper
answer to the question.

In practice, at different places, the applicatioh$®oth solutions have been done so far
and the defense systems were constructed longaymeEven though it is not clear why
the solution came up. It is exactly the case fathvam coastal flood defence systems.
For instance, along the coastlines in the NortWlietnam, sea dikes are used as a single
defence line for Quang Ninh and Hai Phong provitt@wvever, in Nam Dinh and Thai
Binh province the dike system consists of two deéetines. The choices of dike
configurations as indicated above, were probaltlyeraarbitrary or by local expertise
with lots of trials during the time. Thus, thereaisneed for assessing effectiveness of
each existing solution.

1.3 Study objectives

To reconsider/reconstruct dike system in Vietnarhictv are often in need for repair,
one can choose between a traditional one highsjikeem or a combination of two dike
with land in-between and with varying heights anckergth. This study presents a
generic approach to the various options in ordérdip making the right decisions for
defence system construction in various cases. Be#id, alternatives for coastal
defence systems are an important topic at the mb(sea the EU ComCoast project).

Considerations are not only related to technicaitgf view, but also need to meet the
societal needs of the people living in protectexhathe economic development and the
environmental aspects when the defence solutioap@ied. This study covers the
following aspects:

- Choice of layout of flood defense system, when ahe@re the one defensive
line or two defensive lines should be applied;

- Finding the optimal dike height for each layout;
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- Cost — Benefit Analysis is taking into account eanmental and societal aspect;
- Application of methods to the case study in Vietnam

The study results aim at providing important bdsicestablishment of guidelines in sea
dikes design in terms of selection of layout (maptan) and dike heights. Specifically
based on the analysis results of the case studyigtmam, guideline for sea flood

defences in Vietnam, which take into account cqusprecific aspects, are proposed.
Besides that, lesson learnt from existing Vietnaa 8ood defences is thought to be
useful for other low-lying countries/regions wheea dikes are needed.

1.4 M ethodology and study approach

In this study the following steps and methods ali@pted:
- Review related studies and literatures;

- Establishment of a generic framework to supporigi@at process in selection of
a suitable layout of the sea dike system on this léisnulti-criteria analysis and
cost-benefit analysis;

- Risk based approach to establish relation of dikeights and
admissible/permissible wave overtopping dischagieen different scenario of
safety standards;

- Establishment of sea boundary conditions of the cdsdies which serve the
dike design (wave and water level at the desigmlitioms);

- Demonstration of the approaches by various caskestin Vietnam.

1.5 How to read thisreport

This report has seven chapters. In which Chaptatr@duces background information
of sea defense system in the world, defines probténsea defense system, the
objectives, the methodology and question is hoapproach of this study also explain
in Chapter .

Chapter Il introduces background information andetigoment of coastal flood defense
system in Vietnam.

Boundary conditions in Northern Sea in Vietham argoduced and analysed in
Chapter Ill. More detail of analysis is concentdate Nam Dinh coast and Hai Phong
coast.

Chapter IV explains how to choose one defense dinévo defense lines based on
multi-criteria evaluation. Wave overtopping is ciaesed as the dominant failure mode
to determine the height as well as the layout efstsa defence system.

Risk based cost benefit analysis of alternativeents# options are introduced and
explained in Chapter V. The aim of this chaptechsosing the best solution amongst
given alternatives.

Risk based approach for determination of safetydsted is introduced in Chapter VI.

This Chapter is coming up to answer the question f®safe enough for a current
coastal zone. Nam Dinh coastal zone is chosen appalitation case of the approach in
this chapter.

Finally, conclusions and recommendations of thislgtare given in Chapter VII.
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CHAPTER I VIETNAM COASTAL FLOOD DEFENCES:
BACKGROUND INFORMATION AND DEVELOPMENT

2.1 Overview of Vietham water defences

Vietnam is situated in the tropical monsoon areath&f South East Asia and is a
typhoon-prone country (Figure 2.1). A large numbkpopulations involved mainly in
agricultural and fishery sectors are situated enltw lying river flood plains, deltas and
coastal margins. Also, the important ports arated along the coast. On the other
side, these areas are the most important potelsiaster areas for Vietnam. Typhoons
from the South China Sea bring torrential rainfalid high winds to the coast and
further inland. On average six typhoons attackcthest annually. The monsoon season
coincides with the typhoon season, resulting inviiedamage, loss of life, and
destruction of infrastructure facilities and seedc One reason that water disasters are
So serious is that most of the population liveareas susceptible to flooding. The main
population centres and intensively cultivated laimdthe Red River and Mekong Deltas
and the narrow connecting coastal strip of the trguare particularly vulnerable to
flooding from monsoon rains and typhoon stormsuslfiooding is the most important
potential disaster facing Vietnam.

In the past, because of lack of funding and lackaofess to technology (proper
expertise and technical facilities) the methodgli@e management and flood control
were constrained to simple and cheap techniqudsasimanual labour, training in dike
inspection, procedures for mobilizing the populatduring emergencies, and strategic
positioning of supplies for emergency repairs ardpfoviding relief after a disaster.

The importance of flood mitigation and control len recognized as fundamental for
the continued development and prosperity of Vietnamorder to minimize the flood
damage, the Vietnamese Government is paying gréamtian to considering both
structural (e.g. dike construction) and non-strradtdlood mitigation (flood plain
management and regulations), flood-and disasteningr systems, emergency
preparedness and disaster management.

Actually, Vietnam is seeking to build up the modegstem of dike management and
flood control based on new design methodologiestaaknologies, such as using more
advanced design and construction methods for fimitigation (often adopted from
abroad), in combination with state-of-the-art wagiiand forecasting systems to
improve the emergency preparedness, and by thdraotien of storm-proof shelters
for disaster management. These objectives are pocated into the current Vietnam
Development Plan, where safety against floodingesognized as a fundamental
requirement for all forms of development

In particular, there is great emphasis placed mngthening and improvement of the
entire system of river and sea dikes to preverddfidamage. Structural measures for
flood mitigation consist of the rehabilitation oldadikes or construction of new ones,
flood-control structures, and reservoirs. The ingpace of dike safety has long
been recognized as fundamental for the continuegldement of Vietnam. Vietham
has approximately 5000 km of river dikes, 1000 lstuary dikes, and 2000 km of sea
dikes providing protection against flooding. Rivdikes have been constructed,
maintained and enlarged over many centuries usicg Imaterials and manual labour.
These dikes are essential for the protection ofirfrastructure of Vietnam, and rice
agriculture would be impossible without the dikes.
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In the Red River Delta in the north, people havdt B000km of river dikes and
1500km of sea and estuary dikes to protect thermsigooding. Many of these dikes
are old and built of poor materials using inadeguatinual construction technology.
Dike foundation conditions and stability have ndwvays been properly evaluated
before construction or improvement. River dikeseoftsuffer damage from under-
seepage and piping, slides or local collapse duhigh flood stages. Further, the
construction of dikes has gradually reduced floladhpareas which used to be available
for excess flood flows, with the result that riiered levels have become higher and
higher. There are now many areas where the floocesvare as much as five or six
metres higher than the land protected by the dikesvever, in general, much more
attention has been paid in the past to the rivkesdihan to the sea dikes and, in the
consequence, the condition of the river dikes islhg much better than those of the sea
dikes.

Along the coastal plains in northern and centrat paVietnam, the people have built
sea dikes to protect themselves against extremat®egech as typhoons. These dikes
are essential for agriculture in the central proesm When these dikes are overtopped or
breached, the fields are flooded by saltwater andered unproductive for years. If this
happens frequently, there are not sufficient ressrn the community to repair or
upgrade the dikes, and the people become impoeeriahd prone to malnutrition. In
some parts, the attacks on coastal lands by théhaea been aggravated by water-
resource structures, particularly dams, which hiwerrupted the natural supply of
sediment to the coast. This has sometimes causetb#stline to recede by as much as
one kilometre in 20 years. Houses and villages lmeen destroyed and people have
been killed.

Sea-dike systems are still primitive and placedallguon a shallow foreshore and
therefore relatively small. After every typhoondiamg, a great deal of earth, sand, clay
and stone from the sea dikes are washed away. lpsmgdle normally use their own
resources to repair the broken dikes with the ssoiléhat has been washed away. This
process is repeated again and again for each typlaowling. In areas of structural
coastal erosion the shallow foreshore is graduaibded, the water depth in front of a
dike increases allowing development of higher waaesl in the consequence, the dike
will break through. Because of the absence of gheper water born techniques
allowing the repair of the dike from the seaside tlike is usually offered to the sea
and the new dike is constructed more inland. Thiseat strategy is followed already
for centuries leading to loss of the valuable calesteas.

It is clear therefore, that sea dike rehabilitateamd construction is a fundamental
concern for flood mitigation in Vietnam. Vietnamsal recognizes the need for non-
structural flood mitigation. Important objectivesealand-use management, safety
standards, flood-forecasting warning systems, publfiormation and training, hazard

mapping, flood proofing and house raising, propeatyquisition, and education

(capacity building). To realize this new approacksineeded to build in future on the
new (up-dated) design and construction methods,eliery including the own past

experience related to the actual Viethamese siuati

The actual situation in Vietnam is under continuoli@nges, which should be taken into
account when preparing a new strategy/approachreTéme in fact a number of new
influences:

- Changes resulting of moving from a planned to aketagzconomy.
- The population is increasing rapidly, producing pinessure for more land.
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- Many sections of the dikes are reaching bad canditi

- There has been substantial environmental degradatoch as shore line
erosion; destroy of wetland areas due to aquaeuictivities...

- The country may already experience the first e$feof global warming.
According to the IPCC Fourth Assessment Report 200 to global warming
(0.1 to 0.8C increase per decade) lead to increase in ocagm@extreme rains
causing flash floods in Vietnam. Also increase @t tlays and warm nights and
decrease cold days and nights.

- The traditional methods of disaster mitigation lases effective than they used to
be.

- There are now new technigues available.
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Figure 2.1: Flood situation of Vietham

According to economic planning, the coastal area main location for economy and
contributes a big mount of money to national ecoypoamd national security. It
contributes to the progress to take and developnthie@ economy areas, industries area,
activities for travelling, aquaculture, agricultureaking salt and restore trade village. It
means that both the infrastructure of coastal anebsea dike system should have multi-
purpose land-use that includes flood control, isdftision control to ensure the safety
for people and production activities. It also use fransportation which serve for
economic development, travelling and internatiosaturity. Sea dike system is
necessary to protect against failure, so it is aggd and enlarged, that steps support
more capacity for flood control which impulse thevdlopment of economy and ensure
the sustainable developing at coastal areas.
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2.2 Attentions to coastal flood defencesin Viethnam

The Vietnamese coasts are frequently hit by typBoon average six typhoons attack
the coast annually. Much damage is caused by the itgelf and the rainfall that comes
afterwards, but at low lying parts of the coastahe, flooding from the sea is also a
serious threat. These areas are protected by dikeshich the quality is largely
insufficient to cope with this threat. This becom@#dent in frequent emergency
repairs, but much worse, with occasional floodihgaastal areas [TLTK].

Vietnam is affected regularly by substantial suffgrdue to floods. The most severe
floods occur during high river discharges and dyriand shortly after, typhoons. The
typhoons are accompanied by torrential rains cagufimsh floods which regularly
submerge low-lying areas. The deltaic coastal areadistance of about 20 km behind
the sea dikes is threatened in particular becatisgeocombined occurrence of storm
surge from the sea and high river discharge at hidgs. As a result of these severe
loads and the rather low safety level of the presées, the water defense system of
Vietnam fails regularly. Since 1996, Vietnam wafeetied by several flood disasters,
each of those responsible for the loss of hundoédises and considerable damage to
infrastructure, crops, rice paddy, fishing boatd &mawlers, houses, schools, hospitals,
etc... The total material damage of the flood devasin these years exceeded USD 500
million, which damage was accompanied by the Idsalmost over 1000 lives. The
flood disasters occurred in North Vietham (1996 a6a5), in South Vietnam (1997) as
well as in the Central provinces (1998, 2005). Mtmbds were initiated by typhoons
and occurred in the coastal zone.

The relative low safety level of the Vietnameseedikvas investigated in 1996 during
two visits of Dutch missions to Vietnam. Most desigf the Vietnamese sea and river
dikes are based on loads with return period 20syeaeven shorter periods. Compared
to the Dutch standard (return periods 1000 to 10@30) these return periods are very
small. Besides this fact, the Dutch mission markemst Viethamese dike designs as
poor and disputable (Vrijling & Hauer 2000). Desigare not always based on the right
formulae, hydraulic boundary conditions are notalsvbased on proper statistics (for
example design water level and wind set up arealveays treated as two independent
phenomena), failure mechanisms which differ frorerbypping are often neglected, no
attention is given to length effects, monitoringdaimely repair of small damages is
often at a poor level, etc. As a result, the treabpbility of failure (probability that the
load is larger than or equaled to the resistancéh@fflood defence system) of the
Vietnamese water defense system may exceed thgndesguency. Although designed
to fail only once in 20 year of this water defesgstem might well fail almost every
year. The experiences in last 10 years suppora#ssrtion.
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Figure 2.3: Sea dikes failures presented at Hangltoast [Hai Phong 2005]

During the year 2005, which showed some severeotypdy almost 60 kilometers of sea
dike were severely damaged or destroyed;

Year 2005 can be treated as a historical yearsipe@ to disastrous impact of typhoons
on sea defences in Vietnam. In total 8 typhoonshatViethamese coastal zone in this
year, resulting in human casualties and large enamaamage. Typhoons No.2 and
No.7 (Damrey) were of exceptional strength and mglm the heaviest typhoons in the
last 3 decades.
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Typhoon No.2, on 31 July, hit mainly the coastaaanf Haiphong resulting in a
number of kilometers of damaged sea dikes, espeaalthe island Cat Hai, where 8
km dikes were broken and/or heavily damaged and tatal rehabilitation.

Typhoon No.7, on 27 September, hit 3 provinces,i Biah, Nam Dinh and Thanh

Hoa. The damage was enormous; 25 kilometres okdilexe broken and nearly totally
destroyed. In Nam Dinh a stretch of 800m sea dikas completely washed out. The
typhoon affected to about 1 million people, estmdatlirect loss is about 500 million
USD.

Bruke.n sea rlike.

Figure 2.4: Consequences of the Damrey typhootE. 2005. Picture on the left shows a sea dike
breach at Hai Hau district while the right onesliates sea flooding of the protected regions luethia
dikes

2.3 Problem induced a wish for new safety policy establishment

Damrey typhoon in 2005 is considered as a turnmigtgor safety policy towards sea
defences and flooding prevention of Vietham, siméa the year 1953 was a turning
point for the Netherlands in formulating the newlipo and safety standards for
protection of the country against flooding. In atp# to rehabilitate the sea dike system
in a long run a huge sea dikes program has beeahlissied by Ministry of Agricultural
and Rural Development (MARD). The sea dike progammplemented for 2005-2015
period and appointed with two important tasks: r&searches on safety standards,
boundary conditions and finding optimal solutioms §ea defences along the whole
country; (ii) design and construction new dikesplaices where sea dikes has not been
existed or were breached, and reinforcement ofetkisting dikes on the basic of
findings in the first task.

At the same time, as an emergency solution to dlosédreached gaps due to Damrey
typhoon in 2005, a new sea dike cross section wagded and approved by MARD in
2005. Coastal zone of Hai Hau district, Nam Dinbvonce and Cat Hai island, Hai
Phong province were selected as a pilot locatiams@uction works took place in 2005
and had finished in 2007. However design the néwdlis still based on existing safety
standards (design frequency of 1/20 year), whidmn@wvn as out of date. It is necessary
to check for consistency of the new constructe@ dikstem at the pilot locations to see
if the current rehabilitation works provides enousgtiety given present situation and if
safe is safe enough for current Vietnam developmEimdings are important input
contributing to the first task of the sea dike peog of Vietnam, which aims at
providing design guidelines for sea defences.
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2.4 Selection and description of the case studies

As mentioned on section 2.3 Hai Hau and Cat Hastedaegions were selected as pilot
locations for emergency response by MARD of Vietnafrhese locations are also
selected as case studies in this research, bechtvge reasons:

- Data is made available for these locations by piaogjects and it can be
accessed.

- Usefulness for Vietnam since this study is an iedelence.
Descriptions of the case study areas are in thesutxsection.

2.5 Coastal zone of Nam Dinh province and current situation of sea dike system

The coastal zone of Nam Dinh is roughly 80.000 &es in size and has about 70
kilometres of coastlines. These Nam Dinh coastlines considered as the most
dynamic part of the coastal zone in the Red Riwatad This coastline is naturally
divided into 3 sections by 4 large estuaries: thelLBt (Red River main reach), Ha Lan
(So River — has been cut-off some ten years agmh IGiang (Ninh Co River) and Day
(Day River). From the North to the South these &i@o Thuy section: from Ba Lat
estuary to So estuary belonging to Giao Thuy distabout 27 kilometres; Hai Hau
section: from So estuary to Ninh Co estuary, belupgo Hai Hau district, 27
kilometres; Nghia Hung section: from Ninh Co esyuty Day estuary belonging to
Nghia Hung district, 16 km long (see Figure 2.5).

HA NAM PROVINCE

++++++

+ Ha

AR
Mghia Hung}. *
District & |4
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Q
Qé\o
*.5) Lach Giang estuary <>

TONKIN GULF

Day estuary

Accretion 5 Km

Figure 2.5: Nam Dinh coastlines and its currentagion [Source: PDD Nam Dinh, 2003]

In Figure 2.5 we observe two accretion areas, aréhr(Giao Thuy district) and one
south (Nghia Hung district) of the eroded area af Hau district. The main reason of
accretion of these areas is due to the rivers geoldrge volumes of deposited silt every
year, which accretes and enlarges the beachesrigydus of meters. It should be noted
that accreted areas usually are stabilized by Iquedple reducing the natural
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distribution of sediment along the coast. This dduhve accelerated the erosion rate in
the eroded areas of Hau Hau. The section from Maidmmune to Hai Trieu commune
is at present subject to the most drastic erogibmhat section, the eroding speed is 10
to 20 m per year. In eroded areas the beach isrratirrow with approximately 100 —
200 metres at low tides. According to the recorfithe Provincial Dike Department
(PDD) of Nam Dinh province, the total averaged aatrdistance during the last 60
years (from 1952) at the Hai Hau coasts is estithatel100 metres. Main reason for
that is due to unbalance of long shore sedimensprart (Luong Giang Vu, 2003, Mai
Van et al. 2006). The coastline erosion resultsernous economic consequences such
as: loss of cultivated and residential land, advemsipacts on the production
establishments, damages and threats to the cabstas and embankments and other
social consequences to coastal communities, edlgabi@a communities of the Hai Hau
district, as a result of retreat and resettleminarder to restrain the possible adverse
consequences of the coastline erosion, efforts haee made by both central and local
authorities, to concentrate and mobilise finanaatl human resources for dyke and
embankment construction, erosion prevention antéption, and for the resettlement of
the people who have to move away. However, sucbrteffstill remain limited to
reactive and temporary measures, due to the bucgsdtraints and the lack of a
strategic and long-term solution [VNICZM projecQ@-2006]. Figure 2.6 is showing
the T-groin system to mitigate the erosion of cdiastin Hai Hau coastal zone.

4 7

Figure 2.6: T-groin system protects erosion aloagttau coast in Nam Dinh

The actual sea flood defence strategy in Nam Dirdvipce is based on a sea dike

system with multiple defensive lines (often two efefive lines). The dike system is

typically positioned as shown in Figure 2.7 withotwlefensive lines and separated
sections by sub-crossing dikes. The reason behsimh lsuch system is that when a
breach takes place at the main dikes (first litles)sub-crossing and second dikes can
limit flooding areas and become a new first linedefence of the system. The design
distance between two defensive lines is about 280es. The land areas between the
dikes are also divided into sections varying betwseveral hundred meters up to 3 km
by sub-crossing dikes (Mai et al 2007).
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Figure 2.7: Schematized cross section and plan efetve coastal flood defence system in Nam Dinh

province

SEA DIKE

Figure 2.8: Position of existing sea dikes in NamtD

From personal communication with local sea dike agans in Nam Dinh, it is
understood that, using two defensive lines systéms at isolating the sea flood water
when a breach takes place at the first dikes. Ardsecond dike is becoming the new
first line of defence in case of breach occur. énegyal, the second dike is mainly made
of soil with no slope protected revetments and titus weaker than the first dike.
However, these dikes must be reinforced when therwaaches them; otherwise they
will no longer last.

Configuration of the dike cross section: the fratbpe of the dikes in NamDinh

province is from 1:3 to 1:4 and the crest elevaties around 5 to 5.5 meters refers to
CD (chart datum). The dike body, earth core, casmsi$ material from local sand and
clay resources, which strongly affects the durgbihf the dikes since the fine soil is
easily flushed out to sea. On top of outer slope révetments were constructed of
natural stones and/or artificial blocks on a lagérclay. A characteristic dike cross-
section is shown in Figure 2.9. In total, dikestpcb 95 % of Namdinh coastlines.
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Figure 2.9: Representative cross section of seesdikNamdinh

Design of cross section of Nam Dinh sea dikes Iplieg the current standard 14 TCN
130 — 2002 of Vietnam:

- Design tidal water level MSL + 2.29 m (probabiliof 5%) storm surge from
calculations by formula and observations (+ 1.@esign water level MSL + 3.29 m

- Crest freeboard 0.21 m;

- Calculated crest height MSL + 5.50 m (slope 1:4);

- Dike profile: seaside slope 1:4; landside slope dr@st width 4 m;
- The sea slopes are protected by pitched stonamewnét

Below MSL + 3.5 m the thickness of 45 cm (calcudafermula for rock
revetment); block dimensions 0.50 x 0.50 x 0.4% #werage weight is
approximately 250 kg;

Above MSL + 3.5 m the thickness is of 0.30 m.

Layer of gravel has the thickness of 25 and 15amd, layer of loamy soil is 70 and
50 cm.

Figures 2.10 and 2.11 below are showing the cusiémtion of sea dike defence at Hai
Hau coastal area in Nam Dinh province.
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Figure 2.11: Residents are living behind the ska gystem in Hai Hau coastal zone in Nam Dinh

Economic sectors and developments in the coastakzaf Nam Dinh

Nam Dinh is the mainly agriculture production arelaRed River valley. Annual
production of agriculture is about 1 million torsat mean of 506kg of food per one
person per year. The average development ratericliftigre production in Nam Dinh is
reaching of 3.46% in period of 2001 to 2005. Theeea structure of agriculture has
changed in the way of decreasing of farming grovéte (farming growth rate is of
75.12% in 2001 and 69.03% in 2004). On the othedlihe growth rates of the cattle-
breeding and agricultural services are being d@esiqe.g. these growth rate in 2001
and 2004 are of 22.7% and 26.8% respectively).emegal, the agricultural production
in Nam Dinh has developed of stabilizing with rigeductivity of 12tons/ha/year and
average seedy plants productivity of 106,000 taesly However the agricultural
development in Nam Dinh has not formed some areaiaizing in the growing of
agricultural crops yet Source: Development strategy of period 2001-2010 of
Agriculture and Rural Development Department in Naimh provincé.

With the length of coastline of 70 km Nam Dinh ha$ potentially of aquaculture and
fishery. In recent years Nam Dinh has paid mucendittn on aquaculture production
and fishing. Annual aquaculture productively of N&mh is of 19,655 tons. Fishes
exploiting productively is reaching to 23,180 tgmeslr Source: Rural Development &
Agriculture Department of Nam Dinh province, 2D06

Salt production is a traditional career in Nam Dgnbvince. The annual salt production
is reached of 89,895 tons with the salt producéinea is 886.91 hectares. The strategy
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development of salt production in future will beacaed more than 90,000 tons in total
production.

The coastal zone in Nam Dinh is of a rather flabgraphy with an altitude range from
0 to 6m above sea level. There are two large fld&d in the Nam Dinh coastal zone.
One is situated in Giao Thuy district and has aaaf 12,000 hectares. The other is
located in Nghia Hung district with the area of@Mhectares. These tidal flats present a
typical coastal-wetland ecosystem, not only for ft@m Dinh province but also for the
whole of Northern Vietnam. In terms of marine ecmim potentials, according to the
assessments of scientists, the Nam Dinh coasta& kas a very rich biodiversity. The
total annual sea-product exploitation output of phevince ranges from 5,000 to 7,000
tons [VNICZM project, 2000-2006].

Nam Dinh has some long beach as in Thinh Long, Qaat and other small beach as
Con Mo in Hai Hau district which could be develogadourism in future. However

due to erosion of these beach tourism has diffioulteveloping, it depend on the
natural condition. Ecotourism of province is deyety with the Xuan Thuy national

park. This national park is formed in 2003 basedh@ninternational RAMSAR marsh

land of Giao Thuy district which is recognized bWBEISCO. Additionally landscape,

cultural and historical monuments, and traditiotr@lde villages have potential of
tourism which can be developed in Nam Dinh province

In survey the mainly careers in the coastal zondarh Dinh province are agriculture,
aquaculture and salt production. Production of éheareers makes up 82% of total
production of coastal zone in Nam Dinh. Industriescoastal zone are almost not
developing. Tourism is developing in step by step s depending on the natural
condition (see Figure 2.12).

Figure 2.12: Tourism activities at Hai Hau coagtaie in Nam Dinh

2.6 Coastal zone of Hai Phong province and current situation

The sea territories of Hai Phong are part of nedhtern water area of Gulf of Tonkin.
The sea bed compositions and oceanographic chasticeof Hai Phong are closely
connected to the common characteristics of GuFafkin and Eastern Sea.

The water depth of Hai Phong Sea is not large. pttdeurve of 2m goes around Do
Son Cape and then descends down to 5m far fromadhst. At the sea bed where the
rivers flow into the sea, the depth is greater ttuerosion caused by currents. Further
offshore, the level of sea bed descends to thenddphe Gulf of Tonkin of about 30 -
40m. The surface of Hai Phong sea bed is formefineycomponents with many deep
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underwater canals which were used to be river laedsare currently used as daily
navigation channels for vessels.

The length of Hai Phong coastlines is 125 km inicigdhe length of coast surrounding
the offshore islands. The coast has a form of @@ curve as the common sea side of
the Gulf of Tonkin. It is low and quite flat witlné structure created mainly by muddy
sand coming from the 5 major estuaries. At the arenf the coast, Do Son cape
stretches out into the sea like a peninsula. Tageds also the end of the range of
mountains of Devonian sandstone running from thénlaad. The highest point is
125m, and it stretched out 5km into the sea irdihection of North West - South East.
This advantage of natural structure has given Do &etatus of an important strategic
location in the sea and also a famous spot fobaeuty. At the foot of the sandstone
hills there are beaches making this place a romaesiort and a valuable convalescent
area. In the offshore territory of Hai Phong thare many islands which are distributed
over the sea with Cat Ba Island as the largesBauth Long Vi Island as the furthest.

Sea, coast and islands have created special n&ndscapes to this coastal city. It is
also a special potential advantage of the econdrilabPhong (see Figure 2.9).

' : S s D_lNH VU.\/ e A. ‘.’“‘:'E'-‘;’uu roal

=B RANG CAT

" DO SON

Figure 2.9: Hai Phong province and its coastlines

The length of sea dikes is about 104.26 km, in tvisiea dike | (17.6 km), sea dike Il
(10.66 km), sea dike Ill (21.16 km), Trang Cat {®km), Bach Dang (14.60 km) and
Cat Hai (20.52 km).

Descriptions of sea dike cross section design in Pteong by applied the current
standard 14 TCN 130 — 2002 of Vietnam:

- Design tidal water level MSL +2.29 m (probabilitiy590)

- Distinguished alignment: Sea dike I, Il and lllahg Cat; Bach Dang; Cat Hai
- Storm surge calculated by formula: 1.1, 0.9 and®.8

- Design water level: MSL + 3.39, 3.19 and 3.09 m

- Wave run-up: used only one angle for the wind dioecto the direction of the dike:
Hs=1.82,1.57and 1.17 m
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- Crest height: MSL + 5.5, 5.0 and 4.5 m. At the tarawhere mangrove planning is
possible: MSL + 4.5 m.

- Crest freeboard: 0.2t0 0.3 m
- Dike profile: seaside slope is of 1:3.5 — 4; lait®sslope 1:2; crest width 3 —5m

- Slope protection: pitched stone and concrete siddutated by Russian formula and
Hudson.

- Thickness of gravel layer is of from 25 cm to 37, @nd thickness of sand layer is
about 5 cm to 10 cm.

Economic sectors and developments in Hai Phong:

Hai Phong is in process of becoming a seaport eitypain gate to the sea, and an
industrial, service, tourism and fishery centreéhiea North with a developed foundation
of economy, education and training, technologywviremment and infrastructure; a firm
security - nation defense and further improvingpgbe's living condition.

Continue renovation process, develop the strenigtiteowhole people; rapidly, robustly
and stably develop the city, closely related to ¢henomic development of economic
focal points of the north; build Hai Phong to beeoangreat city of the Nation.

Invest for rapid and effective development of adageous and competitive industrial
sectors with particular importance to in-depth stweent and technology renovation.
Focus on developing key sectors for leading pradlactd traditional sectors of high
economic value, mainly for export that makes cbuotion to the economic growth:
strive for industrial growth target of 16% to 16.5%#r year.

Agricultural production develops toward directiohfoodstuff production, growing of

plant, livestock of high quality, economic effic@nin connection with safety and
sanitation for foodstuff.. Strengthen vital sea edik Expedite implementation and
largely completion of the concretization programr fwrigation channels. Rice

productivity is over 11 tones per hectare. The @aln each area unit is of 40 million
dong/ha (2,000EUR/ha), an average increase of 2e29/ Cattle breeding reach
500,000 pigs, 20,000 cows and over 5 million pgultr

Development of fishery in Hai Phong is considereckey economic industry, a
breakthrough and an objective to become a Fishegn&mic Center of the North.
Concentrate on implementation of 5 fishery develepnprograms (catching, raising,
processing, protecting the aquatic resources, @gidtic services for fishing). Build an
intensive aquatic farming area toward industri@izaientation (sugpo prawn, fish
breeding in cages at sea...). Develop synchrondisdlycatching industry in terms of
fishing fleets, ports, specialized fish berths, pahiilding, and ship repairing,
incrementally modernize seafood processing teclesiqo meet international standards
thus increase export turn-over into the USA, EUkats.

Expand and diversify tourism activities, conneatrtem with history of culture and
tradition and develop oceanic ecological tourisnvekt and build the tourism areas of
Do Son, Cat Hai and Cat Ba to become major touaigractions of the nation.

Economic strategy development in Hai Phong is coimated to set up a program for
development of high quality services such as shigpmervices, transportation, postal
services, banking, auditing, insurance and laborsekport... and consider them as an
important business that creates revenues of foreigrency. Develop some kinds of
services such as trading promotion, legal, adwegj®xhibition, restaurant, hospitality,
souvenir shops... and strive to increase the ptigponf services' value in GDP
composition in future.
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Cat Hai Island in Hai Phong

Cat Hai is a small coastal island district witharea of about 30 kirand population of
about 13,000 people. Cat Hai island located 44@0latitude and 10%3’ longitude.
This islands borders the Ha Nam island (Quang Ninlthe North, Gulf of Tonkin in
the South, Lach Tray estuary in the East and NaeuTestuary in the West. Cat Hai
has rich potentials supporting the developmenisbiefry, forestry, tourism and services.

In period of 1949 — 1965, the segment of shorelas eroded with 6.4 km long in the
southern and rate of 5-8 m/year. In period of 1965988, it was kept continuously
eroding with an extent of 2.9 km long rate of 1@5-m/year. From 1988 — 2001, the
coast continued to be eroded but the erosion extedirate were decreased thanks to
presence of newly built groins and sea dikes [PH200/]. The shore line erosions of
Cat Hai island in period of 1949 to 2001, are tllated in Figure 2.13 below.

Shoreline 2001
- Shoraling 1068
Shoreline 1965
: Shoreline 1948
Shoreline 1827

Baze imape: Landsat 2001

klzmeters

Figure 2.13: Changes of shoreline in Cat Hai islg#ttam, 2007]

Figure 2.14 to Figure 2.16 are showing the posiiod current situation of sea dike
system in Cat Hai Island.

Figure 2.14: Sea dike system of Cat Hai Island,aing province
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Figure 2.15: Sea dike at Northeast side of Catisfiand

Figure 2.16: Sea dike at Southeast and Southwege(Iright) sides of Cat Hai Island

There is of 20.6 km of total length of sea dikesaround Cat Hai island. In which

about 7 km of sea dike which placed from Ben GoHtmng Chau in the South of

island, is direct affected by wave attack from swa] also affected by the strongest
long-shore currents (see Figure 2.16). To avoidsimore currents, this caused strong
coastline erosion in the southern part of islaadsoin system including 14 groins were
constructed with the length of each groin is of th@Gnd placed perpendicular to the
coastline.
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Economic sectors and its development in Cat Haarsd:

Cat Hai has rich potentials supporting the develemnof fishery, forestry, tourism and
services.

The local fisheries economy has been growing intthditional way for the past years,
which means the intensification of fisheries exaltoon, farming and services. The
fisheries exploitation achieved 5,730 tones in 2000t 8,091 tones in 2002. The
aquaculture of 608 tones in 2000 was doubled tal8l,tbnes in 2002 Source:
http://www.haiphong.gov.yn

Along with the fisheries development, salt prodotis also increasingly improved. On
the area of 143.7 hectare, in 2002, the producaiieved 12,187 tones, increasing by
27.6 percent compared to that in 2001. The totabetion value of the industry
achieved VND 5,480 million in 2002, increasing By dercent in comparison to that in
2001. However, since the salt production is fa@rigt of difficulties, it is necessary to
transform the industry structure. In addition, ihereasing salt prices are also helping a
lot in the improvement of the farmer’s life, ensigrithem a better future of the salt
production.

Cat Hai also has potentials to develop tourism. ther past few years, Cat Hai has
become an attractive place for Viethamese andnat&mnal tourists. The number of
tourists to the place increase by 25 percent pear, yehich achieved 205,000 tourists in
2002 particularly (doubled that in 2000). The tenrirevenue achieves an annual
increase of 19 percent and VNDG65 billion in 2002 rtipalarly (Source:
http://www.haiphong.gov.yn

It is defined in the development strategy by thstrdit Party committee and people
committee that: 'the infrastructure constructioowtd be given with priority thus

creating premise for the development of spearheadamic sectors'. Following that
guideline, the district has for the past few yeamgensively implemented the
infrastructure construction with high effectiveness

Towards a better future:

Cat Hai is an island district rich of marine economotentials, the rear of fisheries in
the north coastal area. As a main fishing grourjdimicig Long Chau and Bach Long
Vi with a large area of ponds, sea and gulf, Cath4s a great deal of advantages for
the development of fishery.

In the development orientation for future, Cat Hatuses on the socio-economic
development, exploiting to the maximum the potdsatiaf the forest, sea and island
ecology thus developing a multi-sector economy. rApom socio-economic
development, Cat Hai will also intensify the natbeecurity and defense.

From a remote, poor island district with thatchedides and poor people, Cat Hai has
become an attractive centre of tourism and an @ffeéishing ground. There are more
and more multi-storey buildings, the local peoplésing standard has been much
improved, which shows the satisfactory changes magrkhe increasingly intensive
development of the island district with two strge@nts: tourism and fisheries.

2.7 Actual safety of coastal zonesin the study ar eas

In general in both Nam Dinh and Hai Phong, seadi®d revetments have been used
as the prevalent coastal protection system, pioteotoastal areas from erosion,
seawater floods and wave attack. This system has benstructed and developed
continuously during long time. Existing sea dikesthe region are designed with 20
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years return periods of sea loads (1/20 per yesigadrequency). Dikes are relatively
low (1.5 metres of crest free board) with poor gctibn of dike crest and inner side.
Outer slopes are protected by concrete block rexatsnwith 35 cm thickness.

The sea dikes and revetments were designed withrit@aded functions, (i) sea flood
defence; and (ii) prevention of coastline erostdowever, it seems that the system does
not fulfil its second function at all, since thekes itself can only provide flood
prevention and the revetments can be used onlydieg the dike body/land surface
behind from wave and current induced erosion. Thstsetures are not able to avoid
erosion of the front beach and foreshore. Moreawer dike’s toe may be threatened by
erosion, unless sufficiently deep toe protectiopresvided.

In addition, due to budget constraints, lack ofornfation on the sea boundary
conditions and a proper design methodology as a&lyood strategic and long-term
solutions, the dike system was usually designed emwktructed for low design
conditions with low quality. As a consequence, ®ystem could fail with high
probabilities, even up to once in 10 years as tdaom practical experience. Therefore,
the costs of dike maintenance and/or rehabilitanom very expensive. Statistically,
costs for maintenance of sea dikes in the areasgept nearly 55 percent of the total
budget for coastal flood defence of Vietnam.

As a result of relatively high design frequenci&®Q per year) the sea dike system fails
due to various failure mechanisms. Previous studfiega dike failures in Vietnam (see,
for example, Vinh et al., 1996 and Mai et al., 200%licated that the current design
frequency resulted in low dikes with a high occooe frequency of heavy wave
overtopping. Wave overtopping induced dike failisréherefore a major problem. Apart
from this mechanism, dike collapse due to deepeaoirfgreshores or loss of dike toes
are frequent mechanisms. Loss of a dike toe ocootly during a storm surge while
disappearance of a foreshore is caused by a trardgifeit in the long-shore direction
under normal sea conditions. A deeper foreshoreacanmmodate more severe wave
conditions and thus more overtopping will occutha dikes. As a result, in situations
where foreshores are retreating, the total faitwabdability will considerably increase.

An extensive study on probabilistic safety andatality assessment of the coastal flood
defence system is carried out (methods and detalysis see Mai et al., 2006). Various
failure mechanisms, which are possible to occuh wie sea dike system in the region,
as shown on Figure 15, are considered. The sasésgsament is done for both old sea
dike system, which was constructed in early 90isg actual one, which recently
constructed. According to the results, the prolitghithat the defence system fails due to
above given failure mechanisms is very high. Theral failure probability of the old-
existing dikes is at 96% per year (Mai and PilakcZ005). This implies that the old
dike system could fail on average 1/0.96 [y&amore often than once a year. Although
the actual dikes were designed for a 20 yearsmgperiod, the probability of dike
failure is much higher, about=®.14 [yeat]. This is equivalent to failure occurrence of
about once in every 7 years instead of 20 yeaexacted return period.

In summary, the whole coastal zones of both prasrare not safe according to design
condition and existing safety standard. In additibe actual standard safety may not
safe enough for the regions.

Table 2.1 next page summaries current situatidmoth case study of Hai Hau district
and Cat Hai island.
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Table 2.1: Summary of current situation in Hai Hiigtrict and Cat Hai island

Items

Hai Hau in Nam Dinh

Cat Hai idand in Hai Phong

Coastal morpholog

Average foreshore slop
1/175; Erosion rate of 10-Z
ym/year causes the first dike
damaged

pAverage foreshore slope:
@/90; Erosion rate: 5-25
Is/year (1949-1988); this

rate reduced from 1988
presence.

Hydraulic

Strong waves and long-shag
currents

rStrong waves and long-sha
currents

Socio - economic

Traditional trade villages
agriculture, aquaculturg
fishery and salt productio
and tourism

Aquaculture, fishery and salt
eproduction, and tourism

1,

|

n

Actual safety

to evacuate every year

Some mangroves areas in froome mangroves areas |i

Ecology of the first dike the northeast and the
southwest

The area is flooded and hav€looding occurs in severe

storms, not every year
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CHAPTER III  SEA BOUNDARY CONDITIONS

3.1 Data collections

From the pilot projects the following data are eoted:
- Water levels at Hon Dau station in Hai Phong frd@#1l.to 2003.
- Water levels at Phu Le station (1962 — 2001) andl&astation in Nam Dinh.

- Wave heights and wind data at Bach Long Vi Islaméiai Phong from 1976 to
1995.

Based on these collected data, the design sea &guodndition including water levels
and the wave heights corresponding to the desegruéncy can be calculated.

Winds

Since there is no offshore island, and it has ike&ht flat and low-lying topography,
HaiHau is an area exposed directly to the open theaarea is subject to the winds
generated from every direction. In the winter tirffeom October to March) the
dominant wind directions are north, northeast aadt.eln summer (from May to
August) the dominant wind directions are south,tlseast and southwest. April and
September are considered to be transition times.

Hai Phong is lying in the area which is directlyfluenced by a lot of storms and
tropical low pressures in Vietnam, about 31% imltdbtorms and tropical low pressures
usually occur in between July to September withbplolity of 78%. The wind of
storms is of level 6 — 7 (Beaufort scale: wind spse40 to 62 km/h) and during tropical
low pressures, the wind has level of 8 — 12 (Bedudoale: wind speed is 63 to 120
km/h).

Figure 3.1 illustrated the dominant directions @hdvin summer and winter seasons in
the Northern of Vietnam.

In this study the observed wind data at Bach Londgsénd were used (Tonkin Gulf,
20.133 latitude; 107.72longitude). These data are tabled in Table 3.1Figdre 3.2
below.

Bt
Che $hu |
paracel
1slands.

(disputed)

Figure 3.1: Main seasonal wind directions in namhéietnam
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Table 3.1: Wind data at Bach Long Vi Island (obaéion: 1976 - 1995)
Class N NE E SE S SwW w NW Sum
(m/s)

1-5 843 3,103 2,843 1,875 1,858 578 277 320 11,697
6-10 505 5,160 1,378 810 3,440 530 77 108 12,008
11-15 156 2,013 73 79 1,043 65 6 9 3,444
16-20 90 863 11 23 77 4 2 19 1,089
21-25 16 27 0 2 5 1 0 5 56
26-30 3 4 0 1 2 3 0 3 16
31-35 3 1 1 0 4 0 0 0
36-40 1 0 1 1 0 0 0 1
Sum 1,617 11,171 4,307 2,791 6,429 1,181 362 465 28,323
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Probability of exceedance (%)

Figure 3.2: Exceedance curve of wind speed at Raaly Vi Island

Storms/Cyclones

As referring to the topographic map, the beachthedoreshore of the study area has a
very gentle slope, which creates a relatively wzdee for wave transformation and
energy dissipation. Apparently, only monsoon wawgesere storms or typhoons, with
high rainfall, extreme wind speed, high wave armtrstsurges, cause severe threats to
the local natural beach and the existing coastattre.

In the study area, according to the weather observaecord, there were about 4
typhoons occurring in a year on average. Augudt September are the most critical
periods to encounter floods and storms. In August September, storm winds are
generated from NE with velocities of 20 m/s, andsame cases even up to 48 m/s.
Typhoons are normally accompanied by storm surges.
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Near shore waves

The sea at Nam Dinh is open sea (there is no affsistand) so the wind fetch is long
enough for wave growth and approaches the shorgfit®ut any obstacles, which can
cause considerable damage to shoreline and sea. diceording to observation in
period from 1975 to 1987 waves at Namdinh had ¥alg characteristics:

In winter (from September to March): In the wintére sea was much more rough
sea than in the summer. Wave height is about 0.8n9m, with periods varying
from 7 t010 seconds. Predominant wave directios matheast, and makes angles
of about 30to 45 with the shoreline.

In the summer (from April to August): In the sumntieere are less rough sea days
but strong storms usually happen in this seasosimgusevere damage to the dike
system. Average wave height varies from 0.65m @onlwith period ranging from

5 to 7 seconds. The prevailing wave direction igls@and southeast.

The wave at Hai Phong sea has predominant direfrioom East, Northeast and South.
The wave height is changing in each season andndedeon direction and speed of
wind:

In winter period (September to March): The wave offshore zone has
predominant direction of the Northeast (61%) and Hast (15%); the wave
directions near shore zone are East (34%), Soutf22%) and Northeast (11%).
Average wave height is 1.2 m in offshore and 0.Bimear shore. The maximum
offshore wave height is up to 6 m and 3.5 m in share.

In summer period (April to August): The wave ingfore zone has predominant
direction of South, Southeast and East with totabability of 40 - 75%, in which
the dominant direction is South (37%); the dominaedr shore wave direction is
Southeast (24%). Average wave height is 1.2 tarlLia offshore and 1.0 to 1.2 m
in near shore. The maximum offshore wave heighpiso 7to 9 m and 4to 5 min
near shore.

3.2 Design water levels (DWL)

Water level is important because [CIRIA/C683 2007]:

Most instances of flooding and/or structural damageur during high water level
Wave overtopping and wave transmission depende&tii Water Level (SWL)

The force on a seawall partially protected from @saby a shallow foreshore
depends on SWL

A structure may be exposed (and possibly vulnejatde different risks for
different water levels, in turn dependent upon SWL

The wave height may be limited by breaking before&viag at a structure

Construction and maintenance is generally affedigdthe overall water level
regime.
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Various components of water level should be comsitleApart from astronomical tides

and very rare seismic (tsunami) effects there averal meteorological components of
the water level to be considered, known as ressdultiese residuals comprise storm
surges, wind setup, wave set-up and seiches.

Some components of water level are partially catesl, meaning that a higher or lower
value of one component tends to occur at the same ds a higher or lower value of
another component. Correlations often arise betwm@nponents of meteorological
origin, such as storm surge, wind set-up, waveupetnd even seiches. Depending on
tidal levels, these components may be affectedhiptin shallow areas. For example,
surges may propagate differently according to taeemdepth and current conditions.

Usually the two most important components of theewsevel at any moment are the
astronomical tide and the storm surge. The formeyclical with a period that depends
on the relative significance of astronomic forcés garticular location. The variation
with time of the water level due to astronomicdketiand storm surge is illustrated in
Figure 3.3.

Water leve/ Astronomic

Time

Figure 3.3: Variation in water level due to storange and astronomical tide [CIRIA/C683 2007]

In summary, there are two traditional ways to detee the DWL. The first way is
based on statistical analysis of observation whteel data (see Section 3.2.1). The
other way, the DWL is determined by wind speed daliich are observed in many
years (see Section 3.2.2).

3.2.1 Determination of DWL based on available obssdt data

For the design of a structure, the definition adiga conditions requires knowledge (or
estimation of) the distribution of probability airge and extreme events. The purpose
of the determination of the long-term climate isassociate a water level (or wave
height) to a given return period, and if possiblthwa confidence level.

Extrapolation of the validity of a distribution bmyd the range covered by the
measurements should be done with care. Howevex,ighjjenerally the only way of
predicting low-frequency (long return period) eventhe procedure adopted is to fit to
a theoretical extreme-value distribution and theextrapolate the fitted distribution to
extreme values.

There is no theoretical argument in favour of tlee wf any particular probability
density function in all situations.

The following two points are more important thae tthoice of a particular candidate
model to fit available samples of events:
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- Is the distribution steep or not? A steep distitoutmeans that very extreme
conditions may be much higher than the consideesigd conditions. This is not
the case for flat distributions.

- What is the confidence interval of any estimatidin®s is particularly sensitive for
long return periods, i.e. low occurrence probabilit

The recommended procedure for analyzing the wate ldata comprises the following
steps:

1. Select the data for analysis.
2. Drawing empirical exceedance frequency curve.

3. Fit candidate distribution(s) to the data to file tbest fit, and estimation of
distribution parameters.

4. Compute return values from the fitted distributen(

Consider confidence interval in the predictions.this study a confidence
level of 5% is considered.

Selection, checking and preparation of data togdtiven probably the most important

stage in the analysis procedure. For extractionwater level data, the peaks-over-
threshold (POT) method is applied. Following thisthod, only the water level above

some chosen threshold (e.g. water level = 1.5 m)aed in the extremes analysis. It is
recommended that the water level threshold is smleto achieve that the average
number of selected data values per year (typiéall0) above the threshold is equal to
or less than the average number of storms per(fygacally 10-20).

Following the POT method a dataset of events iscsell. Based on this data the
empirical exceedance frequency per event is byiEduation(3.1) below.

i—0.

1-Fr()=1-
=704

Where: i is event number and N is total numberadiected events.

[per event] (3.2)

The POT method is applied to analyses water lextl dt three observed stations (Hon
Dau, Phu Le and Ba Lat). These empirical exceedémcpiencies are illustrated in
Figure 3.4.
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Extreme Water level at Vietnamese East Sea Coasts
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Figure 3.4: Empirical exceedance frequencies penteaf water level at Viethamese East Sea Coasts

These exceedance frequencies per event are atsbetmad to the curves which show
exceedance frequencies per year of water level(€i§.5 & 3.6) for each observed
station by Equation(3.2).

i-0.3
P =Coe 1- er year 3.2
| LE( N+0.4j[p year] (3.2)
In which P; is empirical probability of exceedandgoet; is coefficient of exceedance
frequency which is determined in Equation(3.3):

Coet:r — nobser\ll\eld years (33)
Where Nopserved yearsiS the number of observation yeafs;is the total number of
collected events (length of POT data).

Because the record length of water level data al.&astation is less than Phu Le
station and in addition the Balat station is insttie Balat Estuaries, therefore the
observed water level at Phu Le station is usedther design in Nam Dinh coast.
Observed water level at Hon Dau station is usedh#®idesign in Hai Phong coast.
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Extreme freq. cunve of observed data
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Figure 3.5: Empirical exceedance frequency cupee Year) of water level at Phu Le station, NamiDin

along Viethamese East Sea Coasts and linear regréisee (least square)
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Table 3.2: Summary of extreme water levels baseehapirical frequency curves

Design Freguency 110 125 1/50 1/100 1/1000
L ogyo(Frequency) -1 -1.4 -1.7 -2.0 -3.0
Design water level at Nam Dinh coast (m) 384 4.00 411 429 4.60
LS. Line: Logy(Fr)=-0.0265xWL+9.18

Design water level at Hai Phong coast (m) 3.90 4.00 4.08 416 4.43
LS. Line: Log(Fr) = -0.0375xWL+13.6
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Best fitted distribution and deter mination of its extreme value.

In previous section observed data is fitted to mpidcal exceedance frequency line. In
order to reduce uncertainty in estimation of desiglue this section will try to find the
best fit distribution function to model the dataad®d on the best fitted distribution the
data are re-simulated and the design values dreagstl.

Uncertainties in the computed extreme values depwaidly on:

Inaccuracy or unsuitability among the source data.

Inherent statistical variability, i.e. sampling izdoility.

Uncertainty due to possible incorrect choice ofexte value distribution.

Uncertainty in the computation of water level do@trecord of limited length.

5% of confidence interval formulae take accountyafl statistical variability, and not
of uncertainties in the source data or the choicditied distribution. They should
therefore be used with some caution, and a confelestimate based on experience and
sensitivity testing may be more reliable.

Various distributions are used to fitting observatidata at Phu Le and Hon Dau
stations. Based on goodness-of-fit test the b#sdfidistribution is found. Best-fit
analysis result is presented in Appendix 3. Weilditribution is the best choice of
fitted distribution for both data at Phu Le and Hoeu (Figure 3.7).

Generated dataset & coressponding fit with 5-95% ClI
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Figure 3.7: Weibull distribution fit to water levdata at Nam Dinh coast

Hundred simulations of Weibull distribution of watevel in Nam Dinh coast are done
and based on these simulations the DWL is deteamioevariability return period of
10, 25, 50, 100 and 1000 years for design struichrecedure of Nam Dinh coast by
averaging of these simulations of Weibull distribat These values are in Table 3.3
and Figure 3.8.
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4 Quantile estimation
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Figure 3.8: Quantile estimation of water level iarihl Dinh coast and with 5% of confidence interval
Similar to water level data analyzing for Nam Duteast, water levels in Hai Phong are

analyzed and plotted in Figure 3.9 and 3.10. Alssigh water levels are calculated for
various return periods in Table 3.3.
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Figure 3.9: Weibull distribution fit to water leveata at Hai Phong coast
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Quantile estimation
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Figure 3.10: Quantile estimation of water leveHai Phong coast and with 5% of confidence interval

Table 3.3: Design water levels at Nam Dinh andPHadng coast based on Weibull fitted distribution

Design Freguency 110 125 1/50 1/100 1/1000
DWL at Nam Dinh coast (m) 4.07 4.15 4.20 4.24 4.34.
DWL at Hai Phong coast (m) 3.90 3.94 3.97 3.99 4.06

3.2.2 Determination of DWL based on wind statistiata

Beside the fact that DWL can be estimated statiiyidy the observed data, another
available method is to base on the local weathedition and astronomical tides. The
following main components will contribute to desiyater level:

a. Astronomical tides. Changes in water level are caused by astrononidzsd tvith an
additional possible component due to meteorolod@etiors (wind setup and pressure
effects). Periodic tidal levels are published atigyudy the National Hydro-
meteorological Centre.

b. Storm surge (wind setup)Storm surge can be estimated by statistical aisabfs
historical records, or through the use of numerinaldels. The numerical models are
usually justified only for large projects. Some ratsdcan be applied to open coast
studies, while others can be used for bays andestuwhere the effects of inundation
must be considered.

In addition to that for sea dikes design we ald® @ to account other types of water
fluctuations like [Pilarczyk et al 1998]:

- Wind setup;
- Climatologically variations;
- Wind waves;

- Squall oscillations (seiches) and gust bumps.
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Thus, DWL can be determined by equation(3.4):
DWL: MSL+ %de +A Zvind +A %ust-‘-A Zist (34)

In which:

MSL - Mean Sea Level: The average height of the serfd¢he sea for all stages of the
tide over a 19-year period, usually determined fraarly height readings.

Ziqe: Tidal level which measure at high water sprirejdrs to MSL).

AZying: Increase in water level in front of the dikes doé&Vind setup (and storm surge).
This is a rise above normal water level on the aqst due to the action of wind stress
on the water surface. Storm surge resulting frohuicane also includes that rise in
level due to atmospheric pressure reduction asagethat due to wind stress

AZysi Rise of water level due to gust bump
AZise: Rise of water level due to Sea level rise.

Determination of the components. The elevations which will be determined are all
relative to CD (chart datum- Standard elevatiorieggypsin Vietnam)

MSL: At the study areaMSL is +1.92m relative to Vietham-HD coordinates (The
“Zero” value is at the lowest annual water levelsef surface). It corresponds to +0.0
meter original land coordinates.

Tidal level Zige, m +MSL, is the averaged highest tidal range lierlbcation according
to annual publication of the National Hydro-metdogical Center, Tidal Tables.

Wind setup (Storm surge\Z,ing is defined as the difference in still-water levetsthe
windward and the leeward sides of a body of watarsed by wind stresses on the
surface of the water (Equation 4.12 in CIRIA/C68B2). The following formula is
applied:

2
AZwind :UW:E&CDE F (35)
2p, " gh
In which: G airlwater drag coefficient with typical values@Bx10® to 3x10° (-)

pair. mass density of air (1.25 kgiin

pw: Mass density of sea water (1031 k§)/m
F: fetch length (m)

h: water depth at calculated position (m)

Uio: wind speed at an elevation of 10 m above MSL Yasresponds to
design frequency. This is determined from windistias data.

Gust bump:this is the increase in water level due to winysun normal conditions.
Seichesthis is the increase in water level due to long esafvom off-shore

Sea level risefor many years it has been known that the seavi fising. In historical
time this sea level rise was generally moderate. Sda level rise here is considered as
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the rise of water level itself plus the changeshef level of the land. The relative sea
level rise can determined from long time seriesvafer level observations. In Vietham
there was not any long term record for these olas®ns. However the predictions of
sea level rise were made based on the subsidertbe &nd in Vietnam and the rise in
water level of South China Sea. This component w# accounted for when

determining the dike crest level as an independemiponent.

Applying the equation (3.4) and (3.5) with giverrgraeters, DWL and wind setup for
different design frequencies are determined suchn &able 3.4 for Nam Dinh coast
and Table 3.5 for Hai Phong coast.

Table 3.4: Determination of DWL based on wind statidata in Nam Dinh coast

Frequency of occurence 1/10 1/25| 1/50| 1/1001/1000
Mean Sea Level - MSL, m q 0 [0 q 0
Tidal level - Ztide, m 2.3 2.3 2.3 2.3 2.3
Friction coefficient Cw 8.00E04 0.0004 0.0004 0.000¢ 0.000
Density of airp,;, kg/m3 129 125 125 125 1.2
Density of sea water,, kg/m3 1031 1031 10371 1031 1031
Fetch length F, km 15¢ 150 150 150 15(
\Water depth at calculated position h, m (+MSL) 5 5 5 5 5
IAngle between wind direction and normal of coastiin deg 30 30 3( 30 30
\Wind velocity corresponds to design frequency Us m/ 274 30.§ 334 359 44.7
\Wind setup (Storm surgedZwind (Eq.4.12 in CIRIA/C683), m 1.1 1.4] 165 1.91 2.9C
Gust bump, m 0 0 0 0 0
Seiches, m 0 0 0 0 0
Design Water Level - DWL, m 3.4 3.7 4.( 4.2 5.2

Table 3.5: Determination of DWL based on wind stitidata in Hai Phong coast

Frequency of occurence 1/10 | 1/25| 1/50| 1/10(01/1000
Mean Sea Level - MSL, m 0 0 0 0 0
Tidal level - Ztide, m 2.4 2.4 24 24 2.4
Friction coefficient Cw 8.00E04 0.0004 0.0004 0.000¢ 0.000
Density of airp,;, kg/m3 129 125 125 125 1.2
Density of sea watef,, kg/m3 1031 1031 10371 1031 1031
Fetch length F, km 10¢ 100 100 104 10(¢
\Water depth at calculated position h, m (+MSL) 5 5 5 5 5
IAngle between wind direction and normal of coastiin deg 30 30 30 30 30
\Wind velocity corresponds to design frequengy, th/s 27.4 30.§ 334 359 44.7
\Wind setup (Storm surgeZwind (Eg.4.12 in CIRIA/C683), m 0.74 0.94 1.1¢0 1.23 1.93
Gust bump, m q 0 Qg q 0
Seiches, m 0 0 0 0 0
Design Water Level - DWL, m 3. 3.3 3.5 3.1 4.3

3.2.3 Comparing and selecting of DWL

Via three methods, the DWL which are determinecetasn water level statistic data
are larger than that are based on wind statistiz. ddowever, the differences of DWL,

which are determined based on available observatiater level data, are too small
(about 5 cm to 10 cm) in between return period ades, these results of determination
are not reliability. While the DWL'’s, which are éeiined based on wind statistic data,
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are more reasonable, therefore, these DWL's aral usethis study. Table 3.6

summaries the values of DWL for case studies of léamh and Hai Phong.
Table 3.6: DWL in Nam Dinh and Hai Phong coast

Design Frequency 110 125 1/50 1/100 1/1000
Design water level at Nam Dinh coast (m) 3.4 3.7 4.0 4.2 5.2
Design water level at Hai Phong coast (m) 3.2 3.3 35 3.7 4.3

3.3 Design wave heightsin deep water

3.3.1 Long-term wave statistics — analysis of exteewaves:

In the region of Viethamese East Sea Coasts thestseonly one available wave
measurement dataset at Bach Long Vi Island. Thiaséa was observed in 20 years

(1976-1995).

The empirical exceedance curve of extreme wavehheigVietnamese East Sea Coasts
is plotted in the Figure 3.11 by applied Equatioh)3

Extreme Wawe height along Vietnam coasts

Exceedance frequency [/event]

T
.

300 400

Extreme Wave Heights [m]

Figure 3.11: Empirical exceedance frequency penteve

An empirical exceedance frequency per event will tiensferred to an empirical
probability of exceedance per year (Figure 3.12p¥ang Equation(3.2).
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Extreme freq. curve of observed data

Exceedance frequency [/year]
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Figure 3.12: Empirical probability of exceedance year

Table 3.7: Summary of extreme wave height baseehapirical frequency curve

Design Frequency 1/10 1/25 1/50 1/100 1/1000
L og;o(frequency) -1 -1.4 -1.7 -2 -3
Extreme wave height 4.1 54 6.4 7.5 10.9

Based on the dataset of wave height at Bach Longis\and, the Exponential

distribution is found as the best fitted distrilbmtito the wave observed data. The

compliment cumulative distribution (CCDF) with 5%ndident interval is plotted in
Figure 3.13 with confidence interval of 5%.

=}

CCDP

Weibull generated dataset & coressponding fit and

— L I HIY

1000 1200

Figure 3.13: Exponential distribution fit to longrin wave height data and simulations of the digtidin

fit to long-term wave height data (in cm)
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Some wave height values are estimated correspomalidgsign frequencies as in Table
3.8 and Figure 3.14.

Quantile estimation
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Figure 3.14: Quantile estimation of design waveyhts and with 5% of confidence interval

Table 3.8: Long-term design wave heights in deefem@ased on best fitted distribution method)
Design Fregquency /10 125 1/50 1/100 1/1000

Design wave height (cm) 4.5 5.3 5.9 6.4 7.8

The larger wave height values are used to desighleT3.9 shows the design wave
height in deep water which are used to designigngtudy.

Table 3.9: Significant wave height in deep water

Design Frequency 1/10 1/25 1/50 1/100 1/1000

Significant wave height in deep water (m) 4.5 5.4 6.4 7.5 10.9

3.3.2 Short-term or daily wave climate:

In order to describe the total hydraulic boundaonditions a distribution of wave
conditions have to be defined, both height andogerboth in deep and in shallow
water.

The climatology of sea-states has to be analysedetb on some representative
parameters such as the significant wave heightynien or peak period, the mean wave
direction etc) on the basis of a set of data cogeseveral months to several years
(typically one year) and covering a range of stoonditions.

Results of the daily or short-term wave climate aften useful for the design of a
structure (which is in fact dictated by the longatewave climate). Furthermore, they
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are very important for the definition of operaticgnditions for the structure, the
operability of floating equipment, the knowledgetgpical wave conditions during the
construction or maintenance phases.

Based on a series of sea-state parameters (gieen wee or six hours typically), it is
possible to build several useful tables and gragdecribing the short-term or daily
wave climate.

- Histograms of significant wave height, mean (or peak or significant) period, mean
wave direction etc. For each parameter a set of classes of valudsfiised and, from
the measured series of sea-states parametergjriigenof events per class (and so the
empirical probability of occurrence) is estimatedni the data. The analysis may be
restricted to a particular period of the year (algse the seasonal effects), to a range of
incoming wave directions (to separate different @sagimes) etc.

- Wave roses, in the same manner as wind roses. This type mesentation allows a
combined view of the most frequent incoming waveections and associated wave
heights. Again, different wave regimes can thuségarated (e.g. swell and wind-sea
conditions). Figure 3.15 plots the wave height misBach Long Vi Island of all year.
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Figure 3.15: The wave height rose at Bach Longs\arid

- A scatter diagram of wave height and period which gives the fractbrmvaves found
within each of a number of predefined classes gamtl T,,. The scatter diagram is
created by counting the total number of individs@a-states falling within classasls
and AT, Division by the total number of sea-states gigasestimate of the 2D (H
Tm) joint-distribution function.
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Table 3.10: Short-term wave climate data at BaamgL\gi

Significant Wave Spectral Peak Period (s)
Height (m)
<1 1-3 35 5-7 7-9 9-11 >11.00 Total

< 0.25 6.44 0.64 . . . . . 7.07
0.25: 0.75 . 3.71 23.12 . . . . 26.83
0.75: 1.25 . . 18.92 9.25 . . . 28.17
1.25: 1.75 . . . 21.55 . . . 21.55
1.75: 2.25 . . . 11.58 0.39 . . 11.97]
2.25: 2.75 . . . 0.21 141 . . 1.62
2.75: 3.25 . . . . 1.79 . . 1.79
3.25: 3.75 . . . . 0.53 . . 0.53
3.75: 4.25 . . . . 0.38 . . 0.38
4.25: 4.75 . . . . 0.08 . . 0.08
4.75: 5.25 . . . . 0.01 . . 0.01
5.25: 5.75 . . . . 0.01 . . 0.01

> 5.75 . . . . . . . .
Total 6.44 4.34 42.04 42.59 4.6 . . 100
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Figure 3.16: Daily wave climate based on data dfi@8.10

The main interest is usually focused on the distiim of wave heights, and in
particular on the determination of wave heights #ra exceeded 10 per cent, 1 per cent
or 0.1 per cent of time on average over one ydas ihformation can be extracted from
the empirical distribution of significant wave hkeis.

Based on distribution of significant wave heightsHigure 3.16 daily wave climate
(short-term wave climate) are extracted by considesea-state duration of 6 hours.
The values of short-term wave climate are deterchinérable 3.10.
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Estimation of wave period:

In the design of sea dike it is usually necessarynipow the mean wave periods,Tas
well as the significant wave heightg Hierived from extremes analysis. Any treatment
of wave period is usually based on the assumpkiahwave height and wave period are
strongly correlated, as already analysed for thertderm or daily wave climate,
perhaps being related by a constant wave steepfiegdreatment of wave direction is
usually based on a conditional analysis where thadition is that the wave records
analysed have directions within a particular angakctor. In other words, wave data
within different direction sectors are consideresl laeing members of different
populations, which can be analysed separately.

A common approach is to look at the joint distribotof (Hs, Tr) among the highest
few percent of wave conditions in the source ddtae average wave steepness
(2rHs/Tm 2) for these data can be computed and thpledpto the predicted extreme
wave heights. Wave steepness in deep water isatjypim the range 0.045-0.065. It
tends to have a lower value in shallow water, wheage height may have reduced but
wave period is little changed from deep water.hiére is any doubt about the exact
wave steepness to use, note that the use of lowee steepness (hence higher wave
period) tends to be conservative for most desigpgses.

There is no observed data available for wave pemiodg Vietnamese coast. Thus in
this study the wave period is determined basechguirecal formula, which is written in
the Chinese code for the South China Sea. The we&k periods are determined by
empirical equation(3.6):

T,=4.5/H, (3.6)

The ratio between peak period, @nd mean period,,I varies slightly depending upon
the type of weather conditions, and upon the shapsiaadf the wave generation area,
but in the absence of site-specific effectstands to be about 25 per cent greater than
Tm (Equation(3.7)).

T = T (3.7)
" 1.25 '
Table 3.11: Daily wave climate based on Figure 3.18
Duration of storm (hours) 6
Number of storm per year, N 1460

10% / year| 0.685
Probability, P; (%) 1% / year 0.0685
0.1% / year| 0.00685

10% / year| 3.21
Hs (M) 1% / year 4.45
0.1% / year 5.70

10% / year, 8.1
Tp (9 1% / year 9.5
0.1% / year 10.7

10% / year| 6.4
Tm (9 1%/ year 7.6
0.1% / year 8.6
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3.4 Correlation analysis

According to CIRIA/C683 2007 joint probability agals results can be expressed as a
range of combinations of wave conditions and whgeels, each with the same return
period. Each one is expected to be exceeded oncayayage, in each return period. In
designing or assessing a structure, its resisttmexery combination of wave height
and water level for the return period being useaughbe verified. In other words, for
each coastal response variable of interest, eatibioation of extreme water level and
wave condition should be tested, to determine thesticase for each response variable.

Alternatively, the results of a joint probabilitpaysis may be presented in the form of
a climate scatter diagram with or without extrapadigoint probability density contours.
This form of presentation is more appropriate foilding up a probability distribution
of a coastal response variable, found by integgatie response function over the joint
ranges of each of the primary input variables. Thight be helpful where damage to a
structure builds up over a period of time, as opdo® damage occurring during a
single rare event.

If the wave heights and water levels are deriveaflmcation other than the point where
they are to be applied, some adjustment of valumg lme necessary. The most obvious
case is the need to modify wave conditions caledlaiffshore to allow for shallow-
water transformations prior to their arrival at stad defences.

The degree of correlation between large waves agiu \Wwater levels varies between
locations and wave direction sectors, and evendmtvoffshore and near shore. It may
therefore be inappropriate to assume that the sen&re sea-states offshore give rise to
conditions as severe as those at the coast. At opasts, where the largest waves
offshore also give rise to the largest waves inshtiie correlation with high water
levels is similar for both situations.

However, where waves are strongly depth-limitecoleefarriving at the sea defences,
then wave period (and therefore possibly a diffetgme of sea condition) may be much
more important nearshore than offshore. In additior locations protected by

headlands from the largest offshore waves, thesheas situation may differ from that

offshore.

Joint probability analysis is normally based on sugaments taken during recent years,
assuming that they are representative of longen-tmnditions. If the wave conditions
or water levels are known to be subject to any {tmmm variations or if the period of
measurement is known to be unrepresentative, thmmaace should be made for this.

With regard to Vietnam data availability conditian stations in the interested areas
only one variable, either wave height or water legeavailable. In this case it is
difficult to say anything about correlation and j@int probability distribution.

At Hon Dau station the water level data is avadatWave height can be calculated/
simulated based on numerical model, e.g. sing SWitddel (Nguyen, T.T.H. 2003).

By using the computed wave height extracted atsdme location of Hon Dau the
correlation analysis of wave and water level capdxormed.
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The correlation of observed water level and catedlavave height at Hon Dau station
(Hai Phong) are expressed in Figure 3.17 and Figur@. Upper bound (in Figure 3.17)
shows the depth limited wave height line which g/gcal relevant in this case. All
points above the line can be considered as outlier.
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Figure 3.17: Depth limited wave height line at Hoawu station
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Figure 3.18: Correlation of water level and simedhivave height at Hon Dau, Hai Phong

3.5 Deter mination of wave height and wave period at the toe of the dike

The hydraulic boundary conditions mentioned heeegiven at a certain location (Nam
Dinh and Hai Phong coasts). Very often this is 58 200 m from the toe of the dike.
For calculation of wave run-up or wave overtoppihg wave height at the toe of the
dike has to be determined. If depths at the gieeation and the toe of the structure are
similar, then the given values can be used. Ifopish foreshore is present it can be
required to calculate the wave height at the todhefdike.
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For coastal structures, the effects of water-depthuction and coastal forms on the
incoming waves should be accounted for. These fad¢tansform the incoming waves

by refraction, shoaling, diffraction and eventuallsve breaking. Wave breaking results
in significant dissipation of energy and is oftdre tmajor factor limiting the design

wave height and consequently the loading on thetire. All these phenomena are a
function of water depth.

Refraction:

Refraction is the change in the wave propagatidacity, and consequently also in the
direction of wave propagation, when waves propadatearying water depth. In

decreasing water depth the direction of wave inadef(°), relative to the structure

inclines towards the direction normal to the deggihtours.

The refraction factor is calculated by Equation)3.8

K = [S9%h (3.8)
cosp

In which the local wave directighat water depth is found from Equation (3.9) which
is applying linear wave theory to a regular wavéhwwave numbek and directions in
deep water.

B =arcsin sing, tantkh ) (3.9)

Shoaling:

Shoalingis a change in wave height when waves propagatafying water depths.
The shoaling effect is normally expressed in teoimhe shoaling coefficienks, which
is defined as the local wave heidthtrelative toH.. Using linear wave theoiscan, for
a given wave period, be written as a function of water degthEquation (3.10) is
using to determine the shoaling coeffici&t

_ 2kh
K, = \/tanhkh{ 1+—sinh(2<h )j (3.10)

Depth-limited significant wave height for constant bottom slopes:

Wave breaking becomes increasingly important inl@lawater. The main effect of

wave breaking is a lower significant wave heighd.determine significant wave height
at a certain water depth h we use the graphs air&i§.19 which is introduced in
CIRIA/C683 2007. Five graphs are given for diffdreave steepness in deep watgg, s
=0.01, 0.02, 0.03, 0.04 and 0.05.
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Figure 3.19: Shallow-water significant wave hegbih uniform sloping foreshore [CIRIA/C683 2007]

The method for using these graphs of Figure 3.18l9e introduced in CIRIA/C683
2007, as follows:

1. Determine the deep water wave steepngss BsJ/Lop,
2. Determine the local relative water depth, Jy/L

3. Determine the slope of the foreshore, m =utaurves are given for range m
= 0.075 to 0.01. For gentler slope the 0.01 sltyeilsl be used.

4. Enter the two selected graphs with calculated,hdind read the breaker
index H/h from the curve of the calculated foreshore slope

5. Interpolate linearly between two values aftHto find H/h for the correct
wave steepness.
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The calculation result of significant wave heigletan the toe of the dike in Nam Dinh
coast and Hai Phong coast are introduced in Tah2a&hd Table 3.13, respectively.

Table 3.12: Calculation of significant wave heigkar the toe of the dike in Nam Dinh coast

Scenario 1/25 1/50 1/100
Design Water Level, m 3.7 4.0 4.2
Sea bed level at 100m far from toe of sea dike, m 2.0 |- -2.0 -2.0
Design Water Depth, m 5.7 6.0 6.2
Significant wave height in deep water, m 54 6.4 75
Peak wave period,J's 10.5 11.4 12.3
Mean wave period i, s 8.4 9.1 9.8
Wave length in deep wategd-m 171 204 237
Wave steepnessgys(-) 0.032 0.032 0.032
h/Lop, (-) 0.033 0.029 0.026
Foreshore slope m, (-) 0.0057 0.0057 0.0057
Hs/h 0.491 0.511 0.528
Incidence wave angle in deep waftgrdeg 30 30 30
Incidence wave angle near sh@releg 12.8 12.0 11.4
Refraction factor Kr, (-) 0.9423 0.9409 0.9399
Shoaling factor Ks, (-) 1.1027 1.1317 1.1572
Significant wave height in front of structures, m 2.6 2.9 3.1
Table 3.11: Calculation of significant wave heigktr the toe of the dike in Hai Phong coast
Scenario 1/25 1/50 1/100
Design Water Level, m 3.34 3.50 3.67
Sea bed level at 100m far from toe of sea dike, m 2.65 -2.65 -2.65
Design Water Depth, m 5.99 6.15 6.32
Significant wave height in deep water, m 54 6.4 75
Peak wave period,J's 10.5 11.4 12.3
Mean wave period, s 8.4 9.1 9.8
Wave length in deep wategd-m 171 204 237
Wave steepnessgs(-) 0.032 0.032 0.032
h/Lop, (-) 0.035 0.030 0.027
Foreshore slope m, (-) 0.011 0.011 0.011
Hsh 0.492 0.515 0.526
Incidence wave angle in deep waftgrdeg 30 30 30
Incidence wave angle near sh@releg 13.1 12.2 11.5
Refraction factor Kr, (-) 0.9429 0.9412 0.9401
Shoaling factor Ks, (-) 1.3230 1.3230 1.3830
Significant wave height in front of structures, m 2.8 3.0 31
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3.6 Summary

Table 3.12 is illustrated mainly design parametersiam Dinh and Hai Phong coasts.
These parameters are used to design the dike doaghlication coastal areas in Nam
Dinh and Hai Phong in next chapters.

Table 3.12: Mainly design parameters in Nam Dinth Hai Phong coastal areas.

Design variable Safety Standard Scenarios
1/25 1/50 1/100

Significant Wave Height in deep water (m) 54 6.4 7.5
Peak Wave Period (s) 105 11.4 12.3
Mean Wave Period (s) 84 9.1 9.8
Hai Hau coast in Nam Dinh:
Design Water Level (Phu Le station) (m) 371 3.95 4.21
Sea bed level at 100m far from toe of sea dike (m -2.0 -2.0 -2.0
Design Water Depth (m) 571 5.95 6.21

Significant Wave Height near the toe of the dikg (m 2.6 2.9 3.1
Cat Hai coast in Hai Phong:

Design Water Level (Hon Dau station) (m): 3.34 3.50 3.67
Sea bed level at 100m far from toe of sea dike (m -2.65 -2.65| -2.65
Design Water Depth (m) 599 6.15 6.32

Significant Wave Height near the toe of the dikg (m 2.8 3.0 3.1

In Table 3.12 some remarks are realized:

- Design frequency 1/25 wave heights near the tdbeoflike are almost equal to
design frequency 1/100 wave heights near the the. r€ason is due to wave
breaking when propagating to the toe of the dike.

- Wave period is slightly different in different dgsifrequencies (1/25, 1/50 and
1/100 years).
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CHAPTER IV ~ONE VERSUSTWO DEFENSE LINES

4.1 General philosophy

This study uses wave overtopping as the dominaltréamode which plays the most
important role in the determination of the heightnell as the layout of the sea defence
system. Wave overtopping and its permissible opged discharges will be used as a
central concept in all analyses and comparisogtbns that will be considered.

The dike height/ layout of defences are mainly uheteed by the quantity of wave
overtopping.

Dikes can be made resistant to wave overtoppitgyanways: making them so high that
there is hardly any or no overtopping during stqgariod or make them lower and

strong (especially the crest and the inner slopehat they can withstand the wave load
and allow more overtopping flow.

The first approach (making dikes so high) leadgetiy high and wide dikes, which also
means money and space consuming. By this approachead only one line of flood
defense system.

The second approach (making dikes lower and steoiogigh) leads to a low and strong
first dike line, and possibly a lot of water in theea behind the first dike line. Thus we
need another dike line to prevent the water confiurther inland. The water due to
flooding from sea will be stored in a transitiorearlying in between these two dike
lines.

Therefore, a compromising solution has to be fdoeiiveen the height and the strength
of the inner slope of a sea dike. A permissible amhoof wave overtopping will
determine the dike height. In return, to withstandh an overtopping flow, appropriate
reinforcements of the crest and the inner slopelghoe applied.

Application one of both approaches depends onahésl where you are, the living and
the activities in that areas.

Both approaches are analyzed on basis of the ¢ieaéety standard of Vietnam for sea
dike design. In which actual sea dikes in Vietnamm @esigned for an extreme storm
condition with return period of 25 years (desigedinency is 1/25). Some concluding
remarks will be pointed out by applying differeaturn periods: 50, 100 years.

4.2 Global option 1: One defenseline

One defensive line of sea dikes are used in mamytdes in the world (e.g. The
Netherlands, France, Germany, UK...). The dike &®dif this system are very strong
and so high that almost no overtopped water isnaitb The outer slope is heavily
protected by revetment while it is not a must tot@ct the inner slope and crest from
wave attacks. However it is often the case thaé ditest and inner slope are partly
protected in combination of other purposes, fotanee to avoid soil erosion due to rain
water; using crest as traffic roads. Figure 4.lsillates a cross-section using one
defence line system. The initial construction adghese dikes is often very high.
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No revetment to protect inner slope

Revetment of outer slope

Figure 4.1: Cross-section of one defence line

4.3 Global option 2: Two defense lines

When two defense lines of sea dike are used, inmt®t some sea water is allowed to
overtop the crest of the first dike under someuwnstances. Therefore, during storm
condition behind the first dike there can be amairgea water. The first dike not only
has revetment to protect outer slope, but alsotmexet to protect its inner slope,
therefore this dike is un-breakable. To prevenffitved water to flow more landward, a
second defense line of sea dike is constructed afée in between two defense lines is
considered as space for sea flood water duringistdhe questions are:

- Do people allow living in this transitional area?
- Ifitis possible, how to evacuate when flood os@ur
- What is the height of the second dike?
- How do waves load on the second dike?
Figure 2 illustrates a cross-section of a two deédines system.

First Dike

Revetment of inner slope

Second Dike

Revetment of outer slop Un-breakable Transitional Area

Figure 4.2: Showing of cross-section of using tefedce lines

Dimensions of this sea dike system is determinetherbasis of cost balancing between
initially investment costs of construction, mairdece costs, value of land behind the
first and second dikes as well as safety standattteavhole region.

Using one and two defensive lines is analyzed lier dpplying of the current safety
standard of sea dikes design in Vietham with retpemiod of 25 years for storm
occurrence (design frequency is 0.04). After thfieent return periods will be applied
with return period of 50 and 100 years.
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4.4 Overtopping criteriafor design dike heights

It is obvious that too low dikes lead to flooding breaching of the dike due to too
much wave overtopping. A safe approach is if nmificant overtopping is allowed. In

general this means that the crest height shouldadower than the 2%-wave run-up
level (is often indicated by ) [Pilarzyk, 1998].

Another criterion for dike height design and exaation is the admissible wave
overtopping rate. This admissible overtopping cepends on various conditions:

- How passable, practicable or trafficable the dikestand inner berms must be
in view of emergency measures under extreme congiti

- The admissible total volume of overtopping watethwiespect to storage or
drain off. Storage or drain off problem behind tlike may have an effect on
safety of hinterland. If so, overtopping shouldibgted.

- The resistance against erosion and local slidingre$t and inner slope due to
overtopping water. Which criterion applies depehdaurse also on the design
of the dike and the possible presence of buildings.

For examination of the dike height also the govegniheight has to be defined and
determined. The dike has an outer slope, a cedw@st width and an inner slope.
Heights have to be measured at the outer slopatiteast every 20m of a dike section,
and the lowest value is then taken as the goverdikg height. A dike section is

determined by similar characteristics within itsdéh.

If extreme run-up levels exceed the crest leved, stiucture will be overtopped. This
may occur for relatively few waves during the deséyent, and a low overtopping rate
may often be accepted without severe consequenctg tstructure or the protected
area. In the design of hydraulic structures, oygiag is often used to determine the
crest level and the cross section geometry by emputhat the mean specific
overtopping discharge, q (m3/s per meter lengtltrekt), remains below acceptable
limits under design conditions. Often the maximuwertopping volume, ¥ax (M3 per
meter length of crest), is also used as a desigampzter.

In the design of many hydraulic structures, thestctevel is determined by the wave
overtopping discharge. Under random waves the oppimg discharge varies greatly
from wave to wave. For any specific case usually data are available to quantify this
variation, particularly because many parameters iamlved, related to waves,
geometry of slope and crest, and wind. Often guficient to use the mean discharge,
usually expressed as a specific discharge per matealong the crest, g (m3/s per m
length or I/s per m length).

Suggested critical values of g for various desigumasions are internationally proposed
in CIRIA/C683 (second edition and as updated versiotCUR169) as in Table 4.1. The
critical values of q in this table are applied &sigin structures (verhicles, buildings ...)
on dike crest and protections of dike (crest, Spphn this study different options of
overtopping criteria are defined on basis of thiéical values allowable overtopped
discharge given in Table 4.1.
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Table 4.1: Critical overtopping discharges and kads [CIRIA/C683 2007]

q Vinax
mean overtopping discharge peak overtopping volume
(m? /s per m length) (m3/per m length)

Pedestrians

Unsafe for unaware pedestrians, no clear view
of the sea, relatively easily upset or frightened, g > q>3105 Vimax > 2-103- 5103
narrow walkway or proximity to edge

Unsafe for aware pedestrians, clear view of the
sea, not easily upset or frightened, able to g > 1104 Vmax > 0.02-0.05
tolerate getting wet, wider walkway

Unsafe for trained staff, well shod and
protected, expected fo get wet, overtopping
flows at lower levels only, no falling jet, low
danger of fall from walkway

g > 1103-0.0L |Vmsx > 05

Vehicles

Unsafe for driving at moderate or high speed.,
impulsive overtopping giving falling or high g > 1105-5105 |Vga > 5103
velocity jets

Unsafe for driving at low speed, avertopping by

> - V, = 1.103
pulsating flows at low levels only, no falling jets q 0.01-0.05 mex 110

Marinas

i;nr:?égeo;sl?;!rb;:ctsh;et 5-10 m from wall, g > 001 Vow > 1-10
Significant damage or sinking of larger yachts g = 0.05 Vmax > 5-50
Buildings

No damage g < 1.10%6

Minor damage to fittings etc 1106 < g < 310°

Structural damage g » 3105

Embankment seawalls

No damage g < 2103

Damage if crest not protected 2108 < g < 0.02

Damage if back slope not protected 0.02 < g =< 005

Damage even if fully protected g > 005

Revetment seawalls

Mo damage g < 005

Damage if promenade not paved 005 =< g =< 0.2

Damage even if promenade paved g > 0.2

Basis approaches for overtopping determinatiorirdreduced in Figure 4.3 next page.
This figure introduces various methods (Owen 1980\ 2002, ...) which are applied

for various slope protections of dike (smooth s|opmigh slope) in many different
conditions.
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Basic approach for overtopping

Y
Smooth slopes:

* Owen (1980) - including bermed slopes
s TAW (2002a) - including formula for shallow
foreshores

Y y

Rough slopes - correction Rough slopes with crest walls

factors - explicit formulae

e Owen’s method: Besley e Bradbury et al (1988)
(1999) ® Aminti and Franco (1989)

* TAW (2002a)

\i Y \

Special conditions - correction factors Special conditions - explicit formulae
s obliqgue waves: Besley (1999), TAW ® reshaping berm breakwaters; Lissev
(2002a) (1993)

® bermed slopes: (eg for TAW method)
» swell waves, Owen’s method: Hawkes et
al (1998)

Figure 4.3: Calculation method for wave overtopdiGtRIA/C683 2007]

Definitions of protection options based on overiaggriteria:

In this study four protection options are considerEhe coastal flood defence system
may design with conditions of (i) Non-overtoppingi) Small overtopping; (iii)
Medium-large overtopping or (iv) Large overtoppingach option of overtopping
condition will refer to specific design requiremaiftthe dike and its layout (one line or
two lines).

- Non-overtopping criteria means the dikes is designed high enough to avost of
the wave overtopping. In this study it is refertedhs a limit state of [q] = 0.1 liter/m/s:
No damage of buildings; No damage of embankmentissaa wall even crest is not
protected. No need storage basin for flood watenesecond dikes are needed

- Small overtopping criteria is based on a limit state of [g] = 1-10 liters/ni2amage
if crest not protected for Embankment seawallsddimage for Revetment seawalls. No
need storage basin for flood water => no seconesdiéte needed

- Medium-large overtopping criteria is based on a limit state of [q] = 100 liters/m/s.
Damage if back slope not protected for embankmeatvalls; a basin need to be
prepared for storage of overtopped water => Seddab are needed.

- Large overtopping criteria is based on a limit state of [q] = 1000 liters/nidamage
if exposed components are not well heavily prot¢tecludes: outer and inner slopes;
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crest; outer and inner toes; and transition betwammponents); a basin is certainly
needed to be prepared for storage of overtoppedrwat Second dikes are needed and
considered as primary defence line.

For different options the required crest freeboafdthe dike and dike height is
calculated on basis of corresponding overtoppechdigie. The relation between crest
freeboards and wave overtopped discharge is detedrby applying method of TAW
2002 in CIRIA C683 — 2007. Detail determinationdife crest freeboard is referred to
Chapter 5.

4.5 Defensive alter natives

On basis of overtopping criteria the following dese options are applied:
4.5.1 Non-overtopping dikes: one dike system

This option aims at constructing one primary deéefine, which is designed under
almost unable-overtop conditions. This one defdimee must be able to withstand all
loads from the outer water, the water level as aglhe waves (see Figure 4.4).

Sea

A
V)

Hinterland
Dike to be raised or

adapted

Therefore the crest level is determined by a aertleisign water level (DWL), which
consists of the tidal fluctuation and storm surgthva certain return period and extra
increased water level due to local wind inducedtlgusp, seiches ..., and the wave
overtopping (or wave run-up) height.R'he last component is known as the minimum
required crest freeboard.

In most of the cases, the total crest freeboarcdded with a safety margin due to the
expected crest level decrease causes by dike lsttignsent and the expected sea level
rise. For a comparison in this preliminary desigmge settlement item is neglected.
Thus the crest freeboard in this case is equat@éarinimum required crest freeboard
determining from overtopping condition: [q] = Oitet/m/s.

Outer slopes are taken at 1:4 as typical existirgndmese sea dikes; revetments are
applied to protect outer slope from erosion. Theirslope and inner side of crest is not
or slightly protected, as overtopping should nesasur. This results in high and strong
dikes. This type is mostly applied at coastal amils intensive land use and high land
use value such as with urban/ modern industriahsar®©ne-dike constructions are
usually expensive because of their required stremgtuced large dike body and often
accompanied by large amounts of foundation impram@nork.

Main features:
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The total volume of used materials (core, filted aBvetment) is large. High costs of
investment but low costs of maintenances compatieetéollowing options.

Range of application:

This option is usually applied for a large coastaV-lying area in which floods may
cause catastrophic disaster for the area. Thisaesapplied for important economic and
populated areas (a coastal city with many actwiéitong coastlines).

In practice this option has been applied mostlycfmastal flood defences in Netherlands
and United Kingdom. It is also used at many locain Vietham such as Do Son in
Hai Phong; Nghia Hung in Nam Dinh; Tien Hai in TH&nh... where in these areas
there is limited space for flooding water.

4.5.2 Small overtopping dikes: one dike system

Philosophy of using this option is quite similarttee first one but its application is
found in regions where some overtopped water doésause significant damages to
protect the hinterland. Therefore the dike is desijto accept some overtopping water
in order of 1 to 10 liters/m/s. With this little @aunt of overtopped water there is no
need to create a flooding storage basin. Howekerjrtner side and the dike crest can
be slightly damaged due to attacks of wave oveddppater; therefore protections of
these elements are slightly needed. According tegibstandards (TAW 2002) the inner
slope of the dike is able to withstand this loadpbgviding no extra protection or with
grass covers. However experiences in Vietham siaty although the dikes there are
designed with small overtopping (no protectionrofdr side), damages of dike crest and
inner slopes still occurs at many places. Thudijnie repair/ inspection are required
after every storm condition when applying this opti

Dike crest freeboard in this case is smaller theat in the first option. The minimum
required crest freeboard determining from overtogmondition: [g] = 1 to 10 liter/m/s.

Main features:

The total volume of used materials (core, filted amvetment) is less than option 1.
Lower costs of investment but higher costs of neiahces compare to the first option.

Inspection of minor damages and in-time repairs r@quired after occurrence of
storms.

A small ditch to collect/ return overtopped seaewas recommended at inner side of
the dike crest (see Figure 4.5).

Small ditch to collect overtopped sea water

Sea

Hinterland

Figure 4.5: Using one dike system with small ovepiog
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Range of application:

This option is suggested to be used in the caseafailability of high investment costs
while yearly minor maintenance is available witspect to cost and man power. The
option is used to protect less important areasakea previous case, in which due to
overtopped water, there is not any significantcifte the daily activities in the regions.

At present this option has been used for most efcthastal flood defences in Nothern
Vietham.

4.5.3 Medium large overtopping: two dikes system

The first approach by using a two dikes system &kimg a high crest level of the
primary dike (first dike line) in combination with low crested second dike, see Figure
4.6. With this lower first dike some wave overtogpwill occur but the overtopping
discharge is quite low. The low crested second dikeher inland protects the
hinterland of inundation by the overtopping water.

First Dike

Second Dike

overtopping Transitional Area Hinterland
resistant dike \ ]

Figure 4.6: Using two dikes system with medium éaogertopping

Determination of crest freeboard of the first dikebased on overtopping condition of
[g] =100 I/s/m. This means that during storm theibdetween two dikes is filled with
a unit discharge of 100 I/m/s. With certain stormradion the total volume of sea
flooded water can be determined, thus, water levidle basin can be estimated as well.
This provide basis for determination of crest lee¢lthe second dike, taking into
account maximum water level in the basin, incredgbe basin water level due to local
waves and surge (wave and surge in the basin),atieainduced by local storm wind
generated waves and surges.

Applying this option, revetments are certainly neddovering whole exposed surface
of the first dike (outer slope, inner slope andedikest) to prevent erosion due to wave
overtopping. The second dike endures only localenattack (wave in the basin) which
is relatively small compare to the design wavesaBse of this the second dike may
not need to protected heavily by revetment, grassrcof the second dike slopes would
be sufficient. The area between the dikes must woghetemporary inundation; housing
and industrial land uses are not suitable. Saltyrtion and shrimp farms seem an
appropriate land use in these areas.

Sub-crossing dikes, with smaller cross section thansecond dike, is recommended to
split the basin into sub-small basin (ponds). Tikisiseful to narrow the flooded area
when it is not necessary to spread over the whadeb
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Main features:

The total volume of earth and materials for dikelyocs larger than second option and
comparable to the first one. Although heavy pratecof the first dike is required, the

investment costs for this option is lower than tl&tthese two previous options.

Permanent land loss (ground used for dikes) is ewpaigpe to first option however large
area between these two dikes are needed to kemtetlovater.

Depending on the land-use between the two dikesase housing and industrial sector
take place, evacuation of the inter-dike area exded, but the area is shortly after the
storm accessible again. Inspection and regular teraamce of the first dike are
necessary to ensure it is “non-breachable” dike.

Range of application:

This option is usually applied for a relatively ldand value coastal low-lying region in
which floods may not cause serious damages forefens. In practice this option uses
as coastal flood defences of the rural/ aquacutiteas. This approach has been applied
and developed in Vietham during last 20 years atymalaces in the North. Local
people take advantage of the basin between thaséikes to develop aquaculture i.e.
shrimp farms.

4.5.4 Large overtopping: Two dike system-first dike wave-breaker dike

The dikes in this approach combine a wave brealkiregand a water defensive line. A
low first dike in combination with a higher secodike is used. The first dike is
designed at a reference level with a lower retugniga than the systems discussed
above. The main purpose of the first dike is taoasvave energy. In principal the first
dike is designed as the same as a nearshore breaksee Figure 4.7). During storm
conditions overtopping and overflow are acceptedulting in large quantities of salt
water stored in the inter-dike area. Because tis diike should be strong enough to
resist sea loads (wave and water level) it shoelgdmvided as strong amour layer as
for breakwater at the same condition. The wategllavinterdike area can be as high as
at sea, therefore no crest free board is requivedhie first dike. After the storm the
flooded area can be drained by gravity during lakes. As even more water will be
stored on land, the land use in the area must Adew economical value or cope with
the high water levels.

The second dike endures less wave attack becawsavef absorption of the first dike.
Thus, design waves for the second dikes are chasemave condition after the first
dike (local wave condition, determined by wave s$raission mechanism). Crest
freeboard of the second dike is determined basedwamtopping criteria of non-
overtopping condition, which is similar to the figption, [q]=0.1 I/s/m. However, the
crest freeboard in this case is much lower than ohahe first option because local
wave condition is used.
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Second Dike
First Dike

(as a breakwater)

/ \ Transitional Area Hinterland

Figure 4.7: Using two dikes system with large ooppiing

Main features:

The total volume of earth and materials use foe dikdy is smaller than in the case of
the above options, however, construction of tret fitke is very costly.

Land loss is comparable to third option (two diketh medium overtopping), however,
the area between these two dikes is flooded pemtignand this may cause some
environmental problems.

Range of application:

This option particularly should be used to protazastal zone in which its shoreline is
exposed to large wave attacks. In addition, apdineof this approach may be suitable
for a relatively low land value at a narrow strijpray the shore but a high value
hinterland. Moreover, use of this approach for d@®fences in combination with shore
protection in eroded coast would be of help. It |dobe suitable to protect high
productive/value islands by this option.

Of course a wide range of solutions can be intetpdl between these types of two-dike
systems. Most interesting points in selection cfu#table solution are the amount of
overtopping water, groundwork, land value and cdsidra measures can be taken to
guide the overtopping water into storage basinsaoals. Whatever solution is chosen,
both the first and the second dike will have a tclegel which is lower than the first
dike in the first two-dike system option. The lovike first dike, the more water needs
to be stored and the higher the second dike nedus to safeguard the hinterland.

4.6 Compar ative multi-criteria evaluation

In the previous section alternatives for a coadeédénce system have been discussed
and presented. Distinction between alternativesnéle by overtopping conditions.
However, based only on the overtopped dischardgeriaiis not enough to come up
with the proper alternative for selection of a agrtsea defence system. Several more
criteria are needed for consideration to select#s alternative. In this study, a multi
criteria evaluation is used with following criteteken into account:

4.6.1 Investments

Total investment costs of alternatives are consilesls an important aspect. The
investment takes into account cost of dike bodystoction and cost of dike

protections. The most expensive solution would ler@ative 1 while alternative 3 is

the cheapest. Alternatives 2 and 3 are fairly equia this section only qualitative

volume of materials to construct the dikes is coersd.
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4.6.2. Maintenance

The potential damages, frequency and intensityamhabe repairs of alternatives are
considered as a criterion. It is often the casd #ra alternative with expensive
investment results in a cheaper maintenance.

4.6.3 Safety of hinter lands

An assessment of the current safety level of theeHand and of the safety level of the
different alternatives is done. The alternatives &t designed on the same safety level
so their value is equal.

In general, the safety of the hinterland is weidHteavily because it is considered very
important.

4.6.4 Potential flood risk

Potential risk is defined as:

Risk = Probability of failure x Consequence [CURMAL41, 1990]

In which: Consequence is the loss of assets dfiedding, evacuation cost, etc.

The failure probability is similar for all optiorend is assumed to be equal to absolute
value of design frequency. However, the consequemken a flood occurs are
different for the alternatives. Therefore the pttdnisks are different as well.

This criterion is important for any long term plafthe coastal defence works.

4.6.5 Environmental issue and ecology

Implementation of a system will certainly have éffect on the current ecology and
environment. Due to salt water intrusion and higiater levels the ecology can be
disturbed and changed severely. Due to construcdfi@endike natural environment/ wet
land area can certainly be damage or destroyed.

4.6.6 Land loss and interferences

When a new system is implemented, extra space dde tcreated to construct it.
Sometimes due to construction and dike rehabuitatocal houses, villages have to be
demolished or land with a certain use has to bgloiom the current owners.

The amount of land with a certain use that has ¢o shcrificed and possible
dispossession procedures are included in thigicrite

The loss of economical value and the amount of denoé the inter-dike area when this
area is inundated is an aspect that cannot beatedle

4.6.7 Re-used materials

At some place the existing dikes are there andbeaunsed as the base for new system.
The level of re-use of existing dike bodies andai®ns in the new design is important
and therefore this is also a criterion used inahalysis.
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4.6.8 Technical feasibility

This criterion is about the availability of techagy, resources, construction materials
and construction equipment in implementation of sggtem. The available space for
construction and conditions such as weather angsadaility of the construction site are
also considered.

4.7 Conceptual framework for assessments

A performance matrix will be used in process ofeassig eight comparative criteria,
which are proposed in previous section, for eadfooplin this matrix, weight and rank
factors are depended on own subjective.

Weighting

Eight comparative criteria are proposed to ass#esnative. For every criterion the
weight factors are introduced and the value of yweeight factor is based on the
importance of each criterion for every alternatiVée total weight is 100 points and
these points are distributed among the eight @its an example in Table 4.2.

Ranking

Each option is ranked based on the above eighdrieritEach criterion is ranked for
every option from 1 (very bad) to 5 (very good)r Egample, the construction costs of
the option 1 (very high and big dike) are highestttse option 1 is ranked of 2 (bad
option based on high construction costs). On thetragy, the option 3 (lower and

smaller dikes) has smaller construction costs,thisdoption is ranked of 5 (good option
based on the construction costs).

After that we multiply the weight factor and thenking point of each criterion together
for each option that is called “score” of eacheasidn. Sum of total scores for each
option, comparing them together, the best optiatha highest score.

Beside these above four alternatives, when applitiigy MCE for any case study a
“zero option” will be introduced. The zero optiomrdonstrates the present situation of
coastal flood defences of the case study area.
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Table 4.2: Example of a MCE

No. Criteria Weight %errjf Opilon Opgon Op?t)|on Op£t1|0n
Weight 15 15 15 15 15
1 Investment 15 | Rank 5 1 4 3 2
Score 75 15 60 45 30
Weight 5 5 5 5 5
2 | maintenance 5 | Rank 1 5 3 4 2
Score 5 25 15 2( 10
Weight 20 20 20 20 20
3 Safety of hinter land 20 | Rank 1 4 4 4 4
Score 20 80 80 8( 8D
Weight 25 25 25 25 25
4 | Potential flood risk 25 | Rank 2 2 2 4 4
Score 50 50 50 100 100
Weight 10 10 10 10 10
5 | Environment Impact 10 | Rank 4 2 4 3 1
Score 40 20 4Q 3( 10
Land loss for Weight 10 10 10 10 10
6 | defence system and 10 Rank 5 3 4 2 1
its value Score 50 30 44 2( 10
Weight 10 10 10 10 10
7 Re-used material 10| Rank 5 2 2 3 1
Score 50 20 20 3( 10
Weight 5 5 5 5 5
8 | Feasibility 5 | Rank 1 3 3 4 1
Score 5 15 15 2( %
Total Score 100 295 255 320 345 255
Selection: 1 (best) to 5 (wor st) 3 4 2 1 4
Zero Option: Do nothing
Option 1: Non-overtopping - g = 0.1 I/s/meorery high dike system
Option 2: Small overtopping - g = 10 l/s/mgaelatively high dike system
Option 3: Medium large overtopping - q = 160m,
two dike system, first dikehigher than second dike
Option 4: Large overtopping - g = 1000 I/s/m,
two dike system (first dikas breakwater, is lower than second dike)
Ranking factor: 1 (very bad) to 5 (very good)

Apparently, based on Multi Criteria Evaluation,ciéan be concluded that applying
alternative 3 is the best solution in terms of giceiteria.
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4.8 Application case of Hai Hau, Nam Dinh

4.8.1 Determination of weight factor for each criien
I nvestment cost

The coastal zone of the Nam Dinh province is notnalustrial area. The coastal zone
mostly aquacultures, salt fields and agricultuessept some small places houses which
start to be recreational areas for touristic dgw@lent. In general, the value of land
behind the dikes as well as annual income of Ipeadple is not so high. This also
means that the available budget is limited for tmsion of the heavy flood defence
system. Due to that fact the investment criteriondoastal area in Nam Dinh is very
importance. The weight factor of 25 is chosen ia tase of application at Hai Hau
coast in Nam Dinh.

M aintenance cost

Weight factor of maintenance cost criterion is @mss 5, because of the cheaper
investment, the more expensive maintenance halve &zcepted.

Safety of hinterland & getting less potential risk

Safety of hinter land and getting less potentisk re the most important criteria for
most of flood defence system. Therefore the wefmttors are chosen of 20.

Environmental impact

When a defence system of a coastal area is impkeahethe current ecology and
environment of the area will be affected. Wet largle used as ground space for
constructing the system, some plants therefore datroyed. However, along the
coastline of Nam Dinh the wetland areas were ayrefbtroyed long time ago due to
development of agriculture and aquaculture. Fronthalse reason the weight factor of
the environment impact is chosen by 10.

Land uses

The quantity of land, which is used for constructiof flood defence system, is
available at Hai Hau coastal area. There is enspghe to construct the defence system
in this area. However, local people will not acceasily when their land for life is lost.
Therefore, the weight factor is chosen of 10 fas triterion.

Re-use material

There exists already sea dikes system along thst.chbiew sea defence system or
upgrading system will be located at the same lonatUses of existing sea dike’s body
and its materials are one of important fact to saeeey. The value of 10 is chosen for
the weight factor of this criterion.

Feasibility
As development of Vietnam in general and Nam Dmiparticular during last, at this
moment there is enough available construction telcdges and equipments to

implement all kind of dike system along the coas#i of Hai Hau. The road system is
good enough to mobilize all construction equipmeard materials to the coastlines.
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This means we do not have to concern too much isnctiterion. Its weight factor is
chosen as light as 5.

4.8.2 Rank of options for each criterion
I nvestment cost

Relatively, option 3 of using two dikes, mediumgarovertopped water allows (100
I/'s/m), good protected of both sides of the fiigedappear as the cheapest option. Next
to that is option 2 of using one dike. The mostemgive option is using two dikes with
fisrt line such as wave breaker. The rank for ¢hiterion is presented in table 4.3

M aintenance cost

Ranking of option 1 is the highest, because wittalsravertopped discharge allow
results in the highest and strongest dikes, thezefess maintenance is expected. While
the zero option needs the highest maintenanceoas ffractical experience during the
last few years at Nam Dinh sea defiance. Thusiik rs the lowest one. Option 4 needs
large maintenance as well.

Safety of hinterland

All options, except doing nothing as the zero aptishould have the same rank for
safety criterion. This is because for a certaingtesondition (design return period of
loads) all options are required to design and coosin the way that fulfill the design
conditions. Therefore, all alternatives have thraesgafety level for the hinterland and it
is theoretically reasonable to consider so in qliglitative analysis. The safety level for
each alternative is the design safety level (1/2this case) and we have to assume that
all design are met this design safety level, whicheflected by using the same design
water level and waves. Differences here are ovpadpdischarges on different "un-
breachable" design defence systems.

Getting less potential risk

Although the chance of dike breach for each altereas the same, however, the risk
for the hinterland is not the same because consegaeof system failure are not the
same for every alternative, since risk is defined: @Risk=(probability of
failure)*(consequences). Failure consequences iffieraht within options due to, for
instance:

() Traditionally people believe more in the highard bigger one dike system, thus,
attention of flood risk of local people is gettingss and, consequently, more
investments/economic activities are going on;

(i) Evacuation of the 2 dike system maybe moredite then one dike system when a
failure/flood occurs, because with 2 dike systenbaffer zone is provided to slow-
down flooding process.

Environmental impact

Using of two dike system with one wave breaker Bseoption 4 seems to be the most
serious environmental impact since the breakerdneates a still water area in front of
the second dike. Therefore this option has the $owank (rank =1). Option 1, with
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highest dikes, induces large amount of constructiorks as well as material and its
transportation. This disturbs environment considigrdrank=2). Using option 2 and
keep doing nothing relatively has the same ranld dor this environmental impact
criterion. Option 3 has rank of 3, in between thaiseve option.

Land uses

It is clear that doing nothing results in no extmad use, therefore rank of this option is
highest at 5. In contrast, using option 3 and 4rtbe largest ground space, these give
rank of 2. Option 1 need more ground space tham@ so their rank is of 3 and 4
respectively.

Re-use material

Similarly, doing nothing mean use of existing séas, so 100% of re-use material for
this option (rang of 5). Most of the existing di&ections can be used as part of the first
dikes in Option 3. So the degree of re-use materialso high, rank of 3. Option 1 and
2 can also be considered as upgrading existingdherefore the old dikes can be used
as a part of the new dikes, except some weak ssctihich need to reconstruct
completely, so the rank for option 1 and 2 are lemjbal at 2. The Option 4 can re-use
less existing dike body material so its rank is 1.

Feasibility

In term of present construction technology andwag that public reflects its opinion,
Option 3 appears as the most feasible (therefarg =5). Option zero is hard to be
accepted since damage of the system occurs eveny ayad induces serious loss.
Amongst other options Option 4 with one wave breateam offshore is the most
difficult in construction (therefore, rank = 2). @ause (i) a shallow foreshore is found
along the coastline of Nam Dinh, this make difftcébr water born construction
equipments to approach the shore lines. (ii) Vietnhas not much construction
experience in construction of offshore breakwater.

4.8.3 Summary

Table 4.3 in the next page summarized all weigbtofs, ranking factors and scores of
eight indicated criteria above for the applicatmmMulti Criteria Evaluation in Nam
Dinh coastal area.
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Table 4.3: The application of MCE in Nam Dinh cedsirea

No. Criteria)l Weight |Zero Opt|Option 1{Option 2|Option 3|Option 4
Weight 20 20 20 20 20
1 | Investment 20 | Rank 5 2 3 4 1
Score 60 40 8( 60 2D
Weight 5 5 5 5 5
2 | maintenance 5 | Rank 1 5 3 4 2
Score 5 25 14 20 1P
Weight 20 20 20 20 20
3 | Safety of hinter land 20 | Rank 1 5 5 5 5
Score 20 100 100 100 190
Weight 20 20 20 20 20
4 | Potential flood risk 20 | Rank 2 2 2 4 4
Score 40 40 4( 80 8p
Weight 10 10 10 10 10
5 | Environment Impact 10 | Rank 4 2 4 3 1
Score 40 20 4( 30 10
Weight 10 10 10 10 10
Land loss for defence
6 system and its value 10 [EReEE > o 4 z z
Score 50 30 4( 20 2D
Weight 10 10 10 10 10
7 | Re-used material 10| Rank 5 2 2 4 1
Score 50 20 2( 40 10
Weight 5 5 5 5 5
8 | Feasibility 5 | Rank 1 3 3 4 2
Score 5 15 14 20 3]
Total Score 100 310 290 330 390 260
Selection (1=best; 5=wor st) 3 3 2 1 5
Zero Option: Do nothing
Option 1: Non-overtopping - g = 0.1 l/s/mgorery high dike system
Option 2: Small overtopping - g = 10 I/s/meaelatively high dike system
Option 3: Medium large overtopping - q = 160m,
two dike system, first dikehigher than second dike
Option 4: Large overtopping - g = 1000 I/s/m,
two dike system (first dikas breakwater, is lower than second dike)
Ranking factor: 1 (very bad) to 5 (very good)

As shown in the Table 4.3 total score of the Optior medium large overtopping,
which requiring of two dike systems, has the higlsesre. The second highest in total
score is the option 2 — small overtopping with gsome dike system. The different of
total score of these both options is consideralescores). Therefore using two dike
systems allowed medium large overtopping is suggeist Nam Dinh coastal area. It is
in good agreement with the actually use of thedsfance system in Nam Dinh (Hai
Hau is currently using a two dike system).
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4.9 Application case of Cat Hai, Hai Phong

4.9.1 Determination of weight factor for each criien

Hai Phong is in the process of becoming a civilizedl modern seaport city, a main
gate to the sea, and an industrial, service, touasd fishery centre in the North with a
developed foundation of economy, education anditrgj technology - environment
and infrastructure; a firm security - nation defeasid further improving people's living
condition.

Generally the land value in Hai Phong is high, @ las the second most expensive
regions in Northern Vietnam, after Hanoi land. Eati Island is selected in this study
which is subjected to a fast economic growth regibrHai Phong due to touristic
development and fishery sector during last 15 years

The budget of Hai Phong province is available fonstructing a strong flood defence
system which causes severe damages for living émet activities production beside
coastline if it is weak. Therefore the weight faadb investment cost criterion is chosen
by 10. And maintenance has weight of 5 (see TaMlg 4

Protecting of city and industrial areas behinddbastline is a vital importance function
in Hai Phong. If these areas are flooded conseguefcflooding will be become
serious, living and industrial activities will beffected. These cause damage of
structures and lose of life. Due to this importafwection of flood defence system in
Hai Phong, the criteria of hinter lands safety aotential of risk are become of most
importance criteria. These comparative criteriagven with weight factor of 25 and
20, respectively, as showing in Table 4.4 below.

Re-use material of existing coastal defence syssenot very important in Hai Phong

area since local material such as soil and roclavigilable. Beside, as personal
communication with the local authority it is neaaysto re-arrange the defence lines in
order to fit well with the local development pldrherefore it is not necessary if the new
dike system is on exact place of the existing die. weight of re-use material criterion
in this case is recommended at 5.

Weight factor of others criteria is similar to tledtthe Nam Dinh case (See table 4.4).

4.9.2 Rank of options amongst each criterion

Since all the options used from previous case ohNanh are introduced for this case,
basically, it is reasonable to keep the option saadkthe same as the previous for almost
all criteria. Excepting slightly different is fourwdith potential risk criterion. In this case
the potential risk of option one is higher thant tbboption 2. This can be explain that
due to local high land value; fast development dbasequences of system failure of
Option 1 must be higher than Option 2 since loadgbe and investor trust more on
Option 1.
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4.9.3 Summary

Adapting all weight factors, ranking factors resultscores of eight indicated criteria
above for options of coastal flood defence of Cat Kland in Hai Phong as shown in
Table 4.4 below.

Table 4.4: The application of MCE in Hai Phong ¢abarea
Zero | Option | Option | Option | Option
No. Criteria Weight Opt 1 2 3 4
Weight 10 10 10 10 10
1 | Investment 10 | Rank 5 2 4 3 1
Score 30 20 4( 30 10
Weight 5 5 5 5 5
2 | maintenance 5 | Rank 1 5 3 4 2
Score 5 25 15 20 10
Weight 25 25 25 25 25
3 | Safety of hinter land 25| Rank 1 5 5 5 5
Score 25 125 12% 125 125
Weight 20 20 20 20 20
4 | Potential flood risk 20 | Rank 2 2 3 4 4
Score 40 4(Q 6( 80 8p
Weight 10 10 10 10 10
5 | Environment Impact 10 | Rank 4 2 4 3 1
Score 40 20 4( 30 10
Weight 20 20 20 20 20
Land loss for defence
6 system and its value 20 EILS 2 - &l 2 L
Score 100 60 8 40 20
Weight 5 5 5 5 5
7 | Re-used material 5 | Rank 5 2 2 3 1
Score 25 10Q 1( 15 5
Weight 5 5 5 5 5
8 | Feasibility 5 | Rank 1 3 3 4 2
Score 5 15 15 20 1P
Total Score 100 290 315 385 360 270
Selection (1=best; 5=worst) 4 3 1 2 5
Zero Option: Do nothing
Option 1: Non-overtopping - g = 0.1 I/s/mgorery high dike system
Option 2: Small overtopping - g = 10 I/s/mgaelatively high dike system
Option 3: Medium large overtopping - q = 160m,
two dike system, first dikehigher than second dike
Option 4: Large overtopping - g = 1000 I/s/m,
two dike system (first dikas breakwater, is lower than second dike)
Ranking factor: 1 (very bad) to 5 (very good)

As shown in the Table 4.4 total score of the Optibr small overtopping, which
requiring of one lower dike system, has the higkeste. The second highest one is the
option 3 — medium large overtopping with using tdike system. Based on analysis
result it is recommended to use one dike systeim svitall overtopping allowed for Hai
Phong coastal area. It is in good agreement wighatttually use of the sea defence
system in Cat Hai, Hai Phong (Cat Hai is curreodgs one dike system).
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For both case studies an interesting result wasdftetween Zero Option and Option 4.
Using option 4 is not as good as doing anythinghgisintegrated multi-criteria
comparison as in this study.

4,10 Discussions

Advantages of MCE method to find out the best sofubf sea flood defence system:
Based on the general information of socio-econodeeelopment, people’s living
condition, and economic strategy developments dsadl equired safety standard of
protected zone etc., the MCE tool could be usedeteelop the master plan of flood
defence system.

Applied MCE tool in process of selecting sea flatedence system for the case study of
Cat Hai coastal area in Hai Phong indicate thatugiag of one defensive line is more
suitable than the other.

Also by application of MCE tool, the best solutiohsea flood defence system in the
case study of Hai Hau in Nam Dinh is found, thasithe flood defence system with
two defensive dike lines. This result also indisatkat in regions which have space
enough to make a large transitional area for sgoawertopping water from the sea
during storm duration, the two defence lines systbould be used.

MCE tool also has disadvantages in process of sisgethe performance matrix. It is
difficult to distribute weight factor for each @iion and this assessment is depended on
own subjective.

Thus, to apply the MCE tool more effectively andsd to the actual situation, some
activities should be under taken before makingtlagrix of MCE. They could include:

- Survey public opinion by distribute surveying fotoncivilians in the region;
- Organize multidisciplinary meetings with all stdikalder in the region;

- Final decision on weight factor should be based tidistiplinary expert
assessment and practical situations in the area.

Nevertheless, for a preliminary stage, the MCE iseful tool to orientate well and to
indicate briefly which defence option should be sidared. In order to come up with
more consistent answers, further analysis must dree,dbased on i.e. cost benefit
analysis, partly and/ or fully risk assessment, elthese issues will be dealt within
Chapter 5.
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CHAPTERYV RISK BASED COST BENEFIT ANALYIS OF
ALTERNATIVE DEFENCE OPTIONS

5.1 Methodology and assumption

This Chapter presents the application of risk based benefit analysis to find out the
best solution amongst given other options. Agaiadtscenarios (with return period are
25 years, 50 years and 100 years) could be coesidiethe analysis.

According to the method of fundamental economidnojgation (see Dantzig, 1956),
the total costs in a syster@;) are determined by the sum of the initial invesiteost
(linitir) for building the dike; the present maintenancet @uring the lifetime of the
system Chaintenance the expected value of land space which is usedotiiding the
system (to place the dike system@and us¢ @nd the present expected value of the
economic damagg&(D) in case of flood occur. The optimal economic solutis the
option which has the lowest total cost.

Ctot = Iinitial + PV(Qnaint enacg + Clandusé'- P\( E D) (51)

Due to time limited therefore only scenario 1, wifturn period of 25 years and is
actually used in Vietnam, is considered. An analysi other scenario could be easily
done by applying a similar approach. Case studidsoth Nam Dinh and Hai Phong
coastal flood defences are analysed in SectioaridSSection 5.6, respectively.

Chapter 4 already narrowed down better sea defeptiens, these are: (i) Option 1:
non-overtopping dike; (i) Option 2: Small overtapyp dike and (iii) Option 3:
Medium-large overtopping first dike and second diaeeded. In this chapter, three
better options are considered and compared toolindhe best option.

5.2 Establishment of cost function for option of using one dikeline
- Initial investment cost function:

Iinitial = f (Hdike) :Cl'AH + CZ'LrJuter + CS' I‘inner-l- C4'W (52)

Sea w

I, )
> Hinterland

T
X |

Wianduse

Figure 5.1: Specific parameters of one dike lingtey

In which: G: the rate of constructed dike body, Mil. USB/km
C,: the rate of constructed outer slope protectioi, W5D/m/km
Cs: the rate of constructed inner slope protectioi, MSD/m/km

C,: the rate of constructed cost of crest protectidih, USD/m/km
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And:

Cross section area of the dike:

A, =[05*H.(m + m)+ v. H (5.3)

Length of outer slope:
Loer = Ha/1+ 1Y (5.4)

Length of inner slope:
L, = Ha/l+m? (5.5)

- Expected maintenance cost:

Cmajnt enance— f (q) (56)

With q is average overtopping discharge in l/s/m.

The maintenance cost is determined by using invendata of the actual annual
maintenance costs in Vietnam which can be derivedn fthe wave overtopping
discharge and total investment cost.

Sea dike at Do Son in Hai Phong province was umgtatb withstand with
[g]=0.1l/s/m, the maintenance cost was estimated approxim@t&dp of |niia per year.
Thus:

i=T 1

F)V(Cmaintenanc}: 0.1%*linitia* i
i=0 (1 +r ')

(5.7)

Most of other sea dike sections in Vietnam was degigned based on overtopping
criteria. However, the actual dikes are correspdntbe amount of wave overtopped
discharge of about 20 I/s/m. The experienced vafumaintenance cost for these dikes
was about 0.5 — 1% of the initial investment cddterefore the maintenance cost is
roughly estimated by:

PV(Gnaintenancy= 1%0*linitial* i 1 i (5.8)
= (1+1")
In which T is the lifetime of the dikes, in yeaiisrthe economic growth rate.
- Cost of land-use of one dike system is determmedquation (5.9) below:
Cranduse = G5 Wianaus (5.9)

In which: Cs is the rate of land use, Mil. USD/m/km:;

WianduselS the length of land which is used to place dikstem, m.
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- The expected value of economic damage has tasbeuhted to present value with the
reduced value rate r' = r — g, in which r is thalrmterest rate and g is the economic
growth rate.

The expected value of the economic damage canlbelai®d from the probability of
flooding (Ps), the damage caused by the flo@),(and the reduced value rate ('), see
equation (5.10) below.

PV(E(D) = p,* D* i(ljr ; (5.10)

5.3 Establishment of cost function for option of using two dike lines

- The initial cost of this option is calculated éguation(5.11), (5.12) and (5.13) below:

L = F1(Hgien) + F2(H give2) (5.11)
1:l(Hdikel) = [Cl AHl+ CZ‘ Louter1+ C3 I‘inner1+ Ccres] (512)
fz(H dike2) = [Cl AH 2 + C' 2" Louter2+ CI 3" I‘inner2+ Cl cres] (513)

In whichf,(H,.) and f,(H,.,) are the initial cost function of the first dikecathe
second dike of defence system, respectively.

C’1, C'; andC’; are the unit costs for different components (stogued crest protection)
of the second dike. So it may be smaller thanGz andC; because it is not necessary to
give heavy protection for the second dike.

First Dike

Sea Wi Second Dike

4%7 ¢ -
" , -
Lot of L9, Transitional Area ol

Hinterland

| Wianduse_diet | stomge area | Wnduse._dkez

Figure 5.2: Specific parameters of two dike lingstem
And:
Cross section area of the first dike:
Ay =[0.5*H.(m+ m)+ w]. H (5.14)
Length of outer slope of the first dike:
Loyen = Hi/1+ mf (5.15)

Length of inner slope of the first dike:
Linnerl = H1' 1+ mg (516)
Cross section area of the second dike:

A, =[0.5%H,.(m"+ m,)+ w]. H, (5.17)
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Length of outer slope of the second dike:

Louter2 = HZ'\/1+ m? (518)

Length of inner slope of the second dike:

Linner2 = H2V1+m'22 (519)

- Expected maintenance cost:

C =C

maint enance

+C

miat enance dike

(5.20)

ma  enance 2

Corresponding to overtopping dischargg=100 I/s/m maintenance cost is roughly
estimated approximate@maintenance 0.7%*linitiar PEr year to maintaining the first dike,
and Chaintenance 0.2%*linitiar per year for maintenance of the second dike. Thezethe
present maintenance cost of the first and the skdite are determined by equation
(5.21) and (5.22), respectively.

i=T 1

PV(Gnaintenancy= 1%0*linitia* z—, (5.22)
=0 (1 +r ')
i=T 1
F)V(Cmaintenanc}: 0.1%*linitia* Z i (5.22)
i=0 (1 +r ')

In which T is the lifetime of the dikes, in year;is the reduced value
rate.

- The cost of land using of two dikes system i®datned in equation (5.23) below:

Clanduse™ CS'(WIandus_e ditst Woianause storage W ianduse ke (5.23)
In which:
Cs is the rate of land use, Mil. USD/m/km;
Wianduse_dikedS the width of land which is used to place thstfdike;

Wianduse_storagelS the width of land which is used in storage a@@aplace sub-
crossing dikes;

Wianduse_dikedS the width of land which is used to place theosel dike.
- Expected value of economic damage when flood sc@uring T years of lifetime):

1

r) (5.24)

PV(E(D) = p,* D' Y.

In which: P; is the probability of flooding; D the damage calisy the flood, and r is
the reduced value rate.

The Application of a Tandem Dike System in Vietnam 70



CHAPTERV RISK BASED COST BENEFIT ANALYSIS OF DEFENE OPTIONS

5.4 Preliminary design of dike cross section

In this section, some main dimensions of the dileed®termined. Dike crest level (dike
height) is determined by wave run-up and wave opging conditions. Amour layers
for slope protection are determined by stabilityndiion under wave attack. Slope
angles of the dike (outer and inner slope) candierthined by geotechnical stability
criteria. Dike crest width depends on requiremenitsconstruction, operation and
maintenance works, it may also be used as a raalbdal region. The parameters of
slope angles and crest width of the dike are seaa® as the actual dimensions of sea
dikes in Vietnam:

- Outer slope m=m’; = 4;

- Inner slope m=m’"; = 2;

- Crestwidthw=w=w,=5m.
5.4.1 Dike crest level
Dike crest level is determined by:

DikeCrest Level =DWL + R+ SLR

In which:
DWL: design water level, + MSL m
R: crest freeboard, that is the vertical distandeveen DWL and dike crest, m
SLR: sea level rise due to climate change, m

In this study sea level rise is considered of 0.@emcentury. The lifetime of the dike is
considered of 50 years. The sea level rise of Otharefore is accounted in this study.

Crest freeboard is determined by two conditionsv@veun-up and wave overtopping
conditions) which are introduced following paradrap

< Waverun-up level

Wave run-up levels are determined by TAW (2002)chipresents two equations for
determination of wave run-up:

% =AWV Vs Emao (5.25)

mo0

With a maximum or upper boundary for larger valog&y.1 o of:

M: - C
H yf.yﬂ.{B ’—Em—l,OJ (5.26)

In which:

- Breaker parameté,.1is calculated by equation (5.27):
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tana
10 = (5.27)

-1,0

- Wave steepnesg sois determined by equation (5.28).

_2m H,,
Snn—l,o _E'Tz

m-1,0

(5.28)

- The energy wave periodnk o can be estimated from peak wave perigdby
equation (5.29) [CIRIA/C683 2007].

T
Tm—lO =t (529)
T11

- v is the reduction factor of berm. Due to straighipe in this study (no
application of berm) thereforg = 1.0;

- vt is the reduction factor of roughness slope. Tagdr is determined based on
type of protection. Roughness reduction factorssfope covered with concrete
armour unit are of 0.75;

- g is the reduction factor due to obliqgue wave. Tusrection factor for oblique
short-crested waves is given by equation.

y; =1-0.00224 for < B| < 8¢ (5.30)

For angles of approact; > 8C, the result ofp = 80 can be applied
[CIRA/C683 2007].

Values for coefficients A, B and C in equation®28.and (5.26) are given in Table 5.1
in CIRIA/C683 2007 with safety margin — determiiistalculations: A = 1.75; B = 4.3
and C = 1.6.

Wave run-up levels at Hai Hau coast in Nam Dinh an@at Hai coast in Hai Phong
are presented in Table 5.1 and 5.2 respectively.

Table 5.1: Calculation of wave run-up on the dikgps at Hai Hau coast

Scenario 1/25 1/50 1/100
Significant wave height in front of structures, m 2.6 2.9 3.1
Reduction factor of roughness slopg (-) 0.750 0.750 0.7%0
Reduction factor due to oblique ways, (-) 0.972 0.974 0.975
Reduction factor of bermed slopg, (-) 1.Q 1.0 1.0
The fictitious wave steepness (local);s, (-) 0.019 0.017 0.016
tan(@), (-) 0.25 0.25 0.25
Surf similarity (local)ém-1.0 (-) 1.83 1.92 1.99
Wave run-up Ry, m:
- Eq.5.8 - C683 (Equation (5.25)) 6.2 7.0 7.9

The Application of a Tandem Dike System in Vietnam 79



CHAPTERV RISK BASED COST BENEFIT ANALYSIS OF DEFENE OPTIONS

Table 5.2: Calculation of wave run-up on the dikegpe at Cat Hai coast

Scenario 1/25 1/50 1/100
Significant wave height in front of structures, m 2.8 3.0 3.1
Reduction factor of roughness slopg(-) 0.750 0.750 0.7%0
Reduction factor due to obliqgue waye, (-) 0.971 0.973 0.975
Reduction factor of bermed slops, (-) 1.Q 1.0 1.0
The fictitious wave steepness (local):s, (-) 0.020 0.018 0.016
tan@), (-) 0.25 0.25 0.25
Surf similarity (local)ém-1.0 (-) 1.78 1.88 1.98
Wave run-up Ru2%, m:
- Eq.5.8 - C683 (Equation (5.25)) 6.3 7.2 7.9

Wave overtopping and crest level

According to wave overtopping criteria the dike stréreeboard (B must be height
enough to limit overtopped discharge by waveshis study Van der Meer formulae in
TAW 2002 are used to determine the R

For breaking wavesi.{m-10< = 2):

qa _ A R, 1
= Yo €so-€XQ —B : (5.31)
Jo.H, tana 7T F{ Hno Em,o-yb-yf-yﬂj

With a maximum (for non-breaking waves generalpcteed when,.&m.1.0> = 2):

9 _Cexg-D 1 (5.32)
"gHriO HmO Vi-Vs

Where:
- vp=1.0is the reduction factor of berm (no berntl@outer slope of the dike)

- v is the reduction factor of roughness slope, fopslcovered with concrete
armour unitys = 0.75;

- vp is the reduction factor due to oblique wave artémeined by equation (5.33).
y; =1-0.00334] for O< |p| < 8¢ (5.33)
For angles of approact; > 8C, the result ofp = 80 can be applied
[CIRA/C683 2007].

- Coefficients A, B, C and D in equations (5.31) #b2) are given in Table 5.8
in CIRIA/C683 2007 with safety margin — determimdstalculations: A = 0.067;
B=43;C=0.2and D =2.3.

Table 5.3 and 5.4 present freeboards and requiest levels of dikes for each option at
Hai Hau (Nam Dinh) and Cat Hai (Hai Phong) respetyi
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Table 5.3: Crest level calculation of dike in HalHcoast — Nam Dinh

Scenario 1/25 1/50 1/100
Roughness reduction factgy (-) 0.75 0.75 0.7%
Reduction factor due to oblique wayeg, (-) 0.95¢ 0.96( 0.962
Reduction factor of bermed slopg, (-) 1.0 1.Q 1.0
Option 1: Non - overtopping gq= 0.1 I/9m
Freeboard Rc, m 8.4 9.7 11.0
Required crest level, m 12.2 13.8 15.4
Option 2: Small overtopping gq= 10 I/S'm
Freeboard Rc, m 4.7 5.5 6.3
Required crest level, m 8.5 9.5 10.6
Option 3: Medium lar ge overtopping gq= 100 l/9m
Freeboard Rc, m 2.8 3.4 3.9
Required crest level, m 6.6 7.4 8.2
Table 5.4: Crest level calculation of dike in Catildoast — Hai Phong

Scenario 1/25 1/5C 1/10(
Roughness reduction factgy (-) 0.7% 0.75 0.75
Reduction factor due to oblique wavye, (-) 0.957 0.96( 0.962
Reduction factor of bermed slopg, (-) 1.Q 1.0 1.0
Option 1: Non - overtopping gq= 01 I/9m
Freeboard Rc, m 8.6 10.¢ 11.1
Required crest level, m 12.] 13.6 14.9
Option 2: Small overtopping gq= 10 I/S'm
Freeboard Rc, m 4.8 5.6 6.4
Required crest level, m 8.3 9.2 10.1]
Option 3: Medium lar ge overtopping gq= 100 I/9m
Freeboard Rc, m 2.9 3.5 4.0
Required crest level, m 6.4 7.1 7.7

Summary

Selected crest freeboards in this study are basedvertopping conditions, because
distinctions are made between three defence optith are proposed in Section 5.1.

The required crest levels of each wave overtopgiagharge option are summarized in
Table 5.5 at Hai Hau coast in Nam Dinh and Taleab.Cat Hai in Hai Phong coast.

Table 5.5: Summary of crest level calculationhsf tike in Hai Hau coast — Nam Dinh

Crest level of each option Scenario 1 | Scenario 2 | Scenario 3

(m) 1/25 1/50 1/100
Option 1: Non-overtopped dike 12.2 13.8 15.4
Option 2: Small overtopped dike 8.5 9.5 10.6
Option 3: Medium large overtopped dike 6.6 7.4 8.2
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Table 5.6: Summary of crest level calculation & dlike in Cat Hai coast — Hai Phong

Crest level of each option Scenario 1 | Scenario 2 | Scenario 3

(m) 1/25 1/50 1/100
Option 1: Non-overtopped dike 12.1 13.6 14.9
Option 2: Small overtopped dike 8.3 9.2 10.1
Option 3: Medium large overtopped dike 6.4 7.1 7.7

5.4.2 Determination of slope protection

Amour layers to protecting outer slope are deteeahiby Pilarczyk formula (Pilarczyk,
1998). The reasons of using this formula are tkigseis applicable for various types of
revetment; (i) it is introduced in the sea dikesiga code of Vietham (14 TCN-130-
2002).

Wave attack on revetments will lead to a complewfbver and through the revetment
structure (filter and cover layer). During wave +um the resulting forces by the waves
will be directed opposite to the gravity forces.r Bemi-permeable cover layers the
equilibrium of uplift forces and gravity forces fidied by components of a revetment)
lead to the following (approximate) design formula:

= =% (5.34)
Where:

Hs is (local) significant wave height [m];
&op IS breaker parameter given by:

o= TR (5.35)

1.5617
T, is wave period at the peak of the spectrum [s];
A is the relative volumetric mass of cover layer:
pA=Le"Pu (5.36)
Pu

With ps is density of the protection material (kgjnandp,, is density of water

(kg/m);
a is slope angle [deq];
D is thickness of a top (cover) layer [m];

o is total stability factor.
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The application of formula (5.34) is only for sepgfrmeable cover layers (i.e., pitched

stone and placed blocks, block mats, concreteand-$illed geo-mattresses) which use
of the following stability factom:

¢ = 4 to 4.5 for placed blocks,

¢ = 8 for interlocked blocks on properly designet-fayers and subsoil.

Figure 5.3 shows the given value of the formul&4%for slope of 1:4.

Hs/(Dso.A) (-)

14.0

‘ —a— Phi = 4.5 - Placed blocks —e— Phi = 8 - Interlocked blocks ‘

12.0 A

10.0 A

8.0

6.0

4.0

2.0

0.0

0.5

2.5

3

Breaker parameter &, (-)

Figure 5.3: Stability of slaps/blocks revetmentapplied Pilarczyk’s formula.

Applying formula (5.34) the required thickness/safecover layers for given cases of
Namdinh revetments and Hai Phong are in Tablead7Table 5.8, respectively.

Table 5.7: Required thickness of block revetmemiaitHau coast in Nam Dinh.

P; | Significant |Peak wave| Wave |tana| Breaker D Placed blocks Interlocked blocks
wave height | period Ty |length Lo, parameter A=1.33, ¢=4.5 A=1.33, ¢=8
H X
) * HJ/(DxD)] D | HJ(DwD)| D

() (m) (s) (m) ) () ) () (m) ) (m)
1/25 2.6 10.5 171 0.26 201 1.33 2.82 0.70 5.02 0.40
1/50 2.9 11.4 204 026 211 1.33 274 0.79 4.86 0.44
1/100 3.1 12.3 237 025 219 1.33 2.67 0.87 474 0.49

Table 5.8: Required thickness of block revetme@attHai coast in Hai Phong.

P; | Significant |Peak wave| Wave |tana| Breaker D Placed blocks Interlocked blocks
wave height | period T, |length L, par ameter A=1.33, ¢=4.5 A=1.33, ¢=8
Hs Xop HJDxD)| D |HJDwD)| D
() (m) (s) (m) ) ) () (@) (m) ) (m)
1/25 2.8 10.5 171 026 1.96 1.33 2.87 0.73 5.10 0.41
1/50 3.0 11.4 204 0.26 2.07 1.33 2.77 0.81 493 0.45
1/100 3.1 12.3 237 0.25 217 1.33 2.68 0.88 477 0.49

The Application of a Tandem Dike System in Vietnam

76




CHAPTERV RISK BASED COST BENEFIT ANALYSIS OF DEFENE OPTIONS

5.5 Application of risk based cost benefit analyssat Hai Hau coastal areain Nam Dinh

This section is going to determine total costy, ©f different sea defense options for
Hai Hau coastal zone in Nam Dinh. As mention abibwee options will be applied to
analysis those are:

- Option 1: Non-overtopping (q = 0.1 I/s/m);
- Option 2: Small overtopping (q = 10 I/s/m); and
- Option 3: Medium large overtopping (q = 100 I/s/m).

In Hai Hau the coastal area has a coastline of Rm3in length which is directly
affected by wave attack from the sea (see Figute Bherefore this length of coastline
will be considered as the length of the sea defegstem which has to be designed in
each option.

ETER- T

T AT A e e

TONKIN GULF N

Figure 5.4: Overview of coastal area in Hai Hauritis Nam Dinh province

By applying series equations from (5.1) to (5.24¢ total costs of each option are
determined for case study of Hai Hau in Nam Dinh.

Based on design documents and expenditure repbegisting Nam Dinh sea dikes
given by DDMFC/MARD 2005, taking into account thetwal inflammation rates of
Vietnam (9 percent in 2007) the unit cost factors@, Cs, C, and G are determined as
in Table 5.9.
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Table 5.9: Unit cost factors for Nam Dinh sea dikes

Para. Descriptions Unit Value
Co |Total Investment costs of existing dike; cresi.am Mil. $US/km 3.217
Cl Unit cost of constructed dike body Mil. $US/km 0.0096
C2 Unit cost of constructed outer slope protection Mil. $US/m/km) 0.0424
C3 Unit cost of constructed inner slope protection Mil. $US/m/km 0.0024
C4 Unit cost for crest protection Mil. $US/m/km (00172
C5 Unit cost of land use Mil. $US/m/km 0.0206

Expected economic damadgD) when flooding occurs is determined by equation
(5.10), in which D is the damage due to flood. Vakie of D is estimated based on the
damage caused by Damrey Typhoon occurred in Septemtihe Northern Vietnam,
which led to a total direct loss of about 120 MiliUSD in three coastal areas in Nam
Dinh (Giao Thuy, Hai Hau and Nghia Hung) [DMWG 2(00%he damage in Hai Hau
coastal area is approximately about 40 Million USD.

The actual economic growth rate of 7.5% of Vietnianaken into account to analysis
for the case of Hai Hau (Nam Dinh) coastal floofedee and also for the case of Cat
Hai (Hai Phong) coastal flood defense which is yaed in next section.

Determination of the second dike height of Optio(M&dium large overtopping — q =

100 I/s/m) is based on overtopped sea water digehatorm duration, width of storage
zone and wind setup in transitional area (storaga)aTable 5.10 shows the result of
determination of the second dike height for theecstsidy of Hai Hau coastal flood

defense.

Table 5.10: Determination of the second dike heightHai Hau coastal flood defense

Parameters Unit Value

Specific overtopping discharge q I/s/m 100
Storm duration Jiorm hour 6
Length of storage areaukage m 2000
Width of storage area Wage m 1000
Volume of overtopped water from seg,¥op m3 4,32E+06
Storage area drage m2 2.00E+06
Water depth in storage areghge m 2.16
Wind velocity corresponds to design frequency U m/s 30.8
Wind wave in storage area,,H m 0.7
Significant wave height in front of the first dike m 2.6
Transmitted wave height over the first dike, H m 0.3
Incomming wave height at the second dikg,#HH,, + H; m 1.0
Design wave height at the second dikg; H m 1.0
Overtopped discharge of the second dike, q I/s/im 1.0
Free board of the second dike,,R m 1.32
Crest height of the second dike m 35
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The total cost ¢ of each option is presented in Table 5.11, 5.12%h3 for sea flood
defense in Hai Hau coastal zone (Nam Dinh province)

Table 5.11: Determination of total costdfCof Option 1 (Non-overtopping) for case study dfitau

Parameters Unit Value
Probability of flooding P ) 0.04
Length of dike section km 25.30
Height of the dike H m 12.2
Initial investment cost linitial Mil. $US 194.266
Expected maintenance cost Cpaintenance Mil. $US 2.521
L and use cost Cjanduse Mil. $US 40.777
Expected value of economic damage E(D) Mil. $US 20.803
Total costs Ctot Mil. $US 258.366

Table 5.12: Determination of total costdiCof Option 2 (Small overtopping) for case studyHafi Hau

Parameters Unit Value

Probability of flooding Pf ) 0.04
Length of dike section km 25.30
Height of the dike H m 8.5
Initial investment cost linitial Mil. $US 116.645
Expected maintenance cost Cpaintenance Mil. $US 15.137
L and use cost Cjanduse Mil. $US 29.134
Expected value of economic damage E(D) Mil. $US 20.803
Total costs Ctot Mil. $US 181.719
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Table 5.13: Determination of total cost{fCof Option 3 (Medium large overtopping — two dikees
system) for case study of Hai Hau

First dike:

Parameters Unit Value
Probability of flooding P ) 0.04
Length of dike section km 25.30
Height of the dike H m 6.6
Initial investment cost linitial Mil. $US | 85.471
Expected maintenance cost Cpaintenance Mil. 3US | 11.091
L and use cost Cianduse Mil. $US | 23.326
Total costs Cit Of first dike Mil. $US | 119.888
Transitional area (Storage area):
Width of landuse to store overtopped watefanMyse storage m 1000
Total length of subdivision dike km 12.65
Height of the subdivision dike, b dike m 3.5
Initial investment cost linitial Mil. $US 3.1
Expected maintenance cost Cpaintenance Mil. $US 0.040
L and use cost Cjanduse Mil. $US 3.2
Construction cost of storage area Mil. $US 6.338
Second dike:
Length of dike section km 25.3
Height of the dike K m 3.5
Initial investment cost linitial Mil. 3US | 23.056
Expected maintenance cost Chaintenance Mil. $US 0.299
Land use cost Cjanduse Mil. 3US | 13.496
Total costs Ci Of second dike Mil. $US | 47.253
Thetotal cost of two dike lines system:
Initial investment cost linitia Mil. $US | 108.528
Expected maintenance cost Cpaintenance Mil. 3US | 11.391
L and use cost Cjanduse Mil. 3US | 43.160
Expected value of economic damage E(D) Mil. 3US | 10.401
Total cost of the defense system Mil. $US | 173.479

Conclusion: The total cost of Option 3 (with two dike linesstsym) is the lowest
among three considered options. The optimal econauolution for flood defense
system in Hai Hau is, therefore, the option of gswo dike lines (Option 3). This is
similar to the actual use at several places alomigHdu coastal zone. The application of
this two dikes system should be implemented widetycoastal flood defences in Nam
Dinh.
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5.6 Application of risk based cost benefit analysis at Cat Hai coastal area in Hai
Phong

Similar to the case of Nam Dinh, three options Wwél analyzed for 7 km length of the
sea dike which resists directly the wave attacknftbe sea in southeast and southwest
directions (see Figure 5.5). Also the value of dgenaaused by flood is considered
proportionally in the same way as that value in Hau.

Because various material cost rates are fixed toalbeost identical for different
provinces in Northern Vietnam, thus these unit cag factors ¢ C,, C; and G are
taken the same as in the case study of Hai Hauataame. However, the rate factor of
land use gin Cat Hai island is higher than that in Hai Haastal area because land
use in Cat Hai island is more expensive due tcebdtical productive economic and
touristic activities. In this study the unit costlwe of G = 0.0412 Million USD/m/km is
applied for the land use cost in Cat Hai island.

Height of the second dike of Option 3 is estimaisdn Table 5.14. Due to limited land
space in Cat Hai island the Option 3 is appliednalysis with the possible width of
transitional zone of about 400 m.

DINH VU
thén Nooal XE Pnﬁ Lony
hon Nam

TONKIN GULF

Figure 5.5: Overview of coastal area in Cat Hainsl, Hai Phong province
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Table 5.14: Determination of the second dike heighCat Hai coastal flood defense

Parameters Unit Value

Specific overtopping discharge q I/s/m 100
Storm duration Jiom hour 6
Length of storage areaukage m 2000
Width of storage area Wage m 400
Volume of overtopped water from segop m3 4,.32E+06
Storage area dyrage m2 8.00E+05
Water depth in storage areg.hqe m 5.40
Wind velocity corresponds to design frequency U m/s 30.8
Wind wave in storage area,,H m 0.6
Significant wave height in front of the first dike m 2.8
Transmitted wave height over the first dike, H m 0.3
Incomming wave height at the second dikg,HH,, + H; m 0.9
Design wave height at the second dikg; H m 0.9
Overtopped discharge of the second dike, g I/s/m 1.0
Free board of the second dike,;R m 1.19
Crest height of the second dike m 6.6

The total costs of three options are presentedainiel'5.15, 5.16 and 5.17 for the case

study of Cat Hai coastal flood defense in Hai Phprayince.
Table 5.15: Determination of total costd{Cof Option 1 (Non-overtopping) for case study @it Elai

Parameters Unit Value
Probability of flooding Pf ) 0.04
Length of dike section km 7
Height of the dike H m 12.1
Initial investment cost linitia Mil. $US 52.907
Expected maintenance cost Crmaintenance Mil. $US 0.687
Land use cost Cianguse Mil. $US 22340
Expected value of economic damage E(D) Mil. $US 5.756
Total costs Ciot Mil. $US 81.689

Table 5.16: Determination of total costdiCof Option 2 (Small overtopping) for case studyGait Hai

Parameters Unit Value
Probability of flooding Pf () 0.04
Length of dike section km v
Height of the dike H m 8.3
Initial investment cost lintial Mil. $US 31.208
Expected maintenance cost Cmaintenance Mil. $US 4.050
Land use cost Cianduse Mil. $US 15.751
Expected value of economic damage E(D) Mil. $US 5.756
Total costs Cyo Mil. $US 56.765
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Table 5.17: Determination of total cost{fCof Option 3 (Medium large overtopping — two dikees
system) for Cat Hai coastal flood defense

First dike:

Parameters Unit Value
Probability of flooding P ) 0.04
Length of dike section km 7
Height of the dike H m 6.4
Initial investment cost linitial Mil. $US | 22.555
Expected maintenance cost Cpaintenance Mil. $US | 2.927
Land use cost Cianduse Mil. $US | 12.459
Total costs Ciq Of first dike Mil. $US | 37.941
Transitional area (Storage area):
Width of landuse to store overtopped watefanMyse storage m 400
Total length of subdivision dike km 1/4
Height of the subdivision dike, b dike m 6.6
Initial investment cost linitial Mil. $US 1.1
Expected maintenance cost Cpaintenance Mil. 3US | 0.014
Land use cost Cjanduse Mil. $US 1.3
Construction cost of storage area Mil. 3US | 2.324
Second dike:
Length of dike section km 7
Height of the dike K m 6.6
Initial investment cost linitial Mil. $US | 14.335
Expected maintenance cost Chaintenance Mil. $US | 0.186
Land use cost Cjanduse Mil. $US | 12.853
Total costs Cio Of second dike Mil. $US | 33.130
Thetotal cost of two dike lines system:
Initial investment cost linitial Mil. $US | 36.890
Expected maintenance cost Cpaintenance Mil. SUS | 3.113
Land use cost Cjanduse Mil. 3US | 27.636
Expected value of economic damage E(D) Mil. 3US | 5.756
Total cost of the defense system Mil. $US | 73.395

Conclusion: The Option 2 with small overtopping discharge \wkd has the lowest
total cost of the sea defense system. Therefoireg osie dike line defence system is the
best choice for Cat Hai island.
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5.7 Discussions

In Chapter 4 five different alternatives of seaethske system are compared by using a
multi criteria evaluation (MCE) method, which leadsa preliminary indication for the
best solution for coastal defence system. As thayais shows in Chapter 4, three
alternatives, i.e. Option 1, Option 2 and OptioraB of more interest than the other.
Therefore in this chapter these three alternataresused to find the best sea defence
system option in Nam Dinh and Hai Phong, by usimglkabased cost benefit analysis.

In the case study of Nam Dinh coast, the analysisvs that Option 3, using two lines
defence system, is the best solution. HoweverfHercase of coastal flood defence in
Hai Phong, Option 2, using one line defence systaoh small overtopping discharge
allowed, appears to be the best choice.

The total cost of Option 3 depends on the widthhef transitional area between two
dike lines, and the unit cost of land use in thgiale. Figures 5.6 and 5.7 show the
sensitivity of total cost of Option 3 in the casady of Hai Hau and Cat Hai coastal

region, respectively. As showing in Figure 5.6 &nd the total cost of defence system
is proportional to the unit cost of land uses)(@nd disproportional to the width of

transitional area (L). In coastal areas which haigely land space (in the direction of

perpendicular to the coastline) and low land val{@sresent), the two defence lines
system could be more applicable, such as in Haiddastal area. On the contrary, such
as Cat Hai island which has narrow land space &tdland value, it is costly to use a

two defence lines system.

In Figure 5.6b — in the case study of Hai Hau @lasta is applied Option 3 (using two
defence lines system), shows that if the widthrangitional area increase in range of
250 m to 1000 m the total cost of defence systecnedses rapidly. And if the width of
transitional area increases continuously up to 266@ost of defence system decreases
slowly, at the end of the curves it look horizontakht means if the width of transitional
area continuity increase the total cost is redum#dconsiderable.

In the case study of Cat Hai island (see Figurd)swhich has different situation
(limited land space, high value of land) comparéito Hau coastal area, shows that if
the width of transitional area increases from 2000 m (such as the available land
space in island to construct defence system),afa ¢ost of defence system decreases
much gentler than that in the range of 400 m tor8Qdf the transitional area width.

The Application of a Tandem Dike System in Vietnam 84



CHAPTERV RISK BASED COST BENEFIT ANALYSIS OF DEFENE OPTIONS

Width of transitional area [m]

350
300
o
2 250
3 —e—1=250
s =
.E. 200 | —a— =500
Joi L=750
> - —%—L=1000
5 | —e—1=1500
8 : : : : : ——L=2000
T 100 f--c-emoins R REERE! EEPETPRERTE P RREEEE R REE EECEREEPERE
g : : : . :
|_
L S EPEPIPEPE PR RECRTEPEPRRRE EEPEPEPEPE TEERPEPLPLPE
O T T T T T
0 0.01 0.02 0.03 0.04 0.05 0.06
Unit cost of land-use (C ) [Mil.USD/m/km]
(a)
300
250 -
o
[0}
2 200
=
= —=—C5=0.04
3 150 - —a—C5=0.02
g ——C5=0.01
2 : : : :
8 100 f--nncesnnnnndennnnninnnnns Fosssssssnnns Foneennnnees foensnnnnnnnns
(_E L} L} ' L}
(@]
[ . . . .
50 prorraranae rerrnan proverneneees prerererrees HARRRERE
0 T T T T
0 500 1000 1500 2000 2500

(b)

Figure 5.6: Sensitivity of total cost of Option.Big two defence lines) in the case study of tai, Mlam Dinh
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Figure 5.7: Sensitivity of total cost of OptiornBiaig two defence lines) in the case study of @atHtdi Phong
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Because Cat Hai is a small island, the use of tfertsive lines is not effective in terms
of economic consideration, as the analysis showsinQ storms and if a flood would
occur, it is hard to evacuate people from the wislnd to mainland. By separating the
island into various independent small polders pedping in the flooded polders can
move to other non-flooded areas of the island. thie reason, the best solution for
coastal denfences in Cat Hai is using one defensiee to reduce damage and loss
cause by flooding; the island should be separatedmiany small zones by
improving/upgrading its current main traffic roags®em in the island. This will lead to
more effective in evacuation and, thus, to minimilb®d consequences when flood
would occur.

The result of this study, using a two defence bgstem, agrees well with the actual
defence system at some places in Nam Dinh, whistbban tested during more than 10
years. In Vietnam, the discussion on whether onvordefence lines should be used
for protecting the coastal zone is on-going. Fraim study it appears conceptually that
selection of defence options is site-specific amgpehds very much on the local
conditions such as economic development plan, @oktnd as well as availability of
investment. This study could give support in a pathe decision making process.
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CHAPTER VI RISK BASED APPROACH FOR
DETERMINDATION OF SAFETY STANDARD

6.1 Introduction

6.1.1 General approach

Chapter 4 and 5 already discussed how to seleetemce option given a certain safety
standard (certain design frequency scenarios). ractige, very often the safety
standards need to be assessed to answer questwinetifersafe is safe enougand
how we can come up with the optimal safety starglémd a certain regions / country
regarding to flood defence.

From literatures (e.g. van Dantzig 1956, Vrijlinga¢ 1980, Voortman 2002, Jonkman

2007 and Mai Van et al. 2006) determination ofghfety standards should be based on
acceptable risk of the interested regions. Geneth#re are three points of view on

estimation of acceptable risk, with regard to tlstineation of the consequences of

flooding.

The first point of view is the assessment by théividual. This is translated as the
probability of losing one's life due to participagi in daily activities (Vrijlinget al,
1998). Second point of view concerns the risk aseest by society on a national level
related to the number of casualties due to a ceatetivity. Following the third point of
view, acceptable level of risk can also be formadaby economical cost benefit
analysis. The total costs in a system are detedhtigethe sum of the expenditure for a
safer system and the expected value of the econdamtage. The acceptable risk
measure can be estimated by comparing the cosbtéqtion to a characteristic value
of the consequences of flooding (DMWG, 2005). Tiptinal level of economically
acceptable risk, incorporates with an optimal lefedafety, corresponds to the point of
minimal total costs.

Since the individuals risk and societal risk ididiflt to assess in Vietnam due to lack of
input data information and also time limitation tbfs study, in this chapter, the third
point of view is applied. Method of risk based ewmic optimization is applied and

further developed to find the optimal safety lewélthe coastal flood defences in
Vietnam. An acceptable risk, which is determinedther methods, can be found in the
above mentioned literatures.

6.1.2 Flood risk and safety standards of flood dede in Vietham (Mai Van et al.
2008)

Since 1953, Viet Nam was affected by a numberaddldisasters, each disaster being
responsible for the loss of hundreds of lives andresiderable damage to infrastructure,
crops, rice paddy, fishing boats and trawlers, Bsuschools, hospitals, etc. The total
material damage of the flood disasters over thé @ayears exceeded $US 7.5 billion.
Additionally, floods and storms caused the losmofe than 20,000 lives (ADRC, 2006
& DDMFC, 2007). The most severe storm- and floatduced disasters occurred in
North Viet Nam in 1971, 1996 and 2005; in the Santli997; and in the Central in
1964 and 1998.
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Based on data given from (i) the Department of DNk@nagement and Flood Control
(DDMFC, 2007) of Vietnam, yearly economic loss daitie to floods and storms, which
is collected from 1970 up to 2007, and (ii) onlineports of the Asian Disaster
Reduction Centre (ADRC, 2006) about the top 25dldsasters of Vietham in the 20th
century (historical events), Mai van et al. (20@8hstructed the exceedance curve of
damage (FD-curve). The damage curves are presegnkgdure 6.1. A lognormal curve
with E(D)= 181.3 ands=309.5 (*16 US$) is found as the best fit to the economic
damage dataset.

Based on the FD-curve the total potential damage tdufloods could be equal to
E+k* 0=181+3*309= $US 1108*10 per year for the whole Vietnam. This is
comparable with the reported actual flood situationing the last 10 years (total flood
damages are estimated as from 1 to 1.5 % of VietG&® during the last 10 years,
sourceshttp://www.vnexpress.net/Vietnam/Xa-hoi/2007/10/884.83). These values

will be used as important input for later calcwatin this chapter.
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Figure 6.1: Flood FD-curve of Vietham (Mai van kt2908)

The relatively low safety level of the sea dikes/irtnam was noticed in 1996 during
two visits of Dutch expert missions (DWW/RWS, 1996 Most designs of the sea
dikes in Vietnam are based on loads with returmope20 to 25 year periods and were
disputable. The true probability of failure of théetnamese water defense system
exceeds by far the design frequency (M&al, 2006, 2007). Although designed to fall
once in 20 to 25 years the sea defense system rfaghalmost every year. The
experiences in the past 20 years support thisnséate
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The design return periods are not based on pragestg risk analysis; often the return
periods are adopted on a rather arbitrary basis ttie safety level of important,
valuable areas should be enlarged compared toafie¢ydevel of less important areas
(Vrijling et al, 2000). This system reflects, however, logicaulss which could have
been obtained by common risk analysis. Future ingreents of flood safety standards
might build on the existence of this system byappr risk analysis.

The improvement of this situation calls for the o§@resent available knowledge on all
levels. The theoretical knowledge in the fieldsdife design, reliability and safety
approach, risk analysis, policy analysis, stassticrelation to boundary conditions and
mathematical modeling is not up to date. Theretbeetransfer of this knowledge was
strongly recommended (DWW/RWS, 1996b; Vrijliagal, 2000; Maiet al, 2006). An
additional important fact is the economic situatidrVietnam, just at the beginning of a
developing process, limiting the resources for imwpment of the water defence
system. On the other hand this situation asks fooee detailed and careful analysis to
ensure that the limited resources are used in pkienal way which takes into account
the developing characteristics (limited initial @stment, fast economic growth, and
cheap labor).

As already mentioned in the chapter 1, recentlymi@y Typhoon occurred in

September 2005 in Northern Vietham which led tootltdirect loss of over 500

Million USD (DMWG 2005). A huge sea dikes programshbeen established by the
Ministry of Agricultural and Rural Development (MAR to rehabilitate the sea dike
system. This program is implemented for 2005-20&Eod and appointed with two

important tasks:

(i) Researches on safety standards, boundary condiaods finding optimal
solutions for sea defences along the whole country;

(i) Design and construct new dikes, at places wherealikea have not existed or
were breached, and reinforcement of the existikgdon the basic of findings
in the first task.

Coastlines along Hai Hau district were selected adot location. Construction works
took place in 2005 and had finished in 2007. Howedesign the new dikes is still
based on existing safety standards (design frequehi/20 year), which is known as
out of date. It is necessary to check the safeth@new constructed dike system at the
pilot locations to see if the current rehabilitatiworks provide enough safety given the
present situation and if safe is safe enough fareow Vietnam development. Findings
are important input contributing to the first taskthe sea dike program of Vietnam,
which aims at providing design guidelines for tlea $lood defences. These provide
motivation for this chapter in this study.
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6.2 M ethods of risk based economic optimization of safety level
6.2.1 FD-Curve

The exceedance frequency of damage curve, FD-culigplays the probability of
exceedance as a function of the economic damageFDkcurve can be constructed by
available damage data due to flood. The FD-curveatso be derived mathematically
for the probability density function (PDF):

1-F, (x)= P(D> x):T £ () Odx (6.1)

The main interest in economic optimization of thleeds how to estimate the expected
value of economic damage/loggD). This can be determined by the PDF and the FD-
curve:

E(D) = | X[, (X (X (6.2)
And E(D)=3 Dp()g)=%ZN: XCi 6.3)

Where: Fp(x) is the probability distribution function of the econiendamageE(D):
expected value of the economic damag€dj x 1..N) is vector of random variable, in
this case xis economic damage per event of floodxip= i/N; i is the order of xand N
is the total of events.

6.2.2 Economic optimization of acceptable risk leve

In the method of economic optimization the totadtsmf a systemQy) are determined
by summing up the investmentk) for a safer system; the expected value of the
maintenance cost M and the expected economic dadgee also van Dantzig, 1956
for a fundamental approach and applications inNkéherlands). The total cost of the
system with dike heighteningH is:

Coor(Ho, AH, Pf):[ lom, * law, (AH )+ PV(M)+ PV(R* DJ (6.4)
The optimal level of safety indicated By corresponds to the point of minimal cost:

min(C,,)= min[loﬂo +l e (OH 5 )+PV (M)+PV (P, * D)} (6.5)

Cross section of old dike

T

Wianduse AWianduse
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-

Figure 6.2: Specific parameters of cross sectiom leéighten dike
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Cost of dike heightening in this study is accountexd Cost of enlarging dike body
(heightening the dike crest level which leads treasing the cross section ar@au;
additional cost of outer and inner slope protectioe to increase of the protected length
of the outer and inner slopegl{ue), (Linner + ALinner); additional cost of crest
protection; and additional cost of land area uselikes @Wanqusd (See Figure 6.2).

Therefore, the increment cdst is determined by:
IAH :C1'AhH + CZ'ALouter + C3( I‘inner-'-A Linner)+ C4'\N+ CGA Wandus (66)

Where:C;, with i=1:5, is the unit cost of different costraponents, expressed in $US
Million per geometrical unit of dike elements.

Base on the cross section of the dike in Figuretlée2increasing of the cross section
area, the length of the outer slope, the lengtinér slope and the land use consuming
are determined.

A, :{(HO+%AH).(m+ m)+ v% H 6.7)
AL, =AH1+n7 (6.8)
Lner + BLine, = (Ho + AH).A/1+ M2 (6.9)
Wpise = AH.(m + m) (6.10)

Substituted the equations (6.7), (6.8), (6.9) @&lQ) to the equation (6.6):

Ly ={q.[(Ho+—;M).(m+na)+w}+ Gl i G/ A (A W GF W (6.11)

The present value of the expected maintenance amagk costs are estimated by:

PV(M) = E(M)*g(ljr y (6.12)
and

* —_ * * < 1
PV(P;* D) = p;* E D §(1+r')‘ (6.13)

Where:P; is probability of failure per yeaE(M) is yearly expected maintenance cost;
E(D) is expected damage in case of floddjs the reduced value rat&,is planning
period, in years.

6.2.3 Application to the case of Nam Dinh sea dikes
a- Case application descriptions and limitation of application

In this application the situation of Nam Dinh sedethces is selected. To make things
simple, only one defence Option 1 is considerecaf@alysis, as a demonstration of the
method.
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Nam Dinh coastal zone is protected by 90 km ofdikes. The dikes system has been
constructed based on loads with return period 20.ygowever, the true probability of
failure of the Nam Dinh defense system is 0.78-(p8byear (Makt al 2006, 2007).
This exceeds by far the design frequency and tsfld@t failure of the dike system
occurs almost every year.

In response the central and local authorities handertaken some efforts in order to
restrain the possible adverse consequences andtae fdefensive measures, some
sections of new sea dikes have been built. Howesusfy efforts still remain limited to
reactive and temporary measures due to budgetraorstlack of information on the
sea boundary conditions and suitable design methsdeell as strategic and long-term
solutions. As a consequence, the system could boged once in every 10 years.
Therefore the cost of dike maintenance is finalgryvexpensive. Statistically, for
maintenance of Namdinh sea dikes system it is septed nearly 95 percent of the total
coastal defence budget of Vietham (DDMFC, 2006}eADamrey Typhoon 2005, the
guestion of which safety standard is optimal chdaresea flood defences in Nam Dinh
is of interests to the Vietnam Government.

b- Determination of Optimal protection levels of Nam Dinh sea dike system

Based on design documents and expense reportsstihgxXNam Dinh sea dikes given
by DDMFC/MARD 2005, taking into account the actualation rates of Vietnam (9
percent in 2007) the unit cost factors are deteechias in Table 6.1. Costs of dike
heightening are presented in Figure 6.3.

Table 6.1 Unit cost factors for Nam Dinh sea dikes.

Para. Descriptions Unit Value
Co |Total Investment costs of existing dike; crest.am Mil. $US/km 3.217
Cl Unit cost of constructed dike body Mil. $US/km 0.0096
C2 Unit cost of constructed outer slope protection Mil. $US/m/kim) 0.0424
C3 Unit cost of constructed inner slope protection Mil. $US/m/km) 0.0024
C4 Unit cost for crest protection Mil. $US/m/km (00172}
C5  |Unit cost of land use Mil. $US/m/km 0.0206
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Figure 6.3: Expenditure costs as function of digghtening
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By application of reliability analysis for the casé Nam Dinh coastal flood defences
the relationship between dike heights and desigguiencies is established by Mai van
et al. (2008). That study based on overtopping ttimms, required dike heights are
calculated with different design conditions whicksaciate with different design

frequencies. A linear relation is found between ribguired dike height and the design
frequency in logarithm scale (Figure 6.4). Thilican be considered as a limit with
safe side (lower left side of the line) and unssifte (upper right side of the line).

Inspection of the actual Nam Dinh sea dikes shbasthe existing system is in the un-
safe side.
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Figure 6.4: Required dike height in relating toigasafety level
Economic risk analysis for the case of Nam Dinhstalaflood defences, taking into

account the actual economic growth rate (7.5%) iefnam and expected damage from
the FD-curve (Figure 6-1k(D)=u+k* g, gives results as in Figure 6.5.
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Figure 6.5: Economic risk based optimal safetglev

It is clear that the optimal level of safety isamd 1/50 years. The design of the sea
dike system should be based on a return perio@® ge&ars or more. A supplementary of
design for a return period of 100 years might toub to be an even better choice since
double safety level is archived with relatively simacrement of investment cost.
Selection of the design return periods of less B@ryears leads to very high risk as
well as high expenses for maintenance and repdirisatherefore a bad choice in this
situation. Selection of 100 years return periodesommended for the future planning
of coastal protection in Nam Dinh. Obviously, invasthing leads to the fact that dike
height remains at 5.50 m with annual failure prolitgbof 0.15 for the dike system in
Hai Hau (Mai van et al. 2006). This may lead toeannomic risk of over $US million
500, which is in the same order of magnitude asdts direct loss of the Damrey 2005
(DMWG, 2005).
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6.3 Simplify approach and practical tools for engineers and supporting tools for
decision makers

From the previous section we found that the investneost as a function of safety level
[Pf], as | =f(-In(R)). This is, in general, non-linear function and joactical reason this
is rather complicated to determine. On the saméc bafsthe method of economic
optimization, in order to become familiar with ttisk based economic approach to the
design of flood defences, a common engineer mafepte start with a simplified
approach.

For these above more practical application andrderoto form engineering tools to
support a decision making processes, the followimplification is adopted:

- The total investments in dike heightenirig:X can be simply determined by a
linear function of the initial costdo] and the variable cost$' ). The dike is
heightenedX meters (or transformed to —In(Pf)) , the differehetween the new
dike height i) and the current dike heightoj.

- All failure mechanisms other than overtopping vad neglected. In most cases
overtopping is the major cause of failure of dikEserefore dike height is an
important parameter to this extent, which is reldtedesign condition of waves
and water levels. Other dimensions of the dikerageiired to be designed in the
way that fulfils the given design condition.

Therefore:
Lo =1, +1 X AND X=hh (6.14)

The expected value of the economic damage can lbelai®d from the probability of
flooding (Py), the damage caused by the flo@g,(and the discount rat€ ). The flood
level h is modeled as exponentially distributechvpirameters A and B.
P D

r. 1

_h=A
P.=e B

and E D=

(6.15)

Now the total costs are formulated as the sumwdstments and the expected value of
the economic damage. The economic optimum is fdynchinimizing the total costs.
By taking the derivative of the total costs and thke height, the optimal flooding
probability Py,0p) and the optimal dike heighttg,) are found.

_1I'BO

Pf opt — D

and .= A -BJIn(@ (6.16)

opt
In the equation (6.16) the flooding level (h) aredgmeters A and B are determined in
this application for dike heightening:

h = H (the new dike height)

A = Hy = 5.5 (the current dike height)

B = 1, scale parameter of the standard exponeriatribution
(NIST/SEMATECH, 2003)in meter.
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As from the damage curve (see FD curve as in Fi§uke which is constructed based
on available data in Vietham, the average annya¢eed damage caused by typhoon is
D =181.3 Mil. USD. The subsequent cost of dikeghtning is I’ = 50.7 Mil. USD per
one meter high. Applying equation 6.15 the optiprabability of flooding therefore is
Propt = 0.021 per year(corresponding to return period a6 years). This agrees very
well with the optimal safety level which is determad from previous section (1/50
year). The corresponding optimal dike height cafooed, based on the relation of dike
height and design frequency (Figure 6.2),st+9.4 m.

Sensitivity analysis of optimal flooding probability due to inflation rate:

The inflation rate has affected the reduced inter@® r' which is determined by the
real interest rate (r), the economic growth rajeafgl the inflation rate (i).

In a planning period jfof a sea defence system investment, assume sanoffiaiiure
probability Ro.

Potential economic damage will increase over time tb economic growth (g) and
inflation rate (i). Economic damage at time t, Of& now be written as a function of
the economic damage attime t =@, D

D(t) = D,.(1+ g +i) =D, 9" (6.17)

The expected economic value can be found over pigriime T,, by discounting to the
present value with the real interest rate (r) [Joak et al, 2005] as equation (6.18)
below.

0-Do

(1= €") (6.18)

E(D)—Pfoj D(t).——.dt= R ,. Doj gt gt g FoDo

1+ )
In which:§ =r—g—i

The total costs can be formulated in equation (6vli®en a linear relation is assumed
between investments and the (negative logarithithey initial flooding probability. In
equation (6.19), expected economic damage is adependent variable.

P.D,
Cot = lo +1".(=In(P; 1))+ f’°0, 2(1-e7") (6.19)

By a similar derivation as given in equation (6.1 level of protection that should e
chosen at t = 0 can be derived as a function ofrtey period  (in years, see equation
below).

5
D, 1-e

Pt optol(T, )— (6.20)

hopt,O(Tp) =A-B In( F?,opt,o( Tp)) (621)

In the situation of long period = «) and no inflation (i = 0), the optim& opt0in
equation (6.20) is equal to the optimal derivedeguation (6.16), Ry, = 0.021.
Equation (6.20) shows that a lower optimal floodprgbability that means of a higher
protection level will be found when inflation raie taken in to account. Figure 6.6
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illustrates the optimal flooding probability as an€tion of planning period with
different inflation rate.

1.00E+00 . : . .
= 1.00E-01 : : : :
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Figure 6.6: The influence of inflation rate to opéil flooding probability in planning period

As showing in Figure 6.6, in the situation no itiba rate, i = 0, the optimal flooding
probability will be constant after 50 years of plarg period. But in the case of the
inflation rate i = 9%, the optimal flooding probhtyi is not constant in long period that
means the optimal flooding probability will be falim difference values every year,
this optimal value will be constant in long peri@dore than 350 years).

6.4 Discussions

By using the method of risk based economic optitiona the optimal probability of
flooding in Nam Dinh coast is carried out with aluea of 0.021 corresponding to a
return period of 50 years. Obviously the actuaéastandard of coastal flood defence
in Vietnam is set at{2 0.04 to 0.05 (return period of 25 to 20 yeass)ot safe enough
in terms of economic risk and in the view of thereat Viethamese development with
fast economic growth. The analysis results thuarnincrease of the safety level of
coastal flood protection in Nam Dinh is necessary.

The situation of the Nam Dinh sea defences is &lpand representative for sea
defences in Vietnam. Therefore, an updating of tgatandards of coastal flood
defences for the whole country is highly neededc: presented risk based models are
thought to be powerful tools to support the decigioocess to set (or re-set) the safety
levels of protection in relation to investments auwdeptable consequences for various
scales of protection in Vietnam.
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Refer to the equation (6.16) the sensitivity of rgv@arameter to the outcome is
mathematically similar. However, very often theighle r, the economic growth rate, is
fluctuated in developing countries. As consequeheedamage value D may change as
well (the faster economic growth, the higher ecomoinss due to flood may be
expected). In Vietnam the rate r is currently &t %. per year and be quite stable during
last few years. But if we compare to 15 years agmore, the rate was very much
different. Therefore, updating safety standard rdur certain period of time is also
necessary to ensure safety for the protected remgiothe view of economic risk
approach.
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CHAPTER VI CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions;

Main objective of this study is to provide genegigdelines for the selection of coastal
flood defense systems with different overtoppinitedia, ranging from non-overtopping
to large overtopping allowable discharges:

- Option 1: Non-overtopping - g = 0.1 I/s/m;

- Option 2: Small overtopping - g = 10 I/s/m;

- Option 3: Medium large overtopping - g = 100 I/s/m.
These criteria are associated with different dedespations of a sea dike system i.e. non-
overtopped high dikes to a low crested two dikestesy. Subsequently, for a certain
given protected region with a specific choice & tlefence option the optimal safety
level/ optimal safety standard to protect the reg® of interest. With efforts in the
framework of the M.Sc study program at UNESCO-IHtks study fulfils its objectives
and allows to draw the following concluding remarks

Multi Criteria Evaluation (MCE), which is developedhd applied in this study, is a
useful tool for a preliminary decision making stagieen comparing different coastal
flood defence options. The MCE tool takes into aecdtovarious criteria in the
comparison process such as cost of investment amttenance, safety of hinter lands,
potential risk of protected region, environmensgue, land use problem as well as
technical feasibility and re-using the materialnfrold defence systems. These criteria
reflect well considerations of both technical awodial economic aspects regarding to
the local condition of a certain protected regiBy.using the MCE tool, not only better
defence options are detected but also the beshaefeption can be found in view of
social, economic and technical considerations.

As soon as some better defense options are narrdaxed by application of the MCE
tool, a so-called “Risk Based Cost Benefit Analysipproach (RBCBA) is used to
validate and confirm in the comparative proced#ni out a more consistent answer. In
this study three better options among five indidaiptions are selected by applying the
MCE tool. The best option is defined consistenthgdd on the risk based cost benefit
analysis of given three options.

Applications of the MCE framework and risk basedstcbenefit analysis to the
Vietnamese case studies, give us interesting sesklir the case of coastal flood
defence in Hai Hau, Nam Dinh, the Option 3 — medilamge overtopping which
requires a two dikes system has the highest scofdGE and lowest total cost in
RBCBA. The second highest in total score is theidp2 — small overtopping with
using one dike system. The different of total saufréhese both options is considerable
(20 scores). Therefore the use of a two dikes systallowing medium large
overtopping, is suggested in Nam Dinh coastal area.

Regarding to the case of coastal flood defenceainHai island, Hai Phong, it appears
that the Option 2 — small overtopping, which regsione dike system lower than
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Option 1, has the highest score in MCE and lowest in RBCBA. Based on the results
it is recommended to use a one dike system withl @wartopping to protect the island.

The main factor that leads to difference in theiohof coastal flood defence option in
these two different study areas was mainly dueifferdnces in land use value and
space available for the construction of the diketesy. In Nam Dinh case, the coastal
zone is mainly used for agriculture and salt préidacwhich makes the land value
lower. Cat Hai has very limited land space and iam interesting touristic location as
well as good place for fishery sector, which indub&gh land values.

The results of this study agree well with the aktiefence systems in Cat Hai island
because one defence line actually has been usedheéOather hand, the use of two
defence lines is increasing in Hai Hau, Nam Dinhrduthe last 10 years. In Vietnam

the discussion on whether to use one or two defénes for protection of the coastal

zone, is still going on. From this study, it apgeeonceptually that selection of defence
options is site-specific and depends very muchheridcal conditions such as economic
development plan, cost of land as well as avaitghilf investment. This study could

support a part of decision making process very.well

Since the defence option is already selected,rtezast now is which protection level
should we apply and which safety level is safe ghourhe optimal safety level
associated with its optimal dike height of a flodehfence system could be found by
applying Risk Based Economic Optimization methosl, developed and applied in
Chapter 6, which has been applied widely in thenBiegands. Applying this to the case
study of Nam Dinh coastal flood defence systemojptemal safety standard should be
re-set at Popt = 0.021 (return period of approximately 50 yeans)l the corresponding
optimal dike height is about i = 9.4 m. Obviously the actual safety standard of
coastal flood defence in Vietnam, which is set at=R®.04 to 0.05 (with the return
period of 25 to 20 years) is not safe enough im$eof economic risk and in the view of
the current Vietnamese development with fast econgmowth. Therefore, increase of
the safety level of coastal flood protection in NBmh is necessary.

This study could provide important basic elemeatsektablishment of guidelines in sea
dike design in terms of the selection of layout ¢tea plan) and dike heights. The
methods and approaches used in this study havenstiowork out well in the case of

coastal flood defences in Vietham. This could befulsor the actual Sea dike research
program of Vietnam [Proposal of Subproject No.40Z0and for many other cases of
coastal flood defences.
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7.2 Recommendations

1. Recommendation on the study approach
< MCE tool

In process of using the MCE tool, weighting andkiag for each criterion and option

are difficult to assess. These assessments dependualitative and subjective

estimates. Therefore, to apply the MCE tool in meffective and consistence way and
in order to gain an outcome which is close to ttia situation, some additional work
should be done before using the matrix of MCE. iRstance:

- Survey of the public opinion by distributing questnaires to civilians in the
region;

- Organize multidisciplinary meetings with all stdikalders in the region;

- Final decision on weight factor should be basedaanultidisciplinary expert
assessment and practical situations in the area.

% Risk based cost benefit analysis

- In this study some simplifications have been madeh as taking only average
damage D based on statistical data; taking onlgmeeconomic growth rate
(which normally fluctuated in different years), prvertopping failure mode is
used in the analysis. Therefore, a full risk baspgroach which takes into
account the uncertainties of these parameters amslders various other failure
modes should also be done.

2. Recommendation of the selection of allowable op-discharge, [q]

In this study different flood defence options arefimed based on an important
parameter, the allowable overtop-discharge [q]. El®v, selections of these allowable
overtop-discharges [q] are just based on existiggrés, which were based on world-
wide experiences and empirical approach. More physnsight into the determination
of these [q] values are, therefore, advised to fiastlifferent type of dikes, different
type of dike crest and dike slope protections,roeoto come up with a more consistent
answer. Actually, the EroGRAS®roject is a good example.

3. Recommendation on other failure mechanisms

Other failure mechanisms should be taken into awicouthe process of comparison
and selection of defence system. These failure ar@sins are erosion/toe scour outer

2 The EroGRASS project is a project of European tries) The main objective of this project is to
perform large scale model tests (scale 1:1) todtigate in detail the failure of grass cover laydue to
(i) wave impact, (ii) wave run-up and wave run-ddihaw and (iii) wave overtopping.
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slope, clip circle inner slope, slip circle outéspe, micro instability, piping, etc. The
probability of various failure mechanisms shoulddadanced to avoid dangerous weak
spot of dike defence system by making the faudt aesystem.

4. Recommendation on boundary conditions of two easudies
< Water level

- Design water levels at Nam Dinh coast are 3.7 nd W and 4.2 m
corresponding to return period of 25, 50 and 1Grgerespectively.

- In Hai Phong coast, DWLs are slightly lower thaa ttater levels in Nam Dinh
coast. Correspond to return period of 25, 50 arlysars, DWLs at Hai Phong
coast are determined in values of 3.3 m, 3.5 m3anan respectively

- These values of water level in Nam Dinh and HairRheooast are more different
to the design water level of 3.29 m which is agbl®w in Vietnam (according
to standard 14 TCN-130-2002 of Vietnam)

- In the determination of DWL, two following ways sid be applied:

0] DWL = MSL + Astronomical tide level + Storm surge Gust bump +
Seiches + Sea level rise

(i) Based on statistical analysis of observed watel lex extrapolated

Then compare both ways together, the larger vadmesused to design and in the
analysis.

< Waves

- Significant wave heights in deep water are mucfediht (about 1 m) between
different scenarios (1/25, 1/50 and 1/100).

- Significant wave heights near the toe of the déesslightly different, of 10 cm
to 20 cm, between scenarios because waves areirfigeaken propagating to
the toe of the dikes.

5. Recommendation on the application of the anafysesults/ study approach in case
studies

Because Cat Hai is a small island, the use of ®fertive lines is not effective because
of economic considerations, as the analysis showthis study. When severe storm
floods occur, it is hard to evacuate people fromhole island to the mainland. It is
suggested to divide the island into several poldénsis, by separating the island into
various independent small polders, people livinghe flooded polders can move to
other non-flooded areas of the island. For thissoea the best solution for coastal
denfence in Cat Hai is using one defensive linagethuce damage and loss caused by
flooding; the island should be divided in many drsab-zones by improving/upgrading
its current main traffic road system. This will detéo more effective evacuation and,
thus, minimize the flood consequences when a ftomairs.

The Nam Dinh sea defence is typical and represeatfdr sea defences in Vietnam.
Therefore, it is necessary to update the safetydstals of coastal flood defences for the
whole country. The present risk based models apegtit to be powerful tools to
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support the decision process to set (or re-setydfety levels of protection in relation to
investments and acceptable consequences for vatailess of protection in Vietnam.

6. Recommendation on wetland conservation/ restmat

The wetlands in between two dike lines of the usiwg dike system alternative
(transitional zone) have many values. It should de@ed by development and
conservation or restoration if it is degraded aestibyed, to get its values.

The values of the wetlands can be realized in iffeways that humans interact and
benefit from them. The most important values ase valueshat are realized through
human interaction: (i) direct values which are thest tangible and relate to the
products and benefits that can be derived fromofiske wetlands (fish, food, reeds or
tourism); (ii) indirect use values can also be tiglo of as services, and arise from
benefits provided to existing activities or res@scthrough their occurrence. An
example would be the protection of existing propday regulation of flooding; (iii)
potential future use values which arise when tieracertainty over the future demand
for a product or service and/ or its availabilitythe wetland in the future. It reflects a
need to estimate the benefit of conserving thentHigrpurpose. An example would be
the protection of future property by regulatiorflobding.

The other values of the wetlands aren-use valuesvhich can be realize in: (i)
biodiversity: many species of animals and plantd #reir habitats depend on the
wetlands for their continued existence. Some spdoie permanently in the wetlands
and others depend on them for key aspects of lifeeitircles. Many rare or threatened
species depend on the wetlands and people valirectinued presence in their own
right and not as a source of food or other direset walues; (ii) cultural and heritage
values: people who do not directly utilize the watls can also place a value on it
because of its essential character or meaningeto.tiror instance they may wish to see
it preserved, for its cultural and heritage values.

The Application of a Tandem Dike System in Vietnam 103



REFERENCE

REFERENCE
14 TCN — 130 — 2002. Sea Dike Design Standard efni@m.

ADRC-Asian Disaster Reduction Centre 2006. Tolj B&tural disasters of Vietnam in
20" Century.

CEM, 1984. Shore Protection Manu@ook US Army Engineer and Development
Centre, Vicksburg, Mississippi, USA.

CIA World Factbook 2007. Annual publication: Coynforofile of Vietham. Online
report 2007.

CIRIA/C683, 2007. The Rock Manual. The use of ratkdydraulic engineering (2nd
edition). ISBN 978-0-86017-683-1.

ComcCoast project - COMbined functions in COASTdledee zones. Innovative Flood
Management Solutions and Spatial Development.

CUR/TAW 1990. Probabilistic design of flood defesceReport 141, Gouda,
Netherlands.

DDMFC-Department of Dikes Management and Flood @bmtf Vietham. 2005. Flood
damage reports.

DDMFC-Department of Dikes Management and Flood @dbmtf Vietham. 2006. Flood
damage reports.

DDMFC-Department of Dikes Management and Flood @bmtf Vietham. 2007. Flood
damage reports.

Disaster Management Working Group (DMWG) 2005-Jéissessment of Disaster and
needs 2005. Rapid Needs Assessment of typhoon Pamre

DWW/RWS, MINISTRY OF TRANSPORT, PUBLIC WORKS AND WFER
MANAGEMENT, RIJKSWATERSTAAT 1996a. Sea dikes nonthgart of Viet Nam
(Red River Delta); review, The Netherlands, May@.99

DWW/RWS, MINISTRY OF TRANSPORT, PUBLIC WORKS AND WFER
MANAGEMENT, RIJKSWATERSTAAT 1996b. Flood control iWiet Nam, Red
River Delta Area, mission report, The Netherlaf@istober 1996.

EurOtop Manual 2007, Wave Overtopping of Sea Defsnand Related Structures:
Assessment Manual.

HassAN, R., 2002. Coastline managemehecture notes Department of Hydraulic
Engineering. IHE-Delft, the Netherlands.

HAGLUND, M. and SVENSSON, P., 2002. Coastal ErosibRai Hau Beach in the Red
River Delta, VietnamMaster thesisDepartment of Water Resources Engineering at
Lund University, Sweden.

SCHIEECK, G.J., 2004, Introduction to bed, bank and shoréeption — Engineering the
interface of soil and wateBook Delft University Press.

IPCC, 2007: Climate change 2007 — Systhesis Regait contributions of Working
Group |, Il and 11l to the Four Assessment Rep6A2

The Application of a Tandem Dike System in Vietnam 104



REFERENCE

JONKMAN, S.N., Kok M. and WRIJLING J.K., 2005. Economic optimisasion as a basis for
the choice of flood protection strategies in thehddands.

JONKMAN, S.N., 2007. Loss of Life estimation in flood rislssessment: Theory and
applications. Phd-thesis, Delft University of Teolmgy, 2007, ISBN: 978-90-
9021950-9.

LuonG, G.V., 2003. Coastal Morphology-A case study ioviirce of Nam Dinh, Red
River Delta, Vietnam. M.Sc thesis, UNESCO-IHE Dgetlfie Netherlands.

MaAl, C.V., 2004. Safety assessment of sea dike in fiethd.Sc thesis, UNESCO-IHE
Delft, the Netherlands.

Mal , C.V., andPiLARCzYK, K.W., 2005. Safety aspect of sea dikes in Vietham-A
Namdinh case study. Conference Proceeding of latiermal Symposium on Stochastic
Hydraulics, De Vereeniging, Nijmegen, The Nethet®gn23-24 May, 2005. IAHR,
Paseo Bajo Virgen del Puerto 3, 28005 Madrid, Sy24185 ISBN: 90-805649-9-0.

MAI VAN, C., VAN GELDER, P.H.A.J.M.,and VRILING, J.K., 2006, Safety of coastal
defences and flood risk analysis, Safety and Riétialor Managing Risk,Journal of
Safety and Reliability, ISBN 13: 978-0-415-41620-7, Taylor & FrancisiBaha,
Leiden, The Netherlands, Vol. 2, pp. 1355-1366.

MAl VAN, C., VAN GELDER, P.H.A.J.M., and VRIJLING, J.K., 2007, Inventory and
sensitivity analysis of failure mechanisms of cabBbod defences. Paper accepted for
Coastal Structures 2003uly F'-4" Venice, Italialn press

Mal, C.V., VAN GELDER, P.H.A.J.M.,VRIJLING, J.K.andMAI TRri, C.,2008.Risk analysis
of Coastal Flood defences — A Vietnam case. Incéding of the 4 International
Symposium on Flood Defences (ISFD4). Tororite-8" May, Canada.

NGUYEN, T.T. H., 2003. SWAN Prediction of nearshore wave clinatdlam Dinh coast
in Vietnam. M.Sc thesis, UNESCO-IHE Delft, the Nstands.

PHAaM, T.T.H and Furukawa, M, 2007. Impact of sea lesieé on coastal zone of
Vietnam. University of the Ryukyus.

PiLARCzYK, K.W., and NGUYEN, S.N., 2002.Flood contronl and coastal protection in
Vietnam. Solution to Coastal Disasters '02onference Proceedings of Coastal
Disasters 2002American Society of Civil Engineers, 2002, pp6-£®4.

PiLArRczyk, K.W., 1990, Coastal protectionBook, Rijkswaterstaat, .A.Balkema/
Rotterdam/ Brookfield, 1990.

PiLARCzYK, KW, EVERSDIJK P.J and KNT, G., 1996, Sea dikes northern part of Vietham
(red reiver delta)Mission report DWW

PiLArRczYK, K.W., 1998, Dikes and revetments, Design, masntee and safety
assessmenBook Rijkswaterstaat, A.A.Balkema/Rotterdam/Brookfje1898

PLARCZYK, K.W. 1998, Rehabilitation of sea dikes in Vietnam

Proposal of Subproject No.1, 2007. Sea Dike Progravlietnam - Water Levels
Proposal of Subproject No.2, 2007. Sea Dike Prognavlietnam - Waves.

Proposal of Subproject No.3, 2007. Sea Dike Prognavlietnam - Dike Cross Sections.
Proposal of Subproject No.4, 2007. Sea Dike Progravfietnam - Master Plan.

The Application of a Tandem Dike System in Vietnam 105



REFERENCE

Pruszak, Z., SZMYTKIEWICZ, M., NINH, P.V. andHUNG, N. M., 2001. Coastal Processes
in the Red River Delta Area, Vietnainternal report Institute of Mechanics, National
Center for Natural Science and Technology of VietnBElanoi, Vietnam.

Stuip, M.A.M., BAKER, C.J. and OosTERBERG W. 2002. The Socio-economics of
Wetlands, Wetlands International and RIZA, The Hd#nds.

TAW-Technical Advisory Committee on Water Defend®85. Some considerations of
an acceptable level of risk in the Netherlands.

The Environment Agency “Overtopping of Seawallsesign and Assessment Manual”
(R&D Technical Report W178, 1999).

The Dutch “Technical Report: Wave run-up and wavertopping at dikes” (TAW, 2002
English edition).

The German Die Kiste (EAK, 2002).
TUDelft Student Group - The Projectgroup Vietnan@20Coastal Defence in Vietnam.

Van Dantzig, V.D., 1956. Economic decision problerfr flood prevention.
Econometrica 24.

Van Gelder, P.H.A.J.M. and Ouwerkerk, S.J. 2004k Ricceptance and perception. In:
New model in survival analaysis related to AID&afireport, SANPAD project 2004.

VERHAGEN, H.J. 1999, Revetments, Sea dikes and rRvees. Lecture notes
Department of Hydraulic Engineering. IHE Delft.

VNICZM Project 2000 - 2006. Vietnamese Integratehsial Zone Management.

Voortman, H.G. 2002. Risk-based design of largéesfiaod defence systems. Phd-
thesis. Delft University of Technology.

Vrijling, J.K., van Hengel, W. and Houben, R. J9&9Acceptable risk as a basic for
design, Journal of Reliability Engineering and SystSafety, pp. 141-150. Elsevier.

Vrijling,J.K. and Hauer, M. 2000. Probabilistic dgsand risk analysis of water defences
in relations to Vietnamese condition. Mission reépbDelft University of Technology.

ZEIDLER R.B, TARNOWSKA M, PRUSZAK Z, BASINSKI T, RIARCZYK K.W,
1992, Effectiveness of coastal defence measur@sviRiterstaat ang Delft Hydraulic,
Gdansk

The Application of a Tandem Dike System in Vietnam 106



APPENDIX

APPENDIX

A-1: Best fit distribution analysis for observed wdtarel data at Phu Le station, Nam

Dinh coast. Data is picked up by POT method witkeshold level of 175 cm.

Weibull is the best fitted distribution (top ranktbe second column in Figure A.1)
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Figure A.1: Weibull distribution fit to observed tea level data at Phu Le station, Nam Dinh

Table A.1: Summary statistic parameters of wategllat Phu Le station, Nam Dinh

Weibull Fit Input

Shift 1715 N/A
a 4.4 N/A
B 138.7 N/A
N/A N/A N/A
N/A N/A N/A
N/A N/A N/A
Left X 170 170
Left P 0.00% 0.00%
Right X 450 450
Right P 100.00% 100.00%
Diff. X 280 280
Diff. P 100.00% 100.00%
Minimum 171.48 192
Maximum infinity 450
Mean 297.97 297.92
Mode 302.43 310.00 [est]
Median 299.2 301
Std. Deviation 32.31 32.56
Variance 1043.96 1059.95
Skewness -0.1668 [est] -0.2195
Kurtosis 2.7093 [est] 2.7358
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Figure A.2: Comparison of the fitted distributiondethe observed water level data at Phu Le stétyon
probability density function (PDF)
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Figure A.3: Comparison of the fitted distributiondethe observed water level data at Phu Le statyon
cumulative distribution function (CDF)
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A-2: Best fit distribution analysis for observed wdtarel data at Hon Dau station, Hai
Phong coast. Data is picked up by POT method mitasshold level of 175 cm.

Weibull is the best fitted distribution (top ranktbe second column in Figure A.4)
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Figure A.4: Weibull distribution fit to observed tea level data at Hon Dau station, Hai Phong

Table A.2: Summary statistic parameters of wategllat Hon Dau station, Hai Phong

Weibull Fit Input
Shift 358.9 N/A
a 1.3 N/A
B 15.3 N/A
N/A N/A N/A
N/A N/A N/A
N/A N/A N/A
Left X 360.52 360.52
Left P 5.00% 7.00%
Right X 393.74 393.74
Right P 95.00% 96.00%
Diff. X 33.23 33.23
Diff. P 90.00% 89.00%
Minimum 358.87 359.00
Maximum Infinity 401
Mean 372.94 372.98
Mode 364.27 365.00 [est]
Median 370.5 370
Std. Deviation 10.66 10.25
Variance 113.72 104.02
Skewness 1.1851 [est] 0.729
Kurtosis 4.4187 [est] 2.710
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Figure A.5: Comparison of the fitted distributiondethe observed water level data at Hon Dau stétjyon
probability density function (PDF)
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Figure A.6: Comparison of the fitted distributiondethe observed water level data at Hon Dau stétjon
cumulative distribution function (CDF)
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A-3: Best fit distribution analysis for observed waweght data at Hon Dau station, Hai

Phong coast. Data is picked up by POT method wmitasshold level of 250 cm.

Weibull is the best fitted distribution (top ranktbe second column in Figure A.7).
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Figure A.7: Weibull distribution fit to observed weheight data at Hon Dau station, Hai Phong

Table A.3: Summary statistic parameters of wavgliteat Hon Dau station, Hai Phong

Weibull Fit Input

Shift 203.75 N/A
o 8.36 N/A
B 160.12 N/A
N/A N/A N/A
N/A N/A N/A
N/A N/A N/A
Left X N/A N/A
Left P N/A N/A
Right X 418 418
Right P 100.00% 100.00%
Diff. X N/A N/A
Diff. P N/A N/A
Minimum 203.75 256
Maximum infinity 401
Mean 354.87 355.03
Mode 361.45 365.00 [est]
Median 357.01 356
Std. Deviation 21.513 20.98
Variance 462.81 438.14
Skewness -0.5211 [est] -0.5228
Kurtosis 3.1498 [est] 4.3278
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Figure A.8: Comparison of the fitted distributiondethe observed wave height data at Hon Dau station
by probability density function (PDF)
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Figure A.9: Comparison of the fitted distributiondethe observed wave height data at Hon Dau station
by cumulative distribution function (CDF)
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A-4:. Best fit distribution analysis for observed Wawveight data at Bach Long Vi
station, offshore of South China sea coast.

Exponential is the best fitted distribution (tompmkaof the second column in Figure
A.10)
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Figure A.10: Weibull distribution fit to observedawe height data at Bach Long Vi station

Table A.4: Summary statistic parameters of waveliteat Bach Long Vi station, Hai Phong

Exponential Fit Input

Shift -4.50E-03 N/A
B 98.31 N/A
N/A N/A N/A
N/A N/A N/A
N/A N/A N/A
N/A N/A N/A
Left X 0 0
Left P 0.00% 0.46%
Right X 860 860
Right P 99.98% 100.00%
Diff. X 860 860
Diff. P 99.98% 99.54%
Minimum -0.004522 0
Maximum infinity 800
Mean 98.309 98.314
Mode -0.0045 50.000 [est]
Median 68.141 75
Std. Deviation 98.314 84.375
Variance 9665.555 7118.8
Skewness 2 2.1053
Kurtosis 9 9.1905
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Figure A.11: Comparison of the fitted distributiand the observed wave height data at Bach Long Vi
station by probability density function (PDF)
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Figure A.12: Comparison of the fitted distributiand the observed wave height data at Bach Long Vi
station by cumulative distribution function (CDF)
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