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PREFACE 

This book collects the abstracts presented at the second International Conference on Asian and Pacific 
Coasts (APAC), held in Chiba, Japan on February 29 -March 4, 2004. The volume starts with the paper of 
the keynote lecture. The included Proceedings on CD-ROM contains all full length papers directly 
reproduced from material submitted by the authors, allowing for high quality color graphics and 
photographs. 

The series of conferences was conceived and organized with the aim to promote technological progress 
and activities, international technical transfer and cooperation, and opportunities for engineers and 
researchers to maintain and improve scientific and technical competence in the field of coastal engineering 
and other related fields. It is further intended to provide an international forum for the academic and 
technical activities, cooperation, opportunity and fellowship among researchers and engineers, and to 
exchange experience of coastal and port engineering development, and coastal environmental problems 
among Asian and Pacific countries. The first conference on Asian and Pacific Coastal Engineering 
(APACE) was held in Dalian, China in 2001. The conference name has been slightly changed to Asian and 
Pacific Coasts (APAC). It aims at emphasizing that the subject area of the conference may not be limited to 
the classical topics of coastal engineering but be extended to related field including coastal environments, 
marine ecology, coastal oceanography, and fishery science and engineering. 

Key conference topics include: 
-Coastal oceanography and meteorology (waves, currents, tides, tsunami, etc.) 
-Coastal sedimentary processes and their control measures 
-Design and investigation of coastal and harbor structures 
-Coastal environmental problems and marine ecology 
-Coastal fishery problems and resource management 
-Global environmental problems 
-Coastal zone management and planning 
-Remote sensing / laboratory and field measurement techniques 
-Miscellaneous coastal problems. 
This conference was jointly organized by the Coastal Engineering Committee, Japan Society of Civil 

Engineers, the Chinese Ocean Engineering Society and the Korean Society of Coastal and Ocean 
Engineers. It was organized in cooperation with the Coastal, Oceans, Ports and Rivers Institute of the 
American Society of Civil Engineers (COPRI), the International Association of Hydraulic Engineering and 
Research (IAHR), the Oceanographic Society of Japan, the Japanese Society of Fisheries Science and the 
Japanese Society of Fisheries Engineering. Finally the organizing committee should like to express their 
appreciation for the support afforded by the sponsors, the Service Center of Port Engineering (SCOPE), 
Coastal Development Institute of Technology (CDIT), the Overseas Coastal Area Development Institute of 
Japan (OCDI), Waterfront Vitalization and Environment Research Center (WAVE), Japan Dredging and 
Reclamation Engineering Association, Japan Ocean Development Construction Association, Japan Port and 
Airport Construction Association, Japan Institute of Construction Engineering, Foundation for Riverfront 
Improvement and Restoration, Cold Region Port and Harbor Engineering Research Center, JSCE Scientific 
Promotion Fund, Chiba Convention Bureau and International Center, and the Federation of Electric Power 
Companies of Japan. 

Editors 
Y. Goda 

W. Kioka 
K. Nadaoka 
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CLIMATE CHANGE AND SEA-LEVEL RISE: CHALLENGES 
TO COASTAL SCIENCE AND ENGINEERING 

Nobuo Mimura' 

This paper presents an overview for the current status of the impacts studies on climate 
change and sea-level rise focusing on the Asia and Pacific region. International research 
efforts such as IPCC have revealed the past trend of global warming and its future. Based on 
these estimates, climate change and sea-level rise could impose a wide range of impacts on 
the coastal zones; some of the typical impacts shown here are coastal erosion, increased flood 
risk, and impacts on infrastructure. A region-wide vulnerability assessment for the Asia and 
Pacific region is also introduced. The assessment consists of three steps; setting scenarios for 
sea-level rise and other external forces, assessing primary impacts in the coastal zones such 
as inundated and flooded areas, and assessing secondary impacts on natural and socio- 
economic systems. The spatial distribution of affected areas and population are estimated 
using global databases. Low-lying areas in the region such as deltas of Mekong River, 
Ganges and Brahmaputra Rivers, and Yangtze River, and islands in the Pacific are most 
seriously inundated. The estimated amounts of inundated/flooded areas and population are 
quite large, indicating that the Asia and Pacific region is very vulnerable to sea-level rise and 
climate change. Lastly, countermeasures against these adverse effects will be examined as 
adaptation. Through such introduction, this paper tries to indicate new challenges to coastal 
science and engineering which are raised by climate change and sea-level rise. 

Keywords: global warming; climate change; sea-level rise; impacts on the coastal zones; 
vulnerability; adaptation; Asia and the Pacific 

1. Introduction 

Global warming has been drawn strong attention of the people worldwide. It brings about 
climate change and sea-level rise, which in turn would impose serious impacts on the natural 
environment and human society. Coastal zone is among the focused areas in terms of their 
serious impacts. Primary impacts of sea-level rise are inundation of low-lying areas, exacerbation 
of flooding, accelerated beach erosion, and salt water intrusion to rivers and ground water 
aquifers. Since there are many large deltas, coastal wetlands, coral reefs, and small islands in the 
Asia and Pacific region, it is crucial to predict the degree and extent of the possible impacts of 

1 Professor, Center for Water Environment Studies, Ibaraki University, Nakanarusawa 4-1 2- 1, Hitachi, 
Ibaraki 3 16-85 11, Japan. mimura@mx.ibaraki.ac.jp 
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sea-level rise and climate change as a basis for preparing responses to global warming. This 
region also face high grow of population and economic development, therefore it is further 
important how to ensure the safety and environmental well-being of the region's coastal zones in 
this century. This is a new challenge to coastal science and engineering to achieve sustainable 
development in the region's coastal zones. 

2. Present Status of Climate Change Research 

The science, impact assessment, and response strategies to global warming have been reviewed 
and summarized by the Inter-Governmental Panel on Climate Change(1PCC) organized by WMO 
and UNEP in 1988. The Panel provides scientific information to the world efforts to combat 
against global warming, such as international negotiations on UNFCCC (international treaty for 
the prevention of global warming) and the Kyoto Protocol by publishing comprehensive reports 
three times so far. The distinguish feature of the IPCC's Third Assessment Repots(1PCC WGI; 
WGII; WGIII, 2001) is that the increased temperature during the 20th century was attributed to 
the enhanced human-induced emission of green-house gases(GHGs) like C02  with more well- 
marked evidences than the past. 

The atmospheric concentration of C02 has increased 3 1% in the past 250 years to reach 
375ppm today, while it was 280ppm before the industrial revolution started in the middle of the 
18th century. As a result, the global average surface temperature had increased 0.6*0.2 degree in 
the 20th century. The 1990s is the warmest decade in the past 1000 years, and 1998 marked the 
year of the highest mean temperature(Fig. 1). IPCC indicated that the recent increasing trend of 
the mean temperature could be reproduced only by considering both natural factors such as 
changes solar radiation, volcanic eruption, and anthropogenic emission of GHGs. Thus it 
concluded that the warming actualized during the past 50 years was caused by the human 
activities. 

0.5 
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Figure 1 Trends of surface mean temperature in the past 1000 years(1PCC WGI, 200 1) 
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Figure 2 Prediction of sea-level rise in the 2 1 st century(1PCC WGI, 200 1) 

The IPCC Third Reports also presented future predictions on the global warming and 
climate change. Future trend of the global temperature depends on the emission of GHGs 
including C02 as a major contributor, which in turn is determined by the shape of the future 
society and its socioeconomic activities. If human society develops economic activities without 
consideration of environmental protection, CO2 emission will increase enormously, while if the 
world pays high attention to the prevention of global warming, the future activities of industries 
and life style of the people will be different and discharge less COZ. In order to take such 
different directions into the prediction, IPCC(2000) established several typical scenarios for the 
future society, known as the IPCC SRES scenarios. Based on these scenarios, future trends of 
global warming have been estimated using general circulation models(GCMs). The results 
scatter because of the difference of the emission scenarios and models used, and the global mean 
temperature will increase from 1.4 to 5.8 degree by 2100. 

IPCC predicted that sea-level rise would amount to 0.09 to 0.88m according to the 
degree of warming mainly due to the thermal expansion of ocean surface water and melting of 
land-based ice sheets and ice caps(Fig.2). Regarding the rainfall, the amount will increase during 
the 21st century and the annual variability will also increase. It is uncertain whether the tropical 
cyclones or typhoons, which we are most concerned for coastal disasters, may change its strength 
and frequency of occurrence. Some models predict decrease of the number of typhoons by 20 to 
40 % in the warmer world, while others give an increase of its generation. We have to wait until 
more definite prediction is given to obtain a reliable future picture on this matter. 

3. Impacts of Climate Change and Sea-Level Rise-Case for the Japanese Coasts 

3.1 Exposure units in the coastal zones 

Impacts of climate change and sea-level rise will spread in a wide range of areas sectors existing 
in the coastal zones. These areas and sectors exposed to the hazardous forces are called exposure 
systems, which are basically natural and man-made. The natural systems in the coastal zones 
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consist of variety of land forms and ecosystems, such as sandy beaches, rocky coasts, cliffs, tidal 
flats, coral reefs, and wetlands including mangroves. These natural systems will respond to the 
climate change and sea-level rise in their own ways, in which some systems are seriously 
damaged and even disappear in the worst case. 

On the man-made side, megdlarge cities are located on the coasts and usually the 
population density in the coastal lands is higher than inland areas. In Japan, 46% of the national 
population is concentrated in the coastal cities and villages. This is a general trend in the Asia 
and Pacific region, and the population increasing with a high growth rate tends to live on the 
coasts in the future. Many ports and fishing harbors, industries, power stations, tourism facilities, 
and other infrastructures are also concentrated to the coasts. These are all exposure systems to 
the future threats of climate change and sea-level rise. In the following, we will see how the 
future impacts on typical systems have been studied. 

3.2 Coastal erosion 

A common impact of sea-level rise(SLR) is acceleration of coastal erosion. If the mean sea level 
rises, sandy beaches adjust themselves to the increased sea level resulting in a new equilibrium 
profile. When we consider only the cross-shore profile change, sediments on the foreshore have 
to be transported to offshore to form the new equilibrium profile; as a result the shoreline retreats. 
This is called the Bruun Rule, and based on this concept we can calculate the amount of 
shoreline retreat. Mimura et a1.(1995, 1996) applied this method to the Japanese coastlines to 
give the national assessment for the beach erosion. As seen in Fig.3, 56% of the currently 
existing Japanese sandy beaches(l90 km2 in area) would be eroded by 30cm SLR, furthermore 
the number wiII increase to over 90% for Im SLR. 

Japan has already been suffering from serious coastal erosion because of decrease of 
sediment supply from rivers and blockage of longshore sediment transports by large port and 
coastal structures such as breakwaters and groins. If the effects of sea-level rise and climate 
change superpose on the present trend, the coastal erosion will be amplified. Japan will need 
much more efforts to the protect coasts and national lands, however, in the worst case the 
national lands are surrounded by man-made walls with no sandy beaches in front of them. 

I IW I I I I I 
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Figure 3 Beach erosion due to sea-level rise(Mimura et al, 1995) 
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Climate change and sea-level rise may cause other adverse effects; changes in 
deposition of riverine sediments at the river mouth, and inundation and erosion of coastal 
wetlands and mangroves. These precious ecosystems may survive by migrating towards inland in 
parallel with rising sea level. In many places, however, there are no rooms for them to retreat, as 
seawalls already exist behind the wetlands. In the face of a real threat of SLR, we need to 
consider the saving measures like evacuation corridors for their survival. 

3.3 Coastal disaster potential 

As a macroscopic index for the societal impacts, the areas and population at risk imposed by sea- 
level rise and coastal flooding has been estimated. In Japan, currently 861km2 of areas are 
already under the mean sea level, which is called “zero-meter area”, where two million people 
live. The areas and population at risk increase 2.7 times(2,339km2) and 2 times(4.lmillion) due 
to l m  SLR. If storm surges superpose on the increased sea level, the numbers will further 
increase(Matsui et al., 1992). As mentioned before, the changes in typhoon is still unclear. 
However, as a scenario study, Tsutsui and Isobe(1992) showed that an intensified typhoon with a 
larger central pressure decrease of 15hPa will cause a 1.2 times higher storm surge in Tokyo Bay 
resulting in an expansion of risk zones for storm surges. A similar estimate for the whole Asia 
and Pacific region will be discussed later. 

3.4 Infrastructures in the coastal zones 

The adverse effects of global warming will appear on the coastal infrastructures through a range 
of causes such as sea-level rise and changes in climatic and oceanic conditions. These effects 
induce lessening function of various facilities such as ports, fishing harbors, man-made islands, 
landfills, disaster prevention structures, drainage and sewage systems, and other infrastructures. 
These effects are widely examined in the Coastal Engineering Committee, JSCE( 1994). 

An example is the increased instability of breakwaters. The safety factor against sliding 
may decrease due to sea-level rise. This change depends on their site conditions like water depth 
and wave breaking. The decrease will sometimes become more than 10% in the worst case. 

Another attention should be paid to the increased ground water table. If the water table 
increases following sea-revel rise, ground looses its supporting capacity and resistance against 
the liquefaction. These effects will cause increased earthquake damages on river dikes, port 
facilities, bridges, large buildings, etc. For countries which face the earthquake threats like Japan, 
such combined effects may become important. 

Against such adverse effects, many countries will try to respond to them by upgrading 
the existing infrastructures. The costs needed to maintain the present safety standards and 
functions against future sea-level rise were estimated for the coastal infrastructures in Japan. For 
the facilities of ports and port-connected coats, we need to reinforce the breakwaters, revetments, 
quays, storage houses, water gates etc, and the cost for them were estimated to be 11.5 trillion 
Japanese Yen or about 96 billion US$(Kitajima et al., 1993). Moreover, as there are about 3000 
fishing harbors and disaster prevention facilities on the remaining parts of the Japanese 
coastlines, the total cost will be more than 20 trillion Japanese Yen or 167 Billion US$. These 
figures are an apparent indicator for the extent of the possible impacts of sea-level rise and 
climate change. 
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Parameter 
Elevation 

4. Impacts on Asia and Pacific region 
4.1 Region-wide assessment(Sat0 et al, 2000; Mimura et at., 2001) 

Name Organization Resolutioflemarks 
GTOPO 30 EROS Data Center 1 : 1,000,000 

There are a number of vulnerability assessment studies in global, regional, and national 
scales(e.g. Hoozemans et al, 1993; Nicholls et al., 1999). However, a constraint is that most 
studies look at only static changes in external forces, such as increase of mean sea level. Since 
the coastal environment is strongly affected by tropical cyclones and storm surges, it is important 
to take into account them in the vulnerability assessment. At the same time, the Asia and Pacific 
region is expected to face high growth of population and economic activities. For the coming 
decades, population and human activities in the coastal zone must increase remarkably. 
Therefore, incorporation of these changes into vulnerability assessments is essential to make 
them more realistic. Furthermore, many previous studies are confronted with lack of data, even if 
they try to respond to the above problems. 

In order to overcome such constraints, global datasets on climatic, environmental, and 
societal information were employed. There are global and regional datasets for the basic 
geographic conditions, such as distribution of the land elevation, land usekover, and population, 
and environmental parameters, such as coral reefs and wetlands. Collecting and using these 
datasets, an region-wide assessment of vulnerability for Asia and the Pacific was performed 
through integration by a geographic information system(G1S). 

The target area of this study is the whole Asia and Pacific region, which covers 30E to 
165S, and 90N to 60s. Its land area and population are about 6.5 million km2 and 3.8 billion 
people. Necessary information for the assessment was collected from global and regional 
databases as shown in Table 1. The spatial resolution of the data ranges from 1 degreex 1 degree 
to 0.5 minutex0.5 minute in the longitudinal and latitudinal directions. All data were arranged 
uniformly on a common grid of 1 minutex 1 minute in the GIs. 

Population 

Tide 

Table 1 Global databases used 

~ 

Gridded Population of the CIESIN 1/12 deg. 
World 
Tide Table No.] & 2 Hydrographic Dept. 1852 points 

Cyclone 

Wetlands 

Coral Reefs 

Maritime Safety Agency 
World-wide Consolidated World Weather Disk 1842-1989 
Tropical Cyclones (US NOAA) 
Major World Ecosystem Global GRASS 1 deg. 
Complexes (US NOAA) 
Reef Base 3 World Conservation Over 7,000 coral 

Infrastructure Digital Chart of the World 

Monitoring Center, reefs 
ICLARM 
ESRI 1 : 1,000,000- 

1 :25,000,000 
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4.2 External forces 

The external forces considered were sea-level rise, astronomical tide, and storm surge induced by 
tropical cyclones. By combining these forces, four scenarios of mean water level at two time 
points, i.e. the present and 2100, were set; 1) high tide level at present (no sea-level rise), 2) 
storm surge level at present (high tide+storm surge, no sea-level rise), 3) high tide level in 2100 
(high tide+lm sea-level rise), and 4) storm surge level in 2100 (high tide+storm surge + lm sea- 
level rise). The levels for high tide and storm surge represent the water levels for the permanent 
inundation and episodic flooding. 

Estimate of the future sea-level rise are given by IPCC. In this study, lm  sea-level rise 
was taken for simplicity. The high tide levels in 1852 tidal stations(Hydrographic Department, 
Marine Safety Agency, 1999a, b) was used to interpolate the distribution of the high tide level 
along the whole coastlines in the Asia and Pacific region. 

The height of storm surge was calculated by Eq.( l), which represents suck-up of sea 
water and wind set-up by a tropical cyclone, but does not include the effect of wave set-up. 

k * U &  h, 
SS, = 0.991. 0, + ~ In - 

lo3 - S  h’ 

where, SS, is storm surge height, AP, pressure decrease at the center of a cyclone, U, wind 
speed, k 4 . 8 ~  S mean sea bottom slope on the coast, h ’ water depth where the storm surge is 
calculated(=5 m), and ho water depth where the wind set-up begins. 

The parameters necessary to calculate the storm surge, such as pressure distribution 
and cyclone track, wind speed, and the velocity of the cyclone movement were estimated using 
the World-wide Consolidated Tropical Cyclones edited and issued by U.S. NOAA. Storm surges 
were calculated for all the cyclones recorded for 40 years from 1949 to 1989 in the region. Then 
the highest surge level in each coastal segment was taken as the storm surge scenario along the 
coastlines. This means that this study assumed that, global warming will not change future 
tropical cyclones, thus storm surges, from those of the past 40 years. 

4.3 Areas and population affected by inundation andflooding 

The areas affected by high tide and storm surge were calculated assuming that the areas below 
the water levels calculated above would be inundated or flooded. In reality, where coastal dikes 
and seawalls exist, they should prevent the inundation and flooding. Moreover, the flooded areas 
by storm surge are usually limited to narrow coastal areas due to the short retention time of a 
cyclone. Therefore, the area calculated in the study is the possible maximum area of inundation 
or flooding, which represents the potential risk zone along the coastlines. 

Then the population in the affected areas was calculated. As the reference, distribution 
of the population in 1994 was taken. For 2100, the population distribution is estimated by 
multiplying the growth rate estimate of World Bank by the present distribution country by 
country. 
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Figure 4 Areas and population affected by sea-level rise and storm surges 

4.4 Risks for the Asia and Pacific region 

As mentioned above, the total land area of the target region is about 6.7 million km2. The 
population in 1994 in the region is about 3.8 billion which is estimated to increase to 7.6 billion 
in 2100. Even today, the areas below high tide level and storm surge level, i.e. inundated and 
flooded areas, are 3 11 thousand km2 or 0.48% of the total area and 6 1 1 thousand km2 or 0.94% , 
respectively, as shown in Fig.4. They increase to 618 and 858 thousand km2 (0.98% and 1.32%) 
by lm sea-level rise. The increased flooded area amounts to 247 thousand km2. 

Regarding the affected people today, about 47 million people or 1.21% of the total 
population lives in the area below high tide level, while 270 million people or 5.33% live below 
storm surge level. These show that the Asia and Pacific region is already vulnerable to flooding 
by storm surges. If the mean sea level rises by 1 m and the present population is assumed to be 
unchanged, the above populations increase to 160 and 258 million(2.73% and 6.61%) 
respectively. When the population growth by 2100 is taken into account, they become about 200 
and 450 million people. The increase in the population in the flooded area reaches 249 million. 

Figure 5 shows the distribution of the areas below storm surge level with l m  sea-level 
rise. The areas which may be affected seriously are deltas of Mekong River, Ganges and 
Brahmaputra Rivers, and Yangtze River, and the southern part of Papua New Guinea. The 
countries and areas where more than 10% of the national population is affected are Vietnam, 
Taiwan, Cambodia, Brunei, Bangladesh, Guam, etc. 

The assessment has several weaknesses. Accuracy of the land elevation varies with 
areas, which reflects the accuracy of the source maps. The area below storm surge level is taken 
uniformly as the flooded area, while the flooding of storm surge occurs in the coastal belts as 
mentioned above. Though the resolution of the present analysis is rather fine for the regional 
analysis as 1 minutex 1 minute, small islands in the Pacific, such as Kiribati and Tuvalu, cannot 
be represented precisely. They need to be studied on a country basis and to be incorporated to the 
analysis individually. In spite of such constraints, this study can give us the degree and extent of 
the possible impacts of future sea-level rise and storm surges. 
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Fig.5 Distribution of flooded areas by sea-level rise and storm surges 

5. Response Strategies -Adaptation to Climate Change and Sea-Level Rise 

When considering the above-mentioned wide spread and serious impacts, we have to develop a 
long-term strategies to respond to climate change and sea-level rise. There are two basic 
categories for the responses; preventing global warming by regulation of the GHG emission 
(mitigation) and adaptation to the warmer world. As far as we cannot stop the global warming 
completely, we have to consider adaptive measures against climate change and sea-level rise. 

The results introduced above can lead us to a consideration of adaptation strategies. 
Vulnerability is an overall concept for a society to cope with the adverse effects of sea-level rise 
and climate change. It consists of several components, such as susceptibility and resilience of 
exposure systems to external forces, and capacity of the society to adapt to them. The degree and 
extent of the possible impacts identified in the studies are quite large. On the other hand, the 
adaptive capacity is not so high in the developing countries in the Asia and Pacific region. 
Therefore, the impacts would overwhelm the social counteraction and adaptation capacity. The 
results indicate the necessity of the proactive consideration on how to strengthen the adaptive 
capacity in each country and the region on the whole. Furthermore, thz international support is 
essential to this end(e.g., UNEP 1996). 

IPCC proposed three options for coastal adaptation; planned retreat, accommodation, 
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and protection. Planned retreat is an option to evacuate population and precious assets from areas 
at risk in the face of sea-level rise. Accommodation is that which allows people to continue to 
use the coastal areas with alteration of usages; e.g. raising houses on high poles, introduction of 
storm surge shelters and flood insurance, changes of crops to salt-resistant ones, and land use 
change from agriculture to fish farming. Protection is to defend the people’s life and assets and 
socioeconomic activities in the vulnerable areas, which has hard and soft measures. As the 
studies on the adaptation and its measures just started, there are many unknown subjects for 
adaptation(e.g., Klein et al., 1999, IPCC WGII, 2001). Therefore, this is another area for the 
challenges for coastal science and engineering. 

6. Conclusions 

In this paper, we have explored the present status of the studies on the impacts of and 
vulnerability to climate change and sea-level rise targeting at the Asia and Pacific region. The 
impacts identified by the past studies are quite large and wide spread, which indicates that the 
Asia and Pacific region is very vulnerable to them. If we want to grasp the future threats more 
concretely and precisely, even at the individual coat level, we have to expand our views more 
widely, because the coastlines of Asia and the Pacific have much variety of physical, ecological 
and social properties. Natural systems of the coasts are ranging from coral reefs and mangroves 
in the tropical environment to ice-covered coastlines in the Arctic, and at the same time there 
also exist mega cities in the growth center of the world. A major task of coastal science and 
engineering is to understand the differential impacts of environmental changes on these coasts 
and their mechanisms. Therefore, further promotion of impacthulnerability studies, both local 
and regional scales, are an important challenge to us. 

The existing studies also give us a basis for the consideration on how to respond to 
climate change and sea-level rise by showing the distribution of the possible impacts and 
vulnerable areas. At the sane time, in the future of several decades, the society will also undergo 
considerable changes including those of population, industries, trades, and life styles. Although 
the future picture is uncertain, this means that the human society in the region will face not only 
climatic changes but also other environmental and societal changes. This is a complicated 
multiple stress situation. In the coastal zones, the pressure of changes will be stronger than other 
areas, as a large portion of the increased population will live in the coastal areas. Considering 
such situation, adaptation to these changes will be an inevitable policy direction to ensure the 
safety and well-being of human society against the future threats. For example, the Japanese 
Ministry of Land, Infrastructure and Transport has started examination on the coastal adaptation 
policies, even though it is still a preliminary stage(Research Committee, Ministry of Land, 
Infrastructure and Transport, 2002). Development of adaptation strategies in the national and 
regional polices obviously needs scientific understandings and engineering supports. Therefore, 
coastal science and engineering are expected to play an important role to support the 
development of policies and management framework. This is another challenge in front of us. 
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1. Introduction 

In the 1983 Nihonkai-Chubu Earthquake tsunami causing serious damage including 100 

casualties around Japan Sea, soliton-disintegrated wave was remarkably observed in shallow water, 

which amplifies by the waveform curvature, dispersion, effect more than a normal tsunami. Since a 

former numerical model widely used for a tsunami model excludes such an effect, 

soliton-disintegrated waves typed tsunami can not be simulated well. In this study, a new tsunami 

numerical simulation with Boussinesq-type equations is introduced for generation, propagation in 

deep and shallow water, and is applied to the 1983 Nihonkai-Chubu earthquake in order to discuss 

its applicability. 

2. Computation model 

Governing equations of the present model are obtained by depth integrated Boussinesq-type 

equations (Madsen et. al"]). A tsunami amplified in a shallow water breaks, so that the 

wave-breaking model as the dissipation effect of momentum should be taken into consideration. 

Otherwise, the model overestimates the runup on the shore. We refer the previous research work on 

it and reach the following numerical model as a new tsunami simulation with dispersion effect; 

Where n is the tsunami level, IM; Nare discharge flux xand y directions, h is the still water depth, 

Dis  the total water depth, gis the gravitational acceleration, v ,is eddy diffusion coefficient, n is 

the manning roughness coefficient. Governing equations were computed by the 2-step mixed finite 

difference scheme[21 for saving the computational CPU time and ensuring the stability condition . In 

the run-up regions less then 2m-depth we switch to the shallow water equations used by explicit 

scheme, which is normal model. 

3. Reliability of computation model 

Before applying the model to the 1983 tsunami, we carry out the simulation to be compared with 

the hydraulic experiments in order to calibrate the coefficient of the breaking. Fig.1 shows the 

comparison of wave profile of the result between the spatial wave height of hydraulic experiment 

(0) and computed (Solid line). Good agreement is obtained for the comparison of the maximum 
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water level between the experiment and the computation results by introducing water breaking 

model. Fig2 shows computational regions and distribution of tsunami initial profile for 

Nihonkai-Chubu earthquake tsunami. Fig.3 shows the time history of tsunami level a t  the 

8m-depth point offshore at  Minehama village where the maximum runup height was measured. 

The present model is able to compute the amplification a t  tsunami front by the waveform curvature 

effect, and the decay of tsunami wave height by water breaking effect. Fig.4 shows the flood region 

of tsunami on land computed by present model and shallow water model. It demonstrates that the 

result computed with Boussinesq-type equation became wider than the result computed by shallow 

water equation because of tsunami amplification by soliton-disintegrated waves. We can say that 

the present model produce accurate and stable result more than the previous one with the shallow 

water equation. 
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Fig.3 Time history of t sunami  level Fig.2 Computational regions a n d  initial t sunami  distribution 

4. Conclusion 

A tsunami numerical simulation model used 

Boussinesq-type equations was developed and 

the run-up of Ninonkai-Chubu earthquake 

tsunami was computed. The present model 

can estimate the soliton-disintegrated wave of 

tsunami in shallow water. The flood region of 

tsunami on land computed by present model 

became more widespread than the result 

computed by shallow water model. 

s i d e  

Fig.4 Flood regions of t sunami  o n  land  
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Abstract 

A tsunami generated by landslide is less studied than the more frequent tsunami generated by 

fault motion. From historical reports, it is clear that landslide-induced tsunamis killed many people 

and caused serious damage; about 1,500 casualties in the 1741 Oshima-oshima tsunami and 15,000 in 

the 1792 Ariake tsunami. This type of a tsunami can result in significant local wave amplification, 

energy concentration and/or radiation. A strong ground motion, failure of slope, volcanic activity and 

great societal impact, can trigger landslide-induced tsunami. The mechanisms of tsunami through 

hydraulic experiments and numerical simulation have been studied. For example Imamura and Lee 

(1998) and Matsumoto et al. (1998) proposed the two-layer model for interaction between landslide 

and tsunami, and computed the tsunami generation by using the numerical model to reproduce the 

historical tsunami in 1741([1] and [2]). Hermann et al. (2001) carried out the hydraulic experiment 

supposed rockslide impact of the Lituya bay tsunami in 1958, [3]. However, the mechanism of 

tsunami generation has not been clarified and modeled, since 

the physical mechanism when the sediment rushes into the 

water is still unknown and there are few examples of 
experimental researcidanalysis on the interaction between 

debris flow and tsunami. In this study, we carried out the 

hydraulic experiments in sloping one-dimensional open 

channels with the high-speed video camera and water gauges 

in order to measure the detail process and sequence of 

landslide motion and the generation of the tsunami by rushing 

into water and have clarified some processes of tsunami 

generation by landslides. Moreover, using the numerical 

model of two-layers with three kinds of shear stress, the 

tsunami by landslide try to be simulated and compared with 

the result from the hydraulic experiment. 

Fig.1 shows the series of photographs debris flow 

rushing into water and the tsunami. The debris flow reaching 

the water surface and pushed the water generating the 

Fig. 1 Front of the debris flow rushing 
into water 
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positive wave. After that, the 

mixing with the water thickened the 

front of the debris flow. The debris 

flow going down toward the bottom 

pulled down the water surface, 

generating the negative wave. In 

this result, the effect of the 

interactive force occurring between 

the debris flow layer and the 

tsunami is significant. Moreover, 

the continuous flowing of the 

debris in the water lets the wave 

0.1 

computed debris f l o  
measured value 

0.6 0.8 1 .o 1.2 1.4 
distance (m) 

Fig. 2 Spatial profiles of wave at 0.5 sec. after the debris flow 

rushing into water 

period of the tsunami short due to localize disturbance at the water surface, so that we confirmed a 

phenomena of wave frequency dispersion. 

In order to simulate the experiment results, the basic equation of fluid with two layers is required. 

We applied nonlinear long-wave theory integrated over a layer with non-horizontal bottomhnterface as 

the governing equation. Thus the model of two-layer introduced shear stress terms was performed and 

compared with the results of the experiment. As the shear stress terms, it is supposed that the bottom 

friction and the horizontal viscosity should be included in the lower layer for the debris flow, the 

dispersion should be in the upper layer for the tsunami, and the interactive force should be on each 

layers. Fig.2 shows spatial profiles of wave at 0.5 sec. after the debris flow rushing into water. Both 

computed the debris flow with the proposed coefficients and the tsunami height show good agreement 

with the measured, thus we concluded the Manning coefficient of 0.01 ~ / m ” ~  and the horizontal 

viscosity of 0.01 m2/sec for landslide, and the interactive force of 0.2 for each layers. Moreover, the 

Manning coefficient of the debris flow on the dried should be different from those in the water in order 

to introduce by the mixing with water; the timing of the debris flow under the water and the tsunami is 

revised by introducing the large value of the roughness 0.12 ~ / m ” ~  for the debris under the water. 

However the following negative wave for the upper layer has not generated yet in this model. We 

could not include the dispersion effect into the model so far. Therefore, the effect of its term is needed 

to introduce in the upper layer. 
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Abstract 

The artificial coastal barriers such as seawalls and break waves have been constructed in 

Japan and have played an important role in protecting the city and coastal area from natural hazards 

such as tsunamis, tidal waves, high waves. However, the artificial coastal barriers need high cost of 

the construction and maintenance, change the present environment and have forced inconvenient to 

use the coastal area. Therefore, the countermeasures against tsunamis by using the artificial coastal 

barriers are not recommended for all coastal areas. It is required that a new countermeasures 

corresponding to every area is considering with the combination with artificial and natural functions 

for more appropriate management for natural disaster reduction and keeping good environment. One 

of a new way is to utilize a control forest along coast. However, the quantitative and concrete 

functions of coastal forest to reduce tsunamis are not established and formulated, so that no guidance 

to use control forest is available. Additionally, in order to take the countermeasures for the mitigation 

of tsunami damage, it is necessary to predict the situation at the time of a tsunami attack, which 

considering with tsunami control forest and other coastal structures. In order to use a coastal control 

forest positively and effectively as countermeasures against tsunamis, it is important to evaluate the 

hydrodynamic effect of tsunami control forest, and to clarify a disaster prevention function further. 

The present paper aims to provide the concrete functions of tsunami disaster prevention by control 

forest from old tsunami reports and other studies, and the quantitative guidance of tsunami reduction 

effect from numerical simulation including the resistance of tsunami control forest. 

From old tsunami reports and other studies (Shuto, 1987, Ishikawa, 1988) the function of 

tsunami disaster prevention by control forest can be summarized as follows (see Fig.1) ; 1) to stop 

driftwood and other drifts, and prevents the secondary disaster of house damage by the attack of 

drifts. 2) to reduce tsunami energy, inundation depth, inundation area, tsunami current and hydraulic 

force at behind of forest by reflection and resistance of trees. 3) to provide a life-saving means by 

catching persons carried off by tsunamis. 4) to collect wind-blown sands and raises dunes, which act 

as a natural barrier against a tsunami. In order to evaluate these tsunami reduction effects 

quantitatively, tsunami numerical simulation considering with the resistance of forest by using with 

C, and C, for the some forest conditions as forest density and forest width of actual scale were 
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carried out. The resistance coefficients of the coastal forest are selected as C,=8.4Vo/V+O.66, C s 1 . 7 .  

These values modeled from the hydraulic experiment on coastal forest. From the calculated results, 

the spatial distribution of the maximum inundation depth, current and hydraulic forces can be shown 

quantitatively. As an example of result, 

fig.2 show the spatial distribution of 

maximum inundation depth for the 

different forest width (50, 100, 200, 

400m). This figure shows that the 

inundation depth can be reduced with 

a function of the forest width. From 

the same simulation, these are 

obtained that the hydraulic force 

behind forest is reduced and the strong 

' k\ i 

A(incident)=3.0m 

0 200 400 600 800 1000 
current in the coastal forest can be 

Distance from shore  line : x(rn) 
possible to scour the bed of trees. By 

use these results, the tsunami 

reduction effects can be evaluated 

Fig.2 Spatial distribution of maximum 

inundation depth with forest width=50-400m. 

quantitatively related to the tsunami 

and forest conditions. 

Tsunamis Reducing Effect by Stor, 
I . r .  
Lire 

and Floatages Savina Coastal Control Forest 

Evacuation 

Fig. 1 Tsunamis Reducing Effect by Coastal Control Forest 
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ABSTRACT 

The re-examination of the 1983 tsunami in Korea especially at Imwon Port was carried out by 
Hong and Imamura (2002). Although they have good agreement with the measured, the low accuracy 
of the simulation for run-up is found at 3 locations with the complex land-use and geometry. One of 
the reasons is considered to be related with the run-up simulation on the land with houses, building 
and so on. From those results, we need the advanced model for run-up on a complex land-use to 
represent appropriate friction coefficient of the bottom. In recent years, the Equivalent Roughness 
Model (ER-model) based on shallow water theory, which is utilized to obtain appropriate friction 
coefficient at the bottom following the percentage of the structures, is proposed by Aburaya and 
Imamura (2002). However, the quantitative verification about the ER-model has not thoroughly been 
clarified yet. Therefore, in this study, the accuracy of ER-model is studied through comparing with 
measured data, and its applicability is also discussed. 

The grid system to calculate wave height and velocity in the numerical simulation is selected. The 
length is open-channel is 1200cm and the width is 30cm. The two obstacles are located at ~ 1 3 0 c m  
and 150cm from the origin. The wave height is measured at four locations; x=50cm, 115cm, 140cm 
and 200cm in the channel, and the wave velocity at two locations; x=50cm and 200cm to compare 
with the result of calculation with. ER-model. Figure 1 shows the open-channel and the 
measuringkalculating points for wave height and wave velocity. 

~ < 

Figure 1. The open-channel and the measuring/calculating points for wave velocity and height 

We discuss about accuracy and reliability of the ER-model with the different spatial grid size, 
Dx=7.5 - 50 cm, by comparing the calculated with measured. To analysis the accuracy or reliability, 

we should calculate the relative errors between: Error (%)=( Z I C  - M I / x  M )  x 100, where C is value 

of calculated wave profile and A4 is value of measured. Also, for discussion of the characteristic and 
accuracy, the open-channel is divided into three parts; (1) front of the obstacles, ( 2 )  middle around 
them and (3 )  back of them, because each propagation process should have different characteristic and 
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numerical error. Generally we have fours kinds 
of errors in the simulation; (a) Physical 
modeling error, (b) Truncation error (numerical 
dispersion or dissipation), (c) Sampling error 
(descretization of wave profile), (d) Rounding 
error. In the case, we found that the rounding 
error and sampling errors can be negligible. 
Figure 2 shows the comparison of wave profiles 
at the front of obstacles (at x=50cm) as an 
example. As shown it, we find that the 
propagation of the tsunami wave doesn’t have 
an influence by obstacles until t=1.6 sec, 
because the reflected wave doesn’t reach the 
point. In general, the tsunami wave propagates 
with nonlinear behavior. For the characteristic, 
many researches verify that 2-D numerical 
model using shallow water theory can be 
applied to simulate such nonlinear behavior of 
propagation of a tsunami wave without obstacle, 
meaning that the physical modeling error is also 
small. Then, it is suggested that the truncation 
error is dominant and especially dissipation 
error might be large. Figure 3 shows the 
comparison of wave profiles at the middle of 
obstacles (at x=140cm). The reason for large 
errors in height and time at the middle more 
than the front is that a tsunami is affected and 
reflected by structures; reflection, diffraction 
and refraction, which phenomena can not be 
included fully in the 2-D model. Thus, the 
physical modeling error might be predominant 
in this region. Comparison of wave profile at 
point of the back of obstacles (at ~ 2 0 0 c m )  is 

0 
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Figure 2. Measured and computed wave profiles 
at the front of obstacles 
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Figure 3. Measured and computed wave profiles 
at the middle of obstacles 
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Figure 4. Measured and computed wave profiles 
at the back of obstacles 

shown Figure 4. The effect of obstacle would not appear in propagation of tsunami wave after passing 
through obstacle except for shortwaves behind the first wave crest, meaning physical error become 
small. As stated above, the accuracy of ER-model can be explained through characteristics of each part 
in the results of numerical simulation. 
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Extended Abstract 

1. Introduction 
In February 2002, Jakarta experienced one of the most severe floods in history, which caused widespread 

damage and affected more than 75% of the total population of the city. Duration of the flood was from the end of 
January to the beginning of February 2002. Jakarta City is frequently affected by floods; a third of northern Jakarta 
is flooded on average twice a year. 

This paper is intended to present the flood problems in Jakarta, the recently flood in 2002, how such a flood 
could happen and lessons learnt from it to overcome future floods that most probably attack the Jakarta City with 
bigger (could be) magnitude. 

2. Jakarta - A brief description of geogra hy and climate 
The history of Jakarta is start from 16 century, at that time the city name was Jayakarta. During Dutch 

colonialism, it changed to Batavia and then changed again by Indonesian government to Jakarta. Since that Jakarta 
City become the Capital City of Republic of Indonesia. Today’s Jakarta stretches 661.51 square kilometres across 
alluvial lowland on the north coast of West Java, and is criss-crossed by 13 rivers, both natural and man-made. 

Before the 2nd World War, the population of Jakarta City is estimated around 800.000 persons. Now, Jakarta 
become a metropolitan city and the population growth very rapidly and now the population is estimated around 8.4 
million persons. 

Jakarta is located in tropical area. We have only two-seasons; i.e., wet and dry seasons. The dry season is 
between May to September and the wet season, between October to April. The heaviest rains usually fall around 
January to February. The temperature trough the year averages 25 - 3 1 degrees Celsius and humidity averages a 
high 70%. 

3. Jakarta Flood Control 
Since the beginning, floods have always been a problem to the people of Jakarta City. Since 17‘h century and 

also in 19” century, floods became a serious problem of Batavia people that had population around 600.000 persons. 
In 20” century, Prof.Ir. H. van Breen developed a plan to overcome floods of Batavia. The van Breen plan 

consists of developing flood canals and also flood control construction along the rivers. The flood canal consists of 
the Western Banjir canal and Eastern Banjir canal. The purpose of both canals is to divert the floodwater coming 
fiom outside Batavia City; i.e., Bogor area. 

In 1965, Government of Indonesia developed a “master plan for drainage and flood control” and revised in 
1973. The master plan was modification of the van Breen plan. The principle of flood control of Jakarta city is 
developing 3 canal system i.e. flood “banjir” canals, urban drainage canals and polder system. 

The urban drainage system is to drain-off the rainwater from the area enclosed the protection of Banjir Canal 
trough gravity flow channels including rivers and canals. Other areas where mostly located in the low-lying area 
and affected by the high tidal intrusion, the rainwater will be store in the polder and them pumping-out to the sea. 

In fact, Eastern Banjir Canal can not be realised. Mean while, Western Banjir Canal can be realised with 
some modification due to the increase of cost of land. 

! 

4. The Flood in 2002 
Every January and February Jakarta is always flooding (flood months). The recent floods have been lasted from 

January 25‘h to February 10” with the climax on February 4”, 2002. It has been raining the entire of January. On 
January 30” a very large amount of rain has fallen. That was the highest daily rainfall of the month January 2002. It 
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has been raining from February 1’‘ to 1 5‘h with large rainfall on February 2”d. This amount rainfall is too much in a 
short time. 

Meanwhile, due to rainfall before January 25“, the ground was saturated which caused no more water can 
infiltrate into the soil, rivers were ‘‘full” but not really overtopping. When heavy rainfall on January 30”, rivers 
started to overtop, depression areas flooded, water logging and springtide at sea. 

Rainfall continuously fallen in Jakarta and vicinity with large rainfall on February 2nd, it caused a large flood on 
February 4”, 2002. Consequently, about 10,000 hectares or 100 km2 were flooded which is of the Jakarta City (in 
total 66 1.5 1 km’). 

a. 

b 

C. 

d 

e. 

f. 

g. 

h. 

1. 

j. 

k. 

1. 

Many factors caused such severed flood. The following factors are reported: 
Rapid urbanisation which brought about by the loss of natural flood reduction functions of land use practices. In 
1983, green area was about 60% of the total area of DKI Jakarta. In 1995, the green area was about 17%. And 
in 2000, the green area was about 2%. 
Poor operation and maintenance (O&M) over the past six years. If O&M are not done, then the sluices, gates 
pumps, weirs and trash racks will not function smoothly and flow is restricted. 
Encroachment by man and structures. All 13 rivers have been narrowed more and more. The flood way is 
narrowed. As a consequence, the water level will become higher and higher. 
Bottlenecks by bridges, electrical, gas and water lines. Bridges are too low and too short. Electrical, gas and 
water lines often placed too low. The flow has been obstructed by the bottlenecks, causing backwater effect. 
Sedimentation of rivers outlets. All river outlets to the sea silted up because the velocity of flow at the outlet is 
very low. Sand and silt are deposited on the riverbed. The riverbed comes up, and so does the water level. 
Insufficient size of (old) flood gates. Many floodgates are old and rusty. Due to poor O&M these do not work 
well. Once, these were designed for a required peak flow. Nowadays these must be enlarged for larger flow in 
the future. 
Building in the river. Some small buildings have been built in the river center. This disturbs the flow of water 
and sediment. 
Dumping solid waste into the rivers. Solid waste is accumulated on riverbanks. When water overtops, all solid 
waste is washed into the river and gets floating. Debris, heavy parts like metals, broken glass pieces remain on 
the riverbed. Approximately 2,400 m3/day of solid waste is dumped into the rivers. 
Clogging of gates by solid waste and floating debris. The water flow normally touches at gates and floating 
debris is withheld at the front of the gates. When there are trash racks, floating debris will clog the trash racks. 
Large amounts of debris on the trash rack will reduce the flow section. As a consequence, backwater occurs and 
results in higher flood levels. 
Gradual land subsidence. Land subsidence is continuing as long as groundwater is extracted. Since the 1996 
floods, the land subsided by about one meter in particular areas. This has worsened the flood risks particularly 
in those specific areas. Land subsidence rate is about 1 1.4 cm/year. 
Clogging of main city drains. Due to poor O&M, solid waste and sediments have been accumulated over the 
years. When the January - February rainstorms came, these main drains could not conveyed the rain storm 
waters. Streets and houses were flooded. 
Absence of city drains. Many areas and streets do not have side drains or ditches. When it rains, water is 
trapped in the streets. As streets are mostly flat and horizontal, all rain storms water cause a stagnant pool. This 
can be seen in the northern parts of the city. 

m. Absence of early warning system. Forecasting rain storms from the position of cyclones and anti-cyclones is 
well done by Meteorological office (BMG). But the forecasting floods of 13 rivers are very difficult. The flow 
in the 13 rivers is very fast and arrives at the sea in a couple of hours. Early warning from the field is necessary 
to anticipate the operation of floodgates. 

n. Confluence of rivers. Where rivers meet each other, we always find problems at their confluence. 
Encroachment, sedimentation and poor design hamper flow. 
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Backnround and Purpose 
Predicting 3-D nearshore current in wide area is 

important to management for the coastal sand and the 

water-quality in coastal area. We need a 3-0 nearshore 

current model being able to predict efficiently and 

accurately in shallow coastal and deep offshore area. 

Nobuoka et al. (1998) have shown that the driving force 

of 3-D nearshore currents is the vertical distribution of 

radiation stress, and have developed the timemean 

current model based on this principle. However, using the 

level method of the Cartesian coordinates, this model 

was not practical, i.e., the vertical distribution of the 

current can not be predicted sufficiently in a shallow 

region, a simulating CPU time is very long because grid 

points increase as a water depth becomes deep. If the 

sigma coordinate is used in the model, an equal number 

of grid points can be set in shallow coastal and deep 

offshore areas. 

The purpose of this study is to develop the nearshore 

current model using the sigma coordinate system with 

the vertical distribution of radiation stress for the driving 

force. 

Government Equations 
As shown in Fig.(l), the one of the sigma coordinate is 

a nondimensional scale of depth so that each water 

depth is divided by the all of the local water depth. 

Equation (1) and (2) show the government equations of 

nearshore current expressed by sigma coordinate 

system, that derived from Navier-stokes equation and 

Continuity equation with the assumption that each 

velocity can express sum of the three components, i.e. 

wave, timemean and turbulent components. 

The radiation stress term integrated in all of the local 

water depth should agree with conventional radiation 

stress regardless of sigma coordinates. This integrated 

stress is in agreement with the conventional radiation 

stress showed by CCMEI (1989). From this agreement, 

it has been proved that radiation stress component of 

Eq.(2) is appropriate. 

As keep a conservation law even if the method of finite 

differences is adopted, Eq.(l) and Eq.(2) are integrated in 

the vertical direction in the layer which is divided arbitrarily 

in the water depth. The integrated equations are 

government equations of nearshore current model 

proposed by this study. 

Calculation of Radiation Stress 
Even if sea bottom is very mild, the effect of the 

inclination needs to be taken into consideration to the 

vertical distribution of radiation stress (Nobuoka, 2002). 

Therefore, the vertical distribution of radiation stress in 

sigma coordinate system was calculated using Biesel 

wave theory (1952) which can take the inclination into 

consideration. 

One example of the results for the vertical distribution 

of radiation stress in a surf zone is shown in Fig.(2). The 

result of sigma coordinate shows the steep momentum 

gradient generated by the breaking wave near the water 

surface can be expressed by the radiation stress. The 

result except the effect of inclination of sigma-line is also 

shown in Fig.(2). Although the gradient of sigma-line is 
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very mild as less than 1/20, the effectiveness of the 

gradient affects radiation stress greatly. 

Verification of Nearshore Current Model 
The solution of the proposed nearshore current 

numerical model is the same as that of Nobuoka (1998). 

These calculated results for some wave condition were 

compared with that of experiment in order to examine the 

capacity of proposed model. The timemean water level, 

calculated by sigma coordinate system, showed good 

agreement with the results of experiment. As shown in 

Fig.(3), the calculated timemean current using sigma 

coordinate system is in agreement with that of 

experiment well. On the other hand, the result using the 

Cartesian coordinate system can not express the 

distribution because of above mention about the limit of 

layer numbers. This resuA confirms us that using sigma 

coordinate system improved the prediction of a vertical 

distnbution profile. 

The proposed model was compared with undertow 

model of Okayasu's type (1988). Figure (4) shows the 

root-mean-square error of calculation against 

experimental results in the surf zone. This result indicates 

that the predictability by this proposed model is as high as 

that of undertow model. 

The proposed model can reduce the calculation CPU 

time by 80% compared with that of the former model. The 

calculation CPU time is short also has advantage being 

able to calculate in a wide area. 

Conclusion 
In this study, the equations of 3-0 nearshore current 

using sigma coordinate system were proposed, the 

model for these equations was developed and the 

following points were clarified. 

1) We must take account of the inclination of sigma line 

in order to calculate the radiation stress correctly. 

2) The prediction of ordoff-shore currents in a surf zone 

by the proposed model is as good as that by 

undertow model which can not estimate offshore 

and alongshore currents. 

3) The calculation CPU time becomes short by the 

proposed model. 

The above results confirm us that nearshore current 

model using sigma coordinate system is highly practical 

and is a part of effective tool to predicting beach change 

and water-quality distribution. 
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Introduction 

A riverine-type mangrove (R-type mangal), which is observed in most mangrove forests in Japan, 
is composed of meandering creeks and fringing mangrove swamps with a densely vegetated mangrove trees 
and roots. The ratio of the swamp area to the creek area appears to be typically of order 2-10 and then the 
horizontal scale of the swamp is quite different with that of the creek. To accurately predict water 
environments and sedimentary processes in a R-type mangal, it is desirable to conduct current simulations in 
which the morphological feature of R-type mangals as mentioned above are taken into consideration. For this 
purpose, it may be expected to employ a nesting procedure, in which the computational results in a 
larger-scale domain are successively reflected on a smaller-scale computation. From these reasons, in the 
present study, we have attempted to apply a nesting procedure to the highly-resolved current simulation in 
Fukido River estuary, one of typical R-type mangals, located in the north-west part in Ishigaki Island, 
Okinawa, Japan. 

Outline of a numerical model and 
computational condition 

The fundamental equations in the present 
computation are based on the 2-D Navier-Stokes 
equation with the drag force for densely vegetated 
manerove trees in the swamtx To realize a (a) Gridl,,,,' (b) Grid2 \ \ 

(c) Grid3 

highly-resolved computation for flow field in the 
mangrove area with computational efficiency, we 
introduce the three computational domains as 
shown in Fig.1. The larger-, intermediate- and 
smaller-scale domains, referred here as Grid 1, 2 
and 3, have the spatial resolutions o f h  lm and 
0.25m, respectively. As the nesting procedure, we 

+ 
20cds 

Fig. 1 Computational domains and computed flow 
structure at ebb tide (Spm, August 16,2001). 
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Fig2 Time sequences of the observed and computed 
creek velocity at Stn.A (August 16). 

Fig3 Contour of vorticity around the creek 
computed in Grid 3 (20:38, August 16). 

adopt a one-way nesting approach, in which the computational results in the larger-scale domain are given as 
the open boundary conditions for the smaller-scale computation. For comparison of the computed results 
with observed data obtained by the authors, the tidal current simulation is performed for the period from lpm 
August 16 to 1 1 am August 17,200 1. 

Results and discussion 

The horizontal patterns of flow field obtained in Grid 1 show a tidal asymmetry between the flood 
and ebb water velocities in the swamp; while the swamp current normal to the creek is dominant at the flood 
tide, the flow in the swamp at the ebb tide goes toward the river mouth as shown in Fig.1 (a). We compare 
the observed water elevation and horizontal current in the swamp with the computational results in Grid 1, 
indicating that the computational results give acceptable agreements with the observed data. 

As depicted in Fig.1 (b), the appreciable differences of the horizontal velocities in the creek are 
displayed in the computational results in Grid 2 although those are not clearly shown in Gridl. The lateral 
distribution of the horizontal velocities in the creek may be formed due to morphological features of the 
creek and the influence of larger-scale flow field in the fringing mangrove swamp. Figure 2 indicates the 
time sequences of the observed creek current at Stn.A with the computational results of the velocity in Grid 1 
and 2. The comparison of these results shows that the computational results in Grid2 gives better agreements 
with the observed data than those in Grid 1. 

The computational results in Grid 3 with the higher spatial resolution indicate the more 
complicated flow structure around the creek. Figure 3 shows the contour of the computed vorticity in Grid 3 ,  
indicating that the horizontal large-scale eddies appear around the boundary between the creek and swamp. 
The evolution of a series of large eddies is found to be different in left and right banks of the creek and also 
vary in the flood and ebb tides. These large-eddy structures in the creek do not appear in Grid 1 and 2 with 
relatively lower grid resolutions. These computational results demonstrate that we confirm the fundamental 
applicability of the nesting procedure to the tidal current simulation in the mangrove area. 



NUMERICAL SIMULATION OF WAVE PROPAGATION IN THE WATER AREA OF THE 
YANGTZE RIVER ESTUARY 

Wang Hongchuan' Zuo Qihua2 Pan Junning3 

The wave conditions in the water aera of Yangtze River Estu 
design of deep-water channel regulated works for Yangtze 
Estuary (Figl). The regulated structures of the works are laid 
out in very large scope of the sea area. The wave parameter of 
the structure must be defined through analysis and calculation 
depending on the observed information. The parabolic 
approximation of mild-slope equation is one of the most useful 
methods in simulating the wave transformation for wave 
refraction and diffraction. In our research some key parameters 
are discussed of how to define the friction coefficient, how to 
use the measuring data, and how the structures influence the 
propagation of the wave. 

1. Intruduce of the model Fig I The map of Yangtze Estuary wlth the Td-stage regulated smdllre 

Considering the nonlinear parabolic mild-slope equation: 
- { ( K C C g ) x ( l + x ) } 4  a = i K ( K C C g ) x ( l + w ) 4  
ax K2CC, K CC, 

in which 

when P1=0.25 , P2=0.75 , it is a high-order parabolic mild-slope equation. It can be rewrite to the 
following form: 

where F in Eq.(l-2) may include the dissipation of friction, the inputting energy of wind and the 
2"d-order of the wave transmission in y-Direction. F can be expressed: F = F, + F",, F, and F,,, 
represent the influence of the friction and the energy of wind respectively. 

2. Coefficient of friction 
there are several stations on the aera of the Yangtze Estuary such as Niupijiao station , 

Yinshuichuan station , Dajishan station and so on. At the deep water out of -20m, There exists a P 
point (122"30'E, 3 1'15") where the wave parameter are obtained during typhoon period. Two set 
of data during typhoon period between P and Niupijiao stations are participated in investigating 
the propagation of the wave. when typhoon 9906# period the wave height H, is 4.lm, and T equals 
7.1s in E-direction, and H, is 3.2m, and T equals 7.2s in NNE-direction at P, several conditions are 
investigated. The differences of wave height among variable coefficient of friction are listed in 
Tablet 1 The result of linear model is listed in the tablet either. 

Tablet 1 Computed wave height H,(m) at Niupijiao Station in period of Typhoon 
for different coefficient of friction 
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Station 

Yinshuichuan (E) 
Daiishan W E )  

According to the Niupijiao station’s wave data, the wave height is 2.7m in 9906# period and 
2.3m in 9912# period. When we set the coefficient f 0.015 in E-direction and 0.01 in 
NNE-direction respectively, the result of nonlinear model is agreement with the station’s data. 

3. the influence of Wind velocity 
When the waves propagate for a long distance, the wave energy dissipates and the wave height 

reduces. The inputting wind energy become significant. According to the permanent measuring 
station the wave height of return period of 50 yrs is obtained at the stations, as well as the deep 
wave height out of P point (-20m) is defined. Adding the wind velocity into the term of wind 
energy, the investigated wave height is obtained (tablet 2). It shows that the wave height increase 
as the Wind velocity is added. When U reaches 20m/s in NNE-direction, the wave height at 
Dajishan is in agreement with the value of the return period of 50 years, and when U is Om/s the 
wave height at yinshuichuan has good agreement with the value of E-direction. So we define the 
wind velocity as the parameter in NNE and E-direction respectively. 

Tablet 2 Computed wave height H,(m) at the Stations in return period of 50 yrs 
for different wind velocitv 

Comuuted HJm) 
U=Om/s U= 1 Om/s U=20m/s 

Measured H,(m) 

4.4 4.34 4.59 4.78 
6.13 4.83 5.21 6.03 

4. Transmission of the breakwater 
The transmission and reflection coefficient of submerged structure is studied by many 

re~earcher [~~[~’[~’ .  The coefficient is related to the type of the structure. From the result of the 
predecessor, the transmission coefficient over submerged breakwater become small as the types 
queue semi-circular breakwater, sloping breakwater and vertical breakwater. The transmission 
coefficient of the submerged semi-circular breakwater are given based on physical model tests in 
the paper [2], which can be described as K ,  = 0.258[tanh(-1.55hC / H J ] ’ . ’ ~  + 0.56. 

5. Wave field 
The wave distribution in the area of Yangtze Estuary is computed. Result shows that the wave 

height behind the leading jetties is about 0.6-0.8 times of the value in front of the jetties. 
Reference: 
[ l ]  James T. Kirby, Higher-order approximations in the parabolic equation method for water 

[2] Xie Shileng & Cai Ymjun, Analysis of Wave Height behind a Submerged Semi-circular 

[3] Beji S. and J. A. Battjes, 1994, Numerical Simulation of Nonlinear Wave Propagation over a 

[4] Yoshimi GODA, Re-analysis of Laboratory Data on Wave Transmission over Breakwaters, 

waves, Journal of Geophysical Research, Vol. 91 , No. C1, p933-952., Jan. 1986. 

Breakwater, Port engineering technology, 1999, No.4. 

Bar, Coastal Engineering, 23:l-16. 
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Abstract 

Taiwan situates right on the rim of the Asia Continental Shelf. A typical profile of the shelf bathymetry around the 

coast of Taiwan is shown as Figure I .  Due to the topographical effect of the shelf (Lin, et al., 2001), the oscillation 

patterns of a partially standing tides appeared in the Taiwan Strait are investigated firstly by using the theory of 

co-oscillation, Figure 2. To further identify the oscillation patterns, a two-dimensional depth-averaged shallow water 

wave model: MIKE2lPHD, developed by Danish Hydraulic Institute (DHI, 1996), is applied to compute the 

regional tidal characteristics (Juang, et al., 200 1). By extracting the computed variations of water surface elevation 

from sections along the coast of China and around Taiwan, Figure 3, the visualizations of tides oscillating in the 

Taiwan Strait are finally produced as animations and shown statically as Figures 4 and 5 ,  respectively. From Figure 

4 of the tidal oscillation along the coast of China, one can visualize a Kelvin wave equipped with nearly constant 

amplitude propagating from north to south, and accompanied with a partially standing tides oscillating adjacent to 

the southern end. From Figure 5 of the tidal oscillation around the coast of Taiwan, it is easily to identify that a 

partially standing tides oscillating on a topographical shelf with the anti-node appeared almost at the central part of 

the shelf and the nodes located adjacent to the rims. With the aids of the visualizations associated with the 

animations, the oscillation appearances as well as the characteristics of tides in the Taiwan Strait are illustrated 

completely. 
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The Shelf, Tidal Oscillation, Partially Standing Tides, Visualization 
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Fig.1 Typical profile of the shelf bathymetry 
around the coast of Taiwan 
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Fig.3 Bathymetry around Taiwan and the 
topographical sections (white color line) for 
extracting the tidal oscillation data 

Fig.2 Oscillation of a partially standing tides on 
an idealized shelf 
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Fig.4 Visualization of the tidal oscillation along 
the coast of China (a) associates with the 
bathymetry profile (b) 
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Fig.5 Visualization of the tidal oscillation around the coast of Taiwan (a) 
associates with the bathymetry profile of a topographical shelf (b) 



A NONLINEAR COUPLED NUMERICAL MODEL FOR ASTRONOMICAL TIDES AND STORM SURGE 
- NUMERICAL SIMULATION OF THE STORM SURGE IN RIVER CHANGJIANG’S ESTUARY 

Tan Ya, Zhang Junlun 
College of Traffic and Coastal Engineering, Hohai Univ., Nanjing 210098, P.R.C 

Abstract 
If the extraordinary sea-level rising caused by strong wind or sudden change of air pressure 

meets the high water of astronomical spring tides, the interaction of the two will probably result in 
the sudden and sharp rising of water level as well as some damages such as dams, lands, ports and 
villages being flooded. This kind of damage is usually called damages caused by storm surge. 
Chinese coastal areas, especially the areas south to the River Changjiang’s Mouth in East China 
Sea, are one of the high frequency storm surge occurrence areas in the world. Because the water of 
our offshore areas is often relatively shallow, when the strong wind power of typhoon acts on sea 
surface, the water body will be fully mixed vertically and be transported horizontally in a great 
extension. Therefore it can be assumed that the upper and lower layers of seawater are 
symmetrical so that it is proper to adopt the depth-concerned integral 2-D overall storm surge 
numerical model. 

The tide level of a storm surge caused by typhoon, when observed from the shore, includes the 
astronomical tidal wave from open seas and the additional elevation (decreasing). Likewise, the 
current occurring in the water area not only includes the runoff from the upper stream and the 
periodical tidal current, but also includes the additional flow velocity related with 
storm-surge-caused elevation or decreasing, that is the flow velocity caused by elevation or 
decreasing. The coupling of the storm surge elevation (decreasing) with the normal astronomical 
tides will cause the flood-and-ebb of the sea level and the to-and-fro change of the water flow. 
When the numerical model is applied for the simulation of storm surge, it is necessary to take the 
non-linear effect of elevation (decreasing) caused both by periodical astronomical tides and by 
weather abnormity into account. Besides the runoff from upper stream and the periodical tidal 
current, the water flow in the River Changjiang’s Mouth also includes the additional flow velocity 
which is related with storm surge elevation (decreasing), viz. the flow velocity caused by elevation 
or decreasing. Every year when there are summer and autumn typhoons, extraordinary high water 
level and relatively large flow velocity caused by elevation or decreasing occur with high 
frequency in the river stretch from Tiansheng Port to Yanglin, Qinglong Port in Yangtze River. 

In this article a 2-D astronomical tides and storm surge coupled numerical model is used to 
simulate the storm surge process in River Changjiang’s Mouth and to testify the 9711 typhoon. In 
the numerical simulating process of the storm surge in River Changjiang’s Mouth, water boundary 
controlling is the key factor that will influence the accuracy of the simulation results. In this article 
the water boundary controlling of the storm surge in River Changjiang’s Mouth is provided by the 
East China sea storm surge and tidal wave coupled model. The computational field of the East 
China sea storm surge and tidal wave coupled model is from Nan’ao of Shantou, Guangdong in 
the south, via Penghu islands to Budai at the west bank of Taiwan, and next from Su’ao at the east 
bank of Taiwan via Japanese Liuqiu archipelago to Jiuzhou, through Duima Channel to Fushan in 
Korea. The rationality and accuracy of this model has been validated. In this article the integrative 
water level process line during 9711 typhoon period in Wusong station in River Changjiang’s 
Mouth is computed and the result is in good consistent with the field data. The rationality and 
accuracy of the computational results of this model will serve as a basis of the further 
improvement and development of the storm surge inundation numerical forecasting model with a 
high differentiating rate. 
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Wave Propagation over Slowly Varying Depth with the Presence of 
Weak Currents 

Ming-Chung Lin' Chao-Min Hsu2 Chao-Lung Ting3 

Abstract 
As waves enter into open shallow water, shoaling and refraction occur due to water 

depth variations. The presence of various currents in the ocean makes wave motion 
much more complicated. Isobe (1994) considered variation method to derive a set of 
equations, which can be simplified to different physical equations according different 
water depth distributions; however, he did not include the current effects. In this paper, 
we consider a much more realistic problem, which includes wave condition and cur- 
rent effects simultaneously. A set of governing equations was derived based on dy- 
namic boundary condition with the method of calculus of variation, that the order of 
current velocity is much smaller than the order of wave phase velocity and group w- 
locity, i.e. q2/CCg)<<l. 

Firstly we, according to Isobe (1994), use the method of calculus of variation to 
handle the dynarmc fi-ee surface boundary condition. 

a$ 1 1 a$ [-+-(V$)' +-(-)2 +gz]dzdAdt 
2 az L[$,771 =I" jj A -h at 2 

The relative symbols of the equation and boundary conditions described above can be 
represented below; $(x,y,z,t)is velocity potential of the field, V is the horizontal 
gradient operator, define as (a / ax, a / ay) ; x and y are the horizontal coordinates, and 
x is represented as (x, y ) ;  t represents time; the gravitational acceleration is g ;  the sur- 
face elevation is ~ ( x ,  y ,  t) , and h(x, y )  represents the depth of the water. The hori- 
zontal velocity of pure current is represented as U=(U, V ) ,  and u=(u, v) is the wave 
particle velocity. Let the velocity potential of the field, as shown in equation (2), be 
represented as the sum of the pure current velocity potential and wave velocity poten- 
tial after the wave-current interactions, and the pure current velocity potential in ver- 
tical distributions is assumed d o r m .  

N 

4 = $u + $v, ( x ~ z ,  t> =$u ( x )  + C z a ( z , h ( X ) ) f a  ( ~ 9 ' )  = u. x +',.La (2) 
a=l 

From the Euler equation, we get the following two equations ( 3 )  and (4). 
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From these equations, we can get different fiysical equations with different water 
depth distribution assumptions. For example, with z=cosM(z+h)lcosMh; zl=1, 
z ~ = ( h + z ) ~ / h ~ ;  and z=1 respectively, it yields modified Boussinesq equation in eqm- 
tions ( 5 )  and (6), and shallow wave equation (7)  and (8), including current effects as 
follows: 

(5) 
- + V [ ( h + q ) i ] + U . ( V q  377 +Vh)=O 
at 

au - h h 2  
at 2 6 

gV 77 + - + u (V . i)+ I U I V U + V (  U . U )  = - V[  V . ( hiit ) ]  - - V (V . U, ) (6) 

( 7 )  

(8) 

317 
at 
au 
- +(uV)u  + g v q +  1 u 1 vu + V ( U .  u )  = 0 
at 

- + V [  ( h + 17) U ]  + U . ( V q  + Vh)  = 0 

In the abstract, we only show the results of the flow fields of shallow wave and cur- 
rents around a circular island. 

(a) U=Ocm/sec (b) U=5cm/sec 
Figure 1. The velocity distributions of the wave interactions with favorable flow 

The positions of maximum particle velocity move to larger x positions than in the case 
of no current. Therefore, the current influences the phase and magnitude of particle 
velocity. 

around a circular island (T = 6 sec). 
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In view of practical concerns for pollutants, oil spill dispersal, search and rescue operations at sea, and 

navigation, demands for accurate tidal predictions in both time and space are increasing. The current tide 

prediction system for regional seas neighboring to Korean peninsula comprised of the modeling systems 

with finite element mesh based model, addresses the necessity of resolving the detailed estuarine and 

continental shelf tidal system and timely prediction for operational forecast. Design strategy of predictive 

modeling system is to provide accurate water level prediction including tidal prediction and 

meteorologically induced surge prediction. To meet this requirement, fine-resolution relocatable FEM 

based model is developed during recent years and presented in this paper. Application of the modeling 

system for estimating the effects on tides due to construction of barriers at Saemangeum area, west coast 

of Korea and Isahaya Bay in the Ariake Sea, Japan are described Some of results showing the changes in 

tidal regime including the detailed flow patterns and variations in drying-boundaries are presented and 

discussions are also make for W h e r  modeling studies. 
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FIELD OBSERVATION OF WAVES NEAR THE SHORELINE AND ITS ANALYSIS 
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1. Introduction 
Breaking waves are dominant phenomena in the surf zone. However long waves with periods of 

a few minutes may be more important near the shoreline, as the wave steepness of the long waves is 

too small to break. 

In this study, we carried out an elaborate field observation in the inner surf zone by employing 

many Ultra Sonic Wave Gages (USWG) and an Electro-Magnetic Current Meter (EMCM). This 
paper presents both the data obtained and some analysis on the behavior of short waves (wind 

waves) and long waves. 

2. Field Observation 
A set of twenty six USWG and an EMCM are installed at  Hasaki Observation Pier (operated by 

PARI, Japan) with spatial interval of about 3m as shown in Fig.1. The data analyzed in this study 

were sampled continuously for 2 hours around the maximum tide with time interval of 0.2s. Fig.1 

also shows the beach profile. Mean shoreline lay at  x=4m. Variation of significant wave height 

indicates that ch.17 was located at  the mean secondary breaking point. Ch.8 was located at  the 

nearest point to  the beach, where the beach face was not exposed during the period analyzed. 

3. Data analysis 
Spectra were calculated by FFT with 215 points (about 109 minutes). In time series analysis, 

short and long waves are separated by numerical low pass filter with cut-off frequency 1/25 Hz. For 

ch.17 the incident and reflected waves were evaluated, before separating the short and long waves, 

by a linear long wave theory method using the measured surface elevation and cross-shore velocity. 

Fig.2 shows examples of surface elevation in the breaking process. 

4. Results 
Main features to be noted are listed in the following. 

Time series analysis 
1) Amplitudes of short and long waves become of the same order near the shoreline, as the energy of 

short waves dissipate by wave breaking as seen in Fig.2 for ch.8. 

2) Unification of waves occurs in short waves, and decreases the number of waves. Large waves at  
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ch.8 were observed only for those unified waves. 

Spectral analysis 

1) For reflected waves power exists only in the range of f<0.02 Hz, showing complete energy 

dissipation of short waves near the shoreline 

2) Some peaks are observed in the range of long waves of power spectra. These peak frequencies 

agree with those of local anti-node calculated by multi-slope standing wave theory. 

3) Cross spectra between onshore and offshore components at  ch.17 indicates that the long waves 

are almost perfectly reflected at the shoreline. 

4) Close to the shoreline, the shape of power spectra of wind waves changes from f 4 decrease, in the 

h g h  frequency range, to f 2 decrease. This may correspond to the fact that the wave shape changes 

from cnoidal type to triangular one of shock waves. 

offshore distance [m] 

Fig.1 Beach profile and experimental set-up 

(The beach profile data at  70m is affected by scouring of the pier.) 
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Fig.2 Example of time series data of short and long waves 
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INTRODUCTION 
The bottom shear stress estimation under saw-tooth wave is the crucial step, which is required as an input 
to most of sediment transport model under rapid acceleration and the relative contribution of pre-suspended 
sediment to the onshore sediment transport in swash zone. Suntoyo et al. (2002) had shown that the bottom 
shear stress variation under saw-tooth wave was dependent on high acceleration and deceleration. ,However, 
investigation of a more reliable estimation method to estimate the time-variation bottom shear stress under 
saw-tooth wave over rough bed has not deeply done yet. Turbulent bottom boundary layer flow under 
saw-tooth wave is investigated with the experiments in oscillating wind tunnel over rough bed by Laser 
Doppler Velocimeter (LDV) to measure velocity distribution. Bottom shear stress will be estimated by 
fitting the logarithmic velocity profile to the measured velocity. Furthermore, the experimental results will 
be examined with the bottom shear stress estimation method based on both the consideration of the friction 
coefficient for sinusoidal wave motion and that of the acceleration effect for saw-tooth wave. 

ESTIMATION METHODS OF BOTTOM SHEAR STRESS AND DISCUSSION 
Bottom shear stress of the experimental results are estimated by fitting the logarithmic velocity distribution 
to the measured data, which is given in Eq.( l), 

where, u: the flow velocity in the boundary layer, K : the von Karman’s constant (=0.4), U*: the shear 
velocity, z :  the cross-stream distance from theoretical bed level and 2,: roughness height. 

Whereas, the bottom shear stress estimation method based on first consideration for friction 
coefficient under sinusoidal wave motion, that can be expressed by an equation, as proposed by Samad and 
Tanaka (1999) for an arbitrary variation of U(t), as follows: 

where z,,: the bottom shear stress, 
coefficient. Furthermore, the friction coefficient formula is given in Eqs. (3) and (4), respectively: 

the phase difference, w: the angular frequency, fw: the wave friction 

and (4) 

Second consideration, the instantaneous bottom shear stress is calculated from the variation of the free 
stream velocity as proposed by Nielsen (2002), the acceleration effect can be obtained through with the 
instantaneous friction velocity, as expressed by 
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11 { 2w6t 
u ( t  + 65)  - u(t - 65) u, ( t )  = -[ cos q r/(t> + sin q 

where 6s: the time step of the velocity measurement. Furthermore, it is based on the above equations, 
namely, from Eq.(2) to Eq.(6) will be examined several methods as given in Table 1. Fig. 1 shows the 
comparison of the bottom shear stress between the experimental result and the calculation methods for a 
case at Reynolds number, Re = 1.35 x lo5 under saw-tooth wave with the roughness parameter, a,/ks = 13.5 
and the wave skewness parameter, a = 0.35. Method 1 and 2 have given a good agreement with the 
experimental result, while Method 3 gave the underestimated value due to exclude the acceleration effect in 
the calculation, and also the phase difference still remain appear though the phase difference value has been 
included in the calculation in Method 3. The wave friction factor given in Eq.(3) fits to estimate the bottom 
shear stress with the consideration of the sinusoidal wave motion for that case, though Method 1 exclude 
the acceleration effect. A correlation between bottom shear stress of measurement and calculation for 
Method 1 and 2 is shown in Fig. 2 and 3, respectively that give a good agreement as previously mentioned. 
However, those methods need to be applied to other cases for higher Reynolds number and a different wave 
skewness parameter. Furthermore, it can be obtained which method can overcome the bottom shear stress 
characteristic under saw-tooth wave in which at the peak part is larger than the trough part. 

Table 1 Summary of proposed methods to compute the 
instantaneous bottom shear stress. 

h ;* 0 ..................... A 
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Fig. 2 Correlation between bottom shear stress of 
measurement and calculation for Method 1. 
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Fig. 1 Comparison of experimental result bottom shear 
stress and calculation methods. 
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Fig. 3 Correlation between bottom shear stress of 
measurement and calculation for Method 2. 
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ABSTRACT 

The Boussinesq equations have been developed as one of the most useful mathematical 

models for coastal hydrodynamics in the last decade. The distinguished work by Madsen and his 

colleagues (e.g., Masen et al, 1991) and by Nowgu (1993) extended the classical Boussinesq 

equations (Peregrine, 1967) to be valid beyond the deepwater limit of water waves. 

Enhancements by other researchers further generalized the applicability of the mathematical 

model to various coastal hydrodynamic phenomena including wave breaking (e.g., Madsen et al., 

1997, Skotner, 1999). When compared with the extensive efforts in the development of the 

Boussinesq equation theory, study on the numerical method, however, does not seem to have 

been enough. The present paper is to present a high-resolution numerical scheme for accurate 

solution of the Boussinesq equations. 

Development of a numerical scheme for the Boussinesq equations is known to be rather 

delicate. This is not only because the equations involve high-order derivatives which usually 

cause difficulties in discretization near a boundary, but also because the equations describe a 

number of important secondary phenomena which can not be distinguished by an arbitrary 

numerical algorithm. On the other hand, the Boussinesq equations reduce to the classical shallow 

water wave equations when the ratio of water depth to local wavelength vanishes. One of the 

most important characteristics of the shallow water wave equations is that they adopt solutions 

with discontinuities or breakers. An effective numerical method for the Boussinesq equations 

should then take this fact into consideration. Conceptual application of a shock-capturing scheme 

such as the TVD, TVB or EN0  scheme should thus have advantages. 

The Boussinesq equations employed in the present study are those derived by Nowgu’s 

(1 993). Considering only one horizontal dimension the equations can be written into the 

following conservative form: 

ah aE - + - = o  
at ax 
dP d F  - + - = o  
at ax 
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where x is the horizontal coordinate, t is the time, h is the water surface elevation from the 

still water level, and P is a variable related to the horizontal velocity at the reference level. P , 
E and F are defined by 

1 
2 

F = g h + - u 2  

in which, Al, A2 , B l ,  and B2 are constants depending on the relative position of the 

reference level R through 

The value of R can be determined so that the linear dispersion relation resulted from Eqs. (1) and 

(2) has the best agreement with that from the small amplitude wave theory. This leads to 

R = - 0.533 according to Nowgu (1993). Note that the terms with high-order derivatives tend 

to vanish as the depth-to-wavelength ratio decreases to zero, Eqs. (1) and (2) then reduce to the 

shallow water wave equations under such a condition. 

The finite difference algorithm proposed in the present study is based on a two-step 

Runge-Kutta method for Eqs. (1) and (2) with an E N 0  scheme for the numerical fluxes proposed 

by Shu (1988), which can be easily implemented. Cubic splines are employed to approximate the 

spatial variation of variables when E is evaluated. High-order method is also utilized for the 

inversion of u from P according to Eq. (3). 

A critical problem for verification of numerical schemes for the Boussinesq equations is 

known to be waves propagating over a submerged dike with obvious generation of high 

frequency harmonic modes. The present method is also tested by applying to this problem. The 

computational results are shown to agree with experimental data very well. 
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Abstract 

The ability to predict wave transformation from deep to shallow water accurately is vital to the 
numerical models of water wave in coastal waters. During the wave transformation, shoaling is one 
of the most important processes on the changing of wave profile in intermediate and shallow water 
zone. In the estuary, wave-current interaction will change the wave significantly as well. The 
moving shorelines generate complicated wave phenomena on beaches. It is our common interest to 
develop an integrated mathematical model for simulation of all these water wave processes. In the 
present work, some aspects mentioned above are discussed in the scope of the higher order 
Boussinesq equations. 

An infinite-order, Boussinesq-type equations for wave propagation over variable bottom is 
derived. With finite order truncation of the Taylor operator and optimization, the application range 
of the present model is extended to h, S 1 for the bottom slope bottom. The main goal of the 
present work is to extend the application range of Boussinesq-type wave model from mild slope 
bottom to rapidly varying bottom. This work completes the models given by Madsen et a1 [2002]. 
In their work, it was found that the linear shoaling characteristic is irrelevant to the bottom slope 
terms h, in the series expansion for the specified model. This interesting character is only limited 
to the linear shoaling. Although the nonlinear effects become significant when the wave travels 
from deep water to shallow water, a linear solution is still very useful. The highlight of the present 
work is that we take the bottom slope terms into account in the wave models without deterioration 
the excellent shoaling characteristic. Numerical tests, such as the linear shoaling and the reflection 
from slope beach, are carried out to investigate the effects of the modification. From these 
numerical simulations we found the overall capacities on the problems with rapidly varying bottom 
are improved significantly. 

The propagation of wave over current is another interesting topic for the research of the wave 
dynamics. To accomplish the goal of the study the wave-current interaction in the numerical wave 
flume, a new kind of combined wave-current generation method has been developed with the 
conception of the sponge layer. It is demonstrated that this kind of wave-current generator works 
reliably and is easy to be implemented in the numerical wave flume. Although Chen et a1[1999] and 
Kristensen et al[ 19951 extended the Boussinesq equations to improve the accuracy of the dispersion 
relation, the inherent properties of traditional Boussinesq equations could not give a satisfied 
dispersion relation for large kh number, need not to say the combination of shoaling and the 
interaction with current. Although the model discussed by Chen et al [1999] could simulate the 
wave blocking over a submerged bar, strong friction need to be added to stabilize the flow 
simulation. Another shortcoming of the traditional Boussinesq models is that the model is not fully 
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nonlinear. Consequently, discussion the completeness of the nonlinear terms is another main 
concern by most study on the topic of wave-current interaction. All these disadvantages could be 
overcome in the present model. Comparing with the linear theory, excellent agreement is obtained. 

In the final part of the present work, modeling the moving shoreline is discussed. Mild slope 
beach is a typical bathymetry in the coastal zone. Simulation the moving shoreline is another 
important task for the numerical model. Unfortunately, the process of run-up and run-down is not 
well simulated and understood in the framework of the Boussinesq equations. The slot method of 
Tao[1983] is followed and extended in the study of the moving shoreline associated with the 
Boussinesq equations by Madsen et al [1997] and Kennedy et a1 [2000]. Comparison their models 
with the analytical solution of wave run-up on a slope beach shows that the slot method tended to 
under predict the maximum run-up height, although this error has been partially eliminated in the 
work of Kennedy et al [ZOOO]. Inspired by the work of Lynett et al [2002], the run-up model with 
extrapolation through the wet-dry boundary and into the dry region has been implemented 
associated with the present Boussinesq model. Different from the other Boussinesq models, there is 
no explicit dispersive terms in the present full nonlinear full dispersive model. Consequently, no 
need to switch off the dispersion terms near the shoreline to ensure the numerical stability. In 
addition, no artificial parameters, such as the porosity, shape factor, need to be introduced in this 
kind of run-up model. The extrapolation needs to be implemented only for the free surface 
time-stepping problem. It is straightforward to extend to the cases in two horizontal dimensions. 
The numerical results show that this kind of run-up model works rather well comparing with the 
analytical solution for the test case. 
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I. INTRODUCIlON 
A Boussinesq equation is practical depth-averaged flow model. The original one, however, has some problems, for 

example, the dispersion relation of water waves does not agree with the Airy waves theory in high wave number range. 
Recently a number of attempts have been made to improve the performance of the original one. In most of modified 

models in previous works, a velocity distribution is expressed implicitly as  a complicated relation between a local velocity 
at an arbitrary depth and a depth-averaged velocity. Although the simple models that express the velocity distribution 
explicitly with a depth-averaged velocity are more useful, such models are not general. 

In this study, a refined type equation of depth-averaged flow model is first derived. In this model, the velocity 
distribution is expressed explicitly with a depth-averaged velocity and a basic equation can be described as  a simple form. 
To evaluate the model performance, the equation is applied to the free surface oscillation in a water tank and the linear and 
non-linear analyses are compared with the Airy waves theory and the numerical solution by vertical 2-D CFD model. 

II. DERIVATION PROCESS OF BASIC EQUATION 
The bed is assumed to be horizontal and the vertical 2D Cartesian coordinate is adopted. Assuming that a vertical 

velocity distribution is uniform as an initial condition(u=U(x)), the procedure for deriving the basic equation is 
summarized as follows. 1) Integrating a continuity equation, the distribution of vertical velocity(=w) is derived. 2) We 
substitute w into the irrotational condition and the distribution of u is derived by integrating the irrotational condition. 3) 
We repeat the stage l), using u at the stage 2). 4) u is derived by repeating 2). 5) w is derived by repeating 1). 6 )  A pressure 
distribution is obtained by substituting the above velocity distributions into momentum equation in z and integrating the 
momentum equation. 7) The depth-integrated momentum equation is derived by integrating the mo mentum equation in x 
after substitution of the modified vertical velocity and Dressure distribution. 

Where, h;  depth, U; depth-averaged velocity, q ;  depth-integrated velocity component and G; gravity acceleration. 
As Madsen et al [3] pointed out that the singular point where a dominator in the dispersion relation becomes zero exists, 

even if only the irrotational condition is considered. Then, to reduce the order of  the derivatives in (2) and dissolve the 
singularity, we consider the modification of the dispersion terms derived by integrating the pressure distribution in the 
depth direction. Eq. (3) is derived by employing the similar method by Madsen et al [3] to modify the Eq. (2). 5 is a 
parameter introduced to satisfy the dispersion relation approximately 

Furthermore, we derive the'secondrevision of a velocity distribution by feed backing the modification of the dispersion 
terms. In this study, we consider the case where a depth-averaged velocity is assumed to be small. Then, examining the 
derivation process of the modification of dispersion terms dimensionally, the expression about A can be described by using 
time integration. 
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The free surface oscillation in a rectangular water tank is enployed as a test case to evaluate the model performance. 
Fig.1 shows the relation between T’/T; and k ’ .  T‘ and T; mean non-dimensional period of this model and the Airy 

waves theory respectively and k’ indicates non-dimensional wave number. Fig.2 shows the comparison about velocity 
distribution between various models. The linear solution of this model is in better agreement with the Airy waves than that 
by Madsen et al or Nwogu. But, the range of the wave number in the present model is smaller than that of Gobbi’s model. 
The applicable range of wave number in this model will be enlarged if the iteration number using continuity equation and 
irrotational condition is increased. The basic equations in this model are expressed more simply with the depth-averaged 
velocity compared with the models with a local velocity at an arbitrary depth. 

Iv. COMPARISON THE NON-LINEAR SOLUTIONS WITH NUMERICAL SOLUTION 
To derive the approximated solution of the surface oscillation in non-linear range, the expressions of h and U with 

second order are substituted into a continuity equation and Eq. ( 3 ) ,  then, the dispersion relation and velocity distribution in 
non-linear range are obtained by arranging in time and spatial mode. As for the numerical simulation of the free surface 
oscillation, a generalized curvilinear moving coordinate system and VOF method is adopted to consider the surface 
elevation. The length of tank L is fixed to O.lm and still water depth ho is varied from 0.05 m to 0.15 m in increments of 
0.01m. The initial amplitudes (=hllho) are 0.03, 0.2 and 0.3. Fig.2 shows the comparison between the non-linear analysis 
and numerical solution. Since the approximate solution in the refined type equation is in close agreement with the 
numerical results, it is concluded that this model can be applicable to the range with non-linear effects. 

V. CONCLUSION 
In this paper, we proposed the refinement of the Boussinesq equations. It is seen that the linear solutions are improved to 

the high wave number range. Furthermore, the non-linear approximate solutions ware derived. Comparing with the 
numerical results by vertical 2-D CFD model, the applicability of the present model was tested. 
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A quasi-3D numerical shallow water model based on FVM 

(Abstract) 

Li Shaowu' Lu Lifeng2 

In the prediction of shallow water tidal current field, numerical method becomes the most effective 
tool. As a practical numerical model, the governing equations used in the model should be as more 
general as possible to cover various practical engineering situations under the limit of 
computational capacity. The numerical method should also be good in terms of numerical 
effectiveness, accuracy and flexibility to various boundary shape. Verification of the model by field 
data is essential. Although quite a lot of research work has been carried out on the development of 
numerical shallow water flow model, our purpose is to use the most effective numerical method to 
solve the quasi-3d shallow water equations to establish a practical numerical model. 

Among different numerical methods, the FVM (Finite Volume Method) attracts quite a lot of 
interest in solving fluid dynamic equations, firstly in aero-dynamic area and then in water dynamic 
area, because of its standing numerical property in terms of conservative property for physical 
quantities, good applicability to arbitrary shape of boundary supposing nonstructural griding 
system is used and has high accuracy of discretization. The key point in constructing a numerical 
scheme by using FVM is to use a proper method to calculate the flux through the interface between 
two neighboring control volumes. Among various schemes, the Osher scheme provides good 
upwind property in calculation of horizontal flux through the interface of two neighboring control 
volumes with uniform distribution of physical quantities in a control volume. It is also capable of 
giving high accuracy for simulation of shock without any numerical oscillation around the shock 
point. 

In this research, a numerical tidal current model is developed based on a set of quasi-3d shallow 
water equations. The equations are transformed into cr coordinate system vertically for simplicity 
to handle the bottom boundary condition. FVM is used for the numerical calculation. The control 
volume is of the shape of a prism with triangular shape in horizontal direction. The k - E turbulent 
model is used as the closure. By using this numerical model, a uniform flow over a rectangular 

domain with slope of 1%0 is simulated(Fig.1). The roughness used in the calculation is k, = 5mm. 

The model is also applied to a harmonic oscillatory flow over a flatted rectangular domain. The 
calculated result of water surface elevation is shown in Fig.3 and that of the eddy viscosity in the 
vertical direction is shown in Fig.2. 

The calculated results of the distribution of the horizontal velocity shown above seems reasonable, 
which indicates that the numerical model can give reasonable result of vertical distribution of 
velocity. 
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Since the mild-slope equation was originally derived by Berkhoff [ 11, various numerical 
models have been developed to solve it, see [8]. However, an analytic solution is very 
difficult to obtain although the mild-slope equation is only a simple linear equation. Up 
to  date, only a few analytic solutions have been obtained in two limiting cases, i.e., for 
long waves and short waves. Examples include the solution of the Helmholtz equation for 
a cylindrical island standing in an open ocean with constant water depth [4], solutions 
of the linear shallow-water equation for a circular cylinder mounted on a parabolic or 
conical shoal [a, 5, 71 and the solution of the linear shallow-water equation for a conical 
island [6]. 

The principal difficulty in solving the mild-slope equation analytically comes from the 
fact that the wave dispersion relationship is implicit for waves on variable depth water, 
thus the governing equation with its coefficients being transcendental functions seems 
impossible to be solved exactly. Recently, employing a Pad6 approximation to the wave 
dispersion, Liu et al. presented an approximate analytical solution of the mild-slope 
equation in terms of combined Fourier series and Taylor series for a circular cylindrical 
island mounted on a parabolic shoal [ 3 ] .  In this paper, the problem of the scattering 
of plane monochromatic waves by a submerged truncated conical shoal (see Fig.l(a)) 
is considered and an analytic solution to the mild-slope equation is constructed. Using 
the current analytic model, wave amplifications along the direction of wave propagation 
for four wave periods being 120s, 180s, 240s and 480s are calculated and displayed in 
Fig.l(b). From Fig.l(b),  wave focusing on or behind the shoal is clearly observed. It is 
also seen that the focal point moves downwave with decreasing wave period, probably 
because the refractive effect over the shoal becomes insignificant as the period decreased. 
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Figure 1: (a) A definition sketch of a truncated conical shoal with a = lOkm, b = 30km, 
hb = 4km and ha = hb/3; (b) Wave amplification along the z-axis for four cases of 
T = 12Os,18Os,240s and 480s, respectively. 

[a] Homma, S. 1950 On the behaviour of seismic sea waves around circular island. 
Geophysical Magazine 21, 199-208. 

[3] Liu, H.-W., Lin, P.-Z. & Shankar, N.J .  2002 An analytical solution for combined 
refraction and diffraction based on the mild-slope equation. Proc R SOC Lond A ,  
submitted. 

[4] MacCamy, R.C. & Fuchs, R.A. 1954 Wave forces on piles: a diffraction theory. US 
Army Corps of Engng, Beach Erosion Board, Washington, DC, Tech. Mem. 69. 

[5] Yu, X.P. & Chen, Y.M. 2001 A new analytic solution of combined wave diffraction 
and refraction. Proc 1st Asian Paci.fic Coast Engng Conf, Dalian, PRC, pp.145-154. 

[6] Zhang, Y.L. & Zhu, S.-P. 1994 New solutions for the propagation of long water 
waves over variable depth. J .  Fluid Mech 278, 391-406. 

[7] Zhu, S.-P. & Zhang, Y.L. 1996 Scattering of long waves around a circular island 
mounted on a conical shoal. Wave Motion 23, 353-362. 

[8] Zhu, S.-P., Liu, H.-W. & Chen, K. 2000 A general DRBEM model for wave refraction 
and diffraction. Engng Anal Boundary Elements 24, 377-390. 



Transient Free-surface Waves due to a Suddenly Stopping Body 

Dong-Qiang Lu' and Allen T. Chwang2 

Abstract 

The evolution of free-surface waves due to a suddenly stopping body submerged 

in an incompressible fluid of infinite depth is analytically investigated. The body is 

assumed to stop suddenly from a steady translational motion. In order to investigate the 

effect of viscosity on the evolution of waves, the linearized Oseen equations are 

employed for the disturbed flow. The kinematic and dynamic boundary conditions are 

linearized for small-amplitude waves, and the initial values of the flow are taken to be 

those of the corresponding steady-state solutions. By means of integral transforms, 

exact solutions for the transient waves are obtained. The asymptotic representations for 

the far-field transient waves are derived by applying Lighthill's two-stage scheme. The 

results show that although the inviscid waves will keep their profiles due to the 

conservation of energy, the viscous waves will eventually die out due to the presence of 

viscosity, which is consistent with the physical reality. The energy dissipation rates for 

the viscous ship waves are analytically expressed and the evolution of the transient 

viscous waves is explicitly shown. 
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Comparison and Characterization of Bottom Mounted Wave Directional System 

Toshihiko NAGAI , Noriaki HASHIMOTO , Atle LOHRMANN 3 ,  

Masao MITSUI 4 ,  Shoichiro KONASHI 

ABSTRACT 

1. Purpose of Study 
Methods for wave height and direction measurements vary throughout the world, depending on wave 

climate and local traditions. In Japan, bottom mounted systems have long been the standard for coastal areas 
(water depth less than 50m ) and extensive studies in the 80s and 90s refined their systems to a level where the full 
wave directional spectrum could be measured. These systems take a multi-parameter approach to the problem by 
taking into account both pressure fluctuation, orbital particle velocity, and surface elevation to generate a spectrum 
that covers the full range from 1 second wind waves to 1000 seconds Tsunami. In this study, we are looking at the 
results from 3 different bottom mounted systems, all using acoustic techniques in combination with pressure. The 
detailed implementation is different in each system and the purpose is to analyze how the differences impact the 
characteristics of the wave spectrum. 

2. Method of the study 
Field comparison test was conducted for one month in September 2001 off the Omaezaki Port faced to the 

Pacific Ocean. During the test term, high wave conditions due to the Typhoon 0115 were observed. Following 
three types of the bottom mounted wave gauges were installed and compared at a point of water depth 22m. 
1) DWDM (produced by Kaijo Co.) 

As one of NOWPHAS coastal wave observation stations, Doppler-type Directional Wave Meter (DWDM) 
has been installed in this area since 1997. DWDM was connected to the on-land wave monitoring station with a 
permanent seabed cable. As DWDM observes five components wave actions, acoustic water surface elevation, 
pressure fluctuation, and three components of oblique directional water particle velocity in orbital depth layer 
by applying the Acoustic Doppler Principle. 

2) AWAC (produced by Nortek Co.) 
AWACS directional wave observation principle is almost the same to the DWDM. As AWAC is a portable 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
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self-recording type wave meter, observed wave data were acquired when withdrawing the sensor from the 
seabed after one month field test. 

3)DL2 (produced by Kyowa-shoko Co.) 
DL2 is a portable self-recording type bottom mounted wave meter with four wave components observation, 

acoustic water surface elevation, two components of horizontal water particle velocity, and pressure fluctuation. 

3. Results and Conclusions 
Significant wave heights and periods obtained by each type of wave gauges showed good agreement during 

the test term, in both high wave conditions with significant wave heights bigger than 6m and low wave 
conditions with wave heights lower than 0.5m. Differences of the observed wave height and periods 
characteristics were not found among the three sensors (Fig. 1). 

Nevertheless, directional spectrum obtained by each sensor sometimes showed slight differences, in high 
wave conditions due to the Typhoon 0115 and in low wave conditions with significant wave heights less than 
0.5m. The differences in high wave conditions are supposed due to the AWAC's observation layer setting 
problem and will be improved in the modified software. 

We can have directional spectra observed by above three sensors on September loth, 2001, when the wave 
has grown up by center of the Typhoon 0115 located southward from the experimental site and coming on. The 
shape of these directional spectra showed single peak with high concentration of wave direction at the 
frequency around 0.07Hz. In the some of these directional spectra, however, the peak direction differs, DWDM 
and DL2 indicate South-East, while AWAC indicates East. Taking account into the Typhoon location and wind 
field at this time, DWDMs and DL2's results were more reasonable than AWAC's one. 

8.0 
7.0 

E 6.0 h 

v 

5.0 
'5 4.0 
Q) 3.0 

M 

z 

5 2.0 
1 .o 
0.0 

09/06 09/10 09/14 09/18 09/22 09/26 09/30 10/04 10/08 10/12 
Date 

Fig.1 Time series of significant wave height observed by DWDM, AWAC and DL2 

Above results proved that observed directional spectrum differed due to observation principle of each 
In order to obtain proper ocean information, proper selection and sensor and observation layer setting. 

parameter setting of sensor is very important. 

References 
Nagai,T., Hashimoto,N., Kawaguchi, K., Yokoi, H., Kudaka, M., and Mitsui, M. (2002). Frequency Banded Wave 

Climate Description Based on the Observed Directional Spectra, Coastal Engineering Journal (CEJ), Japan 
Society of Civil Engineers, Vo1.44, No. 1, 53-65. 

Nagai, T., Sugahara, K., Hashimoto, N., Asai, T., Higashiyama, S., and Toda, K.(1994), Introduction of Japanese 
NOWPHAS System and its Recent Topics, Proceedings of the International Conference on Hydro-Technical 
Engineering for Port and Harbor Construction (HYDRO-PORT'94 ), PHRI, 67-82. 

Hashimoto, N., Mitsui, M., Goda, Y., Nagai, T., and Takahashi, T. (1996) . Improvement of Submerged Doppler-Type 
Directional Wave Meter and its Application to Field Observation, Proceedings of 25th International Conference 
on Coastal Engineering (ICCE'96), Vol. 1 ,  629-642. 



Laboratory Experiments on the Effects of Mechanically Generated 
Waves on the Core Flow under Wind Waves 
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1. Intmduction and primary purpose of the study 
When a wind speed is higher than 3 d s ,  it is well known that numerous streaks nearly 
parallel to the wind direction sometimes appear on the sea surface of lakes, open oceans 
and coastal area h g m u i r  (1938) showed that these streaks are the visible manifestations 
of a parallel series of counter-mtahg vortices developing below the surface with axes 
nearly parallel to the wind. Today this kind of flow pattern is well known as h g m u i r  cells 
or circulations Ws). They play an important role in the study of coastal p m s s  such as 
collection of plankt~n, generation of blue tide in Tokyo Bay, and so on. 

Since Craik and Leibovich (1976) have pmposed a mtional theory on wavecurrent 
intemtion mechanisms of LCs (CLI & CL2 mechanism), a large number of theoretical 
and numerical investigations have focused on application of the CL themy to investigate the 
three-dimensional structures of winddriven current in the upper mixed layer of ocean and 
coastal area Contrary to CL1 theory, the CL2 theory is more important because it may be 
applied to mechanically generaied waves andor wind waves usually observed. As far as we 
know, however, neither labomtory test nor field observation has yet been done to confirm 
the validity of CL2 mechanism because of the three-dimensional phenomena. The primary 
purpose of this presentation is to report the experimental results on the effects of mechanical 
surfice waves on Langmuir Circulations in a laboratory tank 

We study what role mechanical waves play in the physical process of momentum 
transfer h m  the wind to the subsurface flows. TheE are two possibilities; First, some of 
previous investigatoB, who made wind-wave experiments in laboratory tanks, have 
examined the effects of wave-induced Reynolds shear stress associated with mechanical 
waves. However, the wave-induced Reynolds stress was found to be not so important to the 
momentum transfer mechanism; Second, in this study we examine the effect of Lagrangian 
Stokes wave drift of mechanical waves. It should be noted that there is as yet no research 
that has investigated this effect on the subsurface structure in a laboratory tank. 

We examined response of the preexisting LCs in a wind-wave tank to two sets of 
mechanical waves; that is, aligned wind and mechanical waves (aligned-swell case) and 
opposed wind and mechanical waves (counter-swell case). The momentum transfer in the 
tank flow was found to be mngly atkted by introducing the two sets of mechanical 
waves. That is, aligned-swell intensified the preexisting LCs, but markedly weakened the 
primary circulation in the wind direction, whereas counter-swell acted to the contrary, 
strengthening the primary Circulation more and more toward the wind direction. In this 
study we report the details of these exprimental results, and show that they may be fully 
explained by the CL2 mechanism bawd on the Stokes drift of mechanical waves. Our 
experiments indicate that the primary enew and momentum transfer mechanism h m  the 
wind to the subsurface flow in a laboratory tank depends strongly on the CL2 mechanism 
rather than wind-waves. 

2. Experiments and experimental procedure. 
The experiments were carried out in a wind-wave tank at Hiroshima Institute of 
Technology. The tank is 13 m long, B = 30 cm wide, 55 cm high The water depth D was 
set to 25 cm, and the height of wind-tunnel section H to the r e m m  30 cm.. Three 
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experiments were performed at an air fiee-stream velocity of 7- 8 d s :  
Case PW: Case of pure wind waves(her4er r e f e d  to as PW), 
Case CS: Coexisting case of wind waves and mechanically genemted counter-waves 

Case AS: Coexisting case of wind waves and mechanically generated aligned-waves 

The liquency and height of mechanical waves were selected to f = 1 Hz and Ho = 5 cm, 
where Ho denotes the initial height at the mechanical wave machine. A TSI 
twocomponent laser-Doppler anemometer (LDA) system was used in the backward 
scatter mode to measure downwind and vertical current components, u and w. 

against the wind ( h e d r  referred to as CS). 

propagathg to the wind direction (hemiter referred to as AS). 

3. Experimental mults 

-1 6 0 29  -3 0 42 -1 1 0 1 1  

0 0 0 

-02 -0 2 -0 2 

5 -04 3 -04 5 -04 

-0 6 -0 6 -06 

-0 a -0 8 -0 8 

Figure 1 Isovel contour lines of primary flow U (cds) for 3 experimental cases. Left, 
Pure wind waves (PW); middle, Counter-swell (CS); Right, Aligned-swell (AS). W i d  
speed = 7 - 8 d s .  Figure caption indicates the max and min. velocity of each current data 

Figure 1 shows response of the primary flow U to 2 sets of mechanical waves in a 
vertical cross-sectio~ where ziD and y B  denote dimensionless vertical and lateral 
coordiiates, rqectively. Case PW(lefi panel) shows isovels of the primary flow at a 
constant wind speed of 7 m/s. Cases CS(midd1e) and AS(right) show the response to 
counter- and aligned- swells at nearly the same wind speed as case PW, respectively. One of 
the most in-sting effects is that the maximum velocity has become much stmnger for 
case CS but much less for case AS than for case PW, indicating that the response of the 
subsurface flow to mechanical waves is opposite to each other for two sets of CS and AS. 

This is the fmt experiment for case CS that showed to accelerate the primary 
circulation toward the wind direction rather than the propagation direction of opposed 
mechanical waves. This may be considered to be seemingly unreasonable because the 
Stokes wave drift flows against the wind. 

In this presentation we shall discuss that the Stokes drift plays an important role in the 
modification of the primary circulation, but that its role is not so easy as to be explainable 
by a sum of the winddriven current plus the Stokes wave drift. The experimental data 
show that an oqgized vertical motion in the center of the tank, i.e., either upwelling or 
downwelliig c m n t  (LCs), controls the behavior of the overall kinetic enew of both the 
horizontal mean flow and turbulence modified by introducing mechanical waves. 

Anpay, the response of the subsurface flow in the wind wave tank to mechanical 
waves is complicated but surprisingly attractive. This presentation may provide some useful 
hints for the field study of complex coastal process due to the intemtion between wind 
waves, longer waves propagating h m  deep water, and the low-fkequency coastal flow. 



Generation of Incident Random Waves in Numerical Extended Mild-Slope Equation 
Models using a Source Function Method 

Gunwoo Kim’, Chanhoon Lee2, and Kyung-Duck Suh3 

A number of random wave propagation models, which can be classified into the mild-slope equation 

model, have been developed. The models of Kubo et al. (1 992) and Lee et al. (200 1) were developed by 

using the Taylor series expansion technique, while the models of Radder and Dingemans (1985) and Suh 

et al. (1998) were developed by using the Hamiltonian theory of surface waves. In the numerical models 

for wave propagation, the incident waves along the open boundary should be specified. Recently, for the 

Boussinesq wave model, Wei et al. (1999) developed a source function method, which can be used for 

arbitrary grid systems. In this study, we derive two source functions by applying the method of Wei et al. 

to the mild-slope equation models for random waves: One is for Kubo et al.’s (1992) and Lee et al.’s 

(2001) models, and the other is for Radder and Dingemans’ (1985) and Suh et al.’s (1997) models. 

The equations of Suh et al. (1997) including the source function f , ( x , y , t )  are given by 

And the equation of Lee et al. (2001) including the source function f, (x, y ,  t )  is given by 

The parameters W 2 K  and W’K in Eq. (1) are mathematically equivalent to -gU, and - gU,, 

respectively, in Eq. (3), all of which represent the second-order bottom effects, and the over bar indicates 

the variables associated with the carrier angular frequency W . 
If we assume a constant water depth in the wave generation area, the source function can be obtained 

by using the Green function method. Because all the above-mentioned equations are reduced to the 
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Helmholtz equation in a constant water depth, the procedures of derivation of the source functions are 

similar to each other. Assuming a Gaussian shape source function, the source functions A and f, are 

obtained as 

// 
I I I 

where am,n = -i/21m,n, I,,," = J1T/pexp(- I,& /4,8), and 1 and A are the wave numbers in the 

X -  and y-directions, respectively. In order to generate random waves, the wave number must be 

calculated by using the dispersion relation, which can be derived by the eikonal equation of each model. 

Fig. 1 shows numerical solutions of regular waves at 4 different time steps by generating inside the 

domain, reflecting at the right boundary, and absorbing at the left boundary. Fig. 2 shows a comparison of 

the spectra of generated random waves (solid line) to the target (dashed line). All the numerical tests were 

conducted using the Lee et al.'s (2001) model. The results show that waves are generated properly. 
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Simulation of Wave Overtopping on Partially Immersed 
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ABSTRACT 

The Smoothed Particle Hydrodynamics (SPH) method, coupled with a 
Large Eddy Simulation (LES) sub-particle scale turbulence model, 
is proposedto simulate wave overtopping a curtain breakwater. The 
SPH model solves the Navier-Stokes (N-S) equations by Lagrangian 
approaches and no grid is needed in the computations. Thus free 
surfaces canbe easily and a c c u r a t e l y t r a c k e d b y p a r t i c l e s  without 
numerical diffusion. Classical SPH kernel functions are reviewed 
and the N-S equation solver is developed based on a semi-implicit 
algorithm of pressure projection. The accuracy of the SPH model 
is validated through available data from a wave flume experiment 
conductedinthe Kansai Electric Power Incorporation. The agreement 
between experimental and numerical wave profiles is quite 
satisfactory. The efficiency of the incorporated LES model is 
further demonstrated by the computed velocity and turbulence eddy 
viscosity distributions of the overtopping flow. The findings in 
the paper will provide a good understanding on wave mechanics in 
coastal areas. 
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Figure Illustrations: Fig.1 gives out the instantaneous 
experimental wave profiles and computed particle configurations 
during single wave period at t l T =  0.25, 0.5 and 0.75, respectively. 
Fig. 2 and Fig.3 are the velocity and turbulence intensity 
distributions during wave overtopping, showing the robustness of 
the incorporated sub-particle scale turbulence model. 
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Objectives 

One of the key factors of computation of wave breaking is the improvement of water surface tracking. The 
Lagrangian particle method has the advantage in the description of complicated behavior of water surface 
including a splashing, over the Eulerian grid-base models. Another significant factor of wave breaking is a 
turbulence. To describe a turbulence, being in the same way as the SGS(=Sub-Grid-Scale) model of turbu- 
lence, such as the LES in Eulerian approaches, the SPS(=Sub-Particle-Scale) model is required in the par- 
ticle method. The analysis of wave breaking by the particle method has just begun, hence there is no studies 
of numerical simulation by the particle method with the SPS-turbulence model. In this study, the SPS- 
turbulence model, which had been proposed by the authors, is applied to the wave breaking on the uniform 
slope. 

Simulation Model 

The PS(=Particle-Scale) governing equations are derived by the filtering operation, in which the Reynolds 
stress appears in PS momentum equation. Water is modeled as the assembly of the particles. A behavior of 
water is calculated by discretizing the governing equations, or continuity equation and momentum equation, 
in the interaction zone supposed around each individual particle. All of the terms of the momentum equa- 
tions, such as the convection term, the pressure-gradient term, the viscosity term, the gravity term and the 
Reynolds stress term are descretized based on the interparticle relations. For the closure of the Reynolds 
stress term, the Smagorinsky model is employed. The governing equations are discretized without using 
the computational grids, hence the particle method is free from the numerical diffusion, which brings the 
difficulties in the ordinary Eulerian approaches. 
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Results 

The calculated domain is vertically two-dimensional wave flume, which is 6.0 m in length and 20.0 cm in 
mean water depth. By using the absorbing wave maker at the offshore end of the flume, the regular waves, 
2.0 s in wave period and 11 .O cm in wave height, are generated. Totally 11,000 numbers of particles, the 
diameter of which is 1.0 cm, are tracked in this study. Figure 1 shows the time series of breaking wave 
behavior; while Fig. 2 shows the distribution of the SPS-turbulent intensities in the same moments as waves 
in Fig. 1. The plunging jet generated at the time G6.6 s splash down on the water surface at the time G6.7 s. 
In the meantime, the high concentration of the SPS-turbulence is found on the on-shore-side wave-front 
surface. The highly concentrated region of the SPS-turbulence is being stretched by the rapid water flow in 
the surface on the on-shore-side wave front, consequently, at the time F6.8 s or 6.9 s, high concentration of 
the SPS-turbulence is found not only along the wave front surface but also at the foot of wave front. Further 
detailed description of the breaking wave field will be discussed. As for the accuracy of the numerical 
model, the selection of appropriate filter size will be also discussed. 
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1. OBJECTIVES 
When obliquely incident waves with a small incident angle reflect h m  a vertical wall, a wave propagating 

along the wall (Mach-stem) can be generated. Such a reflection pattem is called as Mach-reflection. 
Many researchers have investigated the characteristics of Mach-stem waves experimentally and numerically. 
To evaluate wave overtopping and the stability of wave dissipating blocks, the influence of Mach-stem waves 
is significant. There is possibility that Mach-stem neglected at the conventional design is relevant to the 
damage of coastal structure. 

The stem waves fonnation has much influence on wave breaking along the structure. In the regular and 
irregular wave fields, the stem waves break more easily than the obliquely standing waves without the Mach- 
stem effect, for the same incident wave height and period (Memita et aL, 2000). To predict the breaking of 
stem wave is important. There has been no literature dealing with the breaking height of Mach-stem waves. 

In this paper, an experiment is carried out to propose the method to predict the wave breaking height of 
Mach-stem. The development of Mach-stem along the wall with dissipating armor blocks is also examined. 

2. EXPERIMENTAI, SET-UP 
The experiment was carried out in a wave basin (18mx30m) with a wave generator with 60 paddles of 

3 0 m  width. The bottom topography is a modeled actual one. A vertical wall having a comer is installed in 
the wave basin. The wall is high, and does not allow wave overtopping. The regular waves having the wave 
period of 1.12,1.34,1.73,2.00s are generated. The wave height is chosen to be large enough for the breaking to 
take place. The angle between the incident wave direction and vertical wall line is 15,25,35 and 55degrees. 
The total number of incident wave condition amount to about 30. The wave height was measured along the 
vertical wall at every 50cm interval in parallel to the wall. The breaker point was determined as the point 
where the wave height becomes maximum. 

Photo 1 shows an example of wave field in fiont of the vertical wall. The angle of incidence is 15 and 35 
degrees. The stem waves formation pattern are classified into two main parts. When the angle of incidence is 

I Mach-stem I I Mach-stem I 

Photo 1. Wave field in front of the vertical wall (incident angle of 15 and 35 degrees) 
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15degrees, the wave crest bends, becoming normal to the wall, and no reflected waves appear. When 
the angle of incidence is 35degrees, the incident waves, the reflected waves, and Mach-stem waves 
are present. When the angle of incidence is 55degrees, the obliquely standing waves are formed. 

3. Results and Discussion 
Wave breaking of Mach-stem along the wall is quite diffmnt from that of standing waves with no 

Mach-stem effect. The Mach-stem breaking is violent. One can observe that developed stem wave is 
nearly similar to uni-directional propagating waves in the wave bash. To compare the breaking height 
of Mach-stem with the wave breaking criterion of progressive waves (Goda, 1970) is worthwhile. 

Fig.1 compares the experimental results of incident angle of 15 and 25 degrees with the breaker 
index by Goda. The vertical axis is the breaker height to water depth ratio, bh, and the horizontal 
axis is the relative water depth, ~E&I. Each dotted point is the average value of 5 waves in each wave 
condition. The figure shows a good agreement between the experimental data and the breaker index. 
To predict the breaking of Mach-stem is possible by substituting not incident wave height but Mach- 
stem wave height in breaker index. In the design of coastal structure, we have to pay attention to this 
fact. The wave height is getting increased along the wall due to both the difE-action and stem wave 
development. In this experiment, the wave height ratio normalized by the incident wave height is about 
2.0. Even if the incident wave height is about half of wave breaking height by the breaker index, we 
have to expect the violent breaking of stem waves along structure. 

Fig.2 compares the experimental results of incident angle of 35 degrees with the breaker index. The 
wave crest line of Mach-stem is not so long in the wave basin. The breaking height of Mach-stem 
wave is higher than that of the progressive waves. It is impossible to predict the breaking of Mach- 
stem by substituting the Mach-stem wave height in breaker index. 

The incident angle has much influence on both stem waves formation patterns and the wave 
breaking height along strucm. It is important to reflect this fact on coastal structure design. 

The development of Mach-stem along the vertical wall with dissipating armor blocks is also 
examined One can not observe the development of Mach-stem in the wave basin. To set the 
dissipating armor blocks along coastal structure is usell to prevent the development of Mach-stem 
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1. INTRODUCTION 
This paper will present the development of models for 

predictions of near-shore wave characteristics and the 
evolution of surface rollers. The wave model is based on the 
concept of an equivalent linear wave, but nonlinear wave 
characteristics may also be reconstructed from the 
prediction of the equivalent linear wave characteristics. The 
surface roller model is based on the energy conservation 
equation which is ideally consistent with the proposed 
breaking wave energy dissipation model. Because both 
models are based on simple energy conservation equations, 
the entire model retains flexibility and computational 
efficiency for practical applications. The waves may be 
periodic or narrow-banded random waves, the beach profile 
may be plane, barred, or movable bed with natural sand 
grains. Model predictions are compared and show excellent 
agreement with experimental observations. 

2. WAVEMODEL 

of the following components: 

2. I Equivalent Linear vs. Non-Linear Wave 
Equivalent linear wave is defined as a linear wave 

which has an identical energy flux to a non-linear actual 
wave. Based on this concept, the relationship between non- 
linear and equivalent linear wave characteristics have been 
explored through numerical experiments using Nwogu's 
(1 993) Boussinesq equations. The numerical simulations are 
carried out up to values of HJh<O.4, where H,  is the 
nonlinear wave height, since the Boussinesq approximation 
is known to yield unreliable results for bottom orbital 
velocities when HJh>O. 4. From the experimental results, 
transform relationships are obtained to express non-linear 
wave characteristics as functions of deep water wave 
steepness, HdL,, relative depth, WL, and the bottom slope, 
p, where all these deep water wave parameters are specified 
from the local equivalent linear wave conditions. Transform 
relationships are assumed to be valid for all HJh and are 
applied up to their breaking point by extrapolation. Validity 
of the proposed non-linear wave model will be presented at 
the conference though comparison between predicted and 
measured non-linear near-bottom wave orbital velocity 
profiles. 

The wave model (Tajima and Madsen, 2002) consists 

2.2 Wave Breaking 
Since our wave model is based on linear wave theory, 

the breaking and broken wave models should also be cast in 
terms of linear wave theory for compatibility. The breaking 
point is determined from a modification of Watanabe et al.'s 
(1984) breaking criterion. Since this criterion is based on 
linear theory and was established by requiring it to agree 

with observed breaking water depth, hb, it is ideally suited 
for application in conjunction with our equivalent linear 
wave and leads to the determination of equivalent linear 
breaking wave height, Hb. 

2.3 Broken Waves 
Broken wave characteristics are obtained for the 

equivalent linear wave &om the numerical solution of the 
breaking wave dissipation model 

originally proposed by Dally et al. (1985). In Eq.(l), 
E = pgH2 / 8  is the local wave energy where H is the 
equivalent linear wave height and E, is based on the 
recovery wave height, H,, of the broken wave if it were to 
travel on in a constant depth equal to the local depth, h. In 
contrast to Dally et al., who took &=constant, Kb is semi- 
empirically derived as a function of the bottom slope. It 
should be emphasized that Kb is theoretically derived so that 
the deformation of predicted non-linear wave heights, which 
are transformed from the equivalent linear wave predictions, 
should agree with the deformation of the observed broken 
wave heights. In this manner, we can expect that the 
predicted dissipation of equivalent linear wave energy 
should be consistent with dissipation of actual wave energy. 

3. SURFACE ROLLER MODEL 
Under the observational assumption that the surface 

roller moves with the wave phase velocity, C, time-averaged 
surface roller energy, E,,, is determined as 

where T is a wave period, and S,, is the area of the surface 
roller. Evolution of the surface roller energy is then 
determined from an energy conservation equation 

(3) 

which differs from that originally proposed by Dally and 
Brown (1995) in the assumption that only the potential wave 
energy is transferred into the surface roller energy. From 
observations, the surface roller should disappear, i.e., the 
surface roller energy becomes zero, when the broken waves 
stop breaking and recover. In this sense, physical 
interpretations of Eq.( 1) and Eq.(3) are ideally identical. We 
hence set the decay coefficient, K,,=K,,. Figure 1 shows the 
evolution of the surface roller area in the surf zone for the 
experiment with periodic waves normally incident on a 
uniform slope reported by Cox and Kobayashi (1996). As 
seen in the figure, the model reasonably predicts the growth 
of the surface roller near the breaking point and the decay 
well inside the surf zone in a similar manner to empirical 
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expressions proposed by Svendsen (1984) and Okayasu et al. 
(1988). Moreover, momentum force due to the roller is also 
expressed in terms of E,, and may be applied to the 
prediction of wave setup as 

*J 

where S, is the wave radiation stress. 

(4) 

3. MODEL EXTENSION TO RANDOM WAVES 
Since both wave and surface roller models are governed 

by simple energy conservation equations based on linear 
wave theory, the models are readily extended to random 
wave conditions. Under the assumption of Rayleigh- 
distributed wave heights with narrow-banded wave 
fiequency, the right hand side of Eq.(l) is represented for 
random wave conditions as 

where 6, = H ,  / H ,  . All other model expressions are the 
same as those for periodic waves with the wave height being 
replaced by the rms value for the random sea. 

4. COMPARISON WITH EXPERIMENTAL RESULTS 
Figure 2 shows a comparison of predicted and 

measured nonlinear wave heights and wave setup for the 
experiment with periodic waves normally incident on a 
uniform slope reported by Cox and Kobayashi (1 996). In the 
figure, predicted equivalent linear wave heights are also 
shown. In order to examine the validity of the proposed 
surface roller model, the predicted wave setup is also 
compared with that obtained when only the wave radiation 
stress is accounted for. As seen in the figure, the surface 
roller model clearly improves its predictions and reasonably 
explains the delay of the wave setup near the breaking point. 
Similarly, Figure 3 shows a comparison of predicted and 
measured significant wave heights and wave set-up for 
random waves normally incident on a barred beach reported 
by Okayasu and Katayama (1992). Other, equally successful 
comparisons between predictions and experimental 
observations will be presented at the conference. It should 
be pointed out that none of the parameters and coefficients 
in the model was obtained by fitting the model predictions 
to the data against which the model’s capabilities are tested. 

o.02 Cox and Kobayashi (1996) 

Svendsen( 1984) 
Okayasuetal (1988 
Resent Model 

_____. 
..... .. .... “,0.9H? ’/ 

Whb 
Figure 1: Evolution of the predicted surface roller area with 
empirical formulae 

I i” 

In 
1” 

0 

10 
Significant Wave Height 

-40 ’ 
-6 -4 -2 0 

Distance (m) 

Figure 3: Comparison of predicted and measured significant 
wave heights, wave set-up, and undertow profiles for 
random waves. (Okayasu and Katayama, 1992) 
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1 

Abstract 

A three-dimensional a-coordinate LES model is proposed to simulate 

hydrodynamic behavior of free surface turbulent flows with vegetation. 

Vegetation is considered as an internal source of resistant force and a 

phenomenon model is employed to express the performance of vegetation in the 

flows. The model is modified from the a-coordinate LES model developed by Lin 

and Li (2002, International Journal for Numerical Methods in Fluids, Vol 38, Page 

1045-1 068). The governing equations of the modified model include additional 

terms for drag force produced by vegetation and the modified model is distinctive 

in that not only compound channel flow can be solved but also wave motion 

through vegetation in coastal region can be taken into account. An operator 

splitting method, which splits the solution procedure into advection, diffusion and 

pressure correction steps, is employed so that different numerical schemes can 

be used for the solution of different physical processes. The model has firstly 

been applied to simulate the hydrodynamic behavior of turbulent flow in 

compound open channel with partly vegetated region. Then by using the model 

the attenuation of wave movement due to vegetation in coastal region is 

* correspondence to Pengzhi Lin, Department of Civil Engineering, The National University of 
Singapore,lO Kent Ridge Crescent, Singapore 1 19260, Republic of Singapore. 

Email: cvelinpz@nus.edu.sg Q 
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simulated. The results reveal that the present model has the capacity of 

describing three-dimensional structure of large eddy appearing in free surface 

turbulent flows with vegetation. It is believed that the model will become a useful 

tool to pursue further study of wave hydrodynamics in coastal region with the 

presence of aquatic vegetation. 

Keyword: o-coordinate LES model; turbulent flow; vegetation; compound open 
channel; coastal region 
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Various theories and wave transformation models have 
been devised to describe nearshore wave fields. Each of 
the theories and models has certain advantages and limita- 
tions with respect to its applicability. In order to estimate 
the wave conditions, the appropriate model has to be se- 
lected depending on the relative importance of the various 
physical processes and the target coastal area. 

Wave prediction models based on the energy balance 
equation are suitable for applications involving large sea 
areas because they require little computational power. These 
models are used for wave forecasting and hindcasting. The 
calculated quantities are the spectral energy densities, which 
are phase averaged quantities slowly varying over several 
wavelengths. Originally, phase averaging wave models did 
not account for wave diffraction. Recently, however, at- 
tempts have been made to introduce wave diffraction ef- 
fects by Resio (1988), Booij et al. (1997), Rivero et al. 
(1997) and Mase (2001). 

Mase (2001) directly introduced a diffraction term, for- 
mulated from a parabolic approximation wave equation, into 
the energy balance equation and employed the first order 
upwind difference scheme, which is numerically stable due 
to numerical diffusion. The numerical diffusion term rep- 
resented by the second derivative is similar to the wave 
diffraction term. 

In order to suppress numerical diffusion separately from 
the effect of wave diffraction, quadratic upstream interpo- 
lation for convective kinematics (QUICK), proposed by 
Leonard (1979), is employed in this study. The predictions 
of the wave model are validated against the Sommerfeld 
theory for the case of wave transformation through a gap 
between breakwaters. 

ExEBEd Wave Model 

For steady-state conditions, the energy balance equa- 
tion with a wave diffraction term derived by Mase (2001) 
is written as 

where S = SCf,e) is the directional wave spectral density, 
(x ,  y )  are the horizontal coordinates, 6 is the wave direc- 
tion measured counterclockwise from the x axis, &b is the 
coefficient of energy dissipation, and the characteristic 
velocities,(vx, vy, v J ,  are defined as follows: 

where C is the wave celerity and C, is the group velocity. 
In Eq.(l), the expression 

has been added to the energy balance equation. The method 
of adding terms which become identically zero at some 
condition is similar to the methods employed by Madsen et 
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al. (1991) and Kaihatu and Kirby (1998) to improve the 
dispersion properties of the Boussinesq equations. Coeffi- 
cient Kis  a free parameter to be optimized in order to change 
the degree of diffraction. In the previous study of Mase 
(2001), IC= 2.5 was adopted. 

The first order upwind difference scheme is applied to 
the first term on the left-hand-side of Eq.( 1) and the QUICK 
scheme is applied to the second and third terms. The cen- 
tral difference scheme is applied to the diffraction term of 
Eq.( 1). Consequently, the finite difference version of Eq.(l) 
finally becomes: 

The coefficients in Eq.(4), A,-A, and B, are functions of vA, 
vy, vB C and C 

Since S:' Itk on the right-hand-side of Eq.(4) are known 
values, Snyk are obtained by solving algebraic equations. In 
the calculations, conditions such as an open sea boundary, 
a reflecting wall boundary and a dissipative beach bound- 
ary are taken into account. This wave prediction model is 
called the ExEBEd model (Extended Energy Balance Equa- 
tion model with diffraction effect). 

Main Results 

In order to check the effect of the QUICK scheme, the 
wave height distributions behind a breakwater with a gap 
were calculated and compared with the results from the first 
order upwind difference model without a diffraction term, 
called hereafter the EBE model. Monochromatic waves, 
approaching the breakwater gap at angles of 30" and 45", 
were used. The results from the ExEBEd model showed 
less numerical diffusion than the EBE model. 

Obviously, it was necessary to establish the value of K 
to be employed in the diffraction term. For this purpose, 
model results from the ExEBEd model were established 
for different values of K and were compared with the 
Sommerfeld theory for conditions in which the water depth 
was 12m and the incident significant wave height and pe- 
riod were Im and IOs, respectively. The energy spectrum 
was of JONSWAP form with a peak enhancement factor, h 
of 3.3, and the wave directional spreading function was of 
the Mitsuyasu type with peak values, S,,,,,, of 10,25 and 
75. The breakwater gap width B was vaned from B/L = 2 to 
B/L = 8, where the wavelength L = 100m. The grid sizes 6c 
and Sy were B/20, the number of component waves (of equal 
energy), N, was 10 and the number of component angles, 
K,  was 36. The value K =  2.0 minimized the error between 
the ExEBEd results and Sommerfeld's theory. 

When the gap between breakwaters is wide and the in- 
cident random waves have a broad angular spread, the EBE 
model agrees fairly well with the Sommerfeld solutions. 

However, for a narrow gap and waves with narrow angular 
spread, there is poor agreement between the predictions and 
the Sommerfeld results. Figure 1 compares the calculated 
significant wave heights obtained from the EBE model with 
the results of Sommerfeld's theory for the case of B/L = 2 
and S,, = 75. The solid lines denote the calculated results 
and the dotted lines are the Sommerfeld solutions. The pre- 
diction from the ExEBEd model for the same case is com- 
pared with Sommerfeld's solution in Figure 2. Here, agree- 
ment is much better except near the gap and immediately 
behind the breakwaters where the wave heights are small. 
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1. INTRODUCTION 
All waves acting on a breakwater during its design lifetime (for example, 5 0  years), represented by 

their frequency of occurrences according to wave scale, are defined as the fatigue limit state design waves. 
In Japan, wave heights with a frequency of occurrence equal to lo4 are adopted as the serviceability limit 
state design wave for the purpose of controlling cracks in concrete structure. 

For determining the limit state design wave for the purpose of designing port structure components, 
the method proposed by Nagao (1994) employs the average wave period equivalent to 1/1.2 times the 
significant wave period without considering frequency distributions, although the method takes account 
of wave height frequency distributions. 

From analysis of individual waves contained in raw wave data obtained at the ports of Shimoda and 
Omaezaki, both located on the Pacific coast of Japan, the authors have verified that the period of large 
individual waves with a height of 2m or more which is of significance for design purposes corresponds to 
a significant wave period. Since wave force varies with wave period, it is important to determine an 
appropriate period for the limit state design wave. 

2. WAVE PERIOD DISTRIBUTION FUNCTION BASED ON FIELD WAVE DATA 
Period distribution functions for individual waves observed at the ports of Shimoda and Omaezaki 

were studied with the wave data classified into those having a wave height of 2 m or more and 
corresponding to significant wave period and those having wave height of less than 2m which can be 
considered to be the average wave period. 

The Longuet-Higgins (1975) equation (1) below was employed with the parameter for use in the 
formula selected so as to fit the frequency distribution of wave period to be obtained in respect of the field 
wave data. 

p(T/Tav) = v 2/2{ 2+(T/Tav-1)2}3’2 (1) 

where p = Probability density of wave period, T = Period, Tav = Average period, v = Parameter 

Fig. 1 shows a curve for the frequency distribution functions in respect of the period of waves with 
a height of 2 m or more as obtained by using Eq. (1) and a bar graph for the frequency distribution in 
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respect of 15 sets of wave period measurements at Shimoda Port. The good agreement between the values 
represented by the curve and the bar graph indicates the reproducibility of the frequency distribution of 
wave period at the above locality by means of Eq. (1). In the case of waves with a height of less than 2 m, 
similar positive results were obtained by giving other values for Tav and v . 
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3. METHOD FOR DETERMINING LIMIT STATE DESIGN WAVE PERIOD 
In determining the limit state design wave period several assumptions were made. The first 

assumption was that the frequency distribution of wave period could be represented by the relevant period 
distribution function. Secondly, the frequency distribution of wave height was assumed by using the 
Rayleigh distribution as in the case of the conventional method. Thirdly, it was assumed that wave 
occurrence characteristics did not change. Based on these assumptions and using the significant wave data 
covering a period of 11 years obtained at Shimoda Port, the frequency of individual waves over the 
50-year design lifetime of the breakwater was tabulated to determine the fatigue limit state design wave. 

In Fig. 2, the average period (design period) calculated by the new method according to wave scale 
is represented by the solid line (A). Whereas, as seen from Fig. 2, the values calculated by the 
conventional method (0) differ widely from those for the average wave period (0) calculated from the 
actual field measurements, the values obtained by the new method proposed by the authors show a good 
agreement with those derived from the field measurements in the wave scale above 2 m which is of 
significance for design purposes. This verifies the appropriateness of the new method. 

The new method for determining the limit state design wave period distribution function was 
standardized so as to be adaptable to Ise Bay where the new offshore Chubu International Airport is under 
construction, by selecting an appropriate parameter for the equation for determining the wave period 
frequency distribution function on the basis of field wave data provided by the marine observation station 
of the Chubu International Airport. 
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Mechanism of Coastal Giant Waves 
Guan-Yu Chen* 

1.Introduction 
In Taiwan, coastal giant waves, nicknamed rabid wave due to their 

unpredictable and violent nature, are responsible for at least several deaths each 
year. It is urgent to understand these waves so that human lives can be protected. 

These giant waves do not appear often. Related studies on these waves are very 
rare, and field measurement is still unavailable. To study coastal giant waves, we 
can only borrow the approach as well as the results of deep-sea freak waves 

In this study, all theories that have been proposed to explain deep-water freak 
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waves are surveved and amlied to coastal 
Theory 

Extreme value in statistics 

Blockage caustics due to counter 
current 

Caustics of wave refraction due to 
non-uniform current field 

Nonlinear superposition for waves 
of different directions 

6 Nonlinear evolution of wave groups 

Shoaling as well as the 
concentration of wave energy due 
to bathymetric refraction and 
diffraction. Vertical up-shooting 
when a wave colliding with a 
vertical wall 

:iant waves. as is given in Table 1. 
Can it be applied in coastal giant waves? 
No. Near-shore waves are from the 
deep ocean, where the chance of extra- 
large waves is less than the probability 
theory has predicted 

No. Near a breakwater, the current 
cannot flow offshore 

~ ~ ~~ 

No. The phenomena is expected to be 
quasi-unidirectional 

No. The phenomena is expected to be 
quasi-unidirectional 

Possible, but the lasting time is short 

Yes (governed by NLS-) 

No. The bathymetry is constant, while 
the giant wave is seldom and 
unexpected. However, these effects 
increase the wave height and explain 
why coastal giant waves can only 
appear in some specific area. 

Table 1 Giant wave theories and their applicability in coastal region 

waves are quasi-unidirectional waves that remain large for some duration. Hence, 
majority of the theories are found to be not feasible except for two theories - the 
nonlinear evolution of one-dimensional wave groups and the one-dimensional wave- 
wave coalescence. These two theories are then further investigated with numerical 
experiments. Their potential of generating extra-large waves is verified. Besides, we 
also show that the nonlinear Schroedinger (NLS) equation can predict the “freak” 
phenomenon of shallow water wave groups. 

Based on wave features provided by coastal giant wave survivors, coastal giant 

*Associate Researcher, Center of Harbor and Marine Technology, IOT, 2 Chong-Heng Tenth Road, 
Wuchi 435, Taiwan, TEL: 886-4-26587 191 ,Fax: 886-4-265644 15,e-mail: gychen@,mail.ihmt.gov.tw 
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2.Numerical Models and their Verification 
The Korteweg-de Vries (KdV) equation is the model equation for shallow 

water waves and can be applied in the coastal region. In our study, the water surface 
elevation is integrated by the Fourier Pseusospectral method and this model is 
verified by comparing with the computation of Zabusky and Kruskal(l966). 

3.Wave Coalescence and the Coastal Giant Wave 
By utilizing the method of Pelinovsky et al. (2000), we can produce initial 

conditions that will incur a large hump preceded by a deep trough. The coalescence 
phenomenon is shown in Figure 1. 
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Figure 1. Change of water surface and wave spectra in coalescence. 
4. Nonlinear Evolution of Wave Groups 

The NLS equation is the general evolution equation for wave packet evolution and 
can be classified into two categories: the NLS+ and the NLS-. NSL+ is suitable for 
deep-water periodic waves and is used by some authors as the model equation for 
deep-sea freak waves. The NLS- for shallow water wave, however, has never been 
applied in freak wave simulation. We showed that under certain circumstances the 
maximum amplitude of the NLS- could increase up to 70% in a short time. This 
‘‘freak” phenomenon is verified by our KdV model, as is given in Figure 2. 
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Figure 2. Elevation evolution of a wave group. 
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The probability density distribution of a random event depends on the experimental 
constraint conditions, there are diversified distributions for the given constraint conditions, 
the so called MEP distribution is to choose such a distribution whose information entropy is 
the maximum value among the diversified distributions. In order to find the best fitting 
method for the wave climate statistical distributions, the Maximum Entropy Principle (MEP) 
method is introduced, and the corresponding probability density evaluation method for the 
random fluctuation system is elaborated. According to the MEP method, the probability 
density evaluation steps can be described as follows: given the random fluctuation signals, 
then the moments of different orders can be obtained from a sample function, thus the 
analytical probability density function, then the entropy function, is also obtained according 
to the MEP concept, in accordance with the constraint conditions, regulating the probability 
density function in order that the entropy reaches the maximum value, then the 
corresponding probability distribution function is the MEP distribution. In this article, the 
constraint conditions are limited to the second order moment, a kind of new MEP 
distribution expression is obtained for the first time, this expression means that the 
relationship between the probability density of the random fluctuation signals and the 
second order moment of the variable has been found. Deferent with all the fitting methods 
in the past, this kind of MEP distribution can compute the probability distribution of a 
random fluctuation system conveniently and exactly, so long as the second order moment 
of the random signal is known, that is, the ratio of the root-mean-square value to the mean 
value of the random variable is obtained from the random sample, the corresponding MEP 
distribution expression can be computed according to the deduced expression in this 
essay. The concept of the wave climate is introduced here, by using the deduced MEP 
distribution, this article focuses on finding the best method in fitting the significant wave 
height and spectral peak period probability distributions. Take the Mexico Gulf as an 
example, three stations at different locations, depths and wind wave strengths are chosen 
in the half-closed gulf, the significant wave height and spectral peak period distributions at 
each station are fitted with the MEP distribution, the Weibull distribution and the 
Log-normal distribution respectively, the fitted results are compared with the field 
observations, differences between the three distribution fitting methods have been 
analyzed, the results show that the MEP distribution deduced in this article is the best 
method, and the Weibull distribution is the worst method when fitting the significant wave 
height and spectral peak period distributions at different locations, water depths and wind 
wave strengths in the half closed Gulf, this conclusion shows the reasonability and 
feasibility of the deduced MEP distribution expression in describing wave climate statistical 
properties, and it also proves the great potential of applying the MEP method to the study 
of wave statistical characteristics. 

It is widely known that MEP distribution consists of diverse distributions, giving enough 
terms, the MEP distribution can fit all sorts of distributions effectively, more study needs to 
be done in the application of the MEP method to the wave statistical properties, the 
moments discussed here concerns only up to the second order, higher order moments 
should be considered in order to fit the real distribution better in the future. 

Keywords: MEP method, wave climate, significant wave height, spectral peak period, 
MEP distribution, the Weibull distribution, the Log-normal distribution. the 
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1. Introduction: In the statistical analysis for extreme wave data proposed by Goda (1988, 2000), the 
Fisher-Tippett distributions of type I and I1 (hereafter, abbrebiated as FT-I and FT-11) and the Weibull distri- 
bution are employed as candidates for the population function. The reason o f  employing the Weibull distri- 
bution is the flexiblity for fitting to sample. The extreme value distributions are obtained theoretically by 
the asymptotic process and the extreme value distributions can not be always applied to the samples of wave 
heights collected by the annual maximum series as well as by the peak-over-threshold series. Besides, the 
Fisher-Tippett distiobution of type 111 (hereafter, abbrebiated as FT-111) is not employed as a candidate, even 
though FT-I11 is an extreme value distribution as well as FT-I and FT-11. Because the FT-I11 has the upper 
bound, it is taken into consideration to avoid the possibility of underestimating the return wave height if the 
FT-I11 is selected by mistake as the best-fitting function. In these points of view, it can be said that the 
conventional method is only a means of fitting the empirically supposed populations and that it is not based 
on the rigorous extreme value theory. Recently in the field of the theoretical statistics, the asymptotic 
process to the extreme values are being modeled by employing the generalized Pareto distribution (abbrebiated 
GPD) for the tail-part of the population functions of the peak-over-threshold series. In the model by GPD, 
the excess by an appropriate threshold in the sample follows asymptotically the GPD, and the asymptotic 
process can be practically confirmed by changing thresholds and estimating the slope of mean residual lifes 
and the shape parameters, which is independent from threshold value, for different thresholds. 

In this study we apply the model by GPD to extreme wave data and we show a new method of 
analyzing extreme wave statistics by demonstrating some examples. 

2. Theory: For the sample of “Block Maxima” like as the daily rain fall, the occurence of exceeding a 
threshold of a rain fall quantity is modeled by the binomial process. The sample of the peak-over-threshold 
series like as the local maximum of the hourly-measured significant wave heights has no temporal block but 
the occurence can be modeled by the Poisson process. By introducing the mean occurence period by an 

appropriate threshold of wave height u , the return value x R  for return period R is given by 

XR =u+-{(R/r,,)<-l} 0- 

5 
with the GPD’s parameters 0- and 4 , and the variance in the statistical valiability of return wave height 
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Vur(xR) is obtained as 

by the delta method. In Eq.(2), Var(2,) is the variance of the mean occurence period which is given by 
regarding the population of individual occurence periods as the exponential distribution, and Var(o, 5 I 2.) 
is the variance of 0 and 5 with fixed, which is given in the maximum likelihood estimation of the GPD’s 

parameters. The fittness to GPD is checked by the Probability-Probability Plot and Quantile-Quantile Plot 
and the fittness for the Poisson process as the temporal occurence model is examined by the chi-square test 
for the annual or biannual occurence numbers. 

3. Results: As an explanatory example, the Kodiak data of hindcasted storm waves are analyzied here, 
which was examined by the method in Goda (2000). In the mean residual life plot of Fig. 1, the slope of the 
mean residual life curve seems to take a negative constant and it suggests that the shape parameter is nega- 
tive and the population will follow asymptotically FT-I11 distribution, which is not target in the conventional 
method. This fact is supported also by the result in the change of the shape parameter’s estimates by various 
thresholds, as shown in Fig. 2. Figure 3 show the return value wave heights for various return periods with 
the confidence intervals. It is noted that the increase of return value by return period is not large which is 
similar to the properties of FT-111. Figure 4 show the occurence probability in a year toghether with the 
theoretical probability by the Poisson distribution with the measured mean occurence number per year. The 
squared-sum of deviations of each annual occurence numbers from the mean number is not rejected as 
abnormal large value by chi-squre test, that is to say that the extremal wave hights is acceptable to occur by 
the identical Poisson process. 
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ABSTRACT 

Almost all the existing ports in Vietnam are located in rivers, inner bays or lagoons. Coastal ports exposed to 

the open sea are now under construction such as Danang Port and Dung Quat Port. In such coastal ports, sea 

waves constitute one of the most fundamental and important natural conditions for planning, design and 

construction of protective facilities such as breakwaters and seawalls. 

A JICA study was carried out from 1997 to 1998 to formulate plans to develop new international trade ports 

on the central coast of Vietnam.’) At that time, information on the waves in the study area, however, was 

substantially non-existent, or very limited to those analyzed based on visually observed data, e.g. U.S Navy 

(1976), Hogben et al. (1986), Nguyen et al. (1995). TEDI (1996) and POWECO (1996). Therefore, the 

wave measurements in the JICA study from April 1997 to February 1998 were an epoch-making survey, in 

which actual in-situ wave records were taken at two locations of Danang and Ky Ha by means of ultrasonic- 

cum-water pressure type wave recorders. Invaluable information on the wave characteristics obtained in the 

study is that wind waves due to typhoons as high as 9 m in maximum height were successhlly recorded at 

Typhoons No.9721 (Fritz) in September 1997 and No.9726 (Linda) in November 1997. Another important 
result is that long period waves up to 16 seconds in significant period were revealed to exist. It is proved that 

the long period waves are. swells from large-scale typhoons remotely located in the west Pacific, and 

propagated through the Luzon Strait to the central coast of Vietnam. Not only these results of wave 

measurements at site and their analyses, but also wave hindcast calculations and their statistical analyses in 

the JICA Study revealed several significant characteristics of the waves at the area. 2, 

Two years after the JICA study, wave observation was resumed at the same place, or the mouth of Danang 

Bay, under the consulting services of the Danang Port Improvement Project?) The period of the 

measurement was selected to cover the most dangerous months due to typhoons and the NE monsoon from 
August 2000 to April 200 1. The results of the wave observation and their statistkal analyses are useful in 

port development projects in Vietnam, and presented in this paper, which can be briefly summarized below: 
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Waves generated by two typhoons, i.e. Typhoons No. 001 1 (Kuemi) in August and No. 0016 (Wukang) 
in September 2000, were successfully measured. 

Waves generated by several tropical depressions and the NE monsoon were also recorded from 

November 2000, to February 200 1. 

The highest wave measured during the 8 months had a magnitude of significant wave height: H, = 5m, 

maximum wave height: H,, = 8m, and wave period: T= 9sec, generated by Typhoon No. 00 1 1. 

Until September 2000, the sea was rather calm except the time of typhoons. 

From November to February, rough sea repeated frequently by the tropical storms and lows of the NE 
monsoons. As shown in the figures below, the intervals of the high waves over 2 m in significant wave 

height were statistically less than one week in November and December, and less than two weeks in 

January and February. Their durations were shorter than four days. 
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In March and April, high wave more than 2m in significant wave height was not recorded. 

Directional wave spectra 4, of high waves are analyzed for 15 records, and the directional characteristics 

were clarified. 

Directional wave spectra of long waves are analyzed for 7 waves, and existence of swells from remote 

atmospheric disturbances are confirmed. 

The overall occurrence frequency of waves is analyzed and shown in the form of wave roses. The most 

frequent wave direction is ENE, followed by NE. If typhoons and tropical depressions pass to the north 

of Danang, the wave direction can be N in Danang. 

This is the fust report on statistical analysis of unusual waves quantitatively on the central coast of Vietnam. 
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Abstract 

The empirical relationship between minimum central pressures and maximum wind speeds 
for Northeast Asian tropical cyclones was obtained by analyzing typhoon parameters and sea- 
surface winds observed at the East China Sea, the South Sea and the East (Japan) Sea for 20 
years (1979 - 1999). The resulting empirical equation, V,,, = C(Pm - Po)y was compared 
with various relationships obtained from previous studies. The result shows a very close 
agreement with SPM's(1984) relation. However, it was much lower in wind intensity 
compared with other relations, and the differences in the maximum wind speed were increased 
as the minimum central pressures were decreased. The main cause of these differences may lie 
in the quality of observation data obtained by either direct measurement or indirect estimation 
of sea-surface winds. 

Empirical parameters obtained from this present and 
Drevious studies 

C Y 
Kang et al(2002) 5.02 0.5 

SPM( 1984) 4.86 0.5 

Atkinson et al( 1977) 3.44 0.644 

Dvorak( 1975) 3.53 0.671 

Fletcher( 1955) 8.23 0.5 

Schloemer( 1954) 4.90 0.5 
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It is difficult to evaluate the deformation of beach profile due to the wave excitation for long duration 

of time in terms of a single representative wave because the beach deformation is a result of dynamic interaction 

with unsteady wave excitation. The wave observation stations are not enough to cover whole the coastal line, 

numerical estimation of waves in time and space domains is necessary to estimate the waves where the observed 

waves are not available. In the wave generation process, wind plays primary roles on it, and therefore 

developing a wind simulation technique and analysis of a wind-wave interaction problem seem to be very 

significant. 

In this paper, field data of winds and waves observed at wave station near Shirahama Beach, 

Wakayama Prefecture, Japan, were analyzed to discuss the wind-wave interaction mechanism. Also, wind 

simulation method in sea areas is developed based on direct numerical simulation (DNS) method. 

First, field data of wind and wave observation have been analyzed using a data set for a duration of 

In this analysis, the significant wave height, mean wind speed, and power one month in September, 1997. 

spectra have been obtained. 

In case of the significant wave height less than 0.5m, the significant wave heights have been found to 

have linear relationship with mean wind speed. On the other hand, the significant wave height larger than 0.5m 

have no clear relationship with wind speed. The investigation of wind-wave relation with atmospheric pressure 

pattern shows that the wave-wind relation depends on existence of the low pressure in the Pacific Ocean. When 

the low pressure does not exist in the Pacific Ocean, there is a clear relationship between them as shown in Fig. 1. 

Contrary, if the low pressure exists, swell is developed and propagates to observation field, which makes the 

relationship unclear. 
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As far as the wind energy is concerned, main part of the wind energy is found to be stored in lower 

frequency domain less than 0.02Hz and the power spectrum of wind in lower frequency domain grows up as wind 

speed increases (see Fig.2), whereas that in the 

higher frequency domain does not change and 

always follows -513 rule, which is seen in turbulence 

flow. 

When the wind field grows up, the 

energy of waves around 0.3Hz increases, which 

makes the spectrum shape twin-peak one (see Fig.3). 

The major energy of waves also concentrates around 

0. lHz, which is confirmed to be generated by swells 

from the low pressure area. This indicates the dual 

behavior of the wind waves, that is the components 

around 0.3Hz, which caused by the local wind field 

around observation and the swell around O.1Hz 

which is developed around low pressure in far field. 

The wind field in sea area is then 

simulated by the finite difference method based on 

SOLA scheme. Governing equations are the 

equation of continuity of incompressive fluid and 

the Navier-Stokes equations of motion. The initial 

and boundary conditions are given from GPV (grid 

point value), which is provided by Japan Weather 

Association, using the MASCON model. The time 

variation of wind vector distribution has been 

computed in this study. Time increment of the 

computation was chosen as 1.0s, because the high 

frequency components of wind variation have been 

confirmed not to be effective for the wave 

generation or development. The computation 

results have been compared with observed ones, 

which shows good agreement between them. 

Further results will be presented at the 

conference and proceedings. 
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Introduction 

In studying the instability of sensitive jets Rayleigh suggested an improvement in the theory 
by supposing a gradual change in velocity and thus proceeded to derive an equation which 
is known today as the Rayleigh equation. Miles (1957) proposed a model for the growth 
of wind waves on the basis of Rayleigh’s equation. Later, Conte and Miles (1959) gave 
accurate computations of wave growth rates by numerical solution of Rayleigh’s equation 
for a logarithmic wind profile. This work first considers a different approach of solving the 
Rayleigh equation for arbitrary mean wind profiles by implementing the ideas of Rayleigh, 
which render the equation analytically solvable in the immediate vicinity of the singular 
point hence providing the initial values for the numerical integration. Furthermore, the wave 
growth rate is obtained from the dispersion relation of the air-water interface, which involves 
the vertical integration of the disturbed vertical velocity. The growth rates obtained are then 
compared with those of Conte and Miles (1959) and found to be in excellent agreement. In 
closing, approximations to the vertical profile of the disturbed vertical velocity are suggested 
as a basis for the development of a vertically integrated model of coupled air-water system. 

Rayleigh Equation and Its Approximate Solution 

Rayleigh equation for waves moving with a constant celerity co = w / k  in terms of the 
z-dependent part of the disturbed vertical air velocity w(x, z ,  t )  = W ( z )  expi(krc - w t )  is 

[ U ( z )  - co] (W,, - k 2 W )  - U”(z)W = 0 (1) 

where U ( z )  is the mean wind velocity and the prime denotes differentiation with respect to 
z .  The equation is obviously singular at the critical height z = z ,  where U ( z c )  = c. In the 
vicinity of z, the mean wind profile may be linearized to obtain an approximate equation of 
the form 

where Z = -U”(z,)(z - z,)/U’(z,). Near the critical point Z approaches zero hence equation 
(2) may be approximated as 

1 

which is a Riccati equation. The two linearly independent solutions of equation (3) are given 
in terms of the Bessel functions of the order one 

(3) W”+ I W  = 0 
2 

W(2) = di [AJ1(2di)  + BYl(2&)] (4) 

where A and B are arbitrary constants. Initial values for the numerical integration of equa- 
tion (1) are computed from the above linearly independent solutions and their derivatives. 
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Boundary conditions at the interface z = zo and infinity provide the necessary equations for 
determining the arbitrary constants of integration. Once the solution of W ( z )  is obtained 
the growth rate can be computed from y = k S ( c )  = i s k c 0 S ( l c )  where the complex integral 
I ,  as obtained from the dispersion relation of the air-water interface is given by 

z, Present work Conte-Miles z, Present work Conte-Miles 
.00815 3.533 3.536 ,0544 2.744 2.747 
.00670 3.431 3.433 .0446 2.775 2.778 
.01780 3.297 3.300 .1190- 1.907 1.909 
.06710 2.438 2.439 .4480 0.677 0.677 

The relation between the growth rate y and the growth rate ,f3 as defined by Miles (1957) is 
y = i(U1/c)2skcop with s = pa/pw being the ratio of the air density to the water density. 

Computed Growth Rates and Velocity Profiles 

Computations using the above described approach are compared with the results given by 
Conte and Miles (1959) for the growth rate p in Table 1 with excellent agreement. 

Table 1: Comparisons of the dimensionless growth rate p for two different groups of wind parameters 
fl = gzo/Uf = 3 x (left) and fl = 2 x lop2 (right). 

Figures la, b: Real and imaginary parts of the vertical air velocity W ( z )  for fl = 3 x lop3 (left) 
and fl = 2 x lop2 (right). For both cases co/U1 = 1. 

To give an idea about the nature of the solution, real and imaginary parts of the vertical air 
velocity W ( z )  are shown in Figures l a  and lb .  Continuation of the present work involves the 
development of a vertically integrated model for wave growth by employing an approximate 
functional representation of the vertical velocity profiles as obtained from the above analysis. 
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STUDY OF THE EFFECT OF HARBOR SHAPES ON WAVE INDUCED OSCILLATIONS 

Asur Baris Derun’ and Masahiko Isobe’ 

Dept. of Civil of Engineering, University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, 
Tokyo 113-8656 Fax: 03 5841 8503 

Abstract 

Isobe’s (1994) nonlinear mild slope equations have been utilized by employing AD1 method in the 

discretization to build up a numerical model to study the harbor oscillation problem by using regular waves 

over constant water depth. Line boundary method together with a sponge layer has been used as a wave 

maker condition to prevent the reflections at the wave generation point. At first, for a rectangular harbor 

(30*150cm) (“I” shaped) amplification factors have been found then by assembling new square basins 

(50*50cm) to the existing “I” shaped harbor, “L”, “T”, “F” and “Y” shaped harbors have been obtained and 

amplification factors have been calculated for each basin’s end point. Coupling basins with dimensions of 

25*50cm and 75*50cm have also been used to make up “Y” shaped harbors. Amplification factors have been 

determined by taking the square root of the ratio of peak frequency spectrum values for the wave height 

inside the harbor to the incident wave height outside the harbor, thus amplification factor curves can give 

information about the wave energy phenomenon. Comparison among the obtained amplification factor 

curves, revealed out that complicated harbors generate less oscillation than simpler models due to their 

efficiency in energy dissipation. 

Fig 1 Definition sketch for I shaped harbor (not to scale) 

AF RectangularHarborHL=lSOcm at PointA 

0 0 5  1 1 5  2 2 5  3 3 5  4 4 5  5 

k l  

Fig 3 Amplification factors in I shaped harbor at point A 

Fig 2 Definition sketch for Y shaped harbor (not to scale) 

AF Y S h a p e d  HarboratPointA 
1 2  , 1 
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Fig 4 Amplification factors in Y shaped harbor at point A 

‘ For correspondence. Doctor student, e-mail:derun@coastal.t.u-tokyo.ac.jp 
* Professor, e-mail.isobe@k.u-tokyo.ac.jp 

83 



84 

r -0.01 
0 001-0 

Fig.5. Water surface elevation for I shaped harbor in 
primary oscillation mode 
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NUMERICAL MODELLING OF IRREGULAR WAVE 
PROPAGATION IN HARBOURS 

Pan Junning', Zuo Qihua2 and Wang Hongchuan3 

A numerical irregular wave model based on the Extended Mild-Slope Equation is 
established to simulate wave propagation in harbours. The main wave phenomena 
occurred in harbours are involved in the model, such as refraction, diffraction, 
reflection, dissipation due to bottom friction and energy input due to wind. The 
time-dependent Extended Mild-Slope Equation can be written as 

( 1 )  
--4,-V.(CC,V4,)+(w2 a2 -k2CC, -iwF-gG+p)rL, = O  
at 

in which C and C, are wave celerity and wave group velocity respectively, O(x, y ,  t )  is 
wave potential, k is wave number, co is wave angular frequency, g is gravity 
acceleration, F is energy exchange factor, G is the term of V2h  and , h is water 

depth and p is the nonlinear term. 
Irregular wave is simulated by superposing wave components in different 

directions and frequencies. 

N M  

<(x,y, t)  = Ca,,cos[k, (xcosB, + ysin8,)- w,t + E,,] 

n=l m=l 

in which <(x,y, t )  is wave surface level, am, and E~~ are amplitude and initial phase 

of the component wave with frequency w, and direction 0, respectively. 
To solve the extended MSE for each wave component, an evolution equation is 

drived from Eq. (1) 

in which q5mn is wave potential with frequency w, and direction B,, and 

. A modified AD1 method is applied to solve 
-2 2 v2G gG-p+i ioF k ,  = k  - + G CC, 
equation ( 3 )  for each wave component. The finite difference scheme can be expressed 
as 
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1 1 
bi-I,j -24i!j +4i+l,j 

Ax2 
in which A is relaxation factor, = - 2 i ~ / ( c C ~ ) ~ , ~ ,  6;4lj = , 

$!. -24.'.  +@I. 
. The model is theoretically unconditionally stable and 6 2 4 (  . = '1J-l  1.J ',J+' 

AY 
Y 1.J 

and of high efficiency. 
The accuracy of the present model is verified by two typical tests. First, the model 

is used to calculate irregular wave diffraction and reflection around a semi-infinite 
breakwater. The results given by the model coincide well with theoretical solution. 
Second, the model is applied to simulate wave refraction and diffraction on a bottom 
with an elliptic shoal. The numerical results agree with the experiment data given by 
Vincent and Briggs (1989). 

As an application example, wave field in a harbour is calculated by the present 
model. The model gives sound wave height distribution in the harbour. 
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AN ANALYTICAL STUDY ON HEAVY SILTATION IN THE KEUM RIVER 
ESTUARY AFTER A DIKE CONSTRUCTION 
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ABSTRACT: 
The scattering of water waves for the various configurations of thin barriers 
has been studied extensively over the past century, despite the mathematical 
difficulties encountered within the framework of linearized potential theory. In 
this paper, a mathematical solution for the trapping waves on a circular basin 
surrounded by a thin vertical barrier with gaps is obtained by using wide- 
spacing approximate method. In the presence of the barrier, it is expected that 
part of the incident waves is trapped in the basin, and part scattered to infinity. 
The  approximation is only applied in treating with boundary condition along the 
barrier: It  is assumed that the ratio of basin radius to depth of barrier 
immersion is large enough so  that local effects are  negligible. The solution 
demonstrates the resonant interaction between the barrier and incident waves. 
Numerical results are  also obtained using both an eigenfunction expansion 
method (Cho, 2002) and the finite difference method by a mild-slope equation 
a s  described in Lee and Lee (2001) and are  compared with the approximate 
solution. 

Reference 
Lee, J. L., Lee, K. J. 2001 Effect of a surface-piercing vertical thin breakwater 

87 



88 

to harbour tranquility. lst InternationaI Conference on Asian and Pacific 
Coa s ta I Engineering. 

Cho, I-H, 2002 Wave energy absorption by a circular cylinder oscillating water  
column device. J. Korean Society of Coastal and Ocean Engrg. 14(1), 8-18. 



Hydrodynamic Characters of the Coastal Area of Bohai Bay 

Dekui Yuan, Jianhua Tao 

Department of Mechanics, Tianjin University, Tianjin 300072, China 
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Bohai Bay locates in the west part of Bohai Sea, which is a semi-enclosed internal sea in the 
North-East China (see Fig.1). Bohai Bay is a shallow sea bay with wide mild slope mud beach and 
receives large amount of wastewater from Beijing, 
Tianjin and Hebei province. Due to the development of 
the economy along the BoHai Sea in recent decades, the 
water quality and ecological environment in Bohai Bay 
has been becoming very poor, especially in the coastal 
area. In this paper, the numerical models for simulating 
tidal flow, residual tidal current and 
advection-dispersion of pollutant are setup for Bohai 
Bay, and verified with the field measured and 
monitoring data. The models for simulating wave 
propagation and wave-current interaction are also 
developed and setup for Bohai Bay. Then the 
hydrodynamic characters of Bohai Bay are studied by 
using these numerical models, and the significative 
results are obtained by analyzing the numerical results. 

I _/7 

id/ 

Fig 1 Topography and Location of Bohai Bay 

The depth integrated 2-D tidal wave and advection-dispersion equations with moving 
boundary condition (Wang and Tao, 1998) are setup and applied to simulate the tidal flow and the 
movement of dissolved or suspended substances respectively. The residual current and the 
movement of particles in Bohai Bay are studied by using Eulerain and Lagrangian methods, 
respectively. Based on the study of the wave propagation model, wave breaking model, and the 
effect of wave on current in the near-shore area with a mild bottom slope, the long-shore current 
model has been set up (Sun T. and Tao J.H., 2002). r 

The field measured data (Yuan etc.1999) of 
tidal current and the concentration of COD in 
Bohai Bay have been used to verify the numerical 
models at first (see Fig.2). Then by using the 
numerical models mentioned above, the 
hydrodynamic characters of Bohai Bay are studied, 
and the conclusions are obtained as follows. 

-1 

Fig.2 Concentration of COD at F1 station 

August 3rd 1993 

Hydrodynamic characters of the coastal area of Bohai Bay : 

1) The numerical results are in good agreement with field measured data (velocity and 
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concentration of COD) in Bohai Bay, so it is reliable to study the hydrodynamic characters of 
Bohai Bay by using the numerical models. 

2) The movement of the water in Bohai Bay is studied by using Lagrangian method, and the 
numerical results show that the water exchange between Bohai Bay and outer water is poor. 

3) The residual tidal current in Bohai Bay is calculated with Eulerian method, and the results 
show that the residual current and tidal circulation current in Bohai Bay are weak. This is 
disadvantageous for the transport of pollutants, and it is one of the main reasons for the 
accumulation of pollutants and coastal eutriphication. 

4) The distribution of COD in Bohai Bay is studied, and the results show that the transport and 
concentration of the COD is determined mainly by the residual current and the discharge of 
outfalls. 

5) The transport of the pollutant around the main outfalls in Bohai Bay is studied by taking water 
waves into account. It is found that acting on the wave-induced current, the pollutants will 
move along the beach due to long-shore current. This phenomenon will increase the pollution 
on the beach, even far from the outfalls (see Fig.3 and Fig.4). 

Fig.3 Velocity of long-shore current 

Wave height: 2.9m; Period: 7.6s 

Wave direction: East 

Fig.4 Contour of polluted probability 

Wave height: 2.9m; Period: 7.6s 

Wave direction: East 
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Comparison of Time-Dependent Extended Mild-Slope Equations for Random Waves 

Changhoon Lee’, Gunwoo Kim’, and Kyung-Duck Suh3 

Recently, by including second order bottom variation effects, Suh et al. (1997) extended the time- 

dependent mild-slope equations of Smith and Sprinks (1975) and Radder and Dingemans (1985), and Lee 

et al. (2001) also extended Kubo et al.’s (1992) equation so that the extended equations can predict the 

water wave transformation over a rapidly varying topography. Numerical results of the models showed 

better accuracy of the extended models compared to the previous models especially for the cases of waves 

on a steep slope and the Bragg reflection of waves on a ripple patch. In this study, in view of random 

wave transformations, comparisons are made between the extended mild-slope equations of Suh et al. and 

Lee et al. by both analytical methods and numerical simulations. 

The equations of Suh et al. are given by 

and the equation of Lee et al. is given by 

The parameters W2El and 8% in Eq. (1) are mathematically equivalent to - gU, and - gU,, 
respectively, in Eq. (3), all of which represent the second-order bottom effects, and the over bar indicates 

the variables associated with the carrier angular frequency W . 

By using the method of geometrical optics, the dispersion relation and the shoaling coefficient of each 

model can be obtained. For the waves with a carrier frequency, both equations satisfy the linear dispersion 

relation exactly. For waves with a local frequency different from the carrier one, however, the dispersion 

relations of the two models become different from the exact linear dispersion relation. This tendency of 

differences also occurs in the model’s shoaling coefficient, which also depends on the model’s dispersion 
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relation. In shallow water, the two models have wide frequency ranges of accurate dispersion relations. In 

deep water, the models of Suh et al. and Lee et al. have wide ranges of accuracy for the local fkequency 

higher and lower, respectively, than the carrier one. Therefore, for Suh et al.’s model, the peak frequency, 

which is lower in whole frequency range, is chosen as a carrier frequency, and, for Lee et al.’s model, the 

weight-averaged frequency, which is higher than the peak frequency, is chosen as a carrier frequency. 

Using the two models with optimally chosen carrier frequencies, we have simulated random waves 

that propagate over a slightly inclined bed from deep water ( kh  = 22- ) to shallow water ( kh = 0 . 1 ~  ). 

The resulting shoaling spectra are shown in Fig. 1 .  The result of Lee et al.3 model is closer to the exact 

shoaling spectrum than that of Suh et al.’s model. This is because the shoaling coefficient of Lee et al.’s 

model considers the random wave characteristics but the shoaling coefficient of Suh et al.’s model does 

not consider sufficiently. 
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Fig. 1. Input and shoaling spectra of each model 
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WAVE DAMPING AND A NEW DISPERSION EQUATION 
DUE TO POROUS SEABED EFFECT 

Zhao-Chen SUN Yong-Bo YUAN 
Dalian University of Technology, Dalian, China 

Liang CHENG and Mark RANDOLPH 
The University of Western Australia, WA 

Abstract In most existing wave propagation researches it is usually assumed that 
the seabed is impervious. But in shallow water area seepage phenomenon in porous 
seabed has a certain effect on wave propagation. It can cause wave damping. Wave 
seepage in porous seabed can also induce seabed deformation, sliding, and even 
liquefaction. When the elasticity of seabed is small and porosity is large, the 
interaction between waves and seabed is more significant. 

In this paper, seabed response, porous water pressure and wave damping are 
given by analytically solving the governing equation of wave field-Laplacian 
Equation and The governing equations for seabed response - Biot equation 
simultaneously. 

The interaction between waves and the porous seabed has a certain effect on wave 
parameters, and can lead to the deformation, sliding ,or even liquefaction of the 
porous seabed. Wave damping and strength reduction are the direct results of the 
interaction. From hydrodynamic point of view, when waves propagate over such a 
porous seabed, part of the wave energy will get into and dissipates inside the seabed, 
and hence causing the wave height reducing. In context of sediment transport, only 
horizontal water particle velocity is considered as the incipient factor in classical 
sediment transport studies. If permeable condition is considered on the interface of sea 
water and porous seabed, there will be a vertical velocity. Is it big enough to have any 
influence on the incipient velocity? From geotechnical point of view, the stability of 
seabed under wave action is a major concern. Big waves may cause instantaneous 
liquefaction to the seabed. 

Researches have been done by Madsen ( 1978 ) , Yamamoto ( 1978 ) , Tsai ( 1995 ) , 
Lin ( 1997 > , Reid ( 1957 1 . In the existing studies of wave-seabed interaction, different 
assumptions are made, which include ( 1 ) seabed is impervious or rigid; ( 2  ) seabed 
consists of rigid porous medium, and the pore water is incompressible; ( 3 )the seabed 
is impervious, but the skeleton is elastic; ( 4  ) the seabed consists of porous medium, 
the skeleton is elastic, and the pore water is compressible. 

two demerits exist, which are ( 1 >wave field 
and seepage field are solved as two separate problems, i.e., the wave field is solved 
under the assumption that the seabed is impervious. Error induced from this 
assumption is negligible in some cases. However, significant inaccuracy will arise in 
situations in that water depth is shallow, waves travel long distance, and the porosity 
of the seabed is large; ( 2  ) wave damping is neglected. Due to the porosity of the 

In the researches mentioned above, 
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seabed, part of the wave energy will get into the porous seabed with wave traveling, 
which will lead to wave energy loss, and hence decrease of wave height. 

The purpose of this paper is to present a method to study the wave damping due to 
the porous seabed effect. Coupling between wave field and the seepage field in porous 
seabed is considered. Analytical solution for the case of finite seabed thickness is 
presented. 

Results show that wave height decrease is considerable in some cases, which is of 
significance to coastal and offshore engineering. 
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1. Introduction 

Recently, third generation models, e.g. WAM (WAMDI Group, 1988) or SWAN (Booij et al., 1996), are 
used to evaluate wave fields. These models take nonlinear wave-wave interaction into account explicitly, and 
therefore the wave field evaluation is highly accurate. The boundary conditions for these models are usually 
open boundaries, which are difficult to evaluate with the existent models. Since the boundary conditions affect 
the wave field evaluation, they should be accurately computed. In this model we include the data assimilation 
model in the wave model, and assimilate field data in the wave field evaluations with open boundaries. Because 
this model computes the wave fields and evaluates open boundary conditions a t  the same time, an improved 
wave fields evaluation is obtained. 

2. Numerical model 

WAM Cycle 4 (Giinther et al., 1992) is employed, and an adjoint method is applied for the data assimilation 
to the wave model. The adjoint method can employ not only the field data observed in offshore but the data  
at the end of the wave propagation, and modifies the computed wave field with the field data by tracing waves 
backward. 

The fundamental equation of WAM is as follows: 

where, F :  wave energy spectrum, x :  position vector, t:  time, k: wave number vector. Source functions S,,, Snl, 
Sds are energy input from wind, nonlinear wave-wave interaction and energy dissipation due to whitecapping, 
respectively. 

We define the cost function H as the difference between the wave spectra F computed by the numerical model 
and the observed one Fobs. 

H = C ( F  - Fobs)2 (2) 

The adjoint equation for WAM is derived from Eqs.(l)  and (2), and applying the adjoint method. 

where 6'F is the modification vector for the target variable F .  
In this study, the target variables F are the wave energy spectra at the computational grid points on the open 

boundaries. In the adjoint method, the target variables F are modified iteratively with the vector 6'F in Eq.(3) 
until the cost function H becomes minimize. 
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Fig.1: Computational Domain Fig.2: Observed data and Computational Results 

3. Numerical results 

We apply the adjoint wave model to the west coast of Japan. Fig.1 shows the Sea of Japan and the computa- 
tional domain in this study. The computational domain is about 400 km x 400 km, and it has open boundaries, 
where the wave spectra are evaluated with the adjoint model. The wave observation sites at Kyougamisaki 
Tokumitsu and Wajima are shown in the figure. We compute the wave field in the domain from January 1st 
1996 to 10th. In this period, strong seasonal winds blowed from North-West in the Sea of Japan. 

Figure 2 shows the significant wave height and period 2'113 observed and computed at Tokumitsu. The 
solid lines in the figure indicate the observed data. The computed results, indicated with dotted lines, correspond 
to wave spectra a t  the points on the open boundaries equal to zero. 

The dot-dashed lines in the figure indicate the results computed with the adjoint model, which evaluates the 
wave spectra at the computational grid points on the open boundaries by assimilating the observed data at 
Kyougamisaki and Wajima, and computes waves at Tokumitsu. The significant wave height and period 
 TI/^ in the figure shows that the evaluation of the wave height is improved with the appropriate open boundary 
conditions given by the adjoint model. 

4. Conclusions 

The proposed data assimilation model is based on the application of an adjoint method to the third generation 
wave model, WAM. The model is applied to the wave field with open boundaries. Wave fields are accurately 
computed by simultaneously evaluating the open boundaries. The validity of the adjoint model was examined 
under several computational Conditions. 
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Introduction 

Practical applications in coastal engineering usually demand the solutions of governing equa- 
tions in geometrically complicated areas. Therefore, a circulation or a wave model expressed 
in boundary-fitted coordinates is much preferable. Earlier attempts were directed to trans- 
formation of the governing equations alone, keeping the Cartesian velocity components un- 
changed as dependent variables. Later, it was recognized that transforming both the govern- 
ing equations and the velocity components would be much better for accuracy and numerical 
stability (see Muin and Spaulding, 1996). In this work, one-component form of the nonlinear 
dispersive wave equations of Nadaoka et al. (1997) along with the Cartesian velocities are 
transformed to a curvilinear coordinate system, which is not necessarily orthogonal. Thus, 
the resulting equations are expressed in terms of the contravariant velocity components, which 
render the specification of the lateral boundary conditions as simple as possible. 

Wave Equations in Boundary-Fitted Coordinates 

One-component forms of the wave model of Nadaoka et al. (1997) in Cartesian coordinates 
can be found in that particular work and are not repeated here. Using the well-known 
relations (see for example Hoffman and Chiang, 1995) and combining appropriate equations, 
the transformed forms of these equations in curvilinear coordinates ( E ,  7 ,  T )  become 

sT + J [ ( q / g  + s) " * I c  + J [ ( c , z / g  + s) v*] 17 = 0 ,  (1) 

( 2 )  

rJu,* + IZQc+E*r l*&a 

-3L [c* (u; + v;)Itr + $$ [c* (u; + v;)] 17T ' 

- [c* (lii + v;)],, + & [c* (u; + v;)],, 1 

Q = g s  + - 1 (1 - 3w 2 2  C,/g 2 ) [V?V*~  + [?V*2 - 2E,o*I/*V*] 

- - 
w2c; 

w 2 c ;  

2 
rJY*  + E*v*Qc + d Q T  

( 3 )  
E*v* - - 

with 

2 
(4) 2 2 2  E*2 = ES +& 77, = rlx + rly, 

I*v* = Ezvx + eyrly,  c* = c;(l - T ) J .  

where C is free surface elevation, U* = U / J  and V* = V / J  with U and V being the con- 
travariant components of the horizontal velocity vector at z = 0. J is the Jacobian and 
Jx,<y,rlz,vy are the metrics of the transformation. r = C,/C, with C, and C, denoting re- 
spectively the phase and group velocities computed according to linear theory for a specified 
wave frequency w and a given local depth h. 
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Sample Computations 

Computations involving non-rectangular lateral boundaries are presented to  demonstrate the 
accuracy and versatility of the equations derived. First, linear long wave propagation along 
a converging channel is simulated and the magnification of the wave amplitude is compared 
with the theoretical solution of Green. As it is seen from the figures the computed amplitude 
variations for both cases agree almost perfectly with the theoretical solution depicted by the 
solid lines. 

Figures la, b: Linear long wave propagation along a converging channel: perspective view and 
amplitude magnification compared with the theoretical formula of Green. 

The second simulation is a hypothetical case showing nonlinear wave propagation across a 
region enclosed by bending lateral walls which cause diffraction (left wall, bending out) and 
reflection (right wall, bending in) of waves. Figures 2a and 2b, depicted at  two different 
instances, show that qualitative aspects of the wave deformations are well simulated. 

Figures 2a, b: Nonlinear wave propagation across a region of non-uniform cross section. 
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1 Introduction 

The dispersion effect plays an important role in wave propagation and transformation. Thus, 
many studies have been conducted on the characteristics of wave dispersion, and some numerical 
models are proposed. In the present paper, the truncation error of numerical simulation using 
linear dispersive wave theory is discussed on a basis of exact solutions of the difference equations. 

2 Solutions of the difference equations 

The following linear dispersive wave equations are adopted for the governing equations: 

87 aM d N  - + - + - = o  
at ax a y  

- a~ 2aq a d2N a2M 2a2q + DYh2= + yycoh - + SYcih2- at + c o - = -  aY dY 8 Y 2  ( 3 )  

where co = m, h = water depth. In the case of a, = azl = px = fly = 1/3 and 7, = 

yy = 6, = 6, = 0, the above equations coincide with Boussinesq equations. The coefficients 
of a, = cyY = 0, = PY = 215 and y, = yy = 6, = 6, = 1/15 lead to Madsen and Sorensen 
equations. The model proposed by Sayama et al. (1987) is expressed as a,  = - &%, 

1 1 1-KZ 1 K 2  KZ 
ay = and y, = yy = 6, = SV = 0, and the explicit 
model proposed by Cho and Yoon (1998) is a, = ay  = P, = &, = y, = yy = 0 and 6, = -12~,2, 
6, = - E q ,  where K,  = coAt/Ax, Ky = coAt/Ay, H ,  = h/Ax, Hy = h/Ay. 

- E-, P, = $ + =$, Py = $ + 
1 

On the other hand, the following three schemes are considered for the difference model. 
1. The Leap-Frog method. This scheme is called ‘2/3 implicit scheme’ in this paper. In 

this method, the momentum equations (Eqs.(2) and (3)) are solved implicitly, and the 
continuity equation (Eq.(l)) is solved explicitly. M and N are obtained simultaneously. 
This method was used to simulate a transoceanic propagation of tsunami by Goto et al. 
(1988). 

2. The Crank-Nicholson method (313 implicit scheme). All equations (Eqs.(l),(2) and (3)) 
are solved implicitly. 77, M and N are obtained simultaneously. Although the computation 
cost is huge, the computation is always stable. 
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3. The two-step mixed finite difference method (1/3 implicit scheme). In this method, the 
momentum equations are solved by a simple implicit procedure separately. Thus, this 
method can save the computation cost. At present, this method is mainly adopted to  
simulate a one dimensional propagation of nonlinear dispersive waves by Iwase et al. (2002). 

The exact solutions of the difference equations are obtained from the governing equations 
(Eqs.(l),(2) and (3)) by the above difference models. 

3 Characteristics of truncation error 
The characteristics of the truncation error are examined on the magnitude of numerical error 

The truncation error of the Crank-Nicholson method, 3/3 implicit scheme, does not depend on 
the wave direction, but the magnitude of the numerical error is relatively large. The truncation 
error of the Leap-Frog method, 2/3 implicit scheme, is small but depend on the wave direction. 
The truncation error of the two-step mixed finite difference method, 1/3 implicit scheme, is 
similar as the Leap-Frog method on the magnitude, and the direction-dependency is slightly 
smaller than the Leap-Frog method. Thus, the two-step mixed finite difference method appears 
to be most practical. However, by adopting a small grid, the simulation results of Leap-Frog 
method and Crank-Nicholson method become accurate. On the other hand, very small grid 
cannot be adopted in the two dimensional computation of the two-step mixed finite difference 
method because of the stability condition. 

and the direction-dependency of numerical error. 

It is concluded that the two-step mixed finite difference method is applicable for the practical 
simulations of transoceanic propagation of tsunami. However, when very small grid is required 
for the simulation, the Leap-Frog method should be adopted for the numerical procedure. 

In Cho and Yoon’s scheme, the summation of the numerical dispersion and the added dispersion 
terms coincides with the physical dispersion effect when the grid size and the time increment 
are selected adequately. Cho and Yoon’s method is quite accurate when the grid size is chosen 
adequately. However, if grid size cannot be chosen adequately, the truncation error becomes 
large. Besides, the characteristics of the truncation error for the wave propagating to x-direction 
differ from that for the wave propagating to y-direction remarkably. 

Thus, when the proper grid size and the time increment can be selected in the simulation, 
Cho and Yoon’s method is very useful. However, when the proper grid is not selectable by some 
reason, a linear dispersive wave theory should be adopted in the simulation. 

Note that the wave celerity for high-wavenumber component predicted by a numerical simu- 
lation is generally smaller than the theoretical wave celerity. In addition, the theoretical wave 
celerity of Boussinesq equation is smaller than that of Airy theory (small amplitude wave the- 
ory), and that of Madsen and Sorensen equation is larger than that of Airy theory. Thus, if the 
simulated wave celerity is compared with the wave celerity of Airy theory, Madsen and Sorensen 
equation may provide accurate results in comparison to  Boussinesq equation. 
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Orissa is a maritime state along the east coast of India and has a coastline of 
480km in length. The coastline is bestowed with six major estuaries besides many small 
rivers which debouch into the Bay of Bengal (Figure 1 ) .  During the last 109 years (1 804- 
2000), Orissa coast experienced 128 cyclones of which six were most notable (29 
October, 1999; 23-27 May, 1989; 13-1 7 October, 1985; 1-5 June, 1982; 29-30 October, 
1971 and 9-11 October, 1967) and caused unprecedented loss of life and property in the 
state of Orissa. The frequency of tropical cyclones along the six coastal districts of Orissa 
(Figure 2) is very high and is responsible for shoreline changes and vegetation loss in 
addition to its other damaging effects. Topography of the coastline, strong littoral drift 
and longshore current also contribute significantly to the shoreline changes. The changes 
in the areas of deposition and erosion near Mahanadi delta region were estimated for the 
periods 1972 to 1986 and 1986 to 1993. The areas of deposition and erosion were 
respectively 16.52 Km2 and 13.39 Km2 during the former period while the depositional 
and erosional trend changed to 1 1.61 Km2 and 6.44 Km2 during the latter period. 

---.../-- 

Figure 3: A) Pre Cyclone ( October 11, 1999) and B)Post Cyclone (November 8, 
1999) images of IRSOlD WiFS showing Cyclone affected areas. 
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Further, it has been observed that the shoreline changes along the Orissa coasts are highly 
location specific and are dependent on local environmental conditions. For example; the 
October 29, 1999 Super Cyclone of Orissa having landfall at Paradeep with estimated 
pressure drop of 80 mb and maximum sustained surface wind of 140 knots was the most 
devastating of the century. Besides its other damaging effects, the super cyclone caused 
serious devastation to the natural vegetation of the coastal districts of Orissa. The 
quantitative estimate from the remote sensing based study using Indian Remote Sensing 
Satellite (IRS-ID) wide field sensor data (WiFs) in the pre and post cyclone periods 
(1 1.10.1999 and 14.1 1.1999) indicate increase in the areas of water body (1 235.44 Km2) 
and Fallow land (2602.4 Km2) and decrease in the areas of vegetation (3394.69 Km2) and 
dense vegetation (443.15 Km2). Pre and post cyclone images of IRS-1D WiFs (Figure 3) 
indicate the inundated areas. Therefore, objective of the present study is to delineate the 
areas affected due to some of the notable storm events and to make a quantitative 
estimate of the areas of vegetation loss due to the cyclones. 

Figure 1: Coastline of Orissa with major 
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INTRODUCTION 
Several studies have been conducted on shoreline change in a lake. These studies 

described interesting characteristics, and are effective for understanding basic processes of sand 
movement, because the external forces acting on lake shoreline is relatively simplified compared 
with those on coastal shores. In addition, these studies are useful for investigating similarity law 
of coastal sediment, because the scale of topographical change and external forces are smaller in a 
lake than those encountered along seashore, but much larger than laboratory flume. In this study, 
the process of longshore sediment transport around the mouth of Nagase River and the Shidahama 
Beach, which is located to  northeast of the Lake Inawashiro, is investigated based on aerial 
photographs and field measurement data. 

SHORELINE CHANGE AROUND THE NAGASE RIVER MOUTH 
Figures 1 and 2 show the change in shorelines around the mouth of Nagase River from 

aerial photographs. Figure 1 shows that sediment, supplied from Nagase River be transported in 
the eastern direction. According to meteorological measurements, wind from WNW direction is 
predominant in this area. For this reason, sediment deposited at  the river mouth has been 
transported to the east due to  the high waves during winter. Furthermore, it is noted that the 
waves attack the shore with a large incident angle. In this regard, wave conditions are most unlike 
those found along coastal shores in general. Due to these wave conditions, remarkably active 
shoreline changes are occurring in the eastern area of the river mouth. 

Figure 2 shows that sediment moved further to the eastern direction, and formed a large 
scale sand spit during these 50 years. In recent years, it is inferred that sediment forming the sand 
spit is further moving toward the Shidahama Beach. 

Fig.1 Shoreline change from 1992 to 2000. Fig.2 Shoreline change 1947 and 2000 
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CHANGE IN CROSS-SHORE PROFILE ON SHIDAHAMA BEACH 
Field measurement of beach profile has been carried out in Shidahama area to 

understand the process of longshore sediment transport. Figure 3 shows the location of each 
measurement section. Recently, sand spit has attached the Shidahama Beach between section 5 
and section 6. Figure 4 shows longitudinal profiles along Sections 2,  4, 5 and 6. Erosion of the sand 
spit can be seen along Section 6, whereas accumulation is remarkable along Section 5 even within 
one month. This result indicates that sediment, which has formed the sand spit, further moved to 
the southeastern direction, and accumulated on Shidahama Beach. Along Sections 2 and 4, the 
change in the cross-shore profile is negligibly small, indicating equilibrium against the incident 
waves. Thus, it can be concluded that sediment supplied from Nagase River has reached 
Shidahama Beach, and is still gradually moving toward the south. At the southern end of 
Shidahama Beach, there is an intake of Asaka Channel, which has encountered significant 
sediment deposit in the past. It is supposed that severe sediment intrusion will occur the inlet in 
the very near future due to sediment transport to the south, described above. 

I I I I I 

Fig.3 Field measurement sections 
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Fig.4 Cross-shore profile 
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Obiectives 
To predict topographic changes is indispensable for developing a long-term coastal management plan, 

in particular for the coasts where sandy beaches are dominant. A number of models have been developed so 
far to predict beach topographic changes, based on the physical principles associated with the interaction 
between waves and sediment movements. However, these models cannot be applied directly to large-scale 
coastal areas with a length of more than several tens kilometers, for they cannot represent all the local 
conditions and need a huge computational capacity. On the other hand, the correlations between incident 
waves and long-term topographic changes are relatively easy to obtain by a statistical analysis. The 
correlations can be used to predict future coastal topographic changes. For the prediction, predominant 
patterns of the topographic changes must be analysed in details at first. 

Statistical methods have been developed for analysing beach profile data since Winant et al. (1975) 
applied the principal component analysis (PCA). The validity of the methods of this kind is confirmed in 
relatively narrow coastal area, for instance, around a port (Bosma and Darlymple, 1996; Yokoki et al., 
1998), whereas the applicability to much wider areas has not been verified yet. The purpose of the present 
study is to analyse statistically the coastal topography data obtained in Sylt Island coast, Germany, by the 
complex principal component analysis (CPCA), and to 
examine the applicability of CPCA through these analyses. To 
investigate the characteristics of beach topographic changes 
after beach nourishment in Sylt Island coast is another purpose 
of the study. 

Theow and aDplication data 
In CPCA, the water depth, H(x ,y , t ) ,  is expressed as 

summation of products of complex temporal functions, c, ( t )  , 
and complex spatial functions, e, (x) , as follows (Liang and 
Seymour, 1991): 

N 

H ( x ,  Y A  = c c, we,  (XI 
n=l 

The product of C ,  ( t )  and e, (x) is called the n-th mode 
of the beach topographic change. These functions are obtained 
as eigenvalues and eigenvectors of covariance matrix of 
complex water depths, which consists of a real depth, 
h(x,y , t )  , and its Hilbert transform, i ( x , y , t )  , as the 
imaginary part. While the ordinary PCA can detect the standing 
wave components only, CPCA enables to detect the progressive 
wave components as well in the beach profile change, since it 
uses the complex water depth instead of the real water depth. 
Each mode obtained by CPCA does not represent the simple 
pattern of beach topographic change, such as eroding or 
depositing trend. In order to deduce the real patterns of 
topographic change, we need to treat the magnitudes and angles 
of the complex temporal and spatial functions appropriately. 
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Fig.1: Kampen (1989.9) 
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Sylt Island is a well-known beach resort on the German 
North Sea coast that has suffered severe erosion at least since 
the middle of the last century (Dette and Gartner, 1987). The 
island is a sand body with a length in the north-south direction 
of about 35 km, bound by inlets to the north and south, and it is 0 

-200 connected to the main land through a causeway. Since the 4400 4800 5200 5600 6000 6400 6800 

beginning of 1980's beach nourishment has been determined a Longrhore pasilion (m) 

major countermeasure against erosion in the island. Kampen in 

are the locations where beach fills were placed in 1985 at Kampen, and in 1987 at Rantum, respectively. In 
this study, we analyse the detailed topographic surveys at these two locations after beach fills were placed. 

Fig.4: Local ratio of contribution 
the northern part of the island and Rantum in the southern part (>70%) 

Figure 1 shows the topographic data at Kampen surveyed in September 1989. Shoreline and 
alongshore bar are placed at 0 and 200 m in cross-shore direction respectively in the figure. Figure 2 shows 
variations of depth changes through all surveyed data at Kampen. The variations are relatively large at 
region A, located at 4,800 m in alongshore direction, region B, the land side of the shoreline, region C and 
D. In these regions, water depths fluctuated sharply. 

Maior results and conclusions 
Figure 3 shows the first mode of spatial functions in Kampen obtained by CPCA. The components of 

spatial function are plotted in vector format in the figure, since they are complex numbers. This figure 
indicates that the absolute values of spatial function are relatively large at regions A and B in Fig. 2. 

Related researches so far said that the change of water depth is expressed by only one mode of spatial 
function where the absolute value of the mode is large. However, it has been revealed through the present 
study that the way of depth change is not always expressed properly by the mode of the largest absolute 
value. Therefore, a new parameter, local ratio of contribution of each mode to the depth change at each 
point was introduced in this study. The parameter enables to detect the most appropriate mode of spatial 
function expressing the way of depth change. Figure 4 shows the areas where the local ratios of 
contribution of the first mode are more than 70%. These areas correspond to the regions A, B, and C in Fig. 
2. In region D, the local ration of contribution of the second mode is more than 70%. 

The spatial and temporal functions obtained by CPCA indicate that the first mode at Kampen 
expresses the way of depth change as depositing for three years then eroding, and that the second mode 
expresses it as depositing for three years then eroding and depositing again largely. According to this 
interpretation, it is deduced that the beach fills placed around near shoreline area (regions A, B, and C) 
moved once offshore and then come back onshore again to region D. Furthermore, the phase difference of 
spatial functions shows that sediments are transported alongshore from left to right in Fig.4, with moving in 
cross-shore direction alternately. CPCA and the local ratio of contribution are proved to be effective to 
analyse the characteristics of beach topographic changes through the present study. 
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ABSTRACT 

1. Pumose of the Studv 

There are many sand banks in the Set0 Inland Sea. These sand banks are generally located 

behind islands or peninsulas. However, a large amount of sand was dredged from the sand banks 

in order to get an aggregate for concrete structures such as highway roads or buildings during high 

economic growth age. It is estimated that totally 600 million m3 of sand was dredged from the 

Set0 Inland Sea for last 40 years. Due to the disappearance of the sand banks from the sea 

bottom, several environmental impacts on fishes andlor seaweeds habitats were reported. 

Especially, the most serious problem influenced by the sand mining is that a number of sand eel 

decreased greatly in the western part of the Set0 Inland Sea. 

In  this paper, the formation mechanisms of these sand banks and the influence of tidal current 

and water quality environments due to the change of topography are investigated by physical model 

experiments and numerical model simulations. 

2. Phvsical Model Experiments and Numerical Simulations 

Tidal current is the most important factor for transportation of sea bottom sand in the Set0 

Detailed measurements of tidal current around area of these sand banks were 

The scale ratio of the 

Measurement stations were located 

Each measurement station, tidal 

Inland Sea. 

carried out by a large scale of physical model of the Set0 Inland Sea. 

physical model is 1/2000 in horizontal and 1/159 in vertical. 

a t  every 25 cm grid intervals around each sand bank area. 

currents were measured for 5 tidal cycles by using a magnetic current meter. 

Figure 1 shows the hrections of sand banks drawn by thick lines and the main directions of 

tidal currents drawn by small lines. The directions of sand banks and main tidal currents are 

slightly inclined and the angle difference between these directions is about 15 to 30 degree. 

Figure 2 shows current vectors of the tidal residual flows obtained by physical model experiments. 

The centers of the tidal residual circulation flows are agreed with the peak of the sand banks. 

Therefore, it is considered that the tidal residual circulation generated behind island andlor 

peninsula has some relationships to formation mechanism of these sand banks. However, the 

velocity of tidal residual flow is not enough to suspend and transport sand particles. The 

sand particles are suspended and transported by strong tidal current. 
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In  order to know the mechanism of sand particles movement by tidal current, we carried out 

mathematical model experiments by numerical simulations. The model used here is the ODEM 

developed by Prof. Nakatsuji of Osaka University of Japan. The most important factor for sand 

movement in interested area is the velocity field on the sea bottom. Therefore, multi-leveled 3-D 

mathematical model is utilized to calculate the tidal current. At open boundaries, water surface 

elevations are described under the condition of sinusoidal waves of M2 constituent. From the 

tidal computations, tidal residual flows are obtained by harmonic analysis, and then convergence 

and divergence of the tidal residual flow on the sea bottom layer. From the results, it is found 

that the convergence area of the tidal residual flow agrees with the area of sand bank. 

3) ConcludinP Remarks 

From the study, following conclusions are obtained. (1) Sand bank is located in the area 

where tidal residual circulation flow is generated. (2) The angle difference between the direction 

of sand bank and the main direction of tidal current is about 15 to 30 degree. (3) The area of sand 

bank is coincidence with the area of convergence of the tidal residual flow on the sea bottom layer. 

Therefore the sand particles are suspended by strong tidal current and transported by the tidal 

residual flow. 

Figure 1 Directions of sand banks drawn Figure 2 Tidal residual flow patterns obtained 

by thick lines and directions of main 

tidal current drawn by dotted lines. 

Small lines show the current directions 

at  each measurement point. Small arrows Tidal residual vectors. 

by physical model experiments. 

Curved arrows Patterns of tidal residual flow 

Straight lines : Directions of sand banks. 
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PREFACE: An extension of the breakwater of Shibushi Port has been conducted at the Oshikiri coast in Shibushi Bay, 
Kagoshima, Japan since 1968 and its outer breakwater has been extended nearly 4.0km. This offshore breakwater 
created large wave shadow sheltered area behind it and non-sheltered area on the adjacent sandy beach. The typhoon 
damages had been caused on the non-sheltered sandy beach, thus three groins were built to reduce a deposition by an 
excess longshore sediment transport into a sheltered area from the non-sheltered adjacent beach. In spite of these shore 
protection works, one segment of the Oshikiri coast (roughly middle of Fig. 1) was especially overwashed. by the 
Typhoon Ol l l ( l l th  Typhoon in 2001). This coastal damage seems not to be 
caused only by wave sheltering effect of Shibushi Port (wave diffraction effect), 
but formations of three dimensional sub-aerial bathymetry such as crescentic 
longshore bar and trough features probably enhanced the overwash damage at a 
certain location of the beach where a national hospital and local residential area 
exist. Therefore, this erosional hot-spot-hke feature had to be studied in order to 
plan the emergency shore protection works at the site. The study shows that the 
erosion in the non-sheltered up drift coast was commenced mainly due to the wave 
sheltering effect (dWdx; wave height gradient by wave diffraction) and the 
generation of 3-D geomorphological features including the crescentic longshore 
bars and troughs. These nearshore topographies were generated while incident 
significant wave heights of Typhoons exceeds nearly 6m high on this coast. In 
addition, it is shown that the average spacing of the troughs is around 600-700m. 
Finally, submerged breakwaters so called artificial reefs in Japan are recommended 
to reduce the further coastal damage at the site. 

Fig. 1 Aerial view of study area 

STUDY AREA: A sandy beach in the 
Shibushi Bay extends nearly 16.4km 
and opens to the Pacific Ocean as 
shown in Fig.1. The Oshikiri coast 
locates northeast terminus where 
Anraku and Hishida Rivers flow into the 
coast, and an artificial island of 1.5km 
length and 1.5km width was created for 
crude oil storage in southwest terminus 
of the bay A coastal erosion caused 

by the wave sheltermg effect of this 
island was by Nlshl et al, (2000). 
Coastal erosion similar to this erosion 
would cause the coastal erosion at the Oshikin coast shown in Fig.2 

Fig. 2 Bathymetly of Oshkiri coast (zoom-up of the damaged area) 
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COASTAL DAMAGE: The significant beach and dune 
erosion and ovenvash around the transect 26 on the 
Oshikiri coast seemed to be originally caused by the 
sheltering effect by an offshore breakwater of the Shibushi 
Port which has been constructed and extending since 1968. 
The change in shoreline position and nearshore bathymetry 
have been examined by an analysis of aerial photographs 
and a set of sounding data. The shoreline in 1963 was 
selected to be the reference in Fig. 3. The change in 
shoreline position from 1963 to 1970 shows accretion 
patterns around the mouth of Hishida (x=6.6km) and 
Tabaru (x=10.6km) Rivers. The maximum accretion is 
the order of 40 to 50m at both river mouths. The 
shoreline change around the Anraku River (x=4.0km) 
shows relatively small sediment discharge compared to 
Hishida River. The maximum shoreline retreat in 1996 
was the order of 50m, but the shoreline retreat at x=4.7km 
was only a half of the maximum recession even though the 
area was significantly damaged by ovenvash. Fig.4 shows 
a set of representative nearshore bathymetries in the 
recovery stage (1998) and erosional hot-spot stage (2001) 
as the long-term coastal processes at the study area. The 
subaerial topography between the transect 16 and 20 is 
depositional due to the sheltering effect of the extended 
offshore breakwater, whereas the middle of the area 
between the transect 20 and 30 (2km stretch of the coast) 
was eroded. The 4m, 5m, and 6m contours explicitly 
undulate with a spacing of nearly 600m. Finally, it is 
concluded that the erosion mechanism of this area is a 
superposition of crescentic longshore bar and trough 
formation on the sheltering effect by the offshore breakwater 
of the port. 

CONCLUDING REMARKS: A unique nearshore 
topography change on Oshikiri coast was studied based on an 
analysis of aerial photographs, profile data, and wave data. 
It is examined that the damaged area by ovenvash at this 
coast is an erosional hot-spot, which is caused by the 
superposition of the wave sheltering effect of the port and the 
generation of crescentic longshore bar and trough. The 
extension plan of the port is not fixed yet at the moment of 
this study, therefore a construction of submerged breakwater 
(called an artificial reef in Japan) is recommended to the 
prefectural government as an optimal shore protection 
scheme. 

50m 
Om 
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Fig. 3 Change in shoreline position. 
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Often coastal protection works are carried out to mitigate the effects of erosion, but do 
not attempt to address the cause. For example, rock/concrete walls, breakwaters or 
groynes along the beach act to mitigate the effects or to realign the beach. However, 
end effects on the shoreline downstream and the environmental imperatives to retain 
natural character often preclude hard structures. Also, coastal re-alignment may not be 
possible in built-up areas where natural alignments would sweep though modern 
shoreline developments. 

Wave rotation is a method of coastal protection that targets the cause of the erosion 
(i.e. longshore wave-driven currents). Offshore, submerged structures are oriented to 
rotate waves so that the alongshore current (and thus sediment transport) is reduced 
inshore. The realigned wave angle at the breakpoint (in harmony with the alignment 
of the beach) results in reduced longshore flows and sediment accretion in the lee of 
the rotating reef. 

This paper considers two types of offshore reef that we describe as “dissipaters” and 
“rotators”. The former acts to break the waves and protect the coast by reducing wave 
energy in the lee of the reef. The latter relies on wave rotation to create the chosen 
wave alignment. The rotator is particularly beneficial in areas of low wave climate or 
large tidal range when wave breaking is difficult to achieve on a submerged structure, 
particularly around high tide. Numerical modelling and case studies are used to 
demonstrate the effectiveness of wave rotation to mitigate erosion. 
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INTRODUCTION 
Development of sand spit at a river mouth is affected by river discharge, sea waves, and 

tidal current. During a flood, remarkable change in river mouth morphology can be observed, 
followed by gradual recovery of sand spit topography. It is of practical importance to understand 
the behavior of sand spit at a river entrance during and after a flood, in connection with water level 
rise due to backwater effect caused by sand spit. In the present study, detailed surveying of sand 
spit recovery process has been carried out at the Natori River mouth, Japan after the flood induced 
by typhoon 0206. 

STUDY AREA AND FIELD OBSERVATION 
A map of the study area is shown Fig.1. The 

Natori River has catchment area of 938.9km2, with the 
length of 55.0 km. The Natori River originates near the 
border between Yamagata and Miyagi Prefectures and 
pours to the Pacific Ocean. The River mouth jetties has 
slight curvature toward the north as seen in Fig.1, which 
causes erosion on the right side bottom due to spiral flow. Idou 
There are Idoura Lagoon and Hiroura Lagoon on the 
right-hand and left-hand sides of the mouth, respectively, 
which indicates extreme migration of the opening in the 
Past. 

A big flood occurred along the Natori River due to 
heavy rainfall on July 10,2002. Due to this flood, the sand spit has been completely flushed away. 
Immediately after the flood, the topography change has been measured every two weeks until it 
reach ed equilibrium stage. 

goon 

Fig. 1 Study area 

RESULTS AND DISCUSSIONS 
Figure 2 shows time-history of morphology at the Natori River mouth after the flood in 

2002. Due to overflowing during the flood, sand spit at the river mouth was eroded to fiom 
another channel with the width of 9Om, although slight recovery of the sand spit can already be 
seen inside the channel in Fig.2 (a). In Fig.2 (b), gowth of the spit in the longshore direction is 
predominant. Further transportation of longshore sediment leads to reattachment of the sand spit to 
the jetty (Fig.2 (c)). Finally, the topography reaches equilibrium until sediment deposit occurs in 
between the jetties caused by overtopping waves ( Fig2(d) ). 

According to the study by Sawamoto et al. [I], it takes several months for the recovery of 
the sand spit at the Abukuma River mouth, whereas it is only two weeks at the Nanakita River 
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mouth ( Tanaka [2] ). It is here noted that it takes about three weeks at the Notori River mouth for 
the sand spit recovery, which is intermediate between Abukuma River and Nanakita River. Such a 
difference of duration for recovery can quantitatively be explained using a 1-D model for river 
mouth migration. 

l O 0 " l i  ' , ' , - - '  ' , I ,  I ' 1 I L 

(a) July 22,2002 
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unit (m) 
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(c) August 8,2002 (d) August 13,2002 
Fig2 Contour map of Natori River mouth 
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1. INTRODUCTION 

Global warming would raise the sea levels 
about 1 m in the next 100 years. The Intertidal areas decrease or deform with raising the sea levels. Therefore, 
future variation of inner bay environment has received considerable attention, because the purification abilities of 
tidelands depend on the ecosystems. 

Knowledge of the 
morphological response on the tidal flats is essential for understanding a long-term environmental carrying capacity of 
inner bays. 

The aim of the present work has been the evaluation of the dominating causes for morphological response on the 
tidal flats from in-situ measurements at Shiraka river estuary. Quadratic polynomial approach has been proposed for 
approximation of cross-shore profiles. A relationship between topographical changes and external forces; tides, wind 
waves, and river discharges; has been examined. 

Tidal flats play an important roll as a habitat for the rich ecosystems. 

There is a close relationship between the ecosystems and cross-shore profiles on the tidelands. 

Tidal flats, however, are poorly understood compared to their sandy equivalents. 

2. FIELD OBSERVATIONS 
Shiraka river estuary is located at central-eastem coast of Ariake Bay, which is famous for closed inner bay and 

the highest tidal range in Japan. An intertidal area on Shiraka river estuary is roughly 1.5km wide, with a mean 
bottom slope of 1/800, which is consistent with a mean tidal range of 3 m. 

In order to maintain whole surveying conditions, ground elevations have been measured using an Electro-Optical 
distance meter at the fixed measuring points. In 
October 2000, two cross-shore profiles for observation have been installed both left and right bank at Shirakawa River 
mouth. The observation has been 
carried out almost every one month at the low water during spring tides. Until now we have conducted the 
observations to 20 times over two years. (Yamada & Kobayashi, 2003) 

We drove a 2m-wooden stake into the tideland down to 1.7m. 

Each profile has the 30 fixed measuring points, which are spaced every 50m. 

2-1 Characteristics of Morphological Response on Tidal Flats 

0 Both measured and averaged cross-sections on tidal flats exhibit convex-upwards profiles, although the 

@ Examinations of tide level records measured near Shirakawa river estuary have indicated that averaged tide level 
This 

Both accretion and erosion at offshore are 

The main results of these observations and data analysis can be summarized as follows: 

cross-sections on sandy beach usually show concave-upwards profiles. 

changes cyclically with a period of one year. 
raising rate is an order of magnitude larger than that of long-term sea level rise described before. 

larger than those at nearshore. 

Averaged tide level rises about 40 cm from June to October. 

@ Cross-shore profiles fluctuate with changing the averaged tide level. 
Averaged variation range of the profiles during whole observation is iz 6 cm. 

The cross-shore profiles of tidal flats can be classified according to the relative contributions caused by wind 
waves and tidal motions to the total sediment transport (Kirby, 2000). Convex-upwards profiles have been designated 
as accretionary and tidally dominated flats. 

Lee & Metha (1997) considers wave action as the most significant process and applies the equilibrium profile 
(Dean, 1991) as an approximation of tidal flat profiles. The equilibrium profile, however, is proposed originally for 
concave-upwards profile. The equilibrium profile assumes that a variation of the profiles equal to that of sea levels. 
Described above (the results of 0 and @), the averaged variation of measured profiles is at least 4 times smaller than 
that of tide levels. Therefore, the equilibrium profile cannot be applied for these observation results. 
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3. RELATIONSHIPS BETWEEN TOPOGRAPHICAL CHANGES AND EXTERNAL FORCES 
Assuming that cross-shore profiles are approximated using three parameters: curvature (a), spatial gradient 

(2ax+b), and vertical deviation (c), quadratic polynomial approach <h = axz + bx + c ; h is elevation, x is offshore 
distance> has been proposed. Shown in Fig. 1 are comparison results between measured and approximated 
cross-shore profiles. 

In order to clarify the dominating causes of external forces on the cross-shore profiles, the time evolutions of three 
parameters in quadratic polynomial was compared with those of the mean tide levels, tidal ranges, wave heights, wind 
velocities, and river discharges 

This approach allows us to interpolate the measured profiles with accuracies less than k20mm 

0 4  

3-1 Dominating causes for vertical deviation (c) 

deviation has a close relationship with that of mean tide levels. 
one year. 
3-2 Dominating causes for spatial gradient (2ax+b) 

Tidal energy 
is defined as square of tidal ranges. Averaged spatial gradients changes cyclically with a period of one year. 
Averaged spatial gradients become steeper with increasing the changing rate of tidal energy, and they become gentler 
with decreasing the rate o f  tidal energy. 
3-3 Dominating causes for curvature (a) 

period of half year. 

Vertical deviation (c)  means an accretion and erosion of  tidal flats. Figure 2 shows that time evolution of vertical 
Vertical deviation changes cyclically with a period of 

Tidal flats accrete with raining the tide levels, and they erode with lowering the tide levels. 

Averaged spatial gradients (2ux+b) have a close relationship with the changing rate of tidal energy. 

Curvature (a) have a close relationship with both tide level and tidal energy. Curvature changes cyclically with a 
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Fig. 1 Measured and interpolated cross-shore profiles Fig. 2 Time evolutions of vertical deviation and mean tidal levels 

4. CONCLUSION 

approach has been proposed for approximation of cross-shore profiles. 
polynomial and external forces has been examined. 
have convex-upwards profiles. 

present observation intervals. 
conditions. 
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In order to evaluate the dominating causes of morphological response on the tidal flats, quadratic polynomial 
A relationship between three parameters of the 

Consequently, tidal motions are dominant for tidal flats, which 

A domination of wind waves and river discharges can become important at a time scale that is shorter than the 
This warrants future observations at before and after both storm and typhoon 

This result agrees with that obtained by Kirby (2000). 
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Introduction 
On the average, there are 4-5 storms affecting the Yangtze Estuary every year. The 

storm-induced extreme waves and set up often make suspended sediment concentration rise. A lot 
of sediment is carried by currents into navigation channel and deposition occurs in the channel 
within and after storm, which sometimes affects ship navigating. It is very important for 
navigation safety to predicate accurately the storm-induced sedimentation in the channel. 

No.0008 typhoon occurred from Aug.2 to Aug. 12 in 2000. The typhoon path is shown as Fig. 1 
and the position of going ashore is quite near to the Yangtze estuary. So the typhoon is one of the 
most severe storms affecting the navigation channel in the Yangtze estuary. The sedimentation 
amount observed in the channel after the typhoon reached 5.54 *lo6 m3, which resulted in holding 
up the navigation for several days. This paper attempts to model the hydrodynamics, sediment 
transport, erosion and deposition caused by the typhoon. 

Model 
The predication model of storm-induced erosion and deposition developed by the paper’s 

authors (Ding et al 2003) are utilized to compute sedimentation of navigation channel in the 
Yangtze estuary caused by No.0008 typhoon. The model consists of following submodels: ( 1 )  
nearshore typhoon model, (2) wave model, (3) current model, (4) salinity model, and (5) sediment 
transport model. In order to fit the complicated coastal shape and improve the resolution in the 
interesting area, the generalized curvilinear coordinates proposed by Shi et al (1 999) are utilized. 
There are three different scale computational regions (Figs. 2-4) in our predication model. 

Results 
The comparison of the calculated results and the observed data is shown as Fig.5. There are 4 

curves in this figure. They indicate the observed distribution along the navigation channel, the 
contributions from the suspended sediment and bed load transport, and from the sum of suspended 
and load transports, respectively. It can be found from the figure that: ( 1 )  there are two peaks of 
sedimentation. The first peak is located near the upstream of the channel, and the second peak is 
located near the downstream of the channel, (2) the composition in the accretions is different. The 
first peak is mainly due to the bed load transport, whereas the second peak is mainly due to the 
suspended sediment transport, which had been proved by the observed data. The median grain 
diameter of sediment on the first accretion is 0.0238 mm, but the median grain diameter on the 
second accretion is 0.0047 mm, and (3) the calculated results are in good agreement with the 
observed ones. 
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Fig. 1 The path of No. 0008 Typhoon 

Fig. 3 Region of Yangtze Estuary and 

Hangzhou Bay and its grids 
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Fig. 2 Region of East China Sea and its grids 

Fig. 4 Region of Yangtze Estuary and its grids 
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Fig. 5 Comparison of the calculated results and the observed data 



LOCAL SCOUR AROUND A VERTICAL PILE WITH A CAISSON FOUNDATION 

Kervin Yeow 

Department of Civil & Resource Engineering, The University of Western Australia 

Liang Cheng' 
Senior Lecturer of Department of Civil & Resource Engineering, The University of Western Australia 

35 Stirling Hwy, Crawley, Western Australia 6009, Australia 

Tel: +61.8.9380.3076 

Fax: +61.8.9380.1018 

Email: cheng@civil.uwa.edu.au 

ABSTRACT 

The current emphasis on triple bottom line has sparked the growth of offshore wind farms as an alternative 
source of electricity. Caisson foundations have been typically adopted to support these offshore structures. This 
new foundation scheme has proved to be extremely effective in terms of cost and method of installation. 
However, the integrity of the foundation is found to be severely affected by the process of local scour around the 
structure. The current practice of designing the protection around such structures is likely conservative due to 
the limited researches done in this area. 

The process of scour around structures occurs when the sediment transport capacity is larger in the vicinity of 
the structure as compared to the area away from it. The process can be classified into live-bed scour and clear 
water scour. The former takes place when the shear stress is greater than the critical shear stress of the bed 
(oxcr) while the latter occurs when the condition is reversed (o<ocr). Only live-bed scour would be examined 
in this study since its effect is of higher severity to the stability of the structures. The flow mechanism involved 
in a pile sitting on a caisson foundation is assumed to be similar to that of a vertical pile (Fig. 2). Hence, analysis 
will be carried in the same light as that of a vertical pile. 

Scour around vertical piles in both steady currents and waves have been extensively investigated in the last 
decade. The flow mechanisms, namely the horseshoe vortex formed in front of the pile and the lee-wake vortex 
formed at the lee side of it, have been relatively well understood (Sumer & Fredsoe, 1997). The horseshoe 
vortex is caused by the rotation in the incoming flow while the lee-side vortex is caused by the rotation in the 
boundary layer over the surface of the pile (Fig. 2). These two mechanisms are governed primarily by the 
Keulegan-Carpenter number (KC) (KC=U,T/D,, U,: maximum value of oscillatory flow velocity; D: diameter 
of pile; T: wave period). The findings from Sumer et al. (1997) provide the indication that no horseshoe vortex 
exists for KC< 6. The size and life span of the horseshoe vortex were also found to increase with KC. These 
flow mechanisms are capable of removing significant amount of sediments from the vicinity of the pile. In 
another earlier study conducted by Sumer et al. (1992), the rate and extend at which a scour reaches equilibrium 
in waves were investigated. The following formula was suggested from the study: 

S - = 1.3{1- exp[- 0.03(KC - 6)]} 
D 

K c  2 6 

In spite of the success of previous studies in examining the mechanism and effect of scouring, there are still 
certain aspects that have not been well understood. This paper aims to investigate the factors that have been 

' Corresponding author 

118 



119 

disregarded by various studies to date. The relationship between the exposure of the caisson and the scour depth 
presents a crucial consideration in the effect of scouring around a caisson type structure. The effects of pile to  
caisson diameter ratio on scour will also be investigated in this study. The effects of  lee-wake and horseshoe 
vortex are demonstrated to be the two key mechanisms in the scour process. The parameters governing the 
development of equilibrium scour under a constant experimental condition are the exposure of the caisson (L,) 
and the ratio between the diameter of pile to the diameter of caisson (D&) (Fig. 1). 

n 

Caisson 
Scouring 

Seabed 

Figure 2: Near-Bedflow around pile 

Figure I: Cross section of a pile sitting on caisson foundation 
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ABSTRACT 

The rapid development of the offshore oil and gas industry in past decades has required the 
extensive use of offshore pipelines to transport these petroleum resources. Erosion of seabed 
materials beneath a pipeline due to the scouring phenomenon will eventually result in the growth of 
free spans, leaving sections of a pipeline unsupported. Three-dimensional scouring has been 
identified as one of the major causes of pipeline failure. 

Introducing a structure, such as an offshore pipeline, into a marine environment will immediately 
disturb the flow path surrounding the structure. For the flow to pass the structure it must alter its 
path, which leads to the formation of vortices. These vortices induce an increase in local sediment 
transport and consequently the seabed may be eroded beneath and around the structure, the scour 
process. For a pipeline this scouring action occurs in a three-dimensional manner. A scour hole may 
break out at some point beneath the pipeline and propagate along the length of the pipe resulting in 
the development of a free span. 

Early investigations considered scour around a pipeline as a two dimensional process, looking only 
at a cross section of the pipeline under current, wave and combined wave and current conditions. 
Under wave conditions Sumer & Fredsoe (1990) proposed the Keulegan-Carpenter (KC) number 
governs the equilibrium scour depth. The KC number relates to the wave conditions and is defined 
as: 

Where Urn= maximum flow velocity at seabed, T,= wave period and D= pipeline outer diameter. 

Recent research efforts have been directed towards understanding the factors influencing the 
development of free spans and the behaviour of the pipeline once it is suspended. Sumer & Fredsoe 
(1 99 1) developed a semi empirical model to estimate the time development of free spans in currents, 
considering a range of parameters. This model identified the significance of pipeline embedment 
depth (e) on the rate of scour propagation. The longitudinal free span development is described by 
the volumetric rate of sediment transport: 

1 d(Vo/ol) c =z -~ 
eD dt 

Furthermore Sumer & Fredsoe (2002) proposed that a third spiral type vortex, in addition to lee 
wake and tunnel vortices, was responsible for the longitudinal scour development. Recent three- 
dimensional numerical modelling (Chen & Cheng 2001) supports the assumption that a third spiral 
vortex is present and contributes to the three-dimensional scour process. 

Longitudinal free span development under wave actions has been investigated by Grass et al. (1 994). 
Based on the volumetric rate of sediment transport and directly related to the vertical rate of scour, 
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Grass et al. (1 994) have developed a simple theoretical model for the rate of free span development 
under wave. However this research is only in the beginning stages and has only been applied to 
small scale modelling. 

This research project attempts to characterize the rate of three-dimensional scour below offshore 
pipelines under wave action. Scale model tests were conducted with parameters of wave height, 
wave period and pipeline embedment depth being modified to identify the influence these 
parameters have on the rate of scour. Investigations have found that the rate at which the free spans 
develop decreases as the depth of embedment of the pipe increases. Increasing the wave period 
andor wave height is also found to increase the rate of free span development. The lateral free span 
development progresses at a linear rate along the pipe. Research has further identified that a new 
mechanism may contribute to the three-dimensional scouring process. 
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Objectives 

A foreshore erosion due to a return flow caused by significantly overtopping waves, such as tsunami flood, 
is difficult to be numerically simulated, because of its complicated characteristics. There are two key 
factors of this phenomena: (i) the description of water surface behavior including dropping jet from the top 
of a seawall and (ii) the description of local scouring driven by dropping jet. For the description of water 
surface behavior, the MPS (Moving-Particle-Semi-Implicit) method, which can track the fluid motion with 
very high resolution without using computational grids even under the existence of the fragmentation of 
fluid, is appropriate choice. To describe the local scouring, new model of scouring on the concept of 
particle tracking is introduced, to extend standard MPS method, which only can treat fixed wall boundaries, 
to fit the description of movable bed, or deformable wall. 

Simulation Model 

The governing equations, or continuity equations and momentum equations are discretized by the MPS 
method, which is categorized as the gridless Lagrangian approach of flow simulation. In the MPS method, 

all of the terms of the momentum equations (the convection term, the pressure-gradient term, the viscosity 
term, the gravity term and the solid-liquid interaction term) are described by the interaction of particles; in 
other words, the governing equations are discretized without using the computational grids. To calculate 
the gradient and the Laplacian, the interaction zone, in which the magnitude of interaction between different 
particles are evaluated by the weight function, is supposed to be located around each individual particle. 
Further, the convection term is calculated by tracking motion of each individual particles, hence this method 
is free from the numerical diffusion, which brings the difficulties in the ordinary Eulerian approaches. As 
for the model of scouring, the concept of the pick-up function is employed. The local flow velocity is 

assessed in the vicinity of the fixed wall, which is constituted by the rows of particles. When the local flow 
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velocity excesses the threshold of pick-up, the wall surface particle is released from the fixed wall. After 

the pick-up, the wall particle is transformed into the sediment particle, and is transported by the flow. 

Results 

The calculated domain is the vertically-two-dimensional water basin, at the center of which the seawall in 
the height of 0.6 m is located. The righthand side of the seawall is a movable bed, which has sufficient 
thickness in comparison to the fully-developed depth of scour hole. The setup of the calculation is deter- 
mined to fit the indoor experiment of the foreshore erosion conducted by Noguchi et aL(1997). Totally 
18,500 numbers of particles, the diameter of which is 1 .O cm, are tracked. Fig. 1 shows the time series of the 
foreshore scouring. In the initial stage (t=l. 1 s), the water depth over a movable bed is sufficiently large to 
cut the direct effect of the dropping jet collision onto the movable bed surface. In early stages, with the 
decreasing water depth, water on the movable bed is being accelerated. In this moment, some of surface 
particles are picked up due to the increase of the bottom shear stress. With further decreasing water depth, 
the movable bed is subjected to the attack of the dropping jet, which promotes the toe scouring of seawall. 
In Fig. 2 ,  the time series of the maximum depth of score hole is shown in comparison to the experiment 
conducted by Noguchi et a1.(1997). The fundamental tendencies of the scour hole development, which is 
predicted by the present model, agree with the experiment. 
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Fig. 1 Typical snapshots of solution 

Fig. 1 Time series of the maximum depth of score hole 



LOCAL SCOUR AROUND LARGE CYLINDERS UNDER WAVE ACTION 

Chen Quoping Zuo Qihua 
(Nanjing Hydraulic Research Institute, Nanjing, 2 10029 China) 

ABSTRACT 
This paper presents the results of a series of experimental study on the local scour around a 

large circular cylinder under wave action. The characteristics of scour geometry in different 
conditions are described. Like the scour in front of a breakwater, there are two basic types of 
scouring pattern in front of a large circular cylinder. The experimental data together with the 
mechanism analysis indicate that the scouring patterns are dependent on the sand grain sizes as 
well as the wave conditions. The scour depth is found to depend mainly on the wave number, the 
relative cylinder diameter (the cylinder diameter to the wave length ratio), sediment diameter and 
the maximum velocity of the wave relations are proposed to expect the ultimate maximum scour 
depth and the developments of scour in front of the large circular cylinder. The applicability of the 
proposed formula is confirmed by experimental data obtained in a laboratory basin with a wave 
generator. 

Keywords: scour, large cylinder, wave action 
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A CRITERION FOR THE INITIATION OF SEDIMENT MOVEMENT IN OSCILLATORY 
WAVES 

Yiren Zhou and Sun Linyun 
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ABSTRACT 
In assessing the impact of large structures in offshore regions, the first problem is to predict the 

threshold of sediment. By reanalyzing some of the previously published results and making use of 
Jonsson's( 1966)"' wave friction factor concept which enabled one to determine the magnitude of 
the maximum bottom shear stress associated with an oscillatory fluid motion, Madsen and 
Grant( 1 976)[21 suggested that the shields criterion obtained from unidirectional steady flow was 
applicable as a general criterion for the onset of sediment movement also in oscillatory unsteady 
flow. In their Fig, however, the general trend of the data obtained from oscillatory flow conditions 
indicates that the critical value of the shields parameter is all above the shields curve determined 
from unidirectional steady flow experiments in the boundary layer of smooth turbulent-rough 
turbulent transition regime. It is obvious that this difference is systematic and can not be attributed 
to individual differences in determining just when initial sediment movement occurs. The purpose 
of the present paper is to contribute to the improved sediment criterion under wave action by 
analyzing the different boundary layer conditions between steady and unsteady flow. In this paper, 
by analyzing the mechanism of initiation of sediment in oscillatory flow and blending criteria in 
different boundary layers, a new and seasonal critical curve which can predict the sediment 
threshold under wave action is given, A vast amount of experimental data is found to show good 
agreement with the curve suggested by the author. From the criterion curve, a straightforward 
formula, which has better physical explanation, can be obtained. This analysis method will provide 
a new way for the study of inception of sediment transport in offshore region. 
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1. INTRODUCTION 
When we construct coastal structures such as the breakwaters, jetties and harbours, the prediction of medium or long 

term beach evolution around the coastal structures is required. Some mophodynamic models for predicting the medium- 
term beach evolution(coasta1 area models) have been proposed such as, Watanabe et al(l986),de Vriend et al(1993). A 
coastal area model coupled with the shoreline model have been proposed by Shimizu et aL(1996). In the coastal area model, 
the nearshore current field has been determined using a depth-averaged (2DH) model. Recently, some coastal area models 
using a quasi-3D nearshore current model have been also proposed (e.g. Kuroiwa et al. 2000). Although these coastal area 
models have been applied to some practical problems, these models are still uncompleted because shoreline changes have 
not been sufficiently incorporated. Therefore, in order to predict 3D beach evolution with better accuracy, a 3D 
morphodaynamic model, that considers the effect of nearshore current profile and estimates the shoreline changes, is 
needed. 

The final goal of this study is to develop a medium-term coastal area model using a quasi-3D current model that can 
predict the shoreline changes. As the first phase in the development of a new morphodynamic model, it is applied to the 
prediction of the bottom topography and shoreline changes due to nearshore currents and undertow around coastal 
structures. 

2. NUMERICAL MODEL 
The morphodynamic model presented in this study consists of four modules; l)a wave module, 2)a nearshore current 

module, 3)a sediment transport module, and 4) a beach evolution module. 1)Wave module : Wave fields are determined 
using a multi-directional random wave model proposed by Mase(2001), which is based on the energy balance equation with 
an energy dissipation term due wave breaking and a wave diffraction term. The energy dissipation term is formulated by 
using Goda's breaking criterion and the Rayleigh distribution's assumption for wave heights. However, in the case of 
arbitrary beaches such as barred beaches, the accuracy of prediction is not sufficient. Therefore, the dissipation term is 
modified based on Dally et aL(1984). In this computation, the JONSWAP spectrum and the Mitsuyasu angular spreading 
function are employed. 2)Nearshore current module: Nearshore current field is determined based on the Q-3D model 
proposed by Kuroiwa et aL(1998). The previous model did not sufficiently account for the effect of the random waves. 
Therefore, in this study the characteristic values for calculating the nearshore currents; radiation stress, eddy viscosity, shear 
stress due to wave breaking at the water surface, and bottom shear stress, are determined using the root-mean square wave 
height and peak period of the JONSWAP spectrum obtained from the results of the wave module. Furthermore, the shear 
stress at mean water surface due to the breaking wave (the boundary condition at the mean water surface) is determined by 
using a function of Dally's the energy dissipation rate, taking into account the effect of the wave decay, recovery and 
secondary breaking on the arbitrary beaches such as barred beaches. 3)Sediment transuort module: In order to 
determine the 3D beach evolution due to nearshore currents including undertow effect, a simple time-averaged sediment 
concentration model proposed by Briand and Kamphuis( 1993) is adapted. The total local sediment transport rates are 
determined by multiplying local vertical profiles of current velocities and sediment concentrations, and integrating from sea 
bottom(z '=O)to mean water surface ( 5  ). The sediment transport rates in the cross-shore@) and longshore@) directions are 
expressed as 

qx = fuc(zyzl ----- (l), qy = f VC(Z~)dZ' ----42) 

where z' is the level from sea bottom, qx and qy  are the local sediment transport rate in cross-shore and longshore 

direction. U and V are the local nearshore current velocities, which are determined from Q-3D model. C(z') is determined 
by using the model proposed by Briand et aL(1993). The concentration can be expressed as 

---(3), in which Ke = -In ('$,) ---(4)3 CA = K A I ( v t  'h )+KA2(r /p)1 '2  ---(5) 
w/ 

where C, is the concentration at z'= z A  which is taken as the bottom boundary layer thickness. The CA is given as a 
function of eddy viscosity coefficient v, , bottom shear stress rb and fall velocity of sand wf C, is the concentration at which 
the sediment starts moving. Ke is a dimensionless parameter that determines the curvature of the exponential profile from 
sea bottom to the top of the boundary layer. The unknown coefficients K,, , K, ,  and C, in Eqs.(4) and ( 5 )  are evaluated 
by comparing with the results of laboratory tests and field investigations when the beach evolution are computed. In order 
to predict the shoreline changes, the sediment transport rates in the run-up region are considered. The transport rates are 
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determined using a method proposed by Larson et al(l995),which is a simple 
method of linear decay from reference point at shoreline to limit run-up 
heights. The run-up heights are estimated by using Hunt formula. 4)Beach 
evlolution module: The changes in bottom elevation are calculated using the 
continuity equation of sediment transport rate proposed by Watanabe et al. 
(1986). In our computation, the profile changes in the run-up region are also 
determined from the continuity equation. The shoreline is treated as a moving 
boundary. The new bottom topography is fed back into the hydrodynamic and 
sediment transport computations. 

3. COMPUTED RESULTS AND VERIFICATIONS 
At first, the modified wave and nearshore current model were calibrated 

and verified using the results of field observation performed over a barred 
beach from Jan.29 to Feb.3, 1997, conducted by Kuriyama(1998). Significant 
wave heights, cross-shore (undertow) and longshore current velocities on the 
sand bar were measured. Beach profiles were also measured from Jan. 31 to 
Feb.3. The sand bar shifted in the offshore direction during Jan.31 to Feb.1. 
Fig.1 shows an example of comparison of significant wave heights and cross- 
shore currents between the measured and predicted result. It is found that both 
modified wave and nearshore current model give good agreement with the 
measured data. Furthermore, the present morphodynamic model was applied to 
the sand bar movement on Jan. 31. Fig. 2 shows the predicted sand bar 
movement which is represented by bold solid line. The predicted sand bar 
profile was reasonably consistent with the measured profile. As a first phase 
of this study, it was confirmed that the present model can predict the sand bar 
movement to offshore direction due to undertow. 

Secondly, the present model was applied to the prediction of beach 
evolution around a detached breakwater with the length of 200m. Fig.3 shows 
preliminary results of sediment transport rate vectors and water depth contours. 
In this computation, the significant wave height and period were 
1.2m and 7s, respectively. The initial bottom profile was a uniform 
shape beach slope of 1/40. In Fig.3 (b), solid lines and broken lines 
are at 3 and 6 months later, respectively. It is clear that the shoreline 
and bottom level changes can be computed. It was also confirmed 
that a tombolo was formed by using the present model. 

From these results mentioned above, it can be concluded that the 
present model can predict beach evolution with shoreline changes 
due to undertow and nearshore currents. Furthermore in this study, 
the present model will be verified using the laboratory and field data 
associated with beach evolution around coastal structures such as 
detached breakwaters and jetties. The applicability of the model will 
be also discussed. The results will be presented in the final paper and 
at the conference. 
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Long-Term Shoreline Changes using Aerial Photos on the Namhangjin Coast 

Seungiin Jung', Kyuhan Kim2 and Chongkun P p n 3  

Erosion of the shore and deposition usually occur in the beach area. These two phenomena, 

in turn, arise in various forms such as the closure of river mouth, development of estuary and 

coastal sandbanks, and shoreline changes. Especially, withdrawing of the shoreline caused by 

the erosion now threatens to destruct the environment around the shore, and establishments and 

residences bordering the coast. Aware of these problems, a considerable number of researches 

have been conducted to quantitatively predict the future of the shoreline change, which is 

affected by natural surroundings and construction of establishments. These efforts have been 

made in order to preserve the environment of the shore, and to enhance its function as a tourism 

attraction and shore protection. 

Previous researchers, however, had to face numerous difficulties. For example, to conduct 

the hydraulic model test, a huge amount of money is required. On the other hand, researchers 

who attempted the numerical model had to deal with problems arising out of lack of the 

literature and data on the changes that a certain subject shoreline has gone through. 

Consequently, they were, in most cases, unable to represent or predict future shapes of a certain 

subject area. On the other hand, aerial photo has provided a new, valuable source to the 

researchers in examining the shoreline change. As a result, researchers could not only overcome 

the insufficiency of the past observation literature, but also closely monitor the changes a 

certain shore undergoes. 

Therefore, this researcher analyzed the aerial photographs of a subject area and derivative 

data therefrom by means of the digital orthophoto, thereby securing accuracy of evaluation and 

reliability ofthe data used. Moreover, analysis of aerial photo served as the basis for the further 

analysis of the long-term shoreline changes, and as the basis for representation and prediction of 

the subject area. Adopting these approaches, this researcher endeavored to exam various 

problems, which might possibly be caused by the changes of a particular subject shoreline in the 

future. 
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I . INTRODUCTION 
In Japan there are many pocket beaches of a 

variety of scales, and many fishing villages with a 
small port locate there. Historically these fishing ports 
have been located on the lee side of the headland, 
because of the wave-sheltering effect of the headland 
itself. In recent years, in order to modernize the fishing 
port, the facilities of the fishing port have been 
expanded, with the frequent construction of the new 
port in the outer region of the old fishing port. 
Although the enlargement of the fishing port was 

attained as a plan by this activity, many cases have 
been reported, in which the wave-sheltering effect 
affected the overall wave field on the pocket beach by 
protrusion of the breakwater from the lee side of the 
headland and induced severe beach erosion in the 
surrounding area. This study aims at investigating this problem, taking 
the Shiratsuru beach in Kumamoto Prefecture in Kushu in Japan as 
the example, and future measures are considered. 
11 . LOCATION AND ENVIRONMENT OF SHIRATSURU 
BEACH 

The Shiratsuru beach is located at the central part of Amakusa 
District in Kumamoto Prefecture in Kushu in Japan as shown in Fig.1 
and it is a sandy beach of a stretch of around 900m length, facing the 
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Shiratsuru beach is a typical pockct beach surrounded by Kami-ose 
and Shimo-ose Points at the northern and southern ends, respectivcly. Inn 200 JW 4nc ,.tin 

Behind the shoreline, towns concentrated in the northern half of the 
Shiratsuru beach, whereas the environment of the natural sand dune 
was left behind as the coastal forest area along the right bank of the 
Takahama River in the southern half. The Takahama fishing port, 
being an important port for evacuation in this district, is located on the 
southern rocky coastline. In recent years, the wave conditions on the 
pocket beach have greatly changed due to the extension of the 
breakwater of the Takahama fishing port at the southern end of the 
pocket beach. In the northern part, the shoreline retreated in contrast 
to the shoreline advance in the southern part of the pocket beach. 
IU. COMPARISON OF AERIAL PHOTOGRAPHS 

On the Shiratsuru beach, eight sets of aerial photographs have 
been taken during 52 years between 1947 and 1999. Here, the 
long-term changes of the coastline are investigated through the 
comparison of aerial photographs taken in 1947, 1965, 1994 and 1999. 
For example, Fig.Z(a) shows the aerial photograph of the Shiratsuru 

Fig.Z(a) Aerial photograph of Shiratsuru 
beach in May, 1947 

beach taken in May, 1947 before the large l&dform change. At this 
time, large-scale structures affecting wave conditions of this pocket 

Fig.Z(b) Aerial Photograph OfShiratsuru 
beach in October, 1999. 
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beach did not exist. Figure 2(b) shows the aerial photograph in 
October, 1999. The breakwaters of the new Takahama fishing port 
were built, and the surrounding shoreline largely changed after the 
construction of the breakwater of the fishing port. In the northern 
part of the pocket beach, the shoreline retreated and it advanced in 
the southern part. The configuration of the natural pocket was 
artificially changed due to the construction of the breakwater and 
the shoreline changed responding the newly formed wave field. 

The shoreline positions in 1947 and 1999 were read from the 
aerial photographs as shown in Fig.3. The shoreline greatly 
advanced mainly in the wave shadow zone of the Takahama 
fishing port and the amount of the maximum shoreline advance 0 

northern part was comparatively small compared with the Fig.3. Compalson of measured and predicted 
shoreline advance in the southern part. The stable shoreline was 
predicted by using Hsu and Evans model improved by Serizawa et 
al. (1996) in order to satisfy sand budget. The predicted shoreline 
in 1947 agreeed very well with the measured one. On the contrary, 
predicted shoreline change in 1999 is larger than measured one, 
implying further shoreline changes in the future. 
VI. MEASURES - E 

A sequence of phenomena occurred on the Shiratsuru beach 
was summarized first. Then, under those circumstances, various 
measures have been considered. Important notes in considering 
the future practical measures without large changes of existing 
coastal facilities and town area located behind the shoreline are 
summarized as follows: 
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The shoreline recession was caused inevitably associated with 
the construction of the breakwater. Accordingly, urge people to be 
patient by explaining the reason of the beach changes, although 
considerable damages are caused to the coastal view and coastal utilization. This is the most economic way. 
(2) Set-back of the seawall in accordance with the shoreline recession 

houses in the town must be moved. 
( 3 )  Separation of the beach by constructing a long groin at the central part of the pocket beach 

The shoreline form in this case predicted by the modified method of Hsu and Evans (Serizawa et al., 1996) is 
shown in Fig.4. A long stretch of natural coastline of the Shiratsuru beach is separated into two portions, and this 
will lose popularity for many bathers and surfers of this beach. However, in order to recover and maintain sandy 
beach in the northem part of the pocket beach, this is the only way. If the foreshore is expected to be further 
widened in the northern part of the groin, beach nourishment is also required as shown in Fig.4. The weak point of 
this method is the disappearance of the natural beauty of the Shiratsuru beach by the construction of the large 
structure. Considering that the past measure being adopted for a long time on this beach was the construction of 
the groin, this must be the most orthodox method, if the groin of optimum scale is built at the appropriate location. 
(4) Sand recycling 

A short groin is newly built at the central part of the beach to control the sand transport toward the fishing 
port, and sand transported over this short groin and accumulated near the fishing port is dredged and returned to 
the northern beach again artificially. However, sand deposition at the Takahama fishing port and the Takahama 
River mouth is extreme at present, and the selection of this way is considered to be difficult in the long-term. 
V. CONCLUDING REMARKS 

The measure against beach erosion occurring on the Shiratsuru beach is insufficient in the long-term, because 
it does not intend to stabilize the shoreline. On the other hand, the construction of the new groin at the central part 
of the beach denies the desire that the natural sandy shore of the Shiratsuru beach is preserved as far as possible. 
The postponing of the selection of the fundamental measure results in the failure of the project in spite of the large 
expenditure. It is required for people and related engineers to accurately recognize the present problem and 
discussions open to the public should be made among stakeholders. Based on the accurate recognition of the 
beach changes on a pocket beach associated with the construction of the artificial structures, inexpensive measures 
should be considered including any possibilities and the decision must be made under opening of the accurate 
information to the public. 

Fig.4. Prediction of shoreline changes In Of 

the construct*on of a groin at the center of the 
pocket beach 

This method is useful in leaving the natural sandy beach and restraining the total construction cost, but 



A NUMERICAL MODEL OF THREE-DIMENSIONAL BEACH DEFORMATION 
FOR GRADED SEDIMENTS 

Takahide HONDA', Hiroshi KOBAYASHI, Shinji SATO*, Akira WATANABE', 

Masahiko ISOBE* and Toshimasa ISHII 

Laboratory experiments were performed on beach evolution and sediment sorting around coastal structures on a initially 
plane 1/20 sloping beach of uniformly graded sand. One experiment was for a detached breakwater, and the other for 
groins. Spatial and temporal variations of beach topographies and grain size distribution of surface sediments were 
described. A numerical model was developed on the basis of the enhanced Boussinesq equation and a sand transport 
model for mixed-grain size sands under atilt waves. The validity of the model was verified with experimental data. 

Wave basin was 6.5m long and I lm wide. 2 cases off-shore structures, a detached breakwater and 

groins, were set. Regular waves were used. Mixed-grain size sands have the medium grain size 

d50=0.36mm. The experiment was performed under following conditions: incident wave height 

&=4.4cm, wave period T=l.Os, off-shore depth b=23.Ocm and incident wave angle a=O0 for a detached 

breakwater, 30" for groins. At first, the wave level and the wave velocity at the lower layer (along-shore 

and cross-shore direction) were measured at 200 pt. (15cm mesh) without sands. Then mixed sands were 

spread over the basin. The beach topographies were 

measured and mixed sands at the surface and vertical 

cores were sampled every 1 hour. After 5 hour, we 

confirmed the beach evolution to have reached 

equilibrium. For all sampling sands, the grain size 

distribution was measured each other. Fig34 were the 

example for the experiment result. 

The improved numerical model introduced the 

effect due to the atilt waves and extended the mixed 

sand model to three-dimension. And investigating for 

the swash model, we choose the porous swash model. 

First, we calculated the two-dimensional long-scale 

experiments using the improved model. This model 

showed the almost full stage for experiments, where 

former model could only show the initial stage. Next 

we applied the improved model to three-dimensional 

laboratory experiment. The results proved that coarse 

sands were accumulated near the on-shore. 
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1. BACKGROUND AND AIMS 
Bed material in the field often has widely spreading grain size distribution. In general, topography 

change is predicted by evaluating sediment transport rates using representative grain size, for example, the 
mean grain size. In a beach where grain size distribution is narrow, such a procedure can apply for 
evaluateing sediment transport rates because almost all of the particles are transported with the same mode 
(bed load, suspended load or sheet flow). On the other hand, in a beach where grain size distribution is 
wide, direction of bed material transport depends on its grain size because the mode of transport of fine bed 
material is not always the same as that of coarse bed material. In addition, the interaction in sediment 
transport between fine and coarse bed materials have to be taken into account. 

Some procedures have been proposed to take account of the effect of the grain size distribution on the 

sediment transport (Sakai et al., 2000, Sat0 et al., 2000, Dibajnia et al., 2001, Tanaka et al., 2001) on the 
basis of laboratory experiments. On the other hand, transport of bed material with widely spreading grain 
size distribution in the field has not been investigated yet due to the complex sediment transport. 

In the present study, sorting process of bed material and resulting topography change on a sloping beach 
where bed material is widely spreading grain size distribution were investigated through field 
measurements for one year. 

2. OUTLINE OF FIELD MEASUREMENT 
Field measurements were carried out on Narugashima Beach located in the Southeastern part of Awaji 

Island, facing the Kitan Strait. Bed material in the objective beach is mainly composed of sand of mean 
grain size d~o=0.5mm and small pebbles of mean grain size d5o=10-20mm. We measured bottom profiles 
near the shoreline on three measuring lines set at the longshore interval of approximately 20m in September, 
November, December 2001, March, May and August 2002. Bed material on each measuring line was also 
sampled at 2.5-5m interval in the cross-shore direction and 5-20cm interval in the downward from the 
surface. Incident waves were measured by pressure-type wave gauge in December 2001 and March 2002. 

3. MAIN RESULTS 
Figure 1 shows a measured bottom profile and a cross-shore distribution of mean grain size dso at the 

surface in September, November, December 2001 and March 2002. From the change in bottom profile, the 
beach was eroded during this period and the berm disappeared by November. At the beginning of erosion 
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(from September to November), the mean grain size dSO at the surface around the shoreline (x=20-25m) 
became small because fine sand behind the berm in September moved offshore by erosive wave. However, 
from November to March, the mean grain size d50 at the surface around the shoreline became large because 
the fine sand moved farther offshore. This transport of the fine sand is also verified from the time history of 
the vertical distribution of bed materials sampled around the shoreline. 

Figure 2 shows a measured bottom profile and a cross-shore distribution of mean grain size dso at the 
surface in March, May and August 2002. In the figure, the bottom profile and the distribution of dfo 
measured in September 2001 is also plotted for comparison. Although bed material accreted from March to 
August, the erosion taken place during September 2001 to March 2002 is not completely recovered, 
especially around the berm. During this period, the mean grain size dSO at the surface of x=17.5m became 
large and the dso at the surface of x>20m became small. This means that coarse bed material and small 
pebble moved onshore by accreting wave. The cross-shore distribution of dso at the surface in August 2002 
is coarser than that in September 2001 in a large part of sampling points. 
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TRANSPORT MECHANISM OF NONUNIFORM SANDS AND ITS ONSET OF 
SHEETFLOW UNDER ASYMMETRIC OSCILLATORY FLOWS 

Ahmed S. M. AHMED’ and Shinji SAT02 

1. Introduction 
Various criteria of onset of sheetflow were developed but for uniform sediments under sinusoidal 

oscillatoly flows. A criterion of onset of sheetflow for nonuniform sands under nonlinear oscillatory flows is 
not yet comprehensively investigated, despite the criterion proposed by Dibajnia and Watanabe (1996) that 
required finther verifications. On the other hand, movement mechanism of individual sediment particles in 
sediment mixture is worthwhile to be investigated. 

2. Objectives 
The main objective of this paper is to understand the transport mechanism of individual sediment particles 

in the sediment mixture leading to the bed formation. Enhanced PIV technique developed by the present 
authors, Ahmed and Sat0 (2001); and verified by Ahmed and Sat0 (2002a). was utilized. A comparison 
between seven onset of sheetflow criteria was achieved after conducting a sensitivity analysis of determining 
the parameters representing the mean diameter of nonuniform sands and asymmetric oscillations. 

3. Experiments 
Experiments with uniform sands. conducted by Ahmed and Sat0 (2002b), and with nonuniform sands 

composed of three-grain s u e  sands, conducted by Ahmed and Sat0 (2002c), were utilized in which rippled bed 
and sheetflow regimes were observed. Experiments with uniform fine sand, D = 0.2 1. uniform coarse sand, D = 
0.74, and with mixed sand composed of the former sizes were conducted to measure the sand particle velocity. 

4. Results 
Figure 1 shows the temporal variation of sand 

particle velocity at the still bed for uniform fine sand 
and uniform coarse sand. It is clearly observed the 
velocity of coarse sand is slower than that of fine 
sand. Figure 2 shows the temporal variation of sand 
particles velocity of uniform fine sand and fine sand in 
sand mixture at left panel. That clearly demonstrates 
the reduction of the fine sand velocity as it is mixed 
with coarse sand. On the other hand, the velocity of 
the coarse sand in the sand mixture increased 
compared to the velocity of uniform coarse sand. as 
shown in right panel of Fig. 2. Both fine sand and 
coarse sand movement resulted in local net tranmort 
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Figure 1: Temporal variation ofparticles velocity of 

uniform fine sand and coarse sand at still bed 

to onshore or offshore. Based on the probability 0; presence of the coarse sand, the onshore side was coarsened 
leading to bed undulation and finally rippled bed was formed at the onshore side even while flat bed was 
formed as the fine sand transported to offshore. This ensures the significant parameters to be utilized to propose 
a criterion of onset of sheetflow for nonunifom sands under asymmetric oscillation. 
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In addition, Dibajnia and Watanabe (1996) criterion was examined which failed to class@ the present 
experimental data. As the criterion of Sat0 and Horikawa (1988) implies the Shields parameter, and 
sedment flow acceleration (ddD) in which do is the water particle orbital diameter and D is the sediment 
diameter that are of importance parameters. Sat0 and Horikawa (1988) criterion showed successlid 
performance to class@ the present experimental data as well as previous experimental data, as shown in Fig. 3. 

5. Conclusions 
PIV technique demonstrated the reduction of h e  sand velocity and the increased velocity of coarse sand, 

as they exist in a sand mixture. Sat0 and Horikawa (1988) onset of sheetflow criterion could be extended to 
present the onset of sheetflow for nonuniform sand under nonlinear oscillation. 
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1.Aims 
The importance of sediment transport in the swash zone has been widely recognized, however, the present 
understanding is not satisfactory. The main reason for this comes from the complexity of the sediment 
transport mechanism. One of the important and unsolved factors is the in-/ex-filtration effect on the 
hydrodynamics and the sediment transport. 

In this study, a numerical model is proposed by coupling an analysis on ground water flows in a 
sandy ground with an analysis on swash wave motion over a uniform slope by inserting an imaginary thin 
layer of high conductivity at the interface. The hydrodynamic properties of in-/ex-filtration flows across 
the beach face have been discussed. 

Next, using the obtained velocity fields over the permeable beach slope, the sediment transport 
mechanism has been investigated. For the stabilizing/destabilizing effects that the filtration flows act on 
the sediment transport, two opposing processes, modification of the effective weight of the sediment 
particle and to modification of the boundary layer thickness have been considered. These effects of the 
filtration flows on the sediment transport rate have been quantified based on a bed load transport model 
with a modified Shields parameter. 

2. Numerical model on wave-induced in-/ex-filtration velocity 
The motions of groundwater flows influenced by the boundary condition at the beach face such as tidal 
fluctuations and waves driven sea level oscillations, are sluggish. In contrast, the wave induced up-rush 
and downwash motions on the beach face are quick with a time period of a few seconds. Here, a problem 
in the numerical analysis will arise of how to connect the slow motion under the beach surface and the 
quick motion over the beach surface. In this study, a numerical procedure, so called an artificial 
flow-deflecting layer proposed by Sugio and Desai (1987) was adopted. This layer is a strip of a finite 
thickness with high conductivity about ten times greater than the adjacent flow domain. 

layer. 
A schematic diagram of the problem is shown in Fig. 1.The thin layer ACFD is the flow deflecting 
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Figure 2 illustrates the calculated vertical filtration velocity at various on-offshore locations in the 
swash zone. The point at x=200 is equal to the maximum rundown point. As a result, the point is situated 
on the in-outflow face and subjected to swash wave motion for entire duration of the wave period. It can 
be noticed that the points, x=100 cm and x=-100 cm are subjected to the swash wave motion for the partial 
duration of the wave period. The filtration velocity components at onshore ward locations are found to be 
higher than that at offshore ward locations. 
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Figure 2 

3 Effects of filtration velocity on sediment transport 
Based on the obtained velocity data, the instantaneous and phase averaged sediment transport rates 

under the filtration effects are discussed. To take into account of the in-/ex-filtration effects on the 
sediment transport, two opposing processes on the stability of the sediment surface layer are considered; 
that is, effective weight modification and boundary layer modification. These effects of the filtration flows 
have been quantified based on a bed load transport model with a modified Shields parameter proposed by 
Nielsen(2001). By systematic calculations varying the individual input parameters, the effects of the 
filtration flows on altering the sediment transport rate in the swash zone have been investigated. 

Spatial distributions of time averaged transport rate for different sediment sizes are shown in Figure 3. 
The notation of Qw indicates the time averaged sediment transport with the filtration effects, and Q, 
without the filtration effects. The changes are less significant with approaching to the onshore-ward, 
because the existence time of the wave front is very small compared to the whole wave period. The 
substantial changes are observed at offshore-ward locations where maximum sediment transport occurs. 
Without filtration effects, sediment transport for all the particle sizes direct to the onshore. Fig. 3(a) shows 
the time averaged sediment transport for the finer particle case, where offshore-ward sediment transport 
dominates. In contrast, Fig. 3(b) illustrates the transport direction turns to the onshore-ward by considering 
the filtration velocity, although the magnitude is not large. The variations are mainly attributed to the 
boundary modification effects. 

The difference between Qw and Q0 (Qfiltr=Qw-Qo) will isolate the contribution of the filtration 
velocities on the dimensionless time averaged sediment transport. The grain size dependency of the 
transport Qfiltr is investigated. It is found that the direction of Qfil, becomes more onshore with increasing 
grain size. The critical grain size at which the balance changes; 'crossover' point, is found to be around 
0.03 cm. 
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Fig.3: Spatial distribution of time averaged transport rate with (Q,) and without (Q,) filtration 
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Abstract 
The first phase construction of the Yangshan Deep-water Port (Shanghai 

International Shipping Center) is composed of three parts as harbor district, the 
Donghai bridge and land supporting base of the New Harbor City. The project of 
harbor district concludes 1600-meters quay, five berths of deep-water container ships, 
whose annual design handling capacity is 2.2 million TEUs and where the 5th and 6‘h 
generation container ships as well as the 8000 TEU container ship can berth. Till 2020 
about 30 post-Panamax container ship berths should be finished, whose annual 
handling capacity is 15 million TEUs at least. The Donghai bridge, which is 3 1 
kilometers long , connects the Luchaogang town in the north and the Xiaoyangshan 
Harbor District in the south. The part of the bridge over the sea is 25 kilometers in 
length and 3 1.5 meters in width, which is designed according to standard of the two- 
direction six-driveway highway. The New Harbor City, whose planning construction 
area is 95 square kilometers and residential population is 300000, is the land 
supporting base of the Yangshan Deep-water Port. At last there’ll be an ecotype, 
intellectualized and modern new harbor city with developed port industry, 
international transit system and unique style and features. 

In the plan the 5 square kilometers artificial lake will be the center of the city 
and then the construction will diffuse around it annularly. The semi-island connected 
with the lake shore will stretch into the lake, where there’ll be theater, the Marine 
Museum and the Ocean Aquarium. The administrative and commercial area will be 
located in the first ring around the center of the lake, which includes the 
administrative building, the port administration building, the Shipping Exchange and 
large-scale public square. The next ring is the city park area and then the various 
“urban island” residential blocks surrounded by the graceful natural scene. 

The Luchao Lake is circular, whose diameter is 2.5 kilometers. The highest 
water level is between 3.3 and 3.4 meter, the landscape water level is between 2.5 and 
2.7 meter, the shock pre-reducing water level is 2.2 meter, the elevation of the lake 
bottom is between 1 .O and -1 .O meter and the side slope is 1 : 15. There’ll be 7 radial 
drainages connected with the lake. Between the drainages and the lake there’ll be a 
floodgate. Three chain drainages extend from inside to the outside around the lake. 
The floodgate and lock will be set between the lake and the sea to control the water 
level of the lake and the pass of the ships. The following research work should be 
carried out after the construction of the lock: 

1. The intrusion of the salt water 
When ships pass the lock, there will happen the exchange of salt water and 

fresh water, which causes the intrusion of the seawater and then contaminates the 
fresh water area. There exist four types about the ways of seawater encroachment: 
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density flow encroachment, water level difference encroachment, seawater 
encroachment caused by the abstraction effect of the ships and the leakage of the 
navigation lock. The paper discusses the mechanics and the procedure of the seawater 
encroachment listed above, calculates the speed of the density flow salt wedge and the 
amount of the encroaching salt caused when the ship passes the lock, and brings 
forward some measures for the anti-salt of the navigation locks. 

2. The siltation below the lock and in the navigation channel 
The navigation channel is located in the Luchaogang in the north shore of the 

Hangzhou Gulf, which is an artificial-dug navigation channel. The siltation, which 
happens with the change of the flow condition in the project area, is caused by the 
construction of the navigation lock building and downward dig of water depth of the 
channel. And it will affect the draw-off to the open sea and the navigation of the 
channel. So the paper will use the method of 2-dimensional current numerical model 
to simulate the change of the current field before and after the project and then adopt 
the empirical formula to calculate the amount of the siltation below the lock and in the 
channel. 
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Introduction 
Beaches in Japan have chronically suffered from erosion problems for more than forty 

years owing to the decrease of sediment supply from rivers and interference with longshore 
sediment transport by coastal structures. As a result, for beach protection, many coastal 
structures such as groins, detached breakwaters and seawalls have been constructed, and these 
work effectively from the viewpoint of disaster prevention. However, the structures keep 
people from accessing beaches even under mild wave conditions, and deteriorate valuable 
landscape. Therefore we developed a new beach protection system with gravity drainage, 
which has no structures on a beach. 

Outline of the system 
An abrupt beach erosion in a storm is caused by the groundwater seepage from around the 

top of the berm in the foreshore. In a storm, the groundwater level near the shoreline gets high 
owing to the penetration of run-up waves, and the groundwater seeps out from around the top 
of the berm with transporting sediments seaward. 

Because in the gravity drainage system, schematically shown in Figure 1, the groundwater 
is naturally drained seaward through a permeable layer installed below the beach surface and 
the groundwater level is lowered, the system is expected to prevent an abrupt beach erosion in 
a storm and protect the beach. 

Field measurements 
To examine the effect of the system on beach protection, field experiments have been 

conducted at the Hasaki Coast in Japan facing the Pacific Ocean since 1994. A permeable 
layer of 8 m in width and 88 m in length was installed about 3 m below the surface in the 
foreshore, and topography and groundwater level were measured in an area 70 m wide in the 
alongshore direction and 100 m long in the cross-shore direction. 

Furthermore, salinity and the concentrations of nutrients were measured in the permeable 
layer and in the sea to investigate the effect of the layer on water purification. 

Results and conclusions 
Figure 2 shows the volumetric changes of beach profiles for 5 years along the permeable 

layer and 35 m away from the layer, where the ground water level was almost equal to that in 
the adjacent natural beach. The volume of the beach profile with the permeable layer was 
mostly larger than that without the layer. This result confirmed that the permeable layer is 
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effective to decrease a speed of beach erosion in a storm, and to enhance the recovery in a 
calm. 

In the permeable layer, the concentration of NH4-N was higher and that of N03-N was 
lower than those in the seawater. This result indicates that oxidization by bacteria took place 
in the layer, and hence the permeable layer is expected to promote seawater purification. 

Figure 1 Beach protection system with gravity drainage. 
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Figure 2 Volumetric changes of beach profiles with and without permeable layer and the 
offshore wave energy flux. Open circles and solid circles in the upper panel show the volumes 
with and without the permeable layer. 
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1. Introduction 

Toward clarifying the sediment budget of a river estuary, it is important to understand the process of deposition and 

movement of sediment of various grain sizes that is discharged fi-om a river in the coastal area. Because such discharged 

fine-grained components include high content of nubients such as nitrogen and phosphorus, and form water masses of 

high turbid they exert a considerable influence on water quality and biological activities of the sea. Reflection strength, 

measured along with flow velocity by ADCP, correlates with the 

concentration of suswnded solids in seawater. there is Dossibilitv 
100 

of estimating multi-layered turbidity. Moreover, if the 

relationship between turbidity and concentration of suspended 

solids is determind it is possible to estimate the volume of 

movement of suspended solids. 
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2. Procedure 0 20 40 60 80 
Reflection shm& (a) 

In this study, ADCP and four turbidimeters were installed in the 

coastal areas of the Mukawa River and the Shiribetsu River in 

Japan, and on-site observation was conducted to investigate the 

movement, diffusion, and settling of suspended solids discharged 

ftom a river, and the lifting and transport of bottom sediment 

caused by wave motion. The authors compared data iTom 

reflection strength of ACDP and turbidimeters, and examined 
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the possibility of estimating turbidity fi-om reflection strength. 

Moreover, an attempt was made to calculate transported 0 20 40 60 80 
- -  0.1 

- -s (dB)  
components of suspended sediment by clanfjmg the relationship 

Fig.1 Correlation of turbidity and reflection between turbidity and the concentration of suspended solids, and 
strength 

the vertical distribution of velocity by ADCP in the coastal area. 
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3. Conclusions 
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The relationship between reflection strength of ADCP and the 

values measured by turbidity meter showed a systematic 

difference according to the distance fiom ADCP (Fig.l(a)). 

This is known to be caused by energy damping produced when a 

sound wave transmits through seawater. From the relationship 

between reflection strength and distance i?om ADCP when 
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Fig.4 Correlation of turbidity 
and concentraiion of SS 

turbidity is d o r m l y  low in the vertical directioq, we see that 

reflection strength decreases as the distance fi-om ADCP 

increases (Fig.2). Propagation loss was estimated by this 

damping rate at each point. 

A relatively close correlation between the corrected 

reflection strength adjusted for propagation loss and the turbidity was 

established at both Mukawa and Shiribetsu coastal areas(Fig.I(b)). 

The turbidity values estimated fkom the corrected reflection strength 

nearly agree with the values obtained by turbidimeter (Fig.3). 

The turbidity correlated closely with the concentration of 

suspended solids (Fig.4). Calculation of the transported suspended 

sediment at the surveyed points revealed that approximately 22 tons 

of suspended sediment per 1 km were transported to the northwest 

during the site observation period (Fig.5) 
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Fig.5 Transport of suspended sediment 



Analyzing the Kinetic Characteristics of Flow and Sediment in North Branch 
of Yangtze Estuary 

Minxiong Cao', Guozheng Cai2 
Nanjing Hydraulic Research Institute 

By analyzing surveyed data and result of numerical model, some special kinetic characteris- 
tic of flow and sediment found at north-branch in Yangtze River. 

The paper discusses aspects as follows: (1) Flow characteristic of runoff, tide, storm surge 
and tide flow. (2) Sediment characteristic of sediment concentration and gradation. (3) Character- 
istic of salinity. (4) Flow kinetic characteristic (fig). 

'Senior engineer, Master, Doctor Student, Department of River and Harbor Engineering, Nanjing Hydraulic Research 
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ANALYSIS ON SILTING AFTER DREDGING IN THE LINGDINGYANG 
CHANNEL AT DIFFERENT SEASONS 

Ying Qiang', Xin Wenjie2 and Li Yunhui2 
' Hohai University, Nanjing 2 10024 P.R. China 

'Nanjing Hydraulic Research Institute, Nanjing 210024 P.R. China 

Based on eight groups of data of the Lingdingyang channel depth 

before and after dredging in each season, its characteristics of silting 

distribution in space and time are investigated. The causes of silting in the 

channel are analyzed considering the following aspect: topography of 

Lingdingyang, and change of discharge ratio of runoff and tidal flow, and 

the conditions of the sediment movement. By the fuzzy mathematical 

method, a formula is presented, which can determine silting by the 

different sediment sources. 
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1. INTRODUCTION 
Vortex ripple is widely formed in the coastal region. 

The vortex ripple enhance the separation of flow and 
turbulence, it plays a vital role in various coastal process, 
such as sediment transport, the wave attenuation and the 
mass transport due to wave. Nevertheless, the flow structure 
and sediment movement above vortex ripple has not been 
investigated owing to the complexity of the phenomena. 

Du Toit & Sleath (1981) used the Laser-Doppler to 
measure the flow over a ripple bed, the similar work was 
conducted by Sat0 S.J. et al. (1986), very detailed 
measurements of velocity closed to the bed over fixed 
smooth and rough bed are carried out using LAD. In resent 
years, most effort has been focused on obtaining a numerical 
solution of oscillatory flow over ripple, the first work was 
described by Lounguet-Hi- (1981). who used the 
discrete vortex model. Vittorri t Blondeaux (1991) treat a 
laminar flow situation by solving the vorticity transportation 
equations. Sat0 S.J. et al. (1986), Aydin (1987) and 
Tsujimoto et al(1991) used a two equation turbulent model 
k - & to study the flow around the ripple and the suspended 
sediment concentration distribution. Recently, Fredsoe, J et 
al.(1999) have conducted experiments and numerical 
simulation by k - W model to study the flow structure 
around the vortex ripples under wave action. In the present 
study, a numerical simulation system based on LES method 
is developed for analyzing flow structure and dynamic of 
vortex, the sub-grid-scale turbulent stress is evaluated by the 
Smagorinsky model (1963). The simplify marker and cell 
method (SMAC) is used to solve the basic equations in the 
the curvilinear coordinater system, and a detailed vortex 
dynamics is discussed. 
2 MATHEMATICAL. MODELING 
2.1 BASIC EQUATION 

In the study, the flow is governed by incompressible 
Naverier-Storkes and continuity equations. By applying the 
grid filter to Navier-Storkers equations one obtain the 
filtered governing equations. Then the equationas are 
transformed from physical space to the curvilinear 
coordinater computational space, the two dimensional 
( i = 1,2 ) filter continuity equation and momentun equations 
are: 

-+----=o au, aii2 aiil aq 
at1 at, a t 2  a41 

(1) 

aui - azi - a4 aq 
at I atj I a{, a{, -+u.----u -.- 

In the LES computations, the effect of s m a l l l e s  appears 
in the the subgrid-scale (SGS) stress Zg = U i U  - ciuj, 
which must be modeled., the eddy-viscosity concept model 
was used in this paper, where: 

where V is the fluid viscosity, V, is the sub-grid-scale eddy 
viscosity, c i s  the model parameter, ii is the l e n m  scale 
related to the 6lW width, and the Is( = (%,S,)'is the 
magnitude of the resolved-scale-rate tensor.The parameter 
c can be either constants or functions of the time and space. 
So they can be e v a l d  by using Smargorinsky model and 
dynamic eddy-viscosity model. In this paper, as the f is t  step 
in modeling wave boundary layers by using LES, only the 
constant parameter values ( C = 0.35 ) of Smargrionsky 
model are considered. 
2.2 NUMERICAL. METHODS AND BOUNDARY 
CONDITIONS 

The governing equations have been solved by SMAC 
method. The forward difference scheme is used for the time 
dependence, and the centered difference scheme is used in 
the pace for the a i v e  terms. The differencing of the 
convective terms used the donor-cell (second-order 
upstream) method. The periodic condition is used on the 
right and left side of the computation domain, the symmetric 
condition is used at the top, and the no-slip condition is used 
on the bottom. A comparison between the measurement of 
the flow over plane bed (Jensen 1989) and ripples bed 
(Fredsoe et al. 1999) with numerical results is conducted, 
which shows the simulation results are good, more details 
can be found in (Jiang 2001). 
3. RESULTS AND ANALYSIS 

The most important characteristic of the flow around 
vortex ripples is the dynamic of the vortices, it can be 
visualized fTom the velocity field. Using LES method can 
obtain the instantaneous velocity, so it can easily reveal the 
dynamic of the vortices over the vortex ripple. Fig.1 clearly 
shows two typical velocity field. A very strong rotation is 
produced after the flow pass over the ripple crest, the 
separation bubble grows quickly from the ripple crest with 
the increasing of the free stream velocity, which reaches its 
maximum value shortly after the kee stream velocity begin 
to decelerate. The phase is around Ut = 150'. Even if the 
outer flow velocity begin to decelerate, the separation 

- 
z, = -2v,s, = -2C'g/SlSu (3) 
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bubble still expend and transport to the next ripple. At the 
same time, the bubble is curling up into the main flow, but it 
still maintains the strong rotation. As the outer flow reverses, 
the separation bubble lifts over the ripple crest and eject into 
the outer flow, became the ftee vortex. The phase is around 
at = 20’. Then the next separation bubble begin to form 
at lee back of the ripple, and at the same time. the former 
ejected vortex breaks up gradually in the outer flow. The 
numerical experiments with different value 1 / u are studied 
( I  is the sand ripple length, a represents the amplitude of 
the motion of fluid). In addition, the bottom frication 
velocity and the turbulent velocity distribution are discussed 

Figure 1: The typical flow velocity field at different phase 
(Up Ot = 120°, Down Of = 210’) 

1 

0.12 

om 

I 
0 1 2 , .  

Figure2:The turbulent velocity distribution( Ot = 90’ ) - 
(Up (F)f, Down(W’2)f) 

4. CONCLUSION AND DISCUSSION 
Numerical model based on 2D-LEs is presented to simulate 
the vortex dynamics in the wave boundary layer over ripple 
bcds. The vortex characteristics over one period and the 
main factors influenced the vortex formation are discussed, 
more over, the bomm frication velocity and the turbulent 
velocity distribution are simulated. It shows that 2D LES 
model proves to be a good tool to predict the large scales of 
quasi-2D turbulent flows as well as that of period unsteady 
flows. The vortex dynamics and sediment transport under 
the action of combination wave and current over ripples will 
be reported on in a future publication. 
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Objects 
In the past, wave runups on a small-diameter pile are not considered as one of 
important design factors, since it is assumed that waves are not disturbed by the 
pile so that the runup heights are equal to the incident wave crest amplitudes. 
Main concerns have been focused on wave forces. 

A medium-scale bridge was built at a certain place in Yamaguchi Prefecture, 
Japan. After finishing the piers, there appeared the problem that large runups and 
severe splash occurred at a specific pier. Such phenomenon does not always 
happen, but occurs under a specific wave condition. The occurrence of mnups on a 
small-diameter piles was learned from the field experience. 

This paper reports the characteristics of random wave runups on a 
small-diameter circular pile by laboratory experiments under non-breaking and 
breaking conditions, and proposes a prediction formula for the runup height. 

Main Results 
Experimental data of the 2% excess and the one-third maximum runup heights 
were mainly analyzed as representative runup heights. It was found that the 
change of dimensionless runup height, normalized by the local water depth, against 
the dimensionless water depth was not strongly influenced by the deepwater wave 
steepness, and the change was approximated by the exponential function. We 
proposed a prediction formula for the runup height. The correlation coefficient 
between the predictions and observations was 0.98. There were linear relations 
between some representative runup heights. 
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Introduction 
Historically, the main purpose of coastal defence was seen as preventing or reducing coastal 
disasters through the construction of seawalls and other ‘hard’ structures. More recently, 
‘soft’ countermeasures involving beach management, together with effective systems of 
population evacuation have become increasingly important. Where structures are 
regarded as necessary, an integrated system of shore protection may be employed linking a 
combination of features such as seawalls, submerged breakwaters, artificial reefs, beach 
nourishment and so on. 

There have been many studies on wave transformation, set-up, runup and 
overtopping. Various prediction formulae and design diagrams have been proposed. 
Some have been based on tests involving regular waves; others involved random waves. 
And sometimes the particular application falls outside the range of the available data. The 
present study aims to extend previous work and to establish the characteristics of random 
wave runup and representative runup values for seawalls located with their toes close to 
shorelines and involving some cases in which the seawalls are fronted by artificial reefs. 

Experiments on Random Wave Runup 
Adopting a scale of 1:45, models of artificial reefs and seawalls were made and installed in 
a wave flume. The water depth in the uniform section of the wave flume was 45cm, 
42.5cm and 40cm, depending on conditions. At the landward end of the 1 :20 beach slope, 
the model seawalls had front slopes of either 1 :0.5 or 1 :3. The artificial reefs could either 
be included in the model arrangement or could be removed altogether. 

Random waves used in the experiments had JONSWAP type spectra (with a peak 
enhancement factor, y=3.3). The target significant wave height was 7cm, and the 
significant wave periods were 0.9, 1.1, 1.3, 1.5, 1.7, 1.9 and 2. Is. The deepwater wave 
steepnesses Ho’/Lo ranged from 0.01 to 0.06. The number of individual waves in each 
experiment was about 800. 
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Main Results 
The main results of the study are as follows: 
1) The Rayleigh distribution provides a generally satisfactory representation of random 
wave runup; 
2) The runup formulae reviewed in this study generally predict smaller values than the 
measured representative runups; 
3) The prediction model based on the imaginary slope and associated curves derived from 
data on regular waves gives an approximate upper limit to the measured mean of all runups 
from random waves and an approximate lower limit to the measured average of the highest 
one-third of the runup values, as shown in Figure 1 ; 
4) If the maximum runup height is estimated, it may be incorporated in a wave overtopping 
discharge formula, which will be presented at the conference. 

...- .... ~ ~~~~f ~ 

Ratio=2.0 

0 2 4 6 8 10 12 

Calculated Runup (cm) 

Fig. 1 Comparison of Runup predictions (by using reVised haginary slope method) 
and Repmtative Runup Values 
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1.Introduction 
Recently, the problem of wave overtopping has been studied experimentally in horizontally two-dimensional wave 

field. The properties of wave-overtopping rate for the multi-directional random waves were shown by Sakakiyama 
and Kajima(1996) and Tomita et aL(2000). On the other hand, in the numerical approach, Moriya and 
Mizuguchi( 1996) calculated wave-overtopping rate for the obliquely incident regular waves along a semi-infinite 
seawall by utilizing the Boussinesq equations and the wave-overtopping formula of Kikkawa et al.( 1967). However, 
the validity of that model is not confirmed for random waves. In designing drainage facilities behind the seawall, we 
are required to estimate maximum wave-overtopping rate as well as time-averaged one, considering multi-directional 
random wave field. 

In this study, we propose a numerical model of wave-overtopping rate on a seawall having a wedge-shaped comer, 
around which wave diffraction and Mach reflection occur, for multi-directional random incident wave. 

2.Proposed Model 
To evaluate surface elevation along the seawall with a comer, we use the improved Boussinesq equations of Madsen 
et a1.(1991). By using such a non-linear wave equations, diffracted waves from the corner and stem waves along the 
seawall can be estimated. Then, as a boundary condition in front of seawall, we applied overtopping formula by 
Kikkawa et al. (equation (1)): 

17e i f f ,  (2) P,Q=O 

Where P and Q are depth-integrated velocity components in the x- and y- direction, g is the gravitational acceleration, 
ve is the surface elevation in front of the wall, H, is the crown height of the wall, and rn is the discharge coeficient. 

The discharge coefficient was set at 0.5 by Kikkawa et al., and 
1.0 by Moriya and Mizuguchi. In this study, we set the 

discharge coefficient at both 0.5 and 1.0, and investigated its 
effect by comparison with experimental results. 

3.Experimental Confirmation 
Experimental confirmation of this model is undertaken by 

using wave basin with multi-directional random wave 

generator. Fig. 1 shows the schematic experimental facilities. 

Water depth h=10.0 cm is kept constant after 1/10 slope in 
front of the wave maker, and vertical seawall having a 
wedge-shaped corner is placed, leaned 22.5 degrees against the 

wave makers. A significant wave height H13=2.0 cm and a 

Wave Maker 

Figure 1 : Experimental facilities 
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significant wave period T,,3=1.0 s are kept constant. The crown height 
of the wall H, is 2.0 cm. Non-overtopping experiment was also carried 
out by changing H,=lO.Ocm, in order to check the accuracy of the 
numerical results of the wave field in front of the vertical wall. On the 
principal wave direction of uni- and multi-directional random incident 
waves, two conditions of +7.5 and -7.5 degrees are given to make the 
angles of the incident waves to the seawall, (lSdeg., 75deg.) and 
(30deg., 60deg.) respectively. Surface elevation and wave-overtopping 
rate are measured by the wave gages in front of the wall and 
volume-measurement boxes behind the wall respectively. In some of 
volume-measurement boxes, wave gages are set, and time series of 
wave-overtopping rate are also measured. 

- Cal (norrovertopping) 

-Exp (Wave height t e s t )  
/ A C a I  (Wave height t e s t )  ~ 

0 . , ,# ,# ._.  

e ,= 60 deg 

-10 -8 -6 -4 -2 0 2 4 
nowdimens iona I distance from carners (xn) 

-- s b _ _ e  

-v 
e ,= 30 deg 

0 008 

4.Conclusions Figure 2: Distribution of wave height in front of the 

wall and of wave overtopping rate( 6 ,: angle 
against the wall) 

Fig.2 and Fig.3 show the examples of the comparison between 
calculated and experimental results(case: principal wave direction -7.5 
deg., multi-directional random waves). 

In Fig.2, the calculated and the experimental results are in good agreement on the distribution of wave height. Also, 
the distributions of wave-overtopping rate are similar in shape, though 

+Exp (x/L= 0 89) 

+Gal (fi= 0 89) 
----,--- Exp (fi= -3 55 

there is a little difference on magnitude, which is caused by slight error 
in estimating wave height in front of the seawall. 

In Fig.3, ratio of calculated maximum wave-overtopping rate to 
averaged wave-overtopping rate is in good agreement with the 
experimental results. 
From the comparison between calculated and experimental results, it is 

confirmed that the numerical model proposed in this study can evaluate 

the distribution of wave overtopping rate along a seawall having a 
wedge-shaped comer in multi-directional wave field. 
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1. Introduction 
Recently in Japan, coastal structures are constructed with consideration in various aspects such as 

environment and utilization in ordinary conditions as well as disaster prevention. In that context, stepped 
gentle slope seawalls that give good accessibility to waterfront are now often used as the near-end protective 
facility in Japan’s Complex Coastal Protection Concept. It is, however, important to estimate accurate wave 
overtopping rate in the storm conditions, because disaster prevention is the fundamental function of them. 

Goda and Kishira (1 976) measured overtopping rate over gentle slope seawalls and provided charts for 
smooth gentle slope seawalls. They conducted experiments also for stepped seawalls, but description on them 
is very limited. Tamada et al. (2002) performed experiments for various smooth slopes, but most of recent 
gentle slope seawalls are stepped in Japan. 

In the present study, experiments on wave overtopping over both smooth and stepped gentle seawalls 
were performed in laboratory. The slope of seawall surface was 113, that is considered to be the typical slope 
for the current gentle slope seawall design. Overtopping rates between smooth and stepped seawalls were 
compared. Velocity at the top of seawalls was measured. Reflection coefficients that affect the scalar at the 
toe of seawalls were also investigated. 

2. Experimental Conditions and Data Analysis 
Experiments were performed in a wave flume that is 17m long, 0.6m wide and 0.55m high with 1/20 

seabed. A 1/3 gentle slope seawall was placed at the on-shore end of the seabed. Both smooth and stepped 
surfaces were used for the slope of seawalls. Table 1 shows the design parameters of the seawalls. Six wave 
gages and two Acoustic Doppler Velocimeters (ADV) were installed in the flume to measure incident and 
reflected waves. Velocity of overtopping water at 2mm above the top of the seawall was measured by a Laser 
Doppler Velocimeter (LDV). Overtopping rate was obtained from elevation of water surface in a tank placed 
behind the seawall with a wave gage. The incident and reflected waves were separated by a method proposed 
by Kubota et al., (1989). The overtopping rate was measured for about 200 waves after the wave field had 
become steady state condition. The data were taken three times for each of four different wave conditions. 

3. Experimental Results 
(1) Difference of overtopping rate between smooth and stepped seawalls 

Figure 1 shows relationship between ratio of overtopping rate for stepped seawalls against smooth 
seawalls and crest elevation to offshore wave height ratio. In the figure, overtopping rates of stepped seawalls 
are less than 45% of those of smooth seawalls. It can be said that stepped seawalls can reduce the overtopping 
rate considerably. 
(2) Relationship between crest elevation and overtopping rate 

Figure 2 shows relationship between ratios of crest elevation of seawalls to offshore wave height and 
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overtopping rates, sorted by the water depth at the toe of seawall h. For the same overtopping rate, crest

elevations of stepped seawalls are about 70% of these of smooth seawalls.

(3) Wave reflection coefficients by seawalls

Figure 3 shows relationship between wave reflection coefficient by seawalls and wave steepness. The

top figure (a), in which the water depth at the toe of seawalls is equal to zero, shows almost same values for

both smooth and stepped seawalls. In the cases that the water depth at the toe of seawalls exists, reflection

coefficients show larger values, and the reflection coefficients for stepped seawalls are smaller than those of

smooth seawalls. It can be considered that energy dissipation rate is increased by the steps on the seawalls.

4. Conclusion

Overtopping rate on gentle slope seawalls was investigated in an experimental wave flume. From the

experimental results, it can be concluded that: 1) Stepped seawalls reduce overtopping rate in comparison

with smooth seawalls. 2) When water depth at the toe of seawall exists, wave reflection coefficients of

stepped seawall are smaller than those of smooth seawalls.

In this experiment, velocity and water depth on the top of seawalls were measured. The difference of

these values for between smooth and stepped seawalls will also be presented.

Table! Design parameters of seawalls

case(a)

casefb)

case(c)

Offshore
water

depth (ho)

30.0

35.0

35.0

Crest
elevation from

SWL QIC)

8.0

8.0

11.0

Water depth
at the toe of
seawall (h)

0.0

5.0

5.0

unit: cm

case(a) stepped(h=0
case(a) smooth(h=0)
case(b) stepped(h=5
caseCb) smooth(h-5)
caseCc) stepped(h=5
case(c) smooth (h=5

0.6 0.8 1.0 1.2 1.4 1.6
crest elevation/off shore wave height

Fig.1 Relationship between overtopping rate and crest
elevation to offshore wave height ratio

0.5 1.0 1.5
overtopping rate (cmVcm/s)

Fig.2 Relationship between crest elevation to offshore
wave height ratio and overtopping rate
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Fig.3 Relationship between wave reflection coefficient
and wave steepness
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Failure probability of breakwater based on neural network 

Dong Hyawn Kim’’ * and Woo Sun Park2 
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Institute, 1270, Sa-dong, Ansan, Kyonggi 425-744, Republic of Korea 

Abstract 

Some neural network stability models for rubble mound breakwaters are proposed and 
analyzed. The proposed models give the more reliable results than the well known van 
der Meer’ s formula. Among them, the neural network model having the slope angle and 
the wave steepness as independent inputs shows the best performance. But the neural 
network model having independent input parameter for significant wave height, 
significant period is found not to be useful for the design of rubble mound breakwater 
because the design parameters exceed the training data ranges. In addition, a reliability 
analysis technique using the trained neural network model is proposed. Based on two 
analysis examples, it was found that van der Meer’ s formula gives the larger or smaller 
failure probabilities than the neural network models. Therefore, one should be very 
careful in making a decision whether the designed armor units are safe or not if he/she 
uses only empirical formula. To avoid this situation, it is heavily recommended that 
more advanced models such as the neural network model proposed here should be 
simultaneously considered. 

Keywords: Breakwater; Stability; Neural network; Reliability based design; Monte 
Carlo simulation. 
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Figure 1. A neural network model for stability number prediction 



Analysis of chloride ion penetration in marine concrete structure 
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Abstract 

A new diffusion coefficient model, which considers the effect of chloride binding 

and evaporable water in concrete, is proposed. FEM program developed on the basis of 

the new diffusion coefficient model provides an estimation of chloride concentration 

with concrete depth and aging, and predicted chloride concentrations are compared with 

experimental values. 

The apparent diffusion coefficient, which is a function of chloride binding, 

evaporable water, and diffusion coefficient, varied according to water-cement ratio. But, 

curing temperature did not affect the ratio of apparent diffusion coefficient to ordinary 

diffusion coefficient. The FEM program using the apparent diffusion coefficient 

estimated the experimental chloride concentration in a little error range. On the contrary, 

the chloride penetration analysis using ordinary diffusion coefficient overestimated the 

diffusion rate. Therefore, it is recommended to use the apparent diffusion coefficient 

proposed in this paper for predicting the initiation age of chloride-induced steel corrosion 

instead of the ordinary diffusion coefficient. 

Keywords : Chloride; Diffusion ; FEM; Evaporable water 
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DEFORMATION-BASED RELIABILITY DESIGN OF BREAKWATER CAISSON 
CONSIDERING VARIABILITY IN WAVE DIRECTION 

Su Young Hong ’, Kyung-Duck Suh ’ and Hyuck-Min Kweon 

Recently Shimosako and Takahashi (1999) developed a Level 3 reliability design method to 

calculate the expected sliding distance of the concrete caisson of a vertical breakwater. This 

method includes stochastic variability in deepwater wave height, tide level, and shallow water 

wave transformation, and calculates the expected value of the accumulated sliding distance 

during the lifetime of the breakwater. Monte Carlo simulations were used to take into account 

the uncertainties of the above-mentioned design factors. 

In order to calculate the wave transformation from deepwater to the location of the 

breakwater, they used Goda’s (1 975) model, which assumes unidirectional random waves being 

normally incident to a straight coast with parallel depth contours. In real situations, however, 

directional random waves with variable principal wave directions are incident to the shore, 

undergoing refraction as well as shoaling and breaking. Very recently Suh et al. (2002) 

developed a Level 3 reliability design method to calculate the expected relative damage of the 

breakwater armor blocks considering the variability in wave directions. 

In the present study, we extend the reliability design method of Shimosako and Takahashi 

(1999) so as to take into account the variability in wave directions by closely following the Suh 

et al.’s (2002) approach. The directional variability includes directional spreading of random 

directional waves, obliquity of the design principal wave direction from the shore-normal 

direction, and its variation about the design value. To calculate the transformation of random 

directional waves over an arbitrary bathymetry including surf zone, we used Kweon et al.’s 

(1 997) model, which was developed by combining Kweon and Goda’s (1 996) breaking wave 

model and Karlsson’s (1969) spectral wave refraction model. 

Fig. 1 shows the effect of the directional variability on the expected sliding distance. The 

expected sliding distance considering the variability in wave directions is much smaller than 

that calculated under the assumption of normal incidence, especially in deeper water. Fig. 2 

shows a comparison of the caisson width between the conventional design and the reliability 
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design. In the figure, B, is the caisson width calculated by the conventional design method 

with the safety factor of 1.2, while B,, is the caisson width calculated by the reliability design 

method for the expected sliding distance to be 30 cm. A smaller caisson width is required when 

the variability in wave directions is taken into account. In conclusion, an over-design of the 

caisson is expected when the directional variability is neglected. 
1.4 

--8- Not consider variability ofwave dir.(Slope=li50) 1 
d Consider variability of wave dir. ISlope=ll50) I 

A ~ ~ Not consider variability of wave dir.(slape=lno) 
1.2 1: I A- - Considervariabilityofwavedlr. (SloPe=l/ZO) I-/ 

1 

0.8 

8 12 16 20 24 28 32 0 2  0 4  0 6  0 8  1 

Depth(m) Hodh 

Fig. 1 Comparison of the expected sliding Fig. 2 Comparison of relative cassion width by 
distance(Bed Slope=1/50 ,1/20) new design method and conventional 

method (Bed Slope=1/50,1/20) 
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IMPROVED EVALUATION OF THE EXPECTED SLIDING DISTANCE OF A CAISSON 

AND PRACTICAL PARAMETERS OF UNCERTAIN FACTORS 
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Many studies on the application of the reliability design method, as an alternative of the 

conventional one, to caisson-type breakwater have been carried out (e.g. Shimosako and Takahashi, 

1998, 1999; Takayama et al., 2000; Goda and Takagi, 2000; Goda, 2001). Especially, the 

computation of the expected sliding distance proposed by Shimosako and Takahashi quantitatively 

clarifies the risk of sliding failure, and the expected sliding distance is a useful stability index against 

sliding of a caisson in the reliability design. However, detail studies for accurate estimation of the 

expected sliding distance are not sufficient until now. Therefore, this fact motivated this paper. 

The objectives of this paper are classified into two items. One is to compare simulation results of 

the expected sliding distance due to the existing parameters of uncertain factors (e.g. estimation 

errors of deepwater wave height, calculation errors of wave transformation, wave period and wave 

force, uncertainties of friction factor), which is considered in reliability design procedures, and the 

other is to propose alternatives for improved estimation of the expected sliding distance in the 

reliability calculations. As alternatives, a doubly-truncated normal distribution (Kim and Takayama, 

2003) and average expected sliding distance are proposed with a validity through the simulation 

results. Additionally, new parameters of uncertain factors are presented through analysis of the 

existing studies (Takayama and Ikeda, 1993; Takenaka et al, 1999), and their characteristics are 

investigated through case study. 
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Major conclusions drawn from this paper are as follows. 

Through the simulation results computed by the existing probability distributions of uncertain 

factors, it is confirmed that the probability distributions of uncertain factors affect largely the 

expected sliding distance. 

In the Monte-Carlo simulation, the seed of random variable largely affects the expected sliding 

distance. The influence of the seed on expected sliding distance increases as the water depth 

becomes deep. Therefore, the average expected sliding distance proposed in this paper is a better 

index for sliding failure of caisson-type breakwater than the expected sliding distance. 

The simulation results calculated by the employment of the original normal distribution cause 

abnormal sliding distance because the random variables of wave force and friction factor in 

means of Monte-Carlo simulation have some values outside the region where experimental data 

are not valid. For effective considerations of the uncertain factors in the reliability design of 

caisson-type breakwater, a doubly-truncated normal distribution is more realistic than the 

original normal one. 
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THEORETICAL STUDY OF THE REFLECTION OF OBLIQUE INCIDENT WAVES BY 
PARTIALLY-PERFORATED BREAKWATERS 

Yucheng LI, Hongjie LIU and Dapeng SUN 

State Key Laboratory of Costal and Offshore Engineering 

Dalian University of Technology, Dalian( 1 16023), China 

In the recent years, breakwaters with perforated front walls have been widely used. it 
can reduce the wave reflection and wave run-up in front of the structures. Then, the 
construction cost may decrease. 

Several researchers have investigated the interaction of waves with perforated 
structures. Some are experimental examination of the reflection characteristics of a 
perforated-wall breakwater; others are analytical models for predicting the reflection 
coefficient. But most analytical models deal with the case in which the perforated wall (or 
plate) is fully opened. And most researchers pay their attentions to the interaction of 
normal incident wave with breakwater. In engineering practice, owing to the stability 
requirement of the structures, the front wall of breakwater is partial-perforated rather than 
fully opened. 

In the present paper, the reflection of oblique incident waves from breakwaters with a 
partial-perforated front wall is investigated. The fluid domain is divided into two 
sub-domains and eigenfunction expansion method is applied to expand velocity potentials 
in each domain. In the eigen-expansion of the velocity potential, evanescent waves are 
included. Numerical results of the present model are compared with experimental data and 
they are in good agreement. The effect on reflection coefficient of porosity, the relative 
chamber width, the relative water depth in wave absorbing chamber and the water depth in 
front of structure are discussed. 
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Objectives 

Although the breakwater covered with wave-dissipating blocks is one of the most popular coastal structures, 
collapse of the wave-dissipating block mound due to the direct wave attack have been reported. The required 
condition of the breakwater covered with wave-dissipating blocks is to keep the arrangement of the blocks 
with the suitable gap between blocks for absorbing wave enegy. And also the engagement between blocks is 
required to keep sufficient resistance to the wave attack. Flexibility in deformation fitting itself to the change 
of ground level, such as land subsidence due to the seabed liquefaction or scouring, is an advantage of the 
wave-dissipating block mound. Therefore,the change of engagement between blocks after the land subsid- 
ence is important in the design of wave-dissipating block mound. However, a large deformation of mound 
brings extremely high stress over the yeild condition of the concrete blocks, under which the part of the 
block-leg is destroyed. That failure of the block-leg leads to the lose of the engagement between blocks, and 
resultant lift off the single block unit. Consequently lose of the engagement between blocks could lead to the 
catastrophic destruction of the wave-dissipating block mound. In this paper, to understand the disaster mecha- 
nism of the wave-dissipating block mound under the sudden land subsidence, the numerical simulator based 
on the Distinct Element Method was proposed. 

Numerical Model 

The model for the deformation of the wave-dissipating block mound was described by the full 3D-DEM to 
calculate the interactions between contacting blocks explicitly. Hence the motion of each individual block is 
tracked clearly. In DEM, blocWblock and blocWwall interactions are modeled by the spring and dashpot 
system assumed at the contacting points with other blocks or wall. The element of the fixed boudary wall and 
moving wall is a spherical particle the diameter of which is 0.5m. While the wave-dissipating block is formed 
by connecting four small spheres with one large sphere rigidly to keep the gravity centers of four small 
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spheres on vertex of a regular tetrahedron at the gravity center of which, the center of large sphere locates. 
And also the diameter of large one is 1.0m while the that of small is 0.5m. The motion of the blocks are 
tracked by the rigid body model which keeps the geometrical relation of those five spheres. 

Results 

Figure 1 shows the typical snapshots and force vector plots of solution. Initially, In the top layer 56, middle 
layer 56, bottom layer 72, totally, 184 blocks are arranged almost uniformly on the fixed wall. The center part 
of the fixed bottom wall suddenly goes down by 1 .Om, then blocks rush into the hollow space. The force 
between contcting blocks is shown by the cylinder, the direction of which indicates the direction of the force 
vector, the strength of force is proportional to the diameter of the cylinder. The remarkable force concentra- 
tion between contacting blocks is shown at the bottom of the moving wall and the right edge of hollow space. 
These information can be a help of prediction of block-leg failure. 

wave-dissipating block 

1 -  I 

I- 14.5m ' 
rnobing wall 

CI 

4 

Fig. 1 Snapshots and Force vector plots 
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Ocean surface water waves traveling in water of varying depths may experience a lot of 
physical phenomena such as reflection, diffraction, shoaling and refraction due to 
variation of bottom topography, nonlinear interaction among different harmonics and 
interferences with man-made structures. The present study mainly concerns with 
reflection of water waves propagating over submerged breakwaters. 

Wave reflection of various-shaped submerged breakwater is analyzed by using physical 
and numerical modelings. Shapes of submerged breakwaters are rectangles, triangles 
and trapezoids. 

The physical modeling is performed in a two-dimensional wave channel which has the 
dimension of 2.0m high, 1.Om wide and 56m long, and an electric-servo typed wave 
generator. Laboratory experiments are performed for various cases, that is, variations of 
water depths, widths of breakwaters, arrays of breakwaters and so forth. 

Measured results from the physical modeling are compared with those of the numerical 
modelings. The numerical models are based on the boundary element method, the 
eigenfunction expansion method and the hyperbolic typed wave equations that contain 
the fast varying terms. Very reasonable agreements are observed. . 
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Wave-induced Currents in front of a Vertical Breakwater 
ZUO Qihua DING Bingcan WANG Dengting 

The mass transport flow and the radiation stress flow induced by water wave play an 
important role on the dynamic research of coastal engineering. On scouring around a large-scale 
circular cylinder, Kaitsui"] considered not only sediment transportation of the radiation stress flow 
but also Eularian flow and the mass transport flow. Saitol'l even thought that the mass transport 
flow near the bottom boundary layers plays a key role. But till now, few studies have been made 
on currents in front of a vertical breakwater caused by different incident waves, especially on 
those along breakwaters. 

Based on the nonlinear parabolic approximation of mild slope equation, the wave field in 

front of a vertical breakwater with different wave incident angles, that is, 10",20" and 

30" respectively is simulated firstly for flat or varying bottom and then based on the depth 

intergraded average N-S equation, the Eulerian flow, the mass transport flow and the radiation 
stress flow induced by wave are computed. The computational domain is 2000m x 1000m, 

different time and space step are adapted. The bottom frictional coefficient f and eddy viscosity 

factor A, are taken as constant. Table 1 shows the velocities and the corresponding positions of 

the maximum values of Eulerian flow u, , the mass transport flow u, and the radiation stress 

flow u, for typical wave period, wave height and water depth. In the table, the coordinates 

(x', y ' )  are the ratio of space length and wave length of deep waves. From the table it is seen that 

wave fields, water depth, topography and incident angles have great effects on flow velocities and 
flow fields. No matter the flat or sloping topography, the velocities of the mass transport flow and 
the radiation stress flow have almost the same magnitude. Therefore, for currents induced by 
waves, not only the radiation stress flow but also the mass transport flow should be taken into 
account. 

The major conclusions are: 
The wave fields, water depth, bottom topography and incident angles have a great effect on 
current induced by waves in front of the breakwater, especially on the sloping topography and 
around the wave broken zone, therefore, enough attention should be paid. 

2. For currents induced by waves in front of the breakwater, not only the radiation stress flow 
but also the mass transport flow should be considere 

1. 
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Objectives 

Under the existence of momentum liquefaction of seabed due to the action of high waves, a subsidence of 
armor blocks and rubble stones, which weaken the protection against scouring, occurs. In the maintenance 
planning of the coastal structures, the prediction of the subsidence of armor blocks and rubble stones is one 
of important items. The key factor of the subsidence of armor blocks and rubble stones is the block-block 
or stone-stone interaction, while most of the previous studies have treated the subsidence of single block or 
stone. A behavior of rubble stones at the foot of seawall under the momentum seabed liquefaction is 
experimentally and numerically investigated. Especially in the numerical model, the stone-stone interac- 
tive structure of rubble stone mound is explicitly taken into account. 

Experiment and Simulation Model 

The experiment is conducted in the steel water tank, which has rectangular cross section. A behavior of 
glass beads mound, which is D=25.0 mm in diameter and 2.33 in specific density, on the sand layer, which 
is d=0.25 mm in diameter and 2.65 in specific density, under the sinusoidal water pressure change is ob- 
served through a glass side wall of the tank. The period and amplitude of water pressure oscillation are 
T=4.0 s and 2.5 mAq, respectively. Under these hydraulic and seabed conditions, the momentum liquefac- 
tion of sea bed clearly occurs. 
The motion of rubble stones and sand are described by the 3D-DEM to calculate the stonelstone, sandsand 
and stonelsand interactions explicitly. The present model is the extension of the MBS, or Movable Bed 
Simulator, proposed by Gotoh and Sakai( 1997), which is the Lagrangian model of motion of sediment 
particle in turbulent flow with considering interparticle collision. The driving force of liquefaction is modeled 
as the apparent lift force, which cancel the gravity force for a sort moment. Short-term loading and rather 
long-term unloading are alternatively repeated, as a simplified model of momentum liquefaction. 
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Results 

Figure 1 shows the typical behavior of glass beads mound under the action of momentum liquefaction of 
seabed. The backside of the glass beads mound is a vertical wall, hence the initial cross section of the glass 
beads mound is rough triangular. The foot of the mound slides fore direction and the height of the mound 
gradually decreases under the repetition of the momentum liquefaction. The result of numerical simulation 
is shown in Fig. 2. Fundamental tendencies, such as the fore sliding and the height decreasing of mound, 
are reproduced clearly by the present model, at least qualitatively. Further, the refinements on the present 
model to improve the quantitative agreement with the experiment are discussed. 

tKd.0 tK=lO.O VT=20.0 t K a . 0  

4 

80  x , ~  I 2 0  8.0 xlD 120 8.0 x/D 12.0 8.0 x/D 12.0 

Fig. 1 Subsidence of glass beads mound (experiment; upper: top view, lower: side view) 

Fig. 2 Results of numerical simulation 
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Abstract 

Large-diameter cylinder inserted in soils is a new structure style in nearshore and port engineering. It 
has been used as retaining quay walls and other kinds of port project structures such as dikes. It has 
wide potential application for its efficiency. The bearing and failure mechanism of big diameter cylinder 
in soft clay under wave action is very complicated. The design theory and calculating method is still 
under development. It is very important to do some research on the calculating method of the bearing 
capacity. 

The main cause of the capsizing failure of the big diameter cylinder structures in the testing segment 
of the Second Grade River-Route Controlling Project in the Bayou of Yangtse River during the 
‘wei-ma-xun’ typhoon, is the bearing capacity deficiency. The improper calculation of the bearing 
capacity caused the insufficiency of the cylinder inserted in the soft clay. 

Undrained shear strength (vane strength) in the field is 7kPa at the mudline with an average 
increasing rate of 1.33kPdm. The average sensitivity of the soils is about 3. The elastic modulus is 
15OOkPa gained from the confined compression tests or 500 kPa from the unconsolidated-undrained 
shear tests on pushed samples. The diameter of the concrete cylinder is 12m, and the thickness of the 
wall is 0.23m above the mudline and 0.21m under the mudline. The total height of the cyclinder is 
22.2m with a length of 15.2m under the mudline. There is a concrete cap which is 3.5m high and 4800 
kN weight over the cylinder. 

The wave height of 1% cumulate frequency during the typhoon is 7.38m, wave periods 7.4s and 
wave wavelength is 67.7m. The total lateral wave force is 7066kN, total vertical force is 3561kN, and 
total bending moment at the mudline is 32858 kN.m. 

Based on the plastic limit analysis, a method for the ultimate bearing calculation of the cylinder 
structure inserted in soft soils is proposed in this paper. It is assumed that a gap has formed at the 
opposite side of the cylinder at the ultimate state. The factor of safety of the structure by this method is 
0.82, and the corresponding ultimate lateral capacity is 581 8kPa. 

Abaqus 6.20 is used to simulate the soil cylinder behavior. The ideal elastic-plastic (Mises) model is 
used. Fig. 1 is the load-displacement curves of the structure. 
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Fig. 1 Lateral load vs Lateral displacement at mudline of the cylinder 
It indicated that the ultimate lateral loading capacity is about 7000kPa and 5000kPa while the elastic 

modulus is 1500kPa and 5OOkPa respectively. The average value is 6000kPa, consistent with the 
capacity calculated by the method proposed above. 

Fig. 2 Lateral displacement contour of the cylinder soil system 
Fig. 2 is the Lateral displacement contour of the cylinder soil system under the last loads step in 

fig.1 while the elastic modulus is the lower. A gap was formed in the opposite side of the cylinder. It 
also agrees with the assumption used in the ultimate analysis. 
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1. Introduction 

The new type of breakwater with box foundations consists of box foundation 

penetrated into soft seabed soil and upper structures in various forms. The 

structure as a whole can be installed on the site conveniently, be transported 

over water by means of pneumatic floating and can also be reused if 

necessary. 

This paper will study the mechanical properties of breakwater with 

penetrating box foundation by means of static model test and wave test, 

discuss the relations of the vertical bearing capacity and horizontal resistant 

capacity of box foundation as well as the instability failure forms to their 

dimensions and external loads, in an attempt to explore the method of 

calculating and analyzing the stability of penetrating box foundation. 

2. Static Model Test 

The static model test was conducted in a 6m long, 3m wide and 1.8m high 

steel flume filled with soil. Five steel model structures with three different 

widths and three different embedded depths were employed. The scale 

between the models and their prototypes is about 1 : 5  to 1 : 8 .  

2.1 Vertical Bearing Capacity Tests 

2.2 Vertical Uplift Tests 

2.3 Horizontal Sliding and Overturning Resistant Tests 

3. Stability Tests in Wave Flume 

The purpose of testing with wave flume is to check the stability of box 
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foundation under the action of dynamic loads and observe the forms of  

instability failure of  the structure when wave loads are higher than the 

designed limit loads. 

The model box is 0.8m wide, 0.94m long (width of wave flume is 1 .Om) and 

0.32m high. The steel box foundation model weighing 171kg is placed in the 

mud pond of wave flume, on the top of box body is a 0.8m high upright wall. 

The soils in the mud pond are the same as those used in the static stability 

tests. 

4. Conclusions 

(1) The mechanical properties of the stability of box foundations are similar 

to those of rigid foundations with embedment i.e. the vertical earth pressures 

at the bottom of the foundation are distributed in a straight line distribution 

pattern under the action of vertical loads and the passive and active earth 

pressures are produced at the front and back sides of box under the action of 

horizontal loads. 

(2) The sliding and tilting stability, the vertical bearing capacity and earth 

pressures at the foundation bottom of penetrating box foundations can be 

calculated by the methods for the rigid foundations with embedment. 

(3) When the penetrating box foundations in clay move upward, a suction 

force will be introduced in the soils at the bottom of box, which will attenuate 

with time. The suction force and its attenuation are related to the water 

permeability and rheological features of soils, as well as the movement speed 

of box, etc. 

(4) Under the action of waves, the instability failure of box foundations 

mainly takes the form of large horizontal displacement .When the structure 

experiences a reciprocating motion, the wave force acting on the structure 

will be lowered. 
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In constructing breakwaters located on a soft ground, considerable expenditure and time 

consumption are required for a ground improvement. The conventional breakwaters such as a 

rubble mound breakwater and a caisson breakwater constructed on the soft ground reveal 

several problems, i.e., an economical low-efficiency, a difficulty in construction, a guarantee of 

safety, and a seawater pollution due to heavy dredging and dumping materials. Therefore, many 

attempts have been made to develop new type of breakwaters that can be applicable for soft 

ground efficiently, for example, a floating type breakwater, membrane type breakwater, pile type 

breakwater, curtain type breakwater, and so on. Those breakwaters may be applicable for soft 

ground, however, as not a main breakwater but a secondary assistant breakwater. 

The authors have developed a new type of soft ground breakwater (called below soft 

ground breakwater) as shown in Fig. 1, which can endure the unfavorable conditions of 

conventional breakwaters. The soft ground breakwater is supposed to prevent the excessive 

consolidation settlement due to the self-weight with an aid of the buoyant box, and to ensure the 

sufficient lateral resistance bv 

use of bottom walls. 

Water 
Buoyant Box Depth, h 

M S L  I In this paper, the 

evaluations on consolidation 
Riprap i 

behavior of the soft ground 

breakwater were performed 

from the laboratory model test 

and finite element analysis for 

Length (D)  

various types of breakwater 
I_/ Base Width (B) 

and ground conditions. 

the applicability of the soft 

ground breakwater was also examined by comparing with consolidation settlement based on 

Terzaghi's one dimensional consolidation theory. 

Fig. 1 Conceptual diagram of the soft ground breakwater. 

The model test results reveal that for some cases punching shear failure mode happened 

' Corresponding author, Phone:82-3 1-400-6325, FAX:82-3 1-408-5823, E-mail:wspark@kordi.re.kr 
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when the applied load was higher than the yield stress of the soil, and caused the abrupt 

settlement. In order to consider the effect of such a punching shear failure, square root-t method, 

which is used in the evaluation of the coefficient of consolidation from the conventional 

consolidation test, was utilized. From the modified curve of applied pressure and settlement a 

validity of square root-t method, which was utilized to eliminate the effect of initial settlement 

from total settlement, was verified. Both model test and numerical results also showed that the 

bottom wall is more efficient to reduce the consolidation settlement than the base width due to 

the decrease in the thickness of the consolidation layer and the increase in the resistance, and 

that the effect of the base width is negligible if the bottom wall is long enough. 

The consolidation settlements of the conventional breakwater have been generally 

computed by the Terzaghi’s one dimensional consolidation theory. However, the soft ground 

breakwater proposed herein has a complicated bottom wall system, it is difficult to utilize 

directly the theory. For a convenience in a practical design, the applicability of the Terzaghi’s 

theory to the soft ground breakwater was examined by comparing the consolidation settlements 

obtained from numerical analysis and model test with the computed values from the Terzaghi’s 

theory. As shown in Fig. 2, which compares the model test and numerical results with the 

Terzaghi’s solutions, the Terzaghi’s theory can conservatively be adopted with some accuracy if 

assumed the location of the consolidation loading is an end of the bottom wall. 

0 1 2 3 4 5 

Settlement (em, Model test) 

(a) Comparison with model test results 

Fig. 2 Comparion of the model test and 
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Consolidation Settlements (2-D FEM Analysis) 

(b) Comparison with numerical results 

numerical results with the Terzaghi’s solutions 

KEYWORDS : soft ground breakwater, laboratory model test, finite element analysis, 

consolidation settlement, Terzaghi’s one dimensional consolidation theory, square root-t method. 



EXPERIMENTAL STUDY OF IRREGULAR WAVE IMPACT ON PILED 
WHARF WITH PERMEABLE SLOPE SHORE CONNECTING 

Bing Ren’ and Yongxue Wang2 

Abstract 

The safety of coastal and offshore structures such as piled wharves, shore trestles, oil drilling 

platforms, etc, has great relation to the wave impact. Under confused sea condition, the wave impact 

load on the structure is destructive when waves propagate underneath the structure and surge up to its 

subface. And the structure’s service life may also be threatened by the negative pressure occurred when 

waves separate from the subface of the structures. 

In previous research of regular wave slamming on small horizontal cylinders, the impact force is 

defined as the rate of change of momentum of associated with mass of water moving past the structure. 

1 
2 The slamming force F, is expressed as F; = C, - rU2D/ , where D and 1 are the diameter and length of 

the cylinder respectively, and C, defined as the slamming coefficient, is theoretically equal to 

p ( Kaplan and Silbert, 1976; Faltinsen, 1977; Sarpkaya, 1978). Experimental studies have yielded 

values of C, which exhibit a considerable degree of scatter, ranging from 1 .O to 7.79 (Dalton and Nash, 

1976; Faltinsen, 1977; Miller, 1977; Sarpkaya, 1978; Campbell and Weynberg, 1980; Isaacson and 

Prasad, 1992; Isaacson and Prasad, 1993). 

For wave slamming against structure members with large dimension in the splash zone. French(1979) 

studied the solitary wave slamming on the platform by laboratory experiments. Kaplan( 1992) presented 

a analytical solution with the same assumption as for small horizontal cylinder. There were very little 

research work on irregular wave impact problem.. In order to yield a thorough comprehension of the 

irregular wave impact mechanics, more research work should be done to understand the kinematics of 

the irregular wave impact process and the corresponding distribution of impact pressure 

This paper presents the experimental investigation of irregular wave slamming on the piled wharf 

with permeable slope shore connecting. The experiments were conducted in the large wave-current 

tank in the State Key Laboratory of Coastal and Offshore Engineering, Dalian University of 

Technology. In the experiment, the significant wave height is in the range from 0. Im to 0.2m, and 

peak period of spectrum T, in the range from 1.0s to 2.0s. The ratio of sIHI13, which refers to the 

subface level of the structure (s) to the incident wave height is between 0.1 and 0.4. The 

time-domain analysis results of the irregular wave impact pressure on the deck of the piled wharf under 

various case studies are presented. The distribution of the impact pressure along the deck of the piled 

wharf is described. The influence of different incident wave parameters and relative clearance on 
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the impact pressure is discussed. The empirical formula of the characteristic peak pressure P, on the 

deck of the piled wharf are proposed. 

Figure 1 below show the comparison of the test data and the computed value of the peak pressure by 

empirical formula. 

Keywords: Irregular Wave, Wave Slamming, Piled Wharf 
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Figure1 comparison of the test data and the computed value of the peak pressure 



APPLICATION OF NEURAL NETWORK IN CALCULATION OF WAVE FORCES 
ON A VERTICAL WALL 

WANG Dengting, ZUO Qihua and SHEN Ying 

With the development of artificial neural network (ANN) "I, it had been widely used in 
engineering fields. Mase, et al.lzl established a model utilizing ANN to judge impact of waves on 
the superstructures of composite breakwaters. In this paper, on this basis, the BP (back-propagation) 
network with one hidden layer is modified and a neural network is established to calculate wave 
forces on a vertical wall by use of the additional momentum method and auto-adjustive learning 
rate. The comparison between the experimental values and the calculated results by Goda's formula 
[3', the Chinese standard formula [41 and the present method shows that the neural network is 
suitable to predict wave forces on a vertical wall. Figure 1 shows the establishment process of 
neural network. 

~ 1 bad 

Fig. 1 Establishment process of neural network 
Owing to restriction of the selected experimental data, the input layer neuron numbers are taken 

to be d I H , H I  L , d, I H , B I H , respectively, and the output layer neuron to be 

dimensionless number F/yH2 (H is the incident wave height where the vertical wall 

is located; L is the wavelength; d is the depth in front of the vertical wall; d ,  is the 

depth on the foundation-bed; B is the shoulder width of foundation-bed; F is wave 
forces). In this paper, the hidden layer number is taken to be 1 and the hidden layer 
neuron number to be 9. 100 groups of experimental data are selected to establish a 
neural network model and 45 groups of experimental data to examine the suitability of 
the model. All the selected data do not consider the condition of wave overtopping. 
Initial learning rate lr=0.02; increasing multiplier factor of auto-adjustive learning rate 
lr-inc=l.O5; decreasing multiplier factor of auto-adjustive learning rate lr-dec=0.7; 
error speed err-ratio=l.O4; momentum factor mc=0.95; expected error err-goal=lO.O. 

Figure 2 is the comparison between the experimental and calculated values by the 
neural network model. (correlation coefficient = 0.878). It is seen from the figure that 
the calculated results of the neural network model are superior to those of Goda's 
formula and Chinese standard formula. However, for an actual project, if only the 
magnitude of the correlation coefficient is considered, it may result in certain danger. 

So in this paper, it is suggested that the value of F/yH2 for establishing the model 
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should be multiplied by a suitable coefficient and the setting-up of other parameters 
does not change, satisfactory results can be obtained. Figure 3 gives the comparison 
between experimental and calculated values by the neural network model considering 
that the factor is 1.1. 

If after carrying out systematic and complete experiments, more perfect data are 
added to the neural network model, it will be further optimized. The present model can 
be popularized and applied to other respects of coastal and ocean engineering such as 
prediction of tides, wave running-up etc. 

0 1 2 3 4 5  
Exper i nent al val ties 

0 1 2 3 4 5  
h p r i  m t  al val ues 

Fig 2 Comparison between experimental and 

calculated values by the neural network model 

Fig 3 Comparison between experimental 

and calculated values by the neural network 

model considering suitable factors 
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For the direct measurement of the wave forces acting on a rubble mound breakwater, 
a breakwater frame model was devised. The core part in the model was filled with 
approximately 40 thousands of specially shaped empty polyhedrons instead of natural 
stone to reduce total weight. The specific gravity and pore ratio of this alternative core 
material are 0.55 and 0.43, respectively. Natural armor stones were adopted for the 
cover layer and filter layer on the front slope of this model. 

Two cases of experiments were performed in a wave flume of 
53.2m(L)x1.25m(H)xl.Om(W); (1) for the breakwater model hung at the load cell meter 
fixed on the upper part of the wave flume (1.5cm above the bed), (2) for the model 
installed on the bed of the wave flume. Twelve regular waves were applied and water 
depth was 30cm. 

In both cases, wave run-up and run-down were measured using the inclined wave 
gage installed along the front slope of the model. Water elevations at two points on the 
front slope and wave pressures along the front slope and along the model bottom were 
measured. Incident, reflected and transmitted wave data were also collected. For case 
(l), additional items of the total horizontal and vertical forces were observed using the 
load cell meter. 

Integrated wave forces from pressure gages were compared with those measured by 
the load cell meter. Results show that horizontal components evaluated from the two 
different methods coincide fairly well. However, vertical components of the wave forces 

* Corresponding author. Phone: +82-3 1-400-6336; E-mail: dslee@kordi.re.kr 
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measured directly with the load cell meter are much smaller than those integrated using 
pressure values. 

Measured wave forces will also be compared with those calculated using the linear 
equations of partially reflected wave-form on the slope suggested by Goda (2002, 
personal communication). In the equations, it is assumed that the wave form is the same 
with that in front of a virtual vertical wall whose reflection coefficient is equal to that of 
the rubble mound breakwater considered. 

Fig .  1 Setup of a rubble mound breakwater model 
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1. Introduction 
A rubble mound breakwater is the most fundamental structure to protect coastal area from wave 

actions. Although numerous studies on the stability of armor blocks have been conducted, very little 
knowledge is available on the wave pressure exerted on the rubble mound breakwater (for example, Troch 

and De Rouck, 2002). Where the bearing capacity of the subsoil is large enough to support the breakwater, 

precise evaluation of total wave pressure may not be necessary. However, if the geotechnical property of 

subsoil is not appropriate, careful examination on the total wave pressure must be conducted to assure the 

stability of the breakwater against a slip failure of the subsoil caused by the weight of breakwater and the 
wave pressure acting on the breakwater. 

In the present paper, a simplified theory to calculate the total wave pressure exerted on a breakwater 

slope is proposed. Its applicability is examined by comparing the theoretical and numerical results. 

Discussion is also made on the properties of the pressure attenuation inside the breakwater. 

2. Theory 
Let us consider a system of partial standing waves on the 

breakwater slope (Figure 1). Suppose that a virtual reflecting 

wall RQ is located on x=xI. Maximum runup with the height 

qmax occurs at this position. The water surface elevation of the ,=-,, 
standing waves q (x,t), which are the superposition of incident x=xo x=xI 
waves and reflected waves stemming from the virtual 

reflecting wall, is given by the following equation: 
Figure 1: A partial standing wave 

"," 1 1 
2 

~ ( x , t ) = - H ~ l + 2 K ~ c o s 2 k ( ~ - x , ) + K ~  cos - ( t - ~ )  

in which Tdenotes the time lag expressed by Eq. 2: 

I (1 -K,)sin k'(x -x i )  
( l+K,)cosk'(x-x,)  

T 
27T 

T =-tan-' 

where H i s  the incident wave height, KR is the reflection coefficient, T is the wave period and k is the 

wave number corresponding to the water depth outside of the breakwater. The term k' represents the 

modified wave number on the breakwater slope that accounts for the reduction in the wave celerity due to 
decreasing water depth. Wave pressure intensity can then be calculated by substituting Eq. 1 into Eq. 3. 

Finally, total wave pressure is obtained by integrating Eq. 3 over the range z=-h  to q(t). 
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numerical computation and the proposed theory when - 0 
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Figure 2: Pressure and water surface elevations. 

time lag z. The agreement between numerical and 
theoretical results is good. The error in total wave pressure is less than 10%. Slight disagreement of 

pressure intensity in the range of z> 0 is due to the wave nonlinearlity. Numerical computation is based 

on nonlinear theory, while the proposed method is based on the linear wave representation. Therefore, 

maximum runup height qmaX obtained by proposed theory is smaller than numerical one. To improve the 
accuracy of theoretical total wave pressure, a higher order solution will have to be applied to the pressure 

calculation procedure. 

4. Pressure Attenuation Inside the Breakwater 

Figure 3 shows maximum pressure distribution 

together with maximum water surface elevation obtained 

by numerical computation. Wave pressure is not 

sufficiently absorbed inside the breakwater but a 

significant intensity of pressure remains and act on the 

subsoil. This implies the necessity of taking the total wave 

pressure into account when the bearing capacity of the 

subsoil is poor. 
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Figure 3: Maximum wave pressure distribution. 

5. Conclusions 
The proposed simplified theory can evaluate the total wave pressure exerted on the rubble mound 

breakwater. The theory will assist the design of a rubble mound breakwater to be built on a soft subsoil by 

providing an estimate of wave force on the breakwater. 
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Abstract 

Submarine pipelines are usually employed for the conveyance of oil and gas, seawater for 
cooling systems & watersupply projects, disposal of drainage water etc. In the case of pipelines 
close to the seabed, the proximity of the seabed influences the forces on the pipeline in the coastal 
zone. The flow behavior and the forces on the pipeline are affected due to the presence of another 
pipeline adjacent to it. In addition, the beach slope also alters the flow field around the pipelines 
and the distance between the pipelines as well as the clearance between the pipe and the sea bed 
governs the wave induced forces on them. For an efficient design of parallel submarine pipelines 
near a sloping bed, a proper understanding of the effect of vertical clear spacing between the 
seabed and the bottom of the pipe and the effect of the horizontal clear spacing between the 
adjacent pipes is essential. This prompted the investigators to take up a detailed experimental 
program on the present topic. 

The experimental investigations were carried out in a 72.5m long, 2m wide wave flume in 
a constant water depth of 1.0m in the Department of Ocean Engineering, Indian Institute of 
Technology Madras, India. A computer controlled wave maker operating either in piston or in 
hinged mode is installed at the one end of the flume. It is capable generating both regular waves 
and random waves of predefined spectral characteristics. A sloping rigid bed with a slope of 1 : 10 
was fabricated and erected in the other end of the flume. The slope started fiom a distance of 
40 m from the wave maker. Two pipes of same of diameter, D= 0.315m and length of 1.99m 
were used for the tests. One of the pipes, being the test pipe was housed with eight pressure 
transducers with measuring range of 0.2 bar around its circumference to register the time history 
of the dynamic pressures. The water depth at the location of the test pipe was maintained at 
0.827m. The experiments were conducted fgr w/D=l (w is the horizontal clear spacing between 
the test pipe and the dummy pipe on seaside or leeside). The pipelines were placed normal to 
wave direction near the sloping bed and subjected to the action of regular waves. The tests 
covered a range of wave period, T of 1 .O to 2.0 sec with an increment of 0.2 sec. For each of the 
T, at least three wave heights, H were employed for the tests. The time histories of dynamic 
pressures around the test pipe and wave elevations in phase of the cylinder axis were 
simultaneously acquired by personal computer with a sampling interval of 0.025 sec for duration 
of 1 min. Further, the tests were done with the dummy pipe on the seaside as well as on lee side 
of the test pipe. For each of the test condition said above, the tests were repeated for different e/D 
ratios, where, 'e' is the clear distance between the pipe and the sloping bed. The experimental 
setup for a dummy pipe placed on the lee side of the test pipe is shown in Fig. 1. 
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The pressures were integrated to obtain the force time history fiom which the peak 
horizontal and vertical forces are evaluated. The circumferential variation of the dynamic 
pressures in a non-dimensional form is reported as a function of scattering parameter, ka, where, 
‘k‘ is the wave number and ‘a’ is the radius of the pipe. The dimensionless vertical and horizontal 
forces are also presented as a function as a relative depth (d’/L’, where d’ is the water depth at the 
test pipe and L’ is the wavelength over the test pipe). The effect of the vertical gap ratio on the 
forces have been studied and reported. The details of the model set up, experimental procedure, 
results and discussion are presented in this paper. 
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FIG.1.EXPERIMENTAL SETUP WITH THE DUMMY PIPE ON THE LEEWARD SIDE OF THE TEST PIPE 
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Abstract 

In the model test of Yanshan Deepwater Harbor of Shanghai International Shipping Center, 30 
kilometers away from shoreline outside the mouth of the Hangzhou Bay, a “composite simulation 
type” research method of compound models is used to simulate and study the tidal flow variation 
characteristics and sediment movement variation process in the project sea area before and after 
the construction schemes are put into effect. 

The physical model system includes a flashboard-type tide-generating system in the east 
boundary to simulate the tide from out sea and a flashboard-type discharge check system in the 
west side to simulate the tidal flow moving back and forth from the top of the Hangzhou Bay. The 
whole model is designed approximately along the tidal flow direction. Because the simulated sea 
area is larger and there exits the Coriolis effect, there exits not only phase difference but also 
transverse water flow in the south and north boundaries, therefore, the discharge flowing into and 
out of the south and north boundaries is controlled by double-way pumps. 

Making use of the characteristics of mathematical models that can simulate the Coriolis effect 
caused by the rotation of the eatrth and integrating the boundary position, the computation grid, 
data output, and so on, are designed. The computed tidal level and discharge are given to the 
physical model as its conditions of four open boundaries. Through the tidal level and discharge 
distribution of the model boundaries, the water is forced to flow into and out of the boundaries to 
remedy errors caused by the physical model which cannot simulate the Coriolis effect, so as to 
attain the aim of simulating the practical tide and tidal flow well. 

To provide the physical model with accurate boundary conditions, two sets of mathematical 
models are set up. The first set is a one of a large sea area including the Changjiang River estuary 
and the Hangzhou Bay. The whole computation domain is about 232.5km long in the east-west 
direction and about 225.5km wide in the south-north direction. In order to finely simulate the tidal 
flow movement in the project sea area with many islands and passages, a mathematical model for 
the project sea area is set up, with the first set mathematical model providing boundary conditions. 
The computation domain is about 72km long in the east-west direction and about 50km wide in 
the south-north direction and the area is 3600km2, which stretches out 12km respectively from the 
four boundaries of the physical model as transition area. In view of the characteristics of 
computation sea area with many islands and irregular shoreline and the run of the physical 
model’s boundaries, the mathematical models adopt arbitrary triangular grids, with the minimum 
spatial step 30m and the maximum spatial step 1230m. In the computation domain, there are 35 
islands being taken into account. 
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Abstract 

Many' researches have been carried out on wave 

diffraction from structures in an open water area. For 

a uniform cylinder MacCamy and Fuchs (1954) 

developed an analytic solution. For arbitrary 3D 

bodies, many numerical methods are available. 

However, for wave diffraction from bodies in front of 

vertical walls, less research has been seen. 

// // // // // // /.// 
/ 

wall 

/ 

wall 5 
The purpose of the paper is to extend the 

researching scope of wave diffraction from bodies in 
Fig. 1 Definition sketch - 

open water into the case in front of walls intersecting 

normally. Based on the image theory, the wave diffraction from a cylinder in front of the two 

vertical walls is transformed into a problem of diffraction of four symmetric incident waves from 

four symmetrically arranged 

cylinders. The transformed 

problem is solved by an analytical 

method based on eigenfunction 

expansion, in which Graf addition 

theorem is applied in the 

transformation of coordinates 

systems. 

By comparison with the 

P 4  

Fig. 2 Transformed problem 

results calculated by a boundary element method, the validity of the present analytical solution is 

proved. Numerical experiment has been performed to examine the effects of the distances between 
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the cylinder and the vertical walls and wave incident direction on the wave force on the cylinder. 

The calculation shows that the wave force on the cylinder in front of the two vertical walls is 

several times larger than that on the cylinder in the open water. The force on the cylinder in front 

of the two walls oscillates with wave number, and the oscillating frequency increases with the 

increase of the distance between the cylinder and the walls. The maximum wave force on the 

cylinder in the x-direction increases with the decrease of the wave incident angle, and vise verse 

for the wave force in the y-direction. Figures 3 and 4 show the effect of the distance between the 

cylinder and the vertical wall on the wave force in the x-direction at c/u=0.2, /?=30° andp=45' 

respectively. OW denotes the case in the open water. 
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RESEARCH ON INFLUENCE OF HANGZHOU BAY MAJOR BRIDGE TO 
QIANTANG BORE 

Shaolong Xiong' Jian Zeng2 Haiqian Han3 

Abstract: At Qiantang estuary, when the tidal range is large while the water in the river is 

relatively shallow with a decreasing depth toward upstream, the back slope of the tidal wave 
catches up with the front gradually due to increasing nonlinearity and riverbed resistance. The 
front slope of the tidal wave becomes more and more steep and finally a violent bore is formed. 

The Qiantang River runs into the East China Sea through the funnel-shaped Hangzhou Bay. 
Because the ratio of river runoff and the tidal flow is rather small, a large amount of sediment 
originating from the Changiiang Estuary has been carried into the bay by flood tidal current and 
has deposited to form a large longitudinal sand bar which is known to be 130 km in length from 
Zhapu to Wenyan. As the tidal wave propagates into the funnel-shaped Hangzhou Bay, the tidal 
range increases steadily owing to narrowing width of the bay. When it climbs in the shallow slope 
upstream of Ganpu, the wave deforms violently and the wave front becomes steep and then breaks 
to form the well-known Qiantang Bore as shown in Fig. 1. 

Hangzhou-Bay Major Bridge from Zhengjiadai to Fengshou Sluice is 36 km in length and it 
is the longest sea-crossing bridge in the world. A physical model is used to investigate the effects 
of the Hangzhou-Bay Major Bridge on the Qiantang Bore, the tidal level, the tidal velocity and the 
tidal volume. Laoyancang and Jinshan are selected as upstream and downstream boundaries of the 
model respectively, as shown in Fig. 2. The model is governed by similarity laws for gravity, 
resistance and flow continuity. It is molded according to the underwater topography measured in 
September 2000 and verified well with hydrometric data at the same period. Table 1 gives the 
calculated and model-adopted similarity scales. The research indicates that during spring tide with 
the frequency of tidal range p=l%, the high tidal level will decrease by 0.06m and the low level 
increase by 0.03m and the tidal range decrease by 0.09m at Ganpu, which is less than two percent 
of the tidal range of the spring tide at Ganpu; the height of the tidal head will decrease by 0.02m at 
Yanguan, which is less than one percent of the original height of the tidal head after the 
construction of the bridge. It is then concluded that the influence of the Hangzhou-Bay Major 
Bridge on the Qiantang Bore is negligibly small. 

Table 1. Calculated and model-adopted scales 

Scale 
Horizontal 

Vertical 

Velocity 

Current time 

Roughness coefficient 

Equation 

4 
Calculated I AdoDted 

10 

100 

1000 1 100 

10 

100 

0.64 
o.68 I 
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Fig 1. World -famous Qiantang Bore 

Fig 2. Layout of the Model for Hangzhou-Bay Major Bridge 
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Abstract 
Many coastal structures constructed for the purpose of harbor securing and shore protection 
are porous. It is well known that wave properties such as height, energy and force are 
changed considerably inside the porous structure. However, all these changes depend on the 
several structural parameters including width, material size and porosity of the structure. 
Therefore, it is essential to investigate the influence of all these parameters. Wave motion in 
permeable structures is often studied experimentally. However, in the recent years several 
numerical modeling are also done. Losada et al. (1995), Hsu et al. (2002) and Liu et al. 
(1999) are the few examples of previous studies on wave structure interaction in porous 
media. However, all of these studies are related with breakwaters where part of the wave 
energy is transmitted by overtopping or passes through the structure. In case of seawall there 
is no transmission of wave energy. Hence, different characteristics of reflection, energy 
dissipation and wave damping are expected. 
This study is to investigate the wave damping, energy dissipation and reflection properties of 
vertical permeable structure. A series of physical experiments have been conducted for 
different wave and structural conditions. Width of the wall, material size and porosity are the 
variables in the physical experiments. The experiments were conducted in the hydraulic 
laboratory of Saitama University. A total of 60 tests were performed for the incident waves of 
heights 3.68 to 12.30 cm and period 1.2, 1.6 and 2.0s (2 structure width x 2 material types x 3 
periods x 5 wave heights). However, it is also understood that physical models have their 
natural limitations. Small-scale physical modeling is influenced by scale effect while large- 
scale modeling is relatively expensive. Moreover, the measurement during wave breaking 
itself is highly challenging. Therefore, numerical models are the valuable research tools for 
studying non-linear wave transformation and wave structure interaction in porous media. 
Based on the latest development in the computational fluid dynamics, a numerical model 
using direct simulation of Navier-Stokes equation is developed. Modified Navier-Stokes 
equations are used to describe the wave motion in porous structure. The SMAC method is 
employed to solve the time evolution of the velocity and pressure field. For the free surface 
treatment volume of fluid (VOF) function is introduced and its advection equation is solved 
using Harvie and Fletcher (2001) scheme. To avoid extrapolation or interpolation of prime 
variables (u,w and p )  at the free surface, a two-phase model proposed by Hieu and Tanimoto 
(2002) is used. The turbulence model is incorporated using Smagorinsky sub-grid scale 
model. Schematic view of numerical model setup is shown in Fig. 1. The results of numerical 
model are compared with the experimental data. Comparison of spatial wave height 
distributions inside and outside the porous structure is shown in Fig. 2 where ‘L’ represents 
the wavelength. The results of numerical model fairly agree with the experimental data. Fig. 
3 shows time profiles of free surface for one wave period with experimental crest and trough 
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levels. It also shows good agreement with experimental data. The model is then applied to 
investigate the effect of different wave and structural parameters influencing reflection, wave 
force, energy dissipation and wave damping. A typical example of wave damping pattern 
inside the structure is shown in Fig. 4 for different input wave conditions. Since, porous 
armor layers are used for many practical structures, i.e., seawalls or caisson breakwaters, 
present model would be very useful for detail analysis of non-linear wave structure 
interactions. 

0.50 
Dii%ce from f%?t  wall ( x / ~ q 2 ~  -x -0.50 
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Fig. 1 .: Schematic view of numerical model setup Fig.2.: Comparison of spatial wave heights 
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Abstract 

For the formation of artificial harbours and boat marinas, breakwaters are constructed aiming 
to maintain required tranquility. Among various types of breakwaters, vertical breakwaters 
require less space, less construction material and time saving. However, the vertical 
impermeable fiont face on its seaward side experiences excessive dynamic loading due to 
reflections of the incident waves. There are several methods adopted, such as dissipating 
chamber systems to reduce the loads as well as the reflection fiom the structures. The 
vertical wave screen are mainly used as breakwaters in small boat harbours and marinas, 
where less space for breakwater construction, less reflection requirement, and wave 
transmission is permitted to a limited level. They are also used as wave dampers, in order to 
reduce the reflection of wave fiom existing vertical breakwaters. The permeable screen may 
be made of rectangular, triangular or circular elements, the configuration of which depends 
on the degree of allowable transmission of waves on its leeward side. The present study is to 
investigate the hydrodynamic characteristics of twin vertical wave screen breakwaters 
through an experimental investigation. 

The present wave screen model consists of series of horizontally spaced pipes with 160mm 
(outer) diameter as wave intercepting elements. Two different seaward side screen porosity 
(23.8 and 5.9%) and a constant leeward side screen porosity of 5.9%, by varying the spacing 
between the pipes (refer Fig. 1) were considered for investigation. To find the effect of 
chamber width on the transmission and reflection, the spacing between the screens were 
varied from 0.5m to 2.0m at an interval of 0.5m. The model was placed at 30m fiom wave 
paddle in a 72.5% 2m wide and 2.7m deep wave flume in Department of Ocean Engineering 
at Indian Institute of Technology Madras, India. Figure 2 shows the cross sectional view of 
the wave flume with the model setup. The tests were done in a constant water depth of 
0.95m and wave screen extended through out the depth and piercing the fiee surface and 
overtopping was not allowed. Three wave gauges positioned in fiont of the model registered 
the composite wave elevation, which were used for decomposing it into incident and 
reflected components. Two more wave gauges, out of which one was positioned in between 
the screens that registered the water level oscillation inside the chamber and other wave 
gauge was placed after the leeward side screen that measured the transmitted wave elevation. 
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The model was subjected to regular waves with wave periods ranging from 1 to 2 sec at an 
interval of 0.2 sec. For each wave period, three different wave heights were adopted for the 
tests. The variations of reflection coefficient K), Transmission coefficient (K) and loss 
coefficient (K,) are reported as a fimction of B/L where L is the wavelength and B is the 
chamber width The effect of screen porosity and the spacing between screens on the wave 
reflection and transmission are also discussed in this paper. In addition, the water level 
oscillation inside the chamber is normalised with the incident wave height and presented in 
this paper. The details of the model, hydrodynamic testing facility, experimental setup, 
procedure and analysis along with the interpretation of results are presented and discussed in 
this paper. 

Porosity = s/e 
(or) = s/(s+D) 

s = Spacing between pipes 
e = c/c distance between pipes 
D = Diameter of pipe 

!!I nro 
Fig. 1 Definition of porosity 

Wave absorber 

Fig. 2 Cross sectional view of wave flume with wave screen model 
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1. Introduction 

The main purpose of the breakwater, which is the most typical element in harbor plan, is to 

maintain the calm area in a harbor by preventing waves propagated from offshore. But, because of 

blocking nature of the impermeable breakwater, which causes fundamental environmental changes 

in coastal water circulation system, has brought about serious environmental problems. In recent 

years, the construction of the permeable breakwater, which allows the seawater  exchange to 

improve the water quality in a harbor, is being carried out. Although the permeable breakwater is 

able to improve the water quality by expediting the seawater exchange, it can create transmitted 

waves, which could disturb the calmness in a harbor. In this study, the numerical models was 

established to analyze the wave field in a harbor which is constructed in the permeable breakwater. 

The time-dependent mild-slope equation was used a s  the governing equation for the model, and 

the arbitrary t r a n s m i t t e d  coef f ic ien t  condi t ion was used a s  the boundary condition on the 

permeable breakwater. For the verification of the model, the two dimensional hydraulic model 

test was used to analyze the transmitted wave of a permeable breakwater. Also, the applicability of 

the model was examined for the real harbor with permeable breakwater by comparing the analysis 

of the wave field, which was obtained by applying the model to the Jeju New Harbor, with the 

results of the three dimensional hydraulic model test. 

2. Governing Equation and Transmission Boundary Condition 

The governing equation for the model was the time-dependent mild-slope equation, which 

integrates the velocity from the bottom of the sea to the water surface and shows it in the form of 

the line discharge. For the boundary condition of the arbitrary transmitted coefficient, the phase 

exchange after passing the breakwater was calculated from the line discharge obtained from the 

coexistence area, the incident and reflected waves of the breakwater. The reflectivity and 

transmitted coefficient was given to calculate the line discharge for the transmitted waves. The 

r e s i s t a n c e  c o e f f i c i e n t ,  which reflects the energy loss of the incident waves by permeable 

breakwater, was calculated by the equation given by Sollitt(1972), and was used to calculate the 

transmitted wave velocity in permeable breakwater. 
~ ~ _ _ _ _ _ _ _  
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3. Verification of Numerical Model 

For the verification of the model, a wall type permeable breakwater with length 0.7 m, width 

0.4 m, height 0.8 m in the two dimensional wave flume was installed, and a hydraulic model 

test to  the regular wave, which meets non overtopping, a non breaking condition was  done and 

the results were compared. One wave gage was installed on the front of the wave paddle and 

three on the rear of the permeable breakwater with 0.7 m interval to one another(Fig. 1). Fig. 2 
shows the comparison of the water surface elevation of the hydraulic model test and numerical 

model a t  each measurement point. The  computation result of this model shows the decreasing 

phenomenon of a water surface elevation by the energy loss caused by the wall, and it good 

matches with the result of hydraulic model test a t  all measurement points. 

4. Wave Field Analysis in a Harbor 

In this study, the model was applied to Jelu New Harbor, where the construction of the permeable 

breakwater is being considered, and the applicability of the model a t  the harbor was examined by 

comparing the computation result with the hydraulic model test. Fig. 3 shows the distribution of the 

wave height of the computation result when the impermeable breakwater was constructed, and Fig. 

4 shows when the permeable breakwater was constructed for the 100 m of the head of breakwater. 

T h e  resul t  of the permeable  breakwater  gave an increased wave  height a t  behind of the  

breakwater when it was compared with that of the impermeable breakwater. Fig. 5 is the bar chart, 

which compares the result of the wave height ratio in the harbor region to the result of the 

hydraulic model t e s t and the numerical computation. When the permeable breakwater was 

constructed, the wave height ratio a t  behind of the breakwater increased by approximately 0.1 

compared to the impermeable breakwater, and the difference between the two decreased a s  the 

measurement was taken nearer to the inner harbor. Therefore, the Jeiu New Harbor needs to have 

the quay at behind of the permeable breakwater blanketed with the wave-dissipating block so that 

the transmitted wave could be effectivelv broken. 

e.h rn - & % "  

Fig 1 Sketch of hydraulic model test. 
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Fig 2 Comparison of experiment and computation 
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Fig 5 Comparison of wave height ratio 
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WAVE DAMPINGS BY AN ARRAY OF CIRCULAR CYLINDERS AND 
A GROUP OF MODEL PLANTS 

Kenjirou Hayashi', Kubota Yuusuke2 and Tosiyuki Shigemura 
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1-1 0-20 Hashirimizu, Yokosuka, 239-8686 Japan 
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It is important to understand the hydrodynamics of a group of plants for the application of it as a good 
alternative material for protecting the banks of inland waterways against waves and current compare to the 
classical materials as concrete block or stones. This paper describes an investigation into the wave damping 
capacity of plants. The damping of waves transmitting a group of model plants installed in the wave flume are 
measured. The wave forces acting on an array of circular cylinders, which is a simple model of a group of reeds, 
and wave damping by it are also measured and evaluated theoretically. 

Laboratory experiments were carried out in a wave flume 40m length, and 0.8m width for the study of 
wave forces and wave damping of a array of circular cylinders. The array of circular cylinders of diameter 
D=lcm and Im length with 1.8m length and 0.8 width was installed in the middle of wave flume length. The 
ratio of circular cylinders in unit bed area in the cylinder array was X =0.0091. The incident wave height Hi, 
reflected wave height HI from the array of cylinders and transmitting wave height Ht are measured by using 
four wave gages setting just in front of and just behind of the array of cylinders. The wave forces acting on a 
rigid circular cylinder in the array of cylinders are also measured by using a three components strain gauge type 
load cell. The experiments were made in regular waves with still water depth d=60cm. The ratios of water dept 
to wave length L were d/L=0.42, 0.18, 0.14, and 0.10. 

The other laboratory experiments were carried out in the same wave flume for the study of wave damping 
of a group of plants. The group of model plants with 1.lm length and 0.8 width was installed in the middle of 
wave flume length. Model plant is a bundle of 48 vinyl tubes. The diameter D, and height S, of vinyl tubes 
were 0.1 -0.2cm and about 22cm. The ratio of plants in unit bed area was X ,=0.016. The incident wave height 
H,, reflected wave height H, from the group of model plants and transmitting wave height Ht are measured by 
using four wave gages. The experiments were made in regular waves with still water depth d=15, 22 and 60cm. 
The ratios of water depth d to wavelength L were d/L=O.l, 0.2 and 0.3. 

Waves transmitting through an array of circular cylinders lose energy due to the works they do on the 
cylinders I ) .  The following equation is derived by considering the conservation of energy equation and 
assuming that linear water theory is valid, the drag coefficient CD is constant over the depth, and the bed is 
locally flat. 

Kt=H,/Hi = [I-(32/3)h(H, /D){dx/(g.T2))(CD/n){ 1/3+1/(~inh(2xd/L))~)] ''* ---(I) 
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In which K, = transmitting coefficient ; Hi = incident wave height for the small partial distance dx ; Ht = 

transmitting wave height for dx ; g = gravity ; T= wave period (= l/fw) ; n = 1/2+(2zd/L)/sinh(2xdL). 

The main result obtained in the present works is as 
follows. 

1)The variations of K, to H,/ L for the case of array of 
circular cylinders are shown in figure 1 in the case of 
d/L=O.I 8. The theoretical values obtained by using 
equation 1 are also plotted in this figure. The values of 
experiments are estimated quite well by the theoretical 
value for the case of cD=1.5. The value of cD=1.5 is 
obtained by using Morison's equation to the 
measurement value of in-line forces acting on a rigid 
circular cylinder in the array of cylinders. 

2)The variations of K, to H,/ L for the case of a group 
of model plants are shown in figure 2 in the case of 
water depth d=22cm, d/L=0.2 and B/L=1.0. The 
theoretical values obtained by using equation 1 are 
also plotted in this figure. The values of experiments 
are estimated well by theoretical values of cD=l-2. 
These values of CD are also obtained by using 
Morison's equation to the measurement value of 
in-line forces acting on a vinyl tube of model plant. 
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SOLUTIONS TO WAVE TRANSMISSION AND REFLECTION BY BOTTOM 
MOUNTED WAVE-PERMEABLE STRUCTURE IN SHALLOW WATER 

Li x i '  Yan Yixin2 
ABSTRACT 
For determination of absorbing coefficient, one-dimensional wave is studied to give the analytical 
expression of absorbing term, and the analytical predictions are compared to available physical 
laboratory data in flume for wave propagation through bottom-mounted breakwaters. We consider 
the problem of wave partialifdl reflection and transmission by a wave-absorbing layer with the 
focus on the understanding of wave reduction by wave-permeable structures. We obtain accurate 
predictions of reflected and transmitted results around the wave-permeable breakwater for various 
incident-wave conditions. The results show that wave permeable breakwaters with proper absorbing 
coefficient can be used as an effective alternative to massive gravity breakwaters in reduction of 
wave transmission in shallow water. 
Key words: wave equations, wave-absorbing coefficient, and wave permeable breakwaters 

1. Introductions 
For permeable structures such as bottom-mounted breakwaters, the incident waves interact with the 
porous breakwater causing transmitted and reflected waves to propagate towards the boundaries. 
The solution of wave permeable breakwaters is expressed by introducing the damping item to the 
governing equations in accordance with energy dissipation. In numerical study the 'open boundary' 
or 'fully absorbing boundary' condition is required, which requires the transmitted and reflected 
waves small. The numerical problem can be approximated by the absorption solutions to weak 
reflected and fully absorbing of real wave permeable breakwater. Therefore in principle, the same 
theoretical solutions could be applied in numerical simulation of the wave permeable structures. 

2. Mathematical formulation of absorbing coefficient 

2.1 Governing equations 

The one-dimensional wave equation with an absorbing term read: 
Continuity equation 

n c ,  i- hU,  = 0 (1) 

Momentum equation 

U ,  +gn<, +SU = 0 (2) 

where h is the constant water depth, q is the free surface elevation, U is the average velocity, n is the 
porosity coefficient for wave permeable structures, S is the non-linear absorbing term. 

We assume time-harmonic motion of w, introducing U = nu(x)eJwl ,< = q(x)e'",  from (1) and (2) 

get the equations 

Introduce phasor constant r=a +ip, the a is called as the damping coefficient, the /3 is in accordance 
to the wave number k. 
1 Li Xi, Lecturer, Department of Ocean Engineering, Hohai University, Nanjing 210098, P.R.China., Phone: (25)3787339 
2 Yan Yi Xin, Professor, vice president, Hohai University, Nanjing 210098, P.R.China., Phone: (25)3786611 
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Figure 2 Cross-section configuration of wave-permeable breakwaters as the link bridge (Yan Y., Li 
X., etc. 2002) 

In order to show the usefulness of the model, we applied the model in the feasibility study of the Port 
of Rizhao, the east coast of China. The port consists of two series of piers with different spans 
providing berthing and operating facilities, referred to Figure 3, and linked by the wave permeable 
breakwaters. The input significant wave height and peak spectral period near the site has been 
extrapolated from the field data collections. The application result of wave climate is the following 
(Figure 3) with a partial reflection of 25%. 

Wave 

Figure 3 Numerical simulation of wave-permeable breakwaters (Li X. 2002) 

In the two-dimensional wave, we directly use the absorbing coefficients from the one-dimensional 
wave analysis. Combined diffraction-refraction and reflection-transmission effects would be 
considered. 



Numerical Computations for a Sloshing Problem 
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ABSTRACT 

A sloshing phenomenon in a liquid storage tank is numerically simulated. In nature a 
sloshing problem in a tank, i.e., a liquid storage tank or a cooling water tank in a nuclear 
power plant can cause a severe disaster during an earthquake, or an excessive motion of a 
oil tanker at sea. During excessive sloshing, the sloshing-induced impact load can cause a 
critical damage on the tank structure. Recently, this problem becomes an important issue 
in FPSO design. A three-dimensional free surface flow in a tank is formulated in the 
scope of potential flow formulation with the nonlinear free surface conditions. A finite- 
element method based on the Hamilton's principle is employed as a numerical scheme. 
The problem is treated as an initial value problem. The nonlinear computations are made 
through an iterative method at each time step. In the computations the hydrodynamic 
loading on the pillar in the tank is obtained. The computed results are compared with 
previous results obtained by others. 
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SOUTHWEST MONSOON EFFECT ON PLANKTON OCCURRENCE AND 
DISTRIBUTION IN PARTS OF BAY OF BENGAL 

Mohammad Zafar 
Institute of Marine Sciences, University of Chittagong, Bangladesh. 
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Abstract 

The present investigation was carried out for one year from March 1988 to 
February 1989 and focuses on hydro-plankton aspects in parts of Bay of Bengal. 
The hydrological factors were mainly governed by the monsoon and river systems 
flowing into the Bay. A marked seasonal fluctuation in salinity, dissolved oxygen, 
water temperature and suspended particles were observed, generally which is a 
unique feature of northeastern coastal part of the Bay of Bengal. 

The higher abundance of phytoplankton was recorded in January (3332 
celIs/l) during the low turbidity and bright sunshine period. The minimum was 
found in August (1295 cells/l) when maximum rainfall and fresh water discharge 
were recorded. Phytoplankton population was shown to have a significant 
negative correlation with suspended particles in the four stations in the studied 
area (Sl, r = -0.887, P < 0.1; SZ, r = -0.920, P < 0.001; S3, P < 0.01; S4, r = - 
0.920, P < 0.001). Maximum density of zooplankton was recorded in September 
(326146.36/100 m3), which indicates a seasonal influence on the distribution 
pattern of the different group of zooplankton. Hydromedusae, Mysids and Squi//a 
are shown as major indicator groups and they represent only <l0/o of the 
zooplankton population. The zooplankton abundance could not be significantly 
correlated with phytoplankton (r = 0.09, P < 0.05). 
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Monthly occurrence of phytoplankton 
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Fig 1. Monthly occurrence of Phytoplankton in the Kutubdia Channel. 
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Introduction Many short-period climatic variations over the circum-pacific area can be 
associated with the abnormal behavior of the Aleutian Low. The Aleutian Low plays an important 
role in generating weather patterns over the contiguous United States (Garriot, 1904; Kelein, 1965). 
The synoptic aspects of the teleconnection involve the position and strength of the westerlies as 
well as the longitude and amplitude of the quasi-stationary, a long-wave train generated 
downstream from the variable Aleutian Low. The dependence of the Aleutian Low in fall on the 
sea-water temperatures in the Northern Pacific developed during the antecedent summer is 
considered (Namias, 1976). Namias suggested that the few cases where the indicated relationship 
apparently failed could be explained in terms of external influences like the blocking of the Bering 
Sea, or the occasional existence of unusually strong SST gradients which change atmospheric 
baroclinicity and sometimes influence the Aleutian Low. It transpires that a 5OOhPa height 
fluctuation corresponding to the PNA pattern presented by Wallace and Gutzler (1 98 1) causes the 
SST anomalies represented by the first EOF. Yamada and Sekine (1997) indicated that a southward 
shift along the Japanese coast of the subarctic gyre in response to the southward shift of the 
Aleutian Low results in the negative SST anomalies, which can not be attributed to either the 
sensible / latent heat fluxes or Ekman transport. 

The water quality and physical structures in Japanese estuaries may be strongly affected by the 
ocean currents around Japan. Variations in salinity inside Ohfunato Bay (39 O 02’N, 141 44’E, 
Pacific ocean side, northeastern part of Japan) may not only be influenced by the inflow of river 
water but also by intrusions of ocean water. In fact, at a 30m depth, river inflows have been found 
to have only a minor effect on salinity compared with variations in salinity that are correlated with 
sea level and atmospheric pressure variations (Tsuruya & Hibino, 1999). Variations in sea level 
distribution around Japan are considered to correlate well with the southward intrusion of the 
Oyashio due to the eastward shift of the Aleutian Low as indicated by the relationship between sea 
level variation and bottom salinity in Ohfunato Bay (Hibino, 2002). These facts suggest that outer 
ocean currents influenced by pressure patterns may play an important role in determining the water 
quality inside a semi-enclosed bay. 

In order to understand the influence of circum-pacific pressure systems on water quality in 
Japanese estuaries, the relationships between development of the Aleutian Low and patterns of sea 
level and sea surface temperature distributions from the north to western part of the North Pacific 
were analyzed. The present study introduces useful procedures for investigating the outer sea 
conditions to analyze anomalous changes in water temperature and sea level at various ports in the 
North Pacific. 
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Conclusions 
(1) The annual change of SLH is considered to be mainly controlled by high and low pressure 

Main conclusions of the present study are summarized as follows: 

systems. SST around the Japanese coast is well o 2  

controlled with the North Pacific Sea-level Oscillation 0 15 

(NPSO) influenced by the developed patterns of the Ij o:l 
Aleutian Low (Fig.1, Fig.3). This fact indicates that 0 

2 -005 
the ocean currents around the Japanese coast are .oI  

strongly influenced by NPSO. 
(2) During the last ten years, SLH has been clearly 
rising around Japan. In comparison, SLH appears to 'OZo 

have been falling from Adak eastward (Yaktat in 6 :::: 
Fig.2). The increasing of equatorward transport of the $1005 

eastern limb of the subtropical gyre made SLH glooo 
increase around western Japan from 1988-97. The zzi 

-0 15 
-0 2 

suread of the Aleutian Low has caused SLH to 0 1 2 3 4 8 6 7 8 9  
distance from Ishigaki l O O O h  increase in the west and decrease in the eastern parts 

(3) It may be possible to use meteorological and water 
level data as historical long-term indicators of SST at 

December to May (Oyashio southward intrusion period) 
of the North Pacific from 1998 (Fig.3). Fig.1 SLH and SLP gradients along West to North 

Pacific coast (from Ishigaki to Prince Ropert) 

the entrance of estuaries. Because of I, 

the close relationship between SLP, EL' 

SLH, and SST, it is hoped that such 1 information can be used as a tool for 
assessing historical water quality in I 

Japanese estuaries, or even for M o t h  

predicting water quality in these 
systems in the future. 
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1. INTRODUCTION 

In order to understand an ecosystem of nearshore region facing to an open coast, it is important to know a primary 

productivity and a nutrient budget of it. However, a nutrient cycle in an open coast has not been understood 

enough yet, because it might be strongly affected from an offshore region but the mechanism and quantity of 

nutrient supplies from offshore region has not been revealed yet. The objective of the present study is to show the 

basic seasonal variation of nutrients in an open coast and to reveal the influence from offshore region to near 

regions, especially an effect of oceanic currents fluctuations through a long term field measurements. 

2. FIELD MEASUREMENTS AND RESULTS 

Filed study was curried out at the Kashima coast which is a typical open coast in Japan (Fig.3). Observational 

stations were aligned in the on-offshore direction to measure the cross-shelf spatial distribution of temperature, 

salinity, dissolved inorganic nutrients(NO3, NOz, NH4, PO4, Si02) and chlorophyl1.a. Field survey was performed 

by 'TOKIWA' (research vessel) once a month from February to November in 2001. Measurement results showed a 

typical seasonal variation of water properties; high nutrients and low stratification of temperatures and salinities in 

winter changed to the low nutrient and high stratification in summer. The interesting point is that the nutrients 

concentration rapidly increased in May and decreased in Jun as shown in Fig. 1. This phenomenon was considered 

to be related to the offshore oceanographic condition because there was no significant river discharge during this 

period and this high nutrient water corresponded to high salinity. Figure 2 shows the cross-shelf spatial 

distribution of temperature from April to Jun. Cold water less than 10 degrees(hatched area) moved toward 

shallow water region in May and returned to the offshore deepre area in Jun. This fact suggests that the upwelling 

of offshore deeper water occurred during this period and low temperature and high nutrient water intruded to the 

coastal region. Satellite image data(Fig.3) and the other oceanographic data(sea surface level etc.) indicated that 

the Kuroshio flowing off Kashima coast approached to the coastal region during this period. These facts suggest 

that Kuroshio approaching to the Kashima coast induced the upwelling of offshore deeper water and intrusion of 

high nutrient water to the nearshore region. In the present study, the response of Kashima coastal water in May 

2001 was compared with the other Kuroshio approaching event in August 1999(Fig.3). The results of comparison 

have shown that there are two kinds of response of Kashima coastal water to the Kuroshio approaching event. The 

response of Kashima coastal water and the upwelling mechanism by the Kuroshio approaching event have been 

investigated by the CFD model and will be shown in the final paper. 
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3. CONCLUSIONS 

The field measurement results indicated that the Kuroshio approaching to the Kashima coast induced the 

upwelling of offshore deeper water and low temperature and high nutrients water intruded to the nearshore region. 

From the comparison with the other Kuroshio approaching period, it was revealed that there are two kinds of 

response of Kashima coastal water to the Kuroshio approaching event. 
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ABSTRACT 

In recent years, Ariake and Yatsushiro sea has encountered serious environmental problems, such as 
seaweed damage by anomalously multiplied planktons. A lot of aggravating factors can be included on 
this issue: for example, the decrease of tideland area, large amounts of polluted water into sea by the 
development in the coastal and land area surrounding these seas, amounts of other polluted solid materials 
and into sea caused by severe flood or variation of the river shape, variation of tidal stream or influx of 
warm seawater by typhoon or long term variation of ocean current. However, it is still not clear in detail 
because of its complexity. In order to make causal analysis and construct guideline for recovery, it is 
indispensable to make comprehensive attempt including chemical-physical environment and biochemical 
processes. 

In this paper, at first, characteristics of environmental parameters over Ariake sea, one of the most 
important factors, was investigated by analysis past data, for example, comparison of red tide and 
inorganic nitrogen in sea water. As a result, it was found that there was high correlation among red tide, 
inorganic nitrogen and a quantity of sediment of plankton. A correlation between a quantity of seaweed 
crop and precipitation or atmospheric temperature could also be seen in this analysis. 

Secondly, characteristics of tidal current in Ariake sea, one of the most important factors, was 
investigated by numerical experiment (using a two-dimensional flow simulation). Influence of shutoff 
bank in Isahaya Bay, control of water gate in the bank, Kumamoto port, and drag by seaweed crop nets 
were included. In this numerical experiment, following results were obtained: 1) a vibration cycle became 
shorter by about 20 minutes, after the shutoff in Isahaya Bay, 2) the local circulation inside the shutoff 
bank evolved due to control of water gate, 3) after Kumamoto Port built, the drift o f a  current around the 
port changed by 20-30cm s-', and 4) the drag induced by seaweed crop nets made fairly decrease of drift 
of a current in center and inner part of Ariake sea. 
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Abstract 
Near-surface current measurements by two High-Frequency oceanic surface radars (HF radars) of the 

Frequency Modulated Interrupted Continuous Wave (FMICW) type were carried out during the period from 
December 7, 2000 to March 6, 2001 in order to investigate the characteristics of short-period fluctuations of 
surface circulations in Sagami Bay, Japan induced by the Kuroshio warm water (KWW) intrusion (Fig. 1). 

When the KWW intrudes into the bay through Ooshima west channel (OWC), cyclonic and anti-cyclonic 
circulations are generated in the central part of the bay and in the lee of Oshima Island (Fig.2), respectively 
as suggested by previous studies based on mooring and drifting buoy observations (e.g. Taira and Teramoto, 
1986; Kawabe and Yoneno, 1987; Iwata and Matsuyama, 1989). Radar-derived velocity field clearly shows 
that these two circulations fluctuate with periods of about 8-1 1 days. When the KWW strongly intrudes into 
the bay from OWC, cyclonic and anti-cyclonic circulations become large and the centers of the circulations 
move southwestward and northeastward, respectively. In addition, warm water intrudes into the mouth of 
Tokyo Bay and coastal front appears at the bay mouth. On the other hand, KWW intrusion weakens, the 
circulations become very small (Fig.3). 

Statistical analyses, including standard Empirical Orthogonal Function (EOF) analysis and AVHRR 
sea surface composite image of the Kuroshio indicate that the dominant fluctuation of the circulations are 
caused by temporal change in strength of the KWW intrusion due to small-scale (10-15km) offshore-inshore 
movement of the Kuroshio front. And this movement is due to the Ekman transport induced by a 
southwestward-northeastward wind (Fig.4). 
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Sagami Bay, Kuroshio, HF radar, EOF analysis 
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Fig. 3.  Surface current maps using EOFsl, 2 plus the mean field. (a) OO:OO, Dec. 28, 2000 and (b) 12:00, Jan. 03, 2001. 

Fig. 4. Schematic image of short-period fluctuations of surface circulations and 
smalkscale offshore-onshore movement of the Kuroshio. 
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The Hugli estuary is situated in the western part of Sunderban gangetic delta and is a classical example of a tide- 
dominated sink for contaminants coming from industrial, aquaculture wastes, domestic sewage, agricultural 
pesticides, soil erosion, marine traffic and runoff from upstream mining sites. The metropolitan city Kolkata itself 
discharges about 398 million tons per year of municipal sewage and domestic effluents to this river. The living 
resources have been degraded recently due to increase in population pressure, pollution and natural resource 
consumption to the extent of overexploitation. This paper summarizes some of baseline studies on heavy metals, 
organochlorine pesticides in sediments and water in the estuary and their impact on the biota and outlines some of 
the future plans required to undertake for better management of the river system. Physicochemical variables of water 
(temperature, salinity, dissolved oxygen, pH, turbidity, alkalinity, hardness, ammonia nitrogen, nitrate nitrogen, 
conductivity, total dissolved solids, biological oxygen demand and chemical oxygen demand) as well as sediments 
(organic carbon, pH and grain size) are also considered and correlated with the level of contaminants. 

The distribution of heavy metal concentration in surface waters and sediments fluctuates widely in both inter- 
metallic and seasonal. These variations are affected by a number of physical and chemical processes including 
vertical mixing, atmospheric fallout as well as wide variations in different environmental parameters. The 
descending order of the total concentration of metals in sediment and water is as follows: 
Fe>Zn>Mn>Cu>Cd>Cr>Pb>Hg with few exceptions while Co and Ni values are below the detection levels in 
majority of the cases. High level of Fe in the sediment is attributed to the presence of floating old rusty and stranded 
bergs. Higher concentrations in Fe and Zn show that the inflow water is enriched with these two metals confirms the 
findings of Braganca and Sanziry (1980) for the coastal regions of Bay of Bengal. The highest concentration of Fe, 
Hg and Pb is observed in the monsoon months (September-October) a period characterized by low salinity and 
relatively low pH of water. Such seasonal variation in water and sediment perhaps due to anthropogenic activities 
and land runoff during the monsoon floods. Phytoplankton activity facilitates the seasonal variations of Fe, as this 
metal is an essential one for the phytoplankton growth. Levels of dissolved metals registered a seasonal pattern, with 
an increase durin.g late monsoon months. The concentration of four important metabolites of HCHs in the Hugli 
river basin reveals a heterogenic nature of distribution. The CHCH ranges from 0.003 to 0.33 with a mean value of 
0.134 f 0.073 whereas the CDDT ranges from 0.003 to 0.119 with a mean value of 0.058 If: 0.032. A high 
concentration of P-HCH was observed sharing a major portion of HCH followed by CI - and x- HCH that were 
present in almost uniform concentration. An overall pattern of accumulation of the pesticides in sediments is in the 
order of: C HCH > endosulfan sulphate > CDDT > a-endosulfan. Regarding the HCH isomers, P-HCH was the 
highest followed by 6-HCH (0.90 to 48.4%). Conversely, the level of a- HCH was below the detection limit in all 
the samples. It is seen that the P- HCH is always higher than X-HCH confirming the characteristic feature of more 
stability and resistance to microbial degradation (Rajendran and Subramanian, 1997). The occurrence of DDT 
isomers are predominant in the following order: pp’ DDT > pp’ DDE > pp’ TDE > op’ DDE > op‘ DDT . Among the 
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DDT metabolites, pp’- DDT and pp’- DDE accounted for the greatest abundance with approximately 70 - 90% of 
the total DDT in sediments as the sum of these two forms. These distributions indicate an active degradation of DDT 
in the sediments and /or inputs of already degraded DDT to the area. 

Effects of contaminants in sediment and water are also reflected in the biota inhabiting in the area. A high degree of 
organ specificity is evident in the bivalve mollusks (Anadara granosa and Meretrix meretrix) where gill and mantle 
exhibits higher metal and organochlorine accumulation due to the ion exchange property of the mucous layer 
covering these organs (Sarkar et al., 1999). Concentration of heavy metals in different organs in the mullet Liza 
parsia reveals that the level is always low in muscle and highest in gill and liver. This is probably due to their 
physiological roles in fish metabolism. Gastropods and finfishes are differentially selective for a range of metals, 
reflecting the availability of the elements in the environment and the diet and digestive physiology of these 
organisms. The study demonstrates that the bivalve mollusk is the major macro invertebrate taxon which can 
efficiently accumulate biologically available contaminants and can be successfully used in pollution monitoring 
program (Sarkar et al., 1994). 

It is observed that the Hugli river system transports significant amount of pollutants to the coastal waters of Bay of 
Bengal. The deterioration of water and sediment quality is closely related to insufficiency in environment protection 
facilities, malfunctioning of wastewater treatment facilities, poor compliance of environmental law, lack of 
environmental awareness and lack of environmental planning and coordination. To achieve targets of regional 
sustainability, implementation of realistic conservation and management strategies should be given high priority. 
There is an urgent need for creating a platform for public participation and communications on issues related to the 
common environmental interest among the coastal people. 

References : 
Bhattacharya, B. and Sarkar, S.K. 1996. Total mercury content in marine organisms of the Hooghly estuary, West 
Bengal, India. Chemosphere, Pergamon, 33 (1): 147 - 158. 
Braganca, A. and Sanziry, S. 1980. Concentrations of few trace metals in coastal and offshore regions of the Bay of 
Bengal. Indian Journal of Marine Science, 9, pp. 283-286. 
Rajendran, R.B. and Subramanian, A.N. 1997. Pesticide residues in water from Kaveri, South India. Chemistry and 

Sarkar, S.K., Bhattacharya, B. and Debnath, S. 1994. The suitability of tropical marine bivalves as biomonitors of 
heavy metals in deltaic Sunderbans, northeast India. Chemosphere, Pergamon, 29 (4): 759-770. 

Ecology, 13: 57 - 70. 



SEASONAL VARIATIONS IN TEMPERATURE, SALINITY AND DISSOLVED OXYGEN 
IN THE ENCLOSED AREA AT THE HEAD OF OSAKA BAY, JAPAN 

Masayasu Irie, Keiji Nakatsuji, Shuzo Nishida and Kusukatsu Yuasa 
Department of Civil Engineering, Graduate School of Engineering, Osaka University, 

2-1 Yamadaoka, Suita City, Osaka, 565-0871 Japan 
Ph: +8 1-6-6879-7605; Fax: +81-6879-7607 

Email: irie@civil.eng.osaka-u.ac.jp 

Abstract: 
OBJECTIVE OF THE PRESENT RESEARCH 

The coastal area, which becomes the object of this investigation, is enclosed by many artificially-built 
islands and breakwaters in the head of Osaka Bay as shown in Figs.1 and 2. Every summer algal blooms 
have been often observed at the sea surface, besides anoxic water has been formed near sea bottom and 
upwelled dependently of wind's direction and strength. Complains are voiced by the residents who live in 
high multi-floored apartments built in the reclaimed islands. Under such circumstance, there remains only 
one small area still in almost natural condition with a sand beach. The final target of this research is to 
propose the policies from the standpoints of restoring the lost sand environments and actively creating new 
environments. As the first step, the authors carried out field surveys for better understanding seasonal 
variation of water qualities. Some researchers have been reported the existence of the anoxic water at the 
head of Osaka Bay, but it is not well known that the mechanism of the anoxic water in the enclosed coastal 
areas such as a port and a water area behind the reclaimed island. In the present study, we discuss the spatial 
and temporal distributions of anoxic water and the physical and 
based on long-term field surveys. 

OUTLINE OF FIELD SURVEYS 
The field surveys were carried out in the Port of 

Amgasaki-Nishinomiya-Ashiya (ANA-Port), which is shown 
in Fig.2. The long breakwater divides coastal area into 
ANA-Port and the head of Osaka Bay. Temperature, salinity, 
chlorophyll-a, suspended solids (SS) and dissolved oxygen 
(DO) were measured for clarifying time changes of their 
vertical profiles at 15 observation points every week from May 
to November, 2002. In addition, water qualities were measured 
at 12 points and flow patterns were also measured by ADCP 
every month. 

OBSERVATION RESULTS 
(1) Anoxic water was always observed near the sea bottom in 

the whole area of the ANA-Port from June to September. 
Figure 2 shows the horizontal distribution of DO observed 
at the bottom layer on July 17. The values of DO are 
very small less than 3 mgA, which corresponds to the 
critical standard whether the living things can live or die. 
The DO value near the sea bottom became almost zero at 
midsummer. If the thickness of the anoxic water layer is 

biochemical dynamics controlling the water 

Fig.1 Location of the Port ofANA 
(See details of Fig.2) 
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Fig.2 Horizontal distribution of DO at - 
the bottom layer 
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defined as that of DO less than 3mg/l, it attained around 4 
meters and more in the central area of the ANA-Port which 
is 12 meters deep in July. (See Fig. 3) 

(2) Blue tide, characteristic phenomena observed in Tokyo Bay, 
can be observed several times in Osaka Bay, too. Blue tide 
is named since the surface water changes milky-blue. It is 
induced by upwelling phenomena of anoxic bottom water, 
which is different from red tide. The number of the 
appearance of blue tide was two during this survey period. 
It occurred in the sand beaches, which included the natural 
beach of the subject of this research. It was because the 
upwelling of anoxic water easily occurred in gently slope 
beach as compared with upright concrete breakwaters. 

(3) Figure 4 shows the vertical distributions of temperature, 
salinity, Chlorophyll-a and DO. The layer in which DO 
rapidly decreases corresponds to that of discontinuity in 
temperature and salinity. The water column consists of three 
layers. In the upper layer phytoplankton grows abundantly, 
the lower layer is in which water becomes anoxic because of 
consumption of oxygen in the sea-bottom, and the rest of 
them is the middle layer. These three layered structure 
sometime changes two layered one as shown in the 
observation point A4 in Fig. 4. It is because the great 
consumption of oxygen in the bottom layer makes the 
bottom layer thick and it stretch to the layer of discontinuity. 
The thickness of anoxic water, therefore would be placed 
limit on by the layer of discontinuity. It is ensured by that the 
correlation between the thickness and the vertical variation 
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Fig3 Vertical distributions of DO 
from out of the port to behind the 
reclaimed land 
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Fig.4 Vertical distributions of two 
observation points 

of temperature and density is very poor. The water depth of 
the layer of discontinuity would be important to restrict the 
dynamics of the anoxic water. 

- - - .  

DISCUSSION AND SUMMARY 
In the head of Osaka Bay, it has been well known that the north wind causes upwelling the water at 

the bottom layer. It makes a contribution to the disappearance of the anoxic water, and to produce the water 
upwelling in the ANA-Port. The direction of the prevailing wind in summer is southwest, and the anoxic 
water remains stably over the sea bottom. However, when the northerly wind blows induced by 
meteorological disturbance, the lower anoxic water is drifted toward the upper layer of the north shore, 
which results in blue tide appearance for supplementing the upper water transported to south. If the duration 
time of meteorological disturbances is short, namely one to three days, no vertical mixing occurs between the 
upper and lower water. When the wind blowing was strong, the anoxic water once disappeared; however it 
was observed to return to the original shape on the next observation after one week. The north wind, which is 
effective to decrease the anoxic water over the whole area of the head of the bay, does not have a significant 
improvement of the anoxic water in the port, 
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Introduction Hiroshima Bay, surrounded by Kurahashi Island, Yashiro Island and other islands, is the 
bay connected to Set0 Inland Sea. Recently there have been environmental problems of various degrees of 
severity, namely sea-level rise, eutrophication and 'red tide' occurrences, etc. The incidence of 
eutrophication due to the overload of nutrients has caused poor health of the ecosystem and economic loss 
in fishery. Therefore, the study of processes and mechanisms related to eutrophication such as aerobic and 
anaerobic decomposition of organic matter, and nutrient cycles including phosphorus and nitrogen cycles is 
important. 
By the inflow load from Ota River and Pacific Ocean, or by death and excretion of zooplankton, death of 
phytoplankton, nutrition salt, and an organic matter sediment, fluid mud layer (high turbidity layer) is 
formed near a submarine surface. The purpose of this research is to study the characteristic of fluid mud in 
Hiroshima Bay with many unknown points in submarine substance circulation. The distribution and 
influence of fluid mud on the ocean space environment must be united and considered. 
The generating mechanism of anaerobic decomposition gas Under the conditions in which sulfuric 
acid ion exists abundantly, anaerobic disassembly of an organic matter takes place by making sulfuric acid 
ion into an electronic rece tor, and hydro en sulfide is generated as the result. 

+ organic matter &furic acid reduction &llus -> S2-+ H20 + C02 
S2- + 2H+ +H2S 

The second reaction is pH de endent: when pH 2 8, the reaction equilibrium shifis towards the left-hand 
side generating more HS- or S . When pH < 8, the reaction equilibrium shifts towards the right-hand side 
generating H2S in gaseous state, which is then emitted underwater. In mud, insoluble Fe3+ exists in the form 
of iron compound (Fe (OH)3, F C ~ ( P O ~ ) ~ )  and if it is in a reduction state, it will become Fe2' and will begin 
to dissolve in water. The soluble Fez+ reacts immediately with hydrogen sulfide, and FeS is generated, 
which is responsible for the black colour in the mud. FeS exists in a precipitate form. 

!. 

Fe"1(OH)3+Fe11(OH)2+Fe2+ +20H- 
(Fe~~~'(PO4)3+Fe"(P04)2) 

Fez+ +S2-+FeS 1 
(Fe3(P04)2 +3S2-+3FeS 1 +P043-) 

so42- + organic matter Sulfuric acid reduction bacil$ s2- +H20 +co2 

However, if too much H2S is generated, the sulfide ion of H2S and HS- and S2- can be detected in both 
water and sediment, releasing a fouling smell. 
Mechanism of the phosphorus cycle Circulation of phosphorus is chemically simple. It is hydrolyzed 
quite easily, and organic phosphoric acid turns into inorganic phosphoric acid, which is again taken in by 
phytoplankton in seawater (alkalinity). 
M e c h a n i s m  of the ni t rogen  cycle Since ni t rogen exists in var ious  forms  (oxidation s ta tes) ,  
which  d o  n o t  in te rchange  easily, the ni t rogen circulation in the ocean is complicated. The 
ni t rogen circulat ion is performed by the inorganic-ized metabol ism activities of bac ter ia  and 
excretion of an animal. 

Nitration : Oxidation (NH4+ +NO2- +NO3-) 
Denitrification : Reduction (NO3- +NO2- +NO+N2, 0, N2) 
Nitrogen fixation : N2 changes into an organic nitrogen compound. 
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Decomposition by bacteria : NH4+ Nitration (DON, PON+DIN or in other words dissolved and 
precipitate organic nitrogen transform to dissolve inorganic nitrogen) 

In the above processes, nitrogen changes its valency forms according to the oxidization-reduction reactions. 
The change in valency of nitrogen is much larger compared to other elements in living process. 
The seasonal variation of the bottom mud and water quality in the central part of Kure Bay 
(2001.10-2002.9) 
The study conducted over one year period (October 2001 to September 2002) shows a variation in various 
chemical forms of nitrogen. N02-N concentration was 0.05 mgA at water above mud in October 2001 
(Fig.l(a)). This concentration decreases to near 'O 

zero in September 2002 (Fig.l(a)). The NH4-N 5 

concentration tends to increase as going deep in o 
the mud (Fig.l(b)). Moreover, the NH4-N 3 -5 

concentration was 3.6 mg/l near fluid mud layer 
in September (Fig.l(b)). PO4-P present at 
concentration of more than 0.1 mg/l at fluid mud 
layer and near the mud upper layer in July, 
September, and October (Fig. I(c)). August, since 
a perpendicular change was not seen and bottom 
mud has given impact greatly to the water 
quality above mud for nutrition salt, remarkable 
perpendicular mixture can be considered through 0 

water above mud and bottom mud (Fig.l(b),(c)). 3 -5 

pH value also shows seasonal variation of 8.1 at 
water above mud and 7.9 at mud gap water in n . 1 5  

May and October (Fig. l(d)). In July, August, and 
-20 September, pH is 8 at water above mud and 7.7 

at mud gap water, which is smaller than that in -25 

May and October (Fig. 1 (d)). 
Chlorophyll-a shows a large concentration, 2 - 4 
,u g/g at fluid mud layer in August, September, 

-5 
and October, although change is seldom - 
observed in the perpendicular direction in May Q-10 

and July (Fig.l(e)). Pheophytin is present at g-,5 
concentration of 80 - 110 y g / g  at fluid mud 
layer in August, September, and October -20 

Oxidation-reduction potential (OW) shows an 
oxidization state tendency in July, and shows a 
reduction state tendency in October (Fig.l(g)). 
Chemical oxygen demand (COD) is about 44 -5 

mg/g in August, September and October; while z ,o  
in May and July, it is about 38 mg/g (Fig. l(h)). 
Sulfide has the highest concentration near d -15 

bottom (2-10cm) of the seabed rather than in the 
-20 

fluid mud layer (Fig.1 (i)). It is thought that the 
stinking smell of mud called "sulfur smell" is -2 

emitted from these layers. 
CONCLUSION The generation process of 
fluid mud is hypothesized that firstly, detritus 
and an organic matter sink to the seabed. In -5 

bottom mud, N and SO:- are abundantly present. 3.10 
H2S occurs and mud changes black. When 'i 
oxidization reduction potential falls, NH4-N and -15 

P04-P begin to dissolve from the seabed. DO -20 

and COD of water above mud are consumed 
-25 resulting to oxygen-deficient water mass occurs o o 1 o z o 3 o 4 o 5 

in the seabed. 

-20 

-25 

(Fig.l(fl). 

2 

Fig.1 The seasonal 
variation of water quality 
profiles in the bottom 
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ENVIRONMENTAL IMPACT OF POSCO CONSTRUCTION, KOREA 

Hyoseob Kim', Byung Chul Oh2 and Hoesoo Jeong3 

Youngil Bay has a rectangular shape on the east  coast of Korea, see Figure 1. 

Hyungsan River supplies pollutants and water to the center of the bay. The  tidal range 

around the bay is as  small as  4 cm, and the circulation of the seawater in the bay is not 

sufficient to keep the seawater clean since 1975. Waves are relatively strong at the 

entrance of the bay but weak along the coastline inside the bay. The area is relatively 

shallow ; water depth is under 80 m throughout the bay. The extent of contamination is 

especially higher at some areas in the bay than at  other area because of supply of 

organic materials from the industrial area nearby. The COD at some areas  in the bay 

reaches over 5 mg/L, which is considered to be a very serious situation. The river 

discharge from Hyungsan River is about 20 t/s on average, and reaches up to about 

3600 t/s at  extreme flood cases. Possible treatments of the contamination in the bay are 

under study. Flushing out the bay with the river flood discharge by adding groins around 

the river mouth is a countermeasure. Artificial circulation with pumping will be another 

countermeasure. An existing depth-average 2-dimensional horizontal, finite-difference 

numerical model system, KU-2DHFC was used for the simulation of flow and dispersion 

of the two cases. Exchange rate with the outer sea was improved for each development 

scheme. 
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1. Introduction 

In 1980's, red tide began to occur in Ariake Bay. 
In recent years, occurrence frequency and scale of 
the red tide is increasing (Takagi et al., 2002). Once 
red tide occurs, oxygen depleted water is produced 
near the seabed through aerobic decomposition of 
excess organic matters settled from the upper layer. 
Anoxic environment causes mortality of benthic or- 
ganisms which have the function of purifying the 
water, resulting in the negative spiral of the water 
environment. 

However, continuous and long-term observa- 
tion of water quality has not been done in Ariake 
Bay. Available information on factors controlling the 
temporal variations of phytoplankton and oxygen 
depleted water is limited. 

The present study aims (1) to describe temporal 
variations in chlorophyll-a and dissolved oxygen on 
the sea bed based on the continuous measurement of 
water quality in Ariake Bay, (2) to describe inorganic 
nutrients during blooms and non-blooms based on 
frequent observations, and (3) to discuss a possible 
relationship of formation and duration of anoxic water 
with local weather. 

2. Method of field observation 
Field observation was performed at an offshore 

location with water depth of 17m in the center of the 

inner part of Ariake Bay [Fig. 1) from July 2001. 
The observation properties are chlorophyll-a, water 
temperature, salinity, turbidity, and dissolved oxy- 

Chikugogawa River 

0 20 40 60 80 lo( 
Depth (m) 

Fig. 1: Map of Ariake Bay, Japan, showing the 
location of the measurement in the bay. 

gen (DO). These were measured and recorded every 
10 minutes at four elevations by built-in memory. 

Seawater was sampled weekly in the surface and 
bottom and its nutrients and phytopladdon contents 
were analyzed. (Isobe and Koibuchi, 2002). 

3. Results and discussion 
Water was warming steadily from July through 

late August (Fig. 2). The thermal stratification de- 
veloped in the surface water. This stratification dis- 
appeared soon by mixing after the continuous north 
wind on August 20. 
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Fig. 2: Time series of temperature. 

30, 
h 

x 4 20-  4 

3. 

N 

E 
h 10-  - 

113 1 / 1 3  1 /23  812 8/12 8 /22  911 

Fig. 3: Time series of daily solar radiation. Mea- 
surement of solar radiation was made at Saga 
(Japan Meteorological Agency). 

1 

Fig. 4: Time series of chlorophyll-a at the surface. 
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Fig. 5: Time series of dissolved oxygen at the 
bottom 

Chlorophyll-a increased to twice during this pe- 
riod. The first bloom began on July 7 (Fig. 4). Dur- 
ing this bloom, chlorophyll-a increased steadily for 
3 days, and began to decrease on July 10. The sec- 
ond bloom began on July 18. Then chlorophyll-a 
concentration fluctuated sharply, and reached a maxi- 
mum on July 2 1. The blooms during the periods of 
July 8 to 11 and July 18 to 23 were supported by 
calm weather and high solar radiation (Fig. 3). Strati- 
fication in the upper 10-m column (Fig. 2) in these 
periods seemed to accelerate the bloom. 

DissoIved oxygen (DO) decreased to half (from 
July 9 to 13, and from July 20 to 24), in which the 
concentrations higher than 6 mg/l decreased to that 
lower than 3 mgA. These periods corresponded closely 
to increase of chlorophyll-a. Therefore, low DO con- 
centrations were caused by the large amount of oxy- 
gen consumption after the blooming in the surface 

layer. Dissolved oxygen was lowest in the center of 
Isahaya Bay. 

Then, the factor to restrict growth of phytoplank- 
ton after July 23 under sufficient solar radiation is 
discussed. From the change of nitrogen and phos- 
phorus concentrations in the period, dissolved inor- 
ganic nitrogen in the surface layer remarkably de- 
creased after July 20. This period agreed closely with 
period of the maximum chlorophyll-a. Therefore, it 
is concluded that dissolved inorganic nitrogen was 
exhausted by the temporal phytoplankton blooming 
(on July 20 to 23) and this exhaustion inhibit the 
growth of phytoplankton after July 23. 

4. Conclusion 
Solar radiation and nutrient concentration are 

very important factors for red tide occurrence and 
anoxic environment in Ariake Bay. The change of 
nutrient supply and transportation by human activ- 
ity may bring about a serious effect on the water 
quality in the bay. 
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DEVELOPMENT OF SEAWATER EXCHANGE SYSTEM 
USING THERMAL ENERGY AND METAL HYDRIDE ACTUATOR 

Mitsuhiro Sakikawai,Youichi Atsumi’,Atsushi Kubouchi’,Kazuhiro Matsumura4, 
Tsutomu Endo’,Shizuo Yoshida6 

Puruose of studv: 
Development and use of new energy sources such as renewable energy and recycled energy have become much more 
common in recent years due to concerns about the global environment and depletion of traditional energy sources 
Hydrogen is a clean energy source that can replace fossil fuels, which arc some of the causes of global warming Metal 
hydride (MH) has been studied as a method for storage of hydrogen Application of the energy storage capabilities of MH 
in various fields is eagerly awaited The MH actuator is being developed as a method for directly obtaining a mechanical 
force using hydrogen pressure generated by a temperature difference applied to a MH 
At the same time, seawater exchange is being considered as a measure against detenoration of water quality and freezing, 
which are becoming problems in harbors and fishing ports Because commercial power sources will generally be used to 
drive the pumps for these proposed systems, the running costs are expected to be quite high It is therefore desirable to 
develop a seawater exchange system with low running cost to put these systems into practical use 
We have devised a seawater-pumping device using a MH actuator (Fig 1) This device incurs almost no running cost 
because it pumps seawater by raising and lowering a plunger 
powered by a MH actuator. The actuator is powered using the 
temperature difference between sources in nature The high- 
temperature heat source could be subterranean heat or a hot spring, 
and the low-temperature heat source, seawater or subterranean water 
In this study, a seawater-pumping device was produced 
experimentally using a MH actuator Its performance and 
characteristics were observed in a laboratory test, and the feasibility 
of its practical application was examined. 

Fig 1 Structure of seawater pumping device 

Contents of studv: 
A seawater-pumping device using a MH actuator was constructed experimentally and a laboratory test for its practical 
application was conducted in a tank. The device consists of a MH container charged with LmNi-type metal hydride, a gas 
cylinder connected to the container, and a seawater transport pump driven by a chain attached to the cylinder. The MH 
container was alternately exposed to high-temperature water and low-temperature water, simulating the use of water from a 
hot spring and ambient sea water. This caused the MH to release and absorb, respectively, hydrogen gas, which pressurized 
and depressurized the cylinder, cycling the pump through the chain. In the experiment, the hydrogen pressure in the MH 
container, the temperature of the MH container (water temperature in the hot water supply system), the plunger position of 
the seawater transport pump, the level and volume of pumped water and other values were measured continuously during 
operation of the device 

Maior conclusions: 
(1) Figure 2 shows the relationship between the pressure difference 

A p  and the volume pumped by the MH actuator. The result 

revealed that the pumping volume increased almost 
proportionally with increase in pressure difference and decrease 
in pump head ho. 

(2) The motion of water transported in the pump can be expressed 

by Eq. (1) if the clearance between the plunger and pis ton shaft 
can be ignored. In the equation, M: mass of the plunger; m: 
mass of the chain; 4 :  inner diameter of the plunger; 4 :  inner 
diameter of the cylinder; p : density of water; y: position 

coordinate of the water surface in the pump; h ’: distance from 
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the plunger to the water surface at bottom of stroke; f: force due 
to mechanical friction in the system; and F: drag force due to 
the pressure difference across the plunger (= ky'). The frictional 
force f was set to be 65 N from the result of a preliminary 
experiment, and 850 kgis was used fork to correspond with the 
maximum value of y obtained in the experiment. Figure 3 
shows the changes of water surface in the piston shaft over time 
under the conditions of h '  = 46 cm and = 30 cm. The 
measured values and the values calculated by Eq. (1) agreed 
well with each other. Because similar results were obtained for 
other h '  values, changes of water surface in the piston shaft 
over time could be predicted for any given h ' value. 

(3) In the condition without pump head b, the movement of water 
transported in the pump can be expressed by Eq. (2). L is the 
total length of the piston shaft. Figure 4 shows the relationship 
between the measured values of changes of water surface in the 
piston shaft over time and the value calculated by Eq. (2) under 
the condition of h '= 106 cm without pump head. Under this 
condition, the plunger rises to the upper limit at once under the 
same power input from the MH actuator as that in Figure 3; the 
seawater transport volume increases dramatically. 

(4) Supposing that the current system can be operated continuously 
under a condition without pump head and the time required for 
one cycle is 10 seconds, the daily seawater transport volume of 
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Fig. 4 Changes in plunger level in piston shaft over time 

this device would be 1,287.4 m'/day. It was found that exchange of the entire water mass of a port with a capacity of 
50,000 m3 is possible in approximately 39 days even if the current test device is used as it is, and that the feasibility of 
its practical application is high. 

(1) ir'gy+Apn-- f - F  "".' d 2  d: 
4 4 
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1. Introduction 
A hydraulic model test is one of the important tools for design of hydraulic facilities. However, 

floods are often assumed as the condition of hydraulic model tests, because a lot of hydraulic 
model tests aim at the verification of hydraulic feature of the facilities. Therefore, the example 
that evaluated the reproducibility of result of the hydraulic model test after construction is few. 

On the other hand, an introduction of seawater through drainage gates aiming at investigation of 

relation between deterioration of water quality in Ariake Sea and the Isahaya sea area reclamation 
project was carried out in 2002. The forecasting of flow velocity distribution o f  influent was 
important because some facility might be broken with the bottom mud that lifted up by the 

seawater introduction. 
In this paper, we clarified the flow velocity distribution at the seawater introduction by the 

hydraulic model test. Moreover, we verified the reproducibility of the hydraulic model test 
compared with the result of field observation. 

2. Outline of the hydraulic model test 

The outline of hydraulic model used on this test is shown in Figure 1. The hydraulic model test 
used the non-distortion model of scale 1/50 which extracted the surrounding of the north drainage 

gate. The gate openings were assumed to be two kinds (0.6m and 0.9m) due to the verification 
result of  the forced vibration at the gate by the influent (Figure 2). 
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The water level in the reservoir is managed within the range from -1.0m to -1.2m. Moreover, 

water level in the outside of the reservoir changes by tide. The relation between tide level and 

reservoir water level was decided with the results of  numerical simulations. 

3. Feature of reduction of flow velocity 

Figure 3 shows the relation between the distance from the gate and a dimensionless flow 
velocity that is averaged at each section. In any case of 0.6 and 0.9m in gate opening, it is 

understood that flow velocity decrease in proportion to the -1/31d power of  the distance from the 
gate. As a result, it is able to say that the tendency of the reduction of flow velocity through the 
north drainage gate was similar to that of maximum flow velocity of  two-dimensional laminar jet 
flow. 
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Figure 3 Relation between distance and velocity 

4. Comparison between hydraulic model test and field observation 
The reproducibility of the hydraulic model test was verified by comparing the results of the 

hydraulic model test with the field observation results that observed by mooring buoy. There is an 
influence such as the winds in the field observation results, and some differences in the condition 
of the bottom shape exist between the prototype and the model. However, it is thought that an 

appropriate comparison can have been done about flow velocity by using observation results on 
the day of steady current direction. As a result of these comparisons, it is thought that we can 
forecast the actual flow velocity by the result of  the hydraulic model test, though the bottom shape 
influences current direction. 
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In considering environmental management of the coastal sea, it is important to 
understand the influence of various materials discharged from a river. Although the 
sea and the river basin often are studied separately, it is  necessary to regard both 
areas as a single unit and to clarify the cycle of water, sediment, nutrients, etc. over a 
wide area. 

Our research targeted the Ishikari River basin and coastal sea area in Hokkaido, 
Japan, (Fig. 1). We made long-term observations throughout the year, to clarify 
characteristics of substances supplied from the river, their behavior in the coastal sea, 
and water quality changes. From the results, we considered the influence of 
discharged materials on the coastal sea environment. 

For the river water, changes in year-round concentrations of suspended solid 
(SS) ,  nitrogen, and phosphorus were measured and analyzed. Data were gathered 
from 86 surveys, which included the third-largest summer flood in history 
(approximately 7000 m3/s). Most of the nitrogen substances were found to be 
dissoluble, and the nitrogen concentration was high at the early stage of snowmelt 
season. The 
concentration of SS was shown to be proportional to 1.5th power of discharge, and 

Most of the phosphorus substances were found to be particulates. 
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that of particulate total phosphorus (PTP) was shown to be proportional to discharge 
(Fig.2). Approximately 80% of water quality components discharged in a year flow 
out of the river during snowmelt season and summer flood. 

The concentration of nutrients in the sea within 10 km from the estuary 
increased during snowmelt flood and summer flood, and was followed by an increase 
in the concentration of chl-a (Fig.3). The proliferation of phytoplankton is 
attributed to the great volumes of flood-supplied nutrients. The upwelling of deep, 
nutrient-rich seawater is thought to greatly contribute to the increase in the chl-a 
concentration between January and March. 

During snowmelt season and summer flood, areas of decreased salt 
concentrations in the coastal sea roughly coincided with areas of increased chl-a 
concentrations (Fig.4). On-site flow observation showed that during flood, the 
Coriolis force induces river water to flow northward, mainly along the coastline. 
After the river water gradually mixes with seawater, the mixed water flows back 
southwestward due to the effects of drift and compensation currents. This mixed 
water, which has been resident in the Ishikari Bay for a relatively long time and 
includes nutrient salts from the river, is considered to have caused propagation of 
phytoplankton. 
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Extended Abstract 
Nutrients have always existed in natural water, but not at the present excessive concentrations. Excess 

amounts of phosphorus and nitrogen cause rapid growth of phytoplankton, creating dense population, or blooms. 
These blooms can lead into many environmental problems such as sunlight penetration reducing, and oxygen 
depletion. Therefore, for water quality management, including in the area of coastal waters, quantitative 
evaluation of nutrient condition is required. 

Many researchers investigated the transport process of nutrient in water, but most of them were dealing 
with freshwater body, mostly lake (Asaeda and Van Bon, 1997; Bonnet and Wessen, 2001). Several study were 
also carried out to study the coastal eutrophication, but almost all directed to bay, lagoon, or semi-closed bay 
(Arhonditsis, et.al, 2000). Coastal area, which is located facing the open sea, is usually functioned for many 
purposes such as marine culture site, fishing ground, etc. Yet, the study about nutrient distribution in this area is 
still scarce. 

The Abukuma River discharges its water into the Pacific Ocean at Iwanuma, Miyagi Perfecture. There 
are several researches conducted in Abukuma River, 
investigating its water quality. Black mud was found in the 
coastal sediment near Abukuma River Mouth (Sato, et. al, 
1998). Excessive nutrient can be the cause of the depletion 
of dissolved oxygen concentration and anaerobic condition 
in this area, which lead into the black mud formation. 
During flood, suspended load is closely related with the 
concentrations of nitrogen and phosphorus over a wide 

Wclnc Ocean 

Fig 1. SampIing stations in 
Abukuma River Mouth. 

area of the river course (Nagabayashi, et. al, 2000). 
Therefore, further study to understand the nutrient 
distribution in coastal waters, considering the river flood 
effect, is important. 

Field measurements were conducted in coastal 
waters of Abukuma river mouth on November 2, 2001, 
representing the usual condition, and on July 20, 2002, 
representing after flood condition, which caused by 
typhoon on July 6. Fig. 1 describes the sampling points 
location. Station No. 1 is located around 1 km from the 
river mouth, and the farthest stations (No. 6, 7, and 8) are 
located about 5 km from shoreline. Station no. 5 is located 
in the middle between station no. 1 and 6. Water samples 
were taken from 3 different depths every station, representing surfac 
is located near to the port gate. 

Abukuma River discharge extremely increased during 
flood caused by typhoon (Fig. 2). Average discharge was about 
100m3/s, and flood peak discharge reached about 5500m3/s 
occurred on July 11,2002. Small flood was also occurred before 
sampling. The discharge reached approximately 1 OOOm3/s on 
July 16 and 17. Discharge occurred in usual condition was about 
the average, 1 OOm3/s. 

Fig. 3 shows the concentration of suspended solid (SS) 
in surface, middle, and bottom layers. SS concentrations after 
flood condition were still remarkably high compare to those in 
usual condition, although the measurement was conducted about 

, middle, and bottom layer. Station No. 2 

Fig 2. Abukuma River discharge 
(m3/s) on July 8-20,2002. 

9 days after the typhoon. The highest value was measured in bottom layer, reaching almost 0.5gr/L, indicating 
settlement process of particulate into the coastal bed. 
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for surface (a), middle (b), and bottom (c) layers. 

As shown in Fig. 4, nitrogen did not always have higher concentration after the flood. It appeared that nutrient 
had been washed away from the river mouth. Surface layer had the highest concentration compared to middle 
and bottom layer. Nitrification process was likely to be carried out in surface layer. High concentration of 
nitrogen in bottom layer was probably caused by decomposition process of detritus. 
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Fig. 4. Total nitrogen measured in usual and after flood conditions, 

for surface (a), middle (b), and bottom (c) layers. 

Similar to nitrogen, concentration of phosphorus also appeared higher in offshore location (Fig. 5) .  
Compare to those in usual condition, several stations near the coast had lower phosphorus concentration after 
the flood. River waters contains high concentration of phosphorus in first stage of the flood but then decreased 
gradually. Comparison between layer shows that phosphorus is easily attached to uarticles and sunk into the 
bottom layer ofcoastal waters. 
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Fig. 5. Total phosphorus measured in usual and after flood conditions, 

for surface (a), middle (b), and bottom (c) layers. 

Unlike usual condition, which has nutrient distribution decreasing seaward, distribution of nitrogen 
after flood did not apparently has any relation with river mouth distance. The influence of river discharge 
fluctuation seems dominantly affected the distribution of SS, and nutrients. 
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A PREDICTION SYSTEM OF COASTAL CIRCULATION AND 
SUSPENDED SEDIMENT TRANSPORT ON GUI 

Tae Sung Jung', See Whan Kang2, Tae Sik Kim3 and Sung Gon Kim4 

Over the past decade dredging has been increased to deepen navigation channel in port and 
harbor of Korea. Fine sediment resuspended by the dredging activity is transported into coastal waters 
in the form of plume. The transport results in increases in SS (suspended sediment concentration) 
above background levels and sedimentation on the seabed. To assess the environmental impact we 
have to know the behavior of the plume exactly. Numerical models have been developed to understand 
and predict the behavior of suspended materials in coastal waters. 

To estimate the dispersion of the suspended fine sediments occurred by dredging, a SS prediction 
system for Kunsan coastal waters has been developed The real-time prediction system on GUI 
(Graphic User Interface), KUSSMOS (Kunsan SS Modeling System), uses a finite element model for 
calculating depth-integrated tidal currents and a random-walk particle tracking model for calculating 
SS concentration distribution. The system was applied to forecast the tidal currents and SS 
concentration in coastal water of Korea. The predicted tidal currents by the tide model showed good 
agreements with the observed currents. The transport model was verified for the analytic solutions 
showing good agreements. Improvement of the model accuracy will be continued through the 
comparison with field data. 

The system consists of pre-processing, modeling of tidal currents and SS dispersion, and post- 
processing. Model parameters such as date, SS source, and settling velocity are entered into the model 
on Window. The tide model can predict the tide and tidal currents only by inputting the wanted date. 
he simulated currents can be displayed on PC screen like Figure 1. Water depth is displayed by using 
color-filled contours. The computed velocities are shown as vectors meaning the speed and direction. 
The system has many functions such as zooming, static and dynamic visualization, information bar 
showing water depth, velocity, and SS concentration of the point selected by mouse, and so on. The 
distribution of sediment particle and the SS concentration are displayed on Window like Figure 2. The 
system has been developed with C++ language and OpenGL graphic library. 

This system will be used to predict the tidal currents and SS concentration. By using the system 
we can get the information of environmental impacts quickly and conveniently. The system will help 
in preventing the water quality problem generated by dredging. 
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Figure 1. Example of plotting of velocity vectors 

Figure 2. Example of plotting particle distribution and SS concentration 
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Objective 
When an  artificial beach is designed, its safety 

and landscape are  recognized a s  the important factors 
from the viewpoint of citizen use. Then, the beach 
becomes semi-enclosed in some cases, and the 
seawater exchange rate is low. The micro-topography 
such as  tide-pool, crack and notch in natural  beach 
dose not appear. I t  is expected that  the water quality 
is bad and the appearing lives are poor. The purpose of 
this study is to discussed substance cycle especially of 
nutrients in an artificial beach by using observed data 
and a numerical model. 

Observation Fig.1 Osaka bay 
Near Akashi-Kaikyo-Ohashi suspension bridge 

(Fig.11, an artificial pebble and rock beach was 
constructed 5 years ago. The beach is located west of Kobe, facing the Akashi strait  in the 
Set0 Inland Sea. Then in every season an  observation has  been conducted, in which the 
water quality and species of appearing algae and animal were observed. The plan view of 
the artificial beach is shown in Fig.2. The area is about 6ha, and the length is about 400m. 
A caisson breakwater having two entrances protects the front line. The beach consists of 
two parts, a deep basin (2.0m 
depth) and a shallow pool (0.5m 
depth). The bed in the deep 
basin is covered with flat stones 
of about 2m diameter, while the 
bed in the shallow pool is 
covered with pebble of about 
2cm diameter. In the shallow 
pool many large rocks are 
distributed randomly. The 
observation of water quality has 
been done a t  two points in the 

! .., L.-. .. .., 

Seto Inland Se> caisson breakwater 

Fig.2 Plan view of artificial pebble and rock beach 
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shallow pool and  one point in the  deep 
basin. 

Analysis 
At first, the da ta  of the  water 

quality was analyzed. The result shows 
tha t  the  total phosphorus (TP) 
concentration at the  shallow pool 
increases in  summer. The increase is due 
to the  concentration of organic 
phosphorus (OP) (Fig.3). An additional 
observation of chlorophyll-a was done. 
The result suggests t he  phytoplankton 
activities. I n  spring, when the  total 
phosphorus concentration is low, the  
short life seaweed such as Ectocarpus 
siliculosus appears in the shallow pool. 
In  order to explain this phenomenon, a n  
ecosystem model was  developed. I t  is 
necessary to explain the  competition 
between the phytoplankton and  the  short 
life seaweed. For the  water a rea ,  the  
model of Nakada (1993) was applied, and  
for the sediment area,  the  model of 
Nishimura (1998) was  applied. 

1 ool 
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Fig.3 The change of the  phosphorus in  
shallow pool for t he  first 3 years 

Result 
Fig.3 also calculated result of the  ecosystem model. The calculated result  roughly 

produces the  increase of the  total and  organic phosphorus in  summer. From the  calculated 
results, the following things a re  found. The increase of t he  organic phosphorus 
concentration in  summer is due to the  multiplied phytoplankton. The seaweed is multiplied 
at beginning of spring, and the phytoplankton is multiplied in summer. This tendency 
makes a difference between the  substance cycles in  two seasons. I n  summer, the  
phytoplankton occupied 26% of the  organic phosphorus concentration. While in  winter, the  
phytoplankton occupied only 12% of the  organic phosphorus concentration. I n  summer, the  
factors related to the  phytoplankton (for example, the  zooplankton) a re  active. I n  winter, 
the  factors related to the  seaweed (for example, detri tus in sediment area) a r e  active. 
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MIXING PROCESSES OF DEEP-SEA WATER DISCHARGED INTO STEADY 
TIDAL CURRENT AND THEIR SEASONAL VARIATION 

Masanobu Hasebe*, Takumi Ohyamat 

1. Purpose 

AS the utilization of deep-sea water is extended, the volume of discharged wastewater may become greater 

than before. Under such circumstance, it is more important to precisely evaluate the environmental impact by 

the discharged wastewater. In the case of submerged outfall diffusers, complicated interactions between the 

discharged water jet and ambient tidal flow takes place, which may influence not only the near-field mixing 

processes but also the diffusion away from the outfall. In addition, the diffusion pattern may significantly vary 

with the seasonal fluctuations of temperature and salinity in coastal area. Using a three-dimensional 

hydrodynamic model, the present paper discusses the effects of ambient flow and seasonal variation of coastal 

environment on the mixing and diffusion processes of discharged deep-sea water. 

2. Numerical Model and Condition of Case Studies 

The numerical model adopted here is a fully three-dimensional one and is constituted by the continuity and 

momentum equations, the heat, salinity and dye transportation equations and the k-E turbulent equations. 

Hydrostatic approximation is not applied so as to reproduce complex three-dimensional mixing phenomena in 

the vicinity of the outfall. A finite volume method and SIMPLE scheme for steady state are utilized for 

numerical formulations. First-order upwind scheme is employed in the discretization of the convection terms. 

Figure. 1 shows the configuration of coastal area considered in the computation. A submerged drainpipe with 

a diameter of 2.2 m is fixed on a constant slope of 1/25 at 20 m deep and is directed to the offshore with an 

angle elevation at 10 degree. We assumed that the discharged deep-sea water is warmed up at 25 degrees C. 

after utilizing as cooling water of power plant facilities, and 

that the amount of discharged water is one million ton per day, 

corresponding to the discharge velocity of 3.0 m/s. In addition, 
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we assumed that wastewater contains dye so as to give dilution TL-l!q$ 73 

- m m 

factor as C&, here CO: initial concentration of dye, C: - 
concentration of dye. Initial distributions of the temperature : z Ln 

and salinity are based on field observations, in which the 
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ambient water is stratified in summer but not in winter. 

Steady tidal current of 0.5 m/s is considered in both seasons. 

3. Numerical Results and Discussions 

Fig. 1 Coastal area considered in computations 

The computed vertical trajectories of wastewater plumes in winter and summer are indicated in Fig. 2. The 

dots represent the point at which dilution factor was minimum in each y-z sectional plane. In the case of winter, 

the water plume rises to the water surface because its temperature is higher than the ambient water. In contrast, 

the plume is trapped at a certain submerged level of neutral buoyancy in the case of summer where the ambient 
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water is stratified 

Figure 3 shows the velocity fields in the y-z section at 50m downstream locations (x = 50 m). The gray area 

indicated in the figures represents the wastewater plume where the dilution factor is fewer than 50. It has 

already been reported that a pair of vortices is originated around a jet in cross-flow and persists far downstream 

(e.g., Kelso et al., JFM., Vol. 306, pp. 111-144, 1996). As shown in Fig. 3, such vortices clearly appear in our 

numerical results of both cases, but their relative positions are different between summer and winter. In the 

winter case where the plume rises to the surface, the two vortices 10 

are arranged horizontally at some distance away from the outfall - o 

(Fig. 3b), whereas their relative position is kept to be almost ............ 
vertical in summer (Fig. 3a). In the former case, furthermore, the 

two vortices move apart from each other, which causes plume 500 1000 1500 
x Iml 

Fig. 2 Vertical trajectories of plumes branching. This phenomenon is indicated in Fig. 4, in which the 

horizontal trajectories of the plumes are plotted. In the winter case, 
0 2 d S  - 

a) Summer 
x=50m I the plume is divided at around 50 m downstream, and the major 

plume is carried toward the shore side. 

The formation of the vortices also influences the dilution of 

wastewater. Figure 5 shows the dilution factor along the 
-20 

-30 

I trajectories. At 1500m downstream, the dilution factor attains to b) x=50m Winter , 
90 in summer but only 50 in winter. As shown in Fig. 3, the 

ambient water flows horizontally into the plume between the 

vortices in summer. Such smooth entrainment leads to higher - 
50 -30t ' ' " " " " 

dilution compared to the case of winter, where the seabed disturbs Y 

the entrainment of the ambient water. 
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Fig. 4 Horizontal trajectories of the plumes 
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Fig. 3 Velocity fields on y-z section at 50 m 

downstream 
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Fig. 5 Dilution factor along the trajectories 

4. Conclusions 

A three-dimensional hydrodynamic analysis was conducted to investigate the influence of background flow 

on the mixing and diffusion processes of discharged deep-sea water. Two different seasonal conditions were 

considered for the coastal environment. Both for cases of summer and winter, a pair of vortices originally 

organized at the outfail affects not only near-field mixing but also the far-field behavior of the plume. In the 

summer case where the coastal water is stratified, the ambient water is smoothly entrained between the 

vertically arranged vortices. For the winter case, in constant, the vortices are horizontally stretched at 

downstream, which results in the plume branching and the lower dilution of wastewater. 
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PURPOSE OF THE STUDY 
Tidal flat is dynamic systems, responding to periodic tidal inundation and climate change. Thermal 
and hydraulic structures in a tidal flat are controlled by alternating inundation and evaporation. 
Tidal flat provides an essential refuge and habitat for a great diversity of plants and animal species, 
and it is essential to manage the tidal flats to ensure the survival of this critical link in the 
ecosystem. It is, therefore, necessary to understand thoroughly the physical and biological 
processes in the ecosystem. In particular, temperature, subsurface flow and salinity processes 
influence plants and animal life, and they are an important factor determining the background 
state of health and sustainability of the ecosystem. 

In this study, first, we estimate experimentally the bulk transfer coefficients for sensible heat 
and evaporation over a tidal flat surface, which are the most important parameter for determining 
thermal characteristics in case of using the bulk aerodynamic transfer formulas. A numerical model 
of temperature, subsurface flow and salinity response in a tidal flat is examined, and finally, 
thermal and hydraulic structures are discussed through the numerical calculations. 

OBSERVATIONS AND NUMERICAL MODEL 
Field observations were conducted in Shiokawa tidal flat 
located in Mikawa Bay, as indicated in Fig. 1. We observed 
thermal characteristics and weather conditions on 26 July 
and 4 October, 2002. Air velocity, air temperature, relative 
humidity and the tidal flat surface and subsurface 
temperature (at depths of 0, 0.2, 5, 10, 20, 30cm) were 
measured. In particular, the gradients of air velocity, air 

Fig. 1 The location of field observation temperature and specific humidity were measured at 2 
levels, 3m and 0.26m or 3m and 0.5m above the tidal flat surface, and the tidal flat surface 
temperatures were measured at the same time. Sea water temperature and velocity were also 
measured while the tidal flat was inundated by spring tide. The sampling interval of temperature 
was 10 minutes, the others were 20 minutes. 

Monin-Obukhov’s similarity theory is adopted to estimate the bulk transfer coeficients of 
momentum, sensible heat and water vapor. The coefficients vary depending on the atmospheric 
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stability. The data in very stable and unstable conditions were excluded, and the coefficients in near 
neutral conditions were estimated. 

The tidal flat equations, the field equations for flow, salinity transport and heat transport in 
the tidal flat flow domain for both unsaturated and saturated regions are used to evaluate 
numerically the thermal and hydraulic process. The dependent variables are pressure head, 
temperature and salinity concentration. The tidal flat equations are nonlinear and solved 
numerically in one dimension, allowing fluid density to vary with salinity, pressure and temperature. 
This model calculates the surface heat flux and the water thermal structure. The surface temperature 
of the tidal flat is given by the balance of the heat transfers. When tidal flat surface is exposed, 
sensible heat transfer and latent heat transfer are calculated using the bulk aerodynamic transfer 
formulas with the bulk transfer coefficients. 

RESULTS AND DISSCUSSIONS 
Fig. 2 shows the observed bulk transfer coefficients CH.1, CE.1 versus wind velocity for a reference 
height of 1 m. The average values of CH.I = 1 . 7 ~  are obtained from this 
figure. From the figure, it may be seen that both coefficients CH.1, C , J  increase with increasing wind 
speed for Ul<3.4 m s-', and these are nearly constant for Up3.4 m s-'. 

Fig. 3 shows temporal variations of temperature distribution calculated using the bulk 
transfer coefficients while the tidal flat surface is exposed. The tidal flat surface temperature is 
given water bottom temperature while the tidal flat is inundated. The computed temperature is 
lower near the surface and this fluctuation is smaller as compared with the observed distribution. 
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Fig. 3. Temperature distribution in tidal flat, (left) observed, (right) calculated 



Numerical Prediction of Physical Environmental Change 
After Construction Of Offshore Airport Planned in Tokyo Bay 

Jun SASAKI’, Takayuki HAGIWARA2 and Masahiko ISOBE’ 

Introduction 
In response to a recent increase in plane’s passengers in Tokyo metropolitan district, extension of Haneda 

Airport and furthermore construction of a new offshore airport in Tokyo Bay, the third airport in the capital sphere, 
is planned to solve future shortage of slots for planes. On the other hand, there is growing concern in conservation 
of environment in the bay. Recent increase in the knowledge of the importance of shallows and tidal flats for the 
conservation of water quality and marine ecosystems, reclamation of these areas has started to be avoided 
considering its impacts on the bay environments. Development in the offshore areas in the bay, however, has not 
necessarily become a social environmental issue because its environmental impacts are still unclear. 

In the present study, we investigated the impacts of construction of a new offshore airport on physical 
environments in the bay. Nowadays, the concept of nowcasting is proposed, and as a result, a number of numerical 
models for nowcast/forecast system have been developed, which reproduce a continuous monitoring dataset in the 
field (e.g. Sasaki et al., 1999). Nonetheless, a general method friendly to the public has not been established yet, 
which can describe the essence of environmental impacts. Accordingly, we proposed a methodology to describe 
change in physical environment. 

Methodology 
Physical environment in bays is characterized by tidal, density, and wind induced flows, which have multiple 

spatial and temporal scales. Thus, prediction should be made considering not only seasonal changes but also the 
effects of short-term events due to meteorological disturbance. We, therefore, developed a prediction technique that 
includes the effect of short-term events as well as seasonal variation. 

Prediction results of physical environment are often represented by velocity vector maps for residual current. It 
is, however, not easy to represent the effect of short-term events or to interpret them for even researchers and 
engineers. As a remedy for the problem, we proposed a sedimentation index applying the Euler-Lagrange method, 
tracking of the movement of particles (e.g. Yanagi, 1999). The most important phenomenon considered after the 
construction of an offshore airport would be appearance of stagnant regions and its resultant pollution of sediment 
and hypoxia due to accumulation of organic material. The organic material is produced in the upper layer in the bay 
due to photosynthesis of phytoplankton and land loads discharging through the rivers. We introduced particles with 
the sinkiig velocity of the order of I d s  that represents the particulate organic material. The particles were given in 
the surface water uniformly in space and time. The sedimentation index S, is defined as a sum of the particles 
deposited on the bottom at each horizontal grid, normalized by the total number of input at each horizontal grid. 
Furthermore, difference in the sedimentation index between the present and the future runs is defined as follows, 

ss, = Sdf”,, - 
Preliminary considerations were made to confrm the generality of the present method, such as the variation of 

Sd among years due to difference in meteorological and oceanographic conditions. Fig. 1 shows the Sedimentation 

index Sd in the year of 1994, and 6Sd between the year of 1994 and 1996. The magnitude of overall difference in 

them was within the value of 10 of the Sedimentation index, and thus, as, larger than the value of 10 could be 

considered to be the resultant change in physical environment caused by construction of an airport. 

Results and Conclusions 
Firstly, we considered the effect of the extension of the Tokyo International Airport (Haneda Airport). Fig. 

2 shows spatial distribution of SS, for the case. It is found that particles were accumulated more around the 

southwestward side and less around the northeastward side of the extension than before. This is mainly caused by 
the interruption of the residual current having directed from southwest toward northeast around the extension. The 
effect is straightforward and easy to understand. In addition, it is possible to compare the effect of each alternative 
quantitatively by applying the present method. 

‘Associate Professor, Yokohama National University, Fax: +8 1-45-348-4565, E-mail: sasaki@cvg.ynu.ac.jp 
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Secondly, we applied the method to several cases of the construction of offshore airports planned in Tokyo Bay. 
Change in total water exchange rate through the mouth of the bay was predicted to be around a few percents for 
each case. Significant influence was addressed in the change in variation of accumulation areas of the particles. For 

instance, Fig. 3 shows spatial variation of SS, after the construction of a large off-Kawasaki-Yokohama airport. 

The result shows that accumulation is accelerated around the southwestward of the airport as well as the area 
between the extension of Haneda airport and the off-Kawasaki-Yokohama airport. Furthermore, the annual mean 
residual current field in the bay is divided into two ring currents; one is in the inner part of the bay and the other is in 
the central part blocked by the airport. Inside each ring current, accumulation is slightly accelerated and the 
marginal area of each current, decelerated. Thus, construction of an offshore airport would influence not only a local 
environment around the airport but also a bay scale environment through a significant change in residual current 
field. 
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EVALUATION OF THE IMPACTS OF HARBOUR ENGINEERING IN ANIBARE BAY, 
REPUBLIC OF NAURU 

RusseM J Maharaj, SOPAC Secretariat, PMB, GPO, Suva, Fiji Islands, €-Mat/ rossr@,sopec om 4 , Fax (679) 3370 040, Te/ 
(679) 3381 377 

Abstract: This paper presents the results of a coastal engineering, and environmental evaluation, of design parameters, for a 
fishing boat harbour facility at Anibare Bay, Republic of Nauru. The Government of the Republic of Nauru (RON) requested the 
South Pacific Applied Geoscience Commission (SOPAC) Secretariat, Fiji Islands, to evaluated the development, and comment 
on the impacts on the harbour facility on sedimentation and erosion of the adjacent coastline, and also, advise on maintenance 
of the constructed facility at the development site. An in-country site visit was made and a follow-up visit was done, so as to gain 
further information and insight on response of the beach-coastal system to the engineered facility. It also provides additional 
and new time-series observation data . 

This project is executed on behalf of the Nauru Fisheries and Marine Resources Authority (NFMA), Government of the Republic 
of Nauru (RON). Following the visit, and after briefing of officials of Nauru Fisheries and Marine Resources Authority, SOPAC 
Secretariat indicated that it would provide appropriate guidelines, for shoreline management in the form of technical reports, 
which will contain recommendations for appropriate shorefront development, in particular guidelines for preparing EA and EIA 
for the coastal development. Key engineering and environmental issues will also be discussed and highlighted in the text as well 
as guidelines for preparation of a full EIA. This project was funded and executed under SOPAC Task NR 99.045. 

Anibare District is located in the Eastern part of Nauru. The development site is located in Anibare Channel, on the southern half 
of the Anibare Bay. The developed coastline is just about 700 m North of the Mennen Hotel facility. RON received bi-lateral 
funding from the Government of Japan (GOJ). for the development of a port and harbour facility at Anibare Bay. The 
development site chosen is a former cut and excavated channel in Anibare Bay, which was also used for fishing activities on the 
East coast of the Island. The purpose of this harbour facility is to provide RON with additional docking, launch and berthing 
facilities to support their offshore tuna fishing fleet. 

Coastal infrastructure and development, like this one, on a small island state, like RON, can impact adversely on coastal 
processes. In addition, deleterious impacts can also result along the natural and built shorelines at the site, and in the vicinity of 
the development. Consequently, it is important to monitor development activities and their impacts, both positive and negative, 
on the coast. In this way, negative and deleterious impacts of the development can be captured immediately and remedied, 
where possible, in a timely and appropriate fashion. Further, information gained from such monitoring can be useful for future 
coastal development and engineering design of similar and related facilities on the island. Since it is the intention of RON to 
develop another harbour facility on the western side of the island, information gained from this monitoring study can be crucial to 
optimum planning and design of that new facility The present study was set-up for this very purpose, with the objective of 
advising RON with timely and appropriate advice on the impacts of the harbour facility and strategies for addressing these 
impacts. Since RON is a small island, with limited land area, the loss of any land or coastal property represents a significant one. 
In addition, developing economies, like RON, can be seriously affected by damage to or loss of civil infrastructure and 
residential facilities from "silent" natural hazards, like coastal erosion. Therefore, addressing these types of coastal development 
problems is of paramount importance to Nauru's coastal communities and for the livelihood and well-being of residents and the 
nation as a whole. In the context of sustainable natural resource management, coastal development and it's impacts on coastal 
erosion is also an important process that need to be addressed, if future generations are to derive benefits from coastal 
resources, like beaches and reefs. 

The harbour development plans were consulted, for assessment of dimensions and quantities of the various components of the 
Anibare Harbour facility (Tetra, 1999). Environmental (including geological and geotechnical) information and data were 
collected during site visits to the eroding coast. This included wave and littoral information, beach sediment characteristics, 
erosion characteristics, and documentation of damage to any critical facilities and infrastructure. Beach sediments were 
described according to American Society for Testing Material guidelines, which are in accordance with the Unified Soil 
Engineering Classification System. Rock classification and descriptions are based on ASTM guidelines and conforms to the 
international criteria set out by the International Society for Rock Mechanics and the Engineering Group of the Geological 
Society of London guidelines. Beach profiles were measure with a Sokkia Automatic level, using a Sokkia survey staff, a 
Brunton compass and a hand-held, Garmin Global Positioning System (GPS). Erosion scarps were measured with these 
surveying instruments, Steel lamp poles along the main coastal road were used as benchmarks for surveying beach profiles. 
Beach profiles elevations were corrected to the Nauru's Chart Datum, by precise levelling loops, using the Sokkia Automatic 
Level, from surveyed benchmarks at the development site. Several benchmarks, which were established for construction of the 
harbour, were used in this assessment. Wind speeds and direction was measured with a digital, hand-held anemometer. 

Positions in the field were determined with a Garmin hand-held GPS. Information on waves was also obtained from Tetra (1998) 
and vertical. colour, 1992 stereopairs/aerial photographs. The dolomite limestone rock strength was measured in-situ, with an 
ELE Schmidt L-Type Hammer, while concrete strength was measured with an ELE Concrete Testing Hammer. Rip- 
raplarmourstone description and revetment evaluation are based on current international design criteria. Design analysis has 
been produced after Numerical Analysis with International Institute for Hydraulic Engineering, Delft University of Technology 
(IHE-Delft), Coastal and River Engineering Support System (CRESS) and the U. S. Army Corps of Engineers, Automatic 
Coastal Engineering System (ACES). Computations of rip-rap dimensions, armourstone stability and wave run-up are based on 
numerical equations of van de Meer and are modifications and improvements of the typical Hudson formula. Computations are 
therefore for random wave attack, more typical in the natural environments. 

In summary, the coast is part of an emergent, Holocene reef-carbonate system, with the beach being comprised entirely of 
carbonate sediments developed on phosphate-rich, cavernous, dolomite limestone bedrock. The coastline is partly rocky with 
classic karst limestone pinnacles found throughout the bay. The reef is a coral dominated system and is narrow and well-flushed, 
with many closely-spaced reef channels, The coastline at Anibare Bay is an active and dynamic one. The relatively coarse 
admixture of abraded sand and gravel and highly abraded karts pinnacles testify to this. The beach at the development site is 
moderately steep and has experienced erosion in the recent past and show sign of recent and current erosion, with fresh 
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erosion scarps, The harbour development appears to have increased this erosion at the localized level, at the adjacent, 
undeveloped coastal segments. The topographic elevation of the coastal land areas are relatively low with respect to CDL and 
MSL and under EHWST or during windy and low pressure systems, when large (3 m +) waves approach shore, from the East, 
the beach, coastal road and adjacent areas can be easily overtopped. The relatively narrow and almost flat backreef and reef 
flat, together with the numerous closely-spaced reef channels make it almost impossible to dissipitate significant wave energy 
and prevent overtopping during these conditions. In addition, the almost featureless backreef cannot trap sediments entrained in 
longshore currents and therefore, sediments removed from the local areas can be completely lost from the coastal system in 
Anibare Bay. 

The harbour development acts as a large groin, which breaks the continuity and smoothness of the concave Anibare Bay. As a 
result it interrupts Southerly longshore currents and will cause erosion of downdrift areas (to the South). By its very nature, the 
harbour also acts as a headland, protruding into the bay. As a result of this "headland-like" morphology, wave diffract around it, 
and cause much agitation and disturbance of beach sediments immediately North and South of the harbour. Therefore, the 
facility can cause erosion on both the North and South aspects of the harbour. With respect to the concrete breakwaters built to 
protect the harbour and mooring basin, these structures are already overtopped by 3 m high spring tide waves. While the design 
and construction firm (Tetra, 1999) indicated that a 50-year. of 5.34 m design wave was used to design the harbour, the fact that 
a 3 m high offshore wave, after undergoing decay over the reef crest, can overtop the main breakwater, raises some concern as 
to what acceptable risks were allowedlselected for this facility. 

To that end, numerical analysis was performed for the facility. Numerical computations were done for only the design (5.34 m) 
and average wave heights (3 m) chosen for the harbour facility and under EHWST conditions, as these represent extreme and 
common wave height respectively. The reef crest was modeled as a dynamically stable, submerged breakwater, situated below 
MSL and 1.5 m below CDL. In addition it has a relatively straight offshore slope of 25"-40" and the backreef is unusually flat and 
smooth for a reef environment, with a constant seaward grade of less than 1" (see Section 3.10). Wave transformation was 
done using numerical equations proposed for a dynamically stable submerged breakwater. 

For a 5.34 m. I-in-50-year wave height proposed by Tetra (2000), wave period of 10 sec, a reef crest of about 12 m wide, a 
forereef slope of 1: 1.2. in fore reef water depth of about 10 m (seaward of the reef crest), under EHWST (freeboard level of - 
4.14 m; with the reef crest at -1.5 m below CDL) and under Easterly (the modal) wave approach, the transformed wave 
computed was 3.7 m. This wave transformation corresponds to 30 % decay in wave height across the reef crest. Interestingly 
enough, this is consistent with a wave that will run-up and overtop the coastal road under EHWST, and also that, which has 
been observed by residents, at the site, for more than a decade. For such a wave height, the size and density of boulders 
required to maintain stable structural conditions under the design/ and transformed wave, in the backreef, and on parts of the 
facility (e.g. on the groin and spending beach rip-rap), may be larger or more dense than those specified. For the local dolomite 
limestone used at the harbour site, which is dense, but porous, and with an estimated unit weight of 2650 kglm3, and under a 
3.7 m transformed wave, during EHWST, the nominal stone diameter required would be about 1 m. This is about 3-5 times the 
diameter specified by Tetra (2000). Tetra's (2000) diameter is 500-1000 kglpc or about 18-35 % of that computed by the author 
(assuming a rock density of 2650 kglmJ). If a 3.7 m high transformed wave impacts on the vertical seaward face of the main 
breakwater, under an EHWST, overtopping of the structure will be about 0.457 m3/sec. At mean water level (1.57 m above CDL) 
overtopping will be 0.13 m'lsec. 

In addition, the navigational channel will not cause significant wave decay, as would the adjacent intact reef crest. This is 
because it was dredged to -2.5 m below CDL (1 m deeper than the level of the existing reef crest), with a 30 m wide funnel-like 
entrance that narrows to 20 m. The freeboard height above EHWST level is therefore -5.14 m, estimated from Tetra (2000) 
designs, while these award channel slope is 1: 16. If a 5.34 m high wave break over the navigational access channel, the 
transformed wave will be about 4 m high or about 0.6 m higher than the transformed wave over the intact reef crest (3.4 m). This 
will then run-up on the spending beach rip-rap, and enter the mooring area, causing choppy conditions to develop within the 
harbour. Despite the fact that there is a spending beach of rip-rap, some reflection and refraction will occur on the landward side 
of the access channel. 

It is therefore important and necessary to cater for routine and regular maintenance of the spending beach rip-rap so as to 
ensure that any rip-rap dislodgement, erosion or damage is repaired. Some numerical analysis was also performed for average 
wave climate for the same reef architecture and harbour design. For an average offshore non-broken wave height of 3 m (within 
a I-year return interval computed by Tetra, 2000), with a 6 sec period, the transformed wave on EHWST, over the same reef 
morphology will be much smaller, at 2.4 m or 20 % decay. For such a transformed wave, the required rip-rap for the groin, under 
EHWST, should be at least 0.65 m diameter or 741 kg (assuming a rock density of 2650 kglm'). The rip-rap required for stability 
at the spending beach should be 0.3 m or 60 kg, also assuming a rock density of 2650 kglm". Overtopping of the main 
breakwater by a 2.4 m transformed wave will be about 0.07 m'lsec, smaller, but nevertheless, noticeable. 

Management of built shorelines, like those in Anibare Bay, is a dynamic process based on assessments and re-assessments 
and therefore, cannot be pursued by targeting specific activities, continuously, through time. Shoreline management strategies 
must be developed to reflect the current and future/forecasted needs. Forecast should also be for the short-term, medium-term 
and long-term, and therefore, strategies must be developed which reflect these changing needs through time. 

KEYWORDS: Anibare District, Republic of Nauru, port and harbour engineering, coastal development, coastal protection, 
erosion assessment, coastal monitoring. 



ENVIRONMENTAL CONDITIONS AND STRATEGIES FOR SUSTAINABLE 
MANAGEMENT OF CHILIKA LAKE, INDIA 

Pravakar Mishra'*, Pratap Kumar Mohant? and Takashige Sugimoto' 

1. Ocean Research Institute, University of Tokyo, Tokyo, Japan, 
2. Department of Marine Sciences, Berhampur University, Orissa, India 
* Corresponding author: pravakarmishra@)vahoo.com, 

Abstract: 

Chilka lake (19"28'-19"54'N; 85"05'-85"38' E) along the eastern seaboard of India 
is one of the largest brackish water bodies in tropical Asia supports more than 150,000 
people's livelihood. Its geomorphic, physiographic, hydrographic and faunistic features 
conform to the characteristics attributed to a 'typical' lagoon. Since 1981, the 
Government of India has declared it as a Ramsar site and this year the lake received the 
"Ramsar Award" for successful restoration program monitored by different federal 
agencies. 

The lake is formed by accumulation of coastal sediments in the beaches of the 
barrier berm spit over a period of time. The water-spread area of the lake varies between 
1165 to 906 km2 during the monsoon and summer seasons, respectively. Until late 2000, 
a narrow intricate channel of 35km long and 150m wide was connected to the main body 
to the Bay of Bengal. The tidal fluctuation inside the lagoon is small (around 0.2m). 
Though tides of about 0.9 -2.4 m occur along this coast, it is not strong enough to 
override the long channel and initiate an active circulation inside the lake. Huge amount 
of coastal sediment moves along this coast during the monsoon season (April to 
September) results in blockage of the channel mouth or if carried through the channel, 
leads to siltation. All these factors lead to spatial stratification of the lake. The lake is 
broadly classified into four/five major ecological sectors on the basis of its hydrographic 
distribution. Starting from early seventies, the lake had undergone rapid transformation 
such as shrinkage of total lake area, high siltation, eutrophication, biological 
sedimentation resulted from enormous weed growth and depletion of fishery resources. 
All these problems attributed to closer of its opening to the Bay of Bengal by natural 
processes, poor circulation pattern inside the lake and huge influx of fresh water from 
tributaries of a major river system. As a part of the restoration program and to enhance 
the lake fishery conditions, several developmental programs are undertaken in the last 
couple of years and are in pipeline. A new mouth was cut across along the outer channel 
to the Bay of Bengal on the 23rd of September 2000 in order to improve the water quality 
and circulation pattern and overall fishery condition of the lake. 

Events in the lake are some of the best examples of interaction between natural 
processes, human impacts & interventions, and socioeconomic conditions of coastal 
population and government policies. In the two succeeding years of the initiation of the 
restoration projects, the authorities claim that the fishery of the lake has rebound 
unexpectedly and it is a complete success that the lake has been restored to its original 
condition. However, unfortunately, it is observed that the entire lake has been changed 
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from brackish to a more saline condition initiating sudden disruption in the ecosystem 
and prompting damages to its pristine ecology and provides a classic example of the 
effect due to human alternations and interference in the ecosystem. Some of the ongoing 
ecological problems have created controversial debates among environmentalists, 
administrators and fisherman communities to stop the developmental work in the lagoon. 
It is also observed that the lake is over-exploited in the last two years in the name of 
restoration of fishery of the lake and wrong policies adopted to boost the economy of the 
area without proper planning is the principal reason in deterioration of lake's environment. 
This paper highlights some of the major changes in the environmental conditions of the 
lake in the last two decades based on our long-term field survey and Indian Remote 
Sensing (IRS) satellite data. A comprehensive assessment of the integrative physical, 
chemical and biological factors crucial to the functioning of the lake's ecosystem is 
reviewed and discussed. Some of the fundamental questions related to the pollution and 
fisheries of the lake are examined. At last, we suggest that involvement of local 
communities and development of community based hatcheries or fishing zones are highly 
essential for a sustainable management of fisheries of the lake. 
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1. INTRODUCTION 
In the analysis of the shoreline changes on a coast, 

where continuous longshore sand transport is interrupted 
by structures and the downcoast is eroded, comparison of 
the shoreline changes based on the aerial photographs is 
often used and useful results have been obtained on several 
coasts. However, the analysis of the shoreline change does 
not necessarily lead to sufficient understanding of the 
events occurring on the coasts and rather direct comparison 
of aerial photographs is useful. The disappearance of the 
natural coastal sand dune and sandy beach in Japan has 
been caused not only by the recession of the shoreline due 
to decrease of longshore sand supply, but also by the excess 
advance of the coastal forest as a part of the land use 
change behind the coastline. This study aims at investigat- 
ing this issue by using the method of direct comparison of 
aerial photographs taking the Node coast as the example. 
Finally it is concluded that in order to prevent further dev- 
astation of the coastal environment, overall comprehensive 
management in the widespread coastal zone including the 
coastal forest is needed. 

2. CHARACTERISTICS OF NODE COAST 
The Node coast is located at the northeast part of the 

Kujyukuri coast as shown in Fig. 1. East of this coast there 
is a sea cliff named Byobugaura extending over around 
lOkm length and of the height of 30m through 50m. This 
sea cliff has been retreated about 0.75dyr and sand sup- 
plied from this cliff fed the Kujyukuri coastal plain of 
60km length and lOkm width. On the Node coast, south- 
westward longshore sand transport dominates, carrying 
sand supplied from the sea cliff to the central Kujyukuri 
coast through the Iioka coast located on the down drift side 
of the Iioka fishing port located at the west end of this cliff. 

In order to investigate the overall changes of the 
Kujyukuri coast, including the Node coast, the shoreline 
changes were investigated through the comparison of aerial 
photographs. On the Node coast the shoreline had retreated 
around 40m since 1970, and the shoreline recession was 
severe in the past, but in recent years the shoreline seems to 
approach the stable condition, showing there are no envi- 
ronmental and shore protection issues. In reality, however, 
severe changes in coastal environment continue at present, 
which can not be understood only from the shoreline 
changes. 

Although the longshore sand transport is flowing from 
northeast to southwest as a whole in this area, wave dissi- 
pating breakwaters had been built along the foot of the sea 
cliff to prevent erosion during several decades at 
Byobugaura. As a result, around 90% of all the entire 
stretch of the sea cliff has been protected against wave ero- 
sion in recent years. At Iioka fishing port, the breakwaters 

Figure 1. Location of Node coast in Kujyukuri coastal 
plain and Byobugaura cliffy coast. 

Figure 2. Aerial photographs of Node coast 

of the fishing port have been built during 38years since 
1964. In the age without the breakwaters of Iioka fishing 
port, which continued during around 6,000 years since the 
Jomon transgression of the sea, sand has been transported 
through the present location of Iioka fishing port toward 
the central part of the Kujyukuri coast, forming the coastal 
plain. However, in order to enhance the safety and effi- 
ciency of the fishery, long breakwaters were extended and 
as a result the movement of sand supplied from the sea cliff 
toward Kujyukuri coast became difficult. Sand supply from 
the sea cliff was originally decreased by the protection 
works along the sea cliff, and in addition to this, longshore 
sand movement was blocked by the long breakwaters. This 
is the cause of the beach erosion on the northern Kujyukuri 
coast. 
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Figure 3. Temporal change in cross-shore distance from 
the reference point to the edge of coastal forest and 
shoreline position at the Node coast. 

3. DIRECT COMPARISON OF AERIAL PHOTO- 
GRAPHS 

Long-term shoreline changes of the Node coast 
between 1947 and 2000 were analyzed through the direct 
comparison of aerial photographs. Figure 2(a) shows the 
coastal condition in 1947. In the central part of the picture 
flows the Shinkawa River. The river stream largely mean- 
dered near the river mouth and it opened to south. In 1947 
there were wide natural sand dunes of around 300m width 
around the river mouth. Until 2000, seawall was built along 
the overall shoreline as shown in Fig. 2(b) and natural 
sandy beach disappeared. Headlands were built as a mea- 
sure against beach erosion. Although a sandy beach of tri- 
angular shape was formed at the comer of the headland, 
sufficiently wide sandy beach was not formed because of 
the decrease in total sand amount of the beach in this area. 

4. CAUSES OF NARROWING OF FORESHORE 
WIDTH 

On the Node coast, a wide sandy beach including the 
sand dune area extended in 1947, but it changed to the arti- 
ficial coast protected by seawall and concrete armor units 
installed along the shoreline during a period of around 50 
years. Figure 3 shows the time change in the cross-shore 
distance from the reference point to the shoreline, seaward 
edge of the coastal forest and seawall along the survey line 
A-A' set at 300m southwest of the Shinkawa River mouth 
as shown in Fig. 2(b). At this location, the foreshore width 
was around 300m in 1947, but around two thirds of the 
foreshore disappeared until 1963 due to the development of 
coastal forest. Simultaneously the shoreline recession had 
started since this time and it retreated 26m until 1970. The 
shoreline recession continued thereafter and shoreline 
recession from 1947 to 2000 reached 45m. However, 
shoreline recession contributes only 15% of all the narrow- 
ing of the foreshore width. Furthermore, it should be noted 
that earth dike to protect coastal forest against wind blown 
sand was built in front of the coastal forest despite the wid- 
ening of coastal forest until 1963 in contrast to the shore- 
line recession. However, the shoreline retreated further 
because of decrease in longshore sand supply caused as a 
large-scale imbalance of sediment supply in this area and 
sandy beach totally disappeared in front of the seawall. As 
a result, the intensity of wave overtopping increased and 
materials filled under the seawall was washed away by 
local scouring. As a measure against wave overtopping, 
concrete armor units were installed continuously in front of 
the seawall. It is clearly understood that artificial coastline 

a) Natural condition 
vegetations 

b) Seaward advance of the coastal forest 

c) Construction of earth dike 

d) Construction of seawall 

erosion in front of seawall 
e) Construction of concrete armor units 

wave dissipating 
breakwater 

Figure 4. Change process from natural sand dunes 
to artificial coast. 

has been created as a dilemma by the excess advance of 
coastal forest as well as the construction of the protection 
facilities of the coastal forest on land and beach erosion 
due to the exhaustion of sand supply from the upcoast. Fig- 
ure 4 summarizes these processes. 

5. CONCLUDING REMARKS 
Despite that beach erosion and shoreline recession have 

been caused as a structural problem, fimdamental measures 
have not been taken, and instead coastal forest and related 
facilities have rather advanced seaward, increasing disaster 
potential of these facilities against waves. In Japan coastal 
forest and related facilities are controlled under the forest 
law, whereas the coastal zone is controlled under the sea- 
coast law. Under this seacoast law, the coastal protection 
area is basically determined in a range between a location 
of 50m landward of the shoreline position in high tide level 
and a location of 50m seaward of the shoreline position in 
low tide level in March, and shore protection works can be 
done only in this narrow band without cooperation with 
coastal protection. The obstruction in solving beach ero- 
sion problem as mentioned above is not in the simple bar- 
rier of the scientific research, but in the adjustment method 
of social trade-off issues, which were caused from various 
senses of values. Based on 'forest law', their action to pro- 
tect the coastal forest is merely their proper duty to be car- 
ried out. A solution acceptable for many people must be 
found not only under these complicated restraint condi- 
tions. Overall comprehensive plan regarding protection and 
preservation of coastal environment must be considered in 
the widespread coastal zone including the coastal forest in 
order to improve extremely armored coast. 
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Abstract 
With the development of industries in the Yangtze estuary, more and more projects, such as port 

and waterway construction, land reclamation in deeper waters as well as coastal protection works, 
have been conducting in the estuary. More detailed knowledge of the tide hydrodynamics and 
sediment transport mechanism in the water is needed for construction and management of the projects 
because of difficulties in modeling the characteristics of fine cohesive sediment movement and the 
complicated flows driven by river discharge, tide, storm surge and wind induced wave. 

One of the key projects under construction is the deep water navigation channel project in the 
North Channel, which is part of the integrated regulation plan of the Yangtze estuary for improvement 
of the effective water depth of the North Channel, the main navigation channel, from the 7.Sm up to 
12.Sm by the engineering and dredging approaches. In response to the changes in flow and sediment 
transport during the construction of the hydraulic structures, i.e. parallel dikes and spur dikes, the 
channels of the estuary tend to adjust in order to establish the dynamic equilibrium of their regime. 
The imposed changes in the flow and sediment transport will eventually results in morphological 
changes to the estuary, particularly to the North Channel, i.e. in its water depth alignment. The 
behavior of time-dependent variation of bottom is therefore crucial in understanding the effects of the 
parallel dikes and spur dikes on the morphological processes in the Yangtze estuary and to propose an 
optimized option for the design of the spur dikes. 

The main purpose of this paper is aimed at investigating the changes of bottom in the North 
Channel induced by the parallel dikes and spur dikes of the deep water navigation channel project 
using the mathematical modeling technique, the seasonal morphological variation due to the 
discharge of fresh water and sediment is ignored. The hydrodynamics module of DELFT3D is used to 
compute the tidal flows to serve as a basement for the development of a fine cohesive sediment 
transport module, in which a three dimensional shallow water equations are solved in orthogonal 
curvilinear coordinates using the finite difference method. The mathematical formulation and 
implementation of the model are provided. Results of the model calibration and validation based on 
the measured data from the field study are reported in the paper. 

Figure 1 shows the computational domain for the simulation of sediment transport. Comparisons 

between the predicted bed form and the measured data at some cross sections along the deep water 
navigation channel project in the North Channel are provided in Figure 2. 
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Introduction 
Yatsu tidal flat is located in the inner zone of Tokyo 

Bay, Japan, and is extremely unique because of its 
environmental condition that is enclosed with 
concrete revetment with the reclaim of its 

circumference. Once, the Yatsu tidal flat was a part 
of vast tidal flat where developed in the front of the 

coastline in Tokyo Bay. However, it has been 
reclaimed for the circumference reclamation from 
the year 1971, and the circumference has been 

changed into the closed tidal flat (the total area is 
40.1 ha) as shown in Photo I ,  surrounded by 

concrete shore protection. This tidal flat is similar to 
an artificial tideland lake in regard to shape. Yatsu 
tidal flat where was registered under Ramsar 

Convention at June 1993 is very precious tidal flat 
as a left behind to the urban area, although it has 
passed 20 years or more since reclaiming and 
became independent from sea. As the main factors 
that constitute and influence to tidal flat, topography, 

sediment, water quality, living things and externally 

action are considered. Transformations of the 
ecosystem structure composed of environmental 
factors in Yatsu tidal flat are investigated in this 
paper. 
Transformation of Water Quality 
As shown in Fig.1, it is recognized that the inflow load 
fbm its basin area to Yatsu tidal flat is decreased 16.8% for 

these 12 years h o r n  1983 to 1995. The reason of the 
decreasing is that the amount of drainage inflow from the 
household was decreased with improvement of public 

sewerage system of a basin area Furthermore, 
improvement of public sewerage is not only reduction 

of inflow loads, but also brought about the result of 
reduction of the amount of fresh water supply. Chloride ion 
concentration in Yatsu-Funadamari located in the most 
inner place of Yatsu tidal flat is continuously increased as 
shown in Fig.2. This phenomenon namely means the 
water quality in Yatsu tidal flat is changing from brackish 

water to seawater. 
Transition of Ecosystem Structure 
Resent years, it is observed that the UZvu spp. in this tidal 

a) 1967 (foreshore tidal flat) b) 1998 (artificial tideland lake) 

Photo. 1 Aerial Photograph of Yatsu Tidal Flat 
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flat grew irregularly. The main species of Ulvu spp. was 
identified as U. pertma and U. juponicu. 
The growth area has increased year by year. The area was 
not observed in 1984, which is the start year of the 

observation. However, it is observed on 6.8 ha in 1995, 

on 13 ha in 1999, and over 20 ha in 2000. In 2001 
summer, Ulvu spp. was occupied near 2/3 surface area of 

this tidal flat. Uvu spp. is classified as one species of large 
green algae that like sand or sandy-mud sediment 
condition rather than mud sediment condition. And then, 
it is thought that the irregular growth of UZvu spp. is 
brought about by existence of sufficient nutrient salts and 
progress of seawater and sandy-mud sediment in this tidal 
flat. It is therefore, able to consider that the reason for the 
irregular growth of UZvu spp. is due to the increasing of 
(sandmud) ratio and the quantity of (seawaterhrackish 
water) ratio. Sediment condition of the area where UZva 
spp. is much grown (OW, -200--250mV) is presenting 
the black reduction state compared with the sediment of 
the area where U7vu spp. is not observed (OW : -50- 

-100mV). So, in such reduction area, there cannot be 
observed any macrobenthos that is supporting a tidal flat 
ecosystem as main predator. It is considered that Ulva spp. 
decayed and made anaerobic sediment state after its 
irregular growth. In comparison with 1984 and 1995, the 
total species number of macrobenthos has increased &om 
13 to 39, however, the total individual number has clearly 
decreased, and no living point was also observed. That is, 
it is suggested that biological production mechanism has 
been changing fiom “large quantity of small species” 
condition to “small quantity of large species” condition, 
namely, change to brittle bio- production state. 
Mechanisms of Historical Transition for Yatsu 

Tidal Flat 
At Yatsu tidal flat, the idow loads has decreased as 
improvement of public sewerage system that is 
started since 1990. As the result, water quality has 
changed from brackish water to seawater and 
sediment condition has also changed from mud to 
sand, and it is caused the irregular p w t h  of ulva spp., 
which is the indicator of eutrophicated state. That is, as 
shown in Fig.3, at the first step of transition, a tidal flat just 
like tideland lake is formed artificially with reclamation and 
development of its circumference, and the water quality 
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Fig.3 Transformation of ecosystem structure 
on Yatsu tidal flat 

became brackish water and sediment condition became 

muddy, in gradually. As results, the ecosystem that has 
high-bieproduction potential was formed. However, in 
resent years, supply of fksh water and organic mater h m  
land area has decreased with improvement of public 
sewerage system, so the transition fiom brackish water and 
mud sediment condition to seawater and sand sediment 
condition have progressed, and bieproduction potential 
has reduced. Moreover, tide action becomes more 
innuence, such as flow out of sand h m  Yatsu tidal flat. 
From these outcomes, it was made clear that Yatsu tidal flat 
has been changing to the foreshore tidal flat again with 
remaining the topographical characteristics as 

tideland lake. 



Quantification of oxygen cycling in seagrass beds 

Noriko IYODA', Jun SASAKI' and Masahiko ISOBE3 

Introduction 
Seagrasses are unique marine flowering plants, which grow in shallow, subtidal or intertidal unconsolidated 

sediments. Seagrass beds have been recognized as a valuable resource critical to the health and function of coastal 
waters. They have a function of purification of polluted waters through nutrient uptake, supplying foods for aquatic 
animals and providing shelters to fries, which provide the basis for a highly productive ecosystem (Fonseca et al., 
1998). During the past a few decades, however, tremendous losses of this habitat have occurred as a result of 
development withim the coastal zone. The Environmental Agency (2000) reported that about 4% of seagrass and 
seaweed beds in Japan disappeared between 1978 and 1991. Those losses have been recognized as one of the 
causes of the degradation of coastal marine ecosystems, such as decrease in coastal habitats and biodiversity, and 
increase in nuisance algal blooms due to the lack of water purification function. 

Nowadays, preservation, restoration and mitigation of seagrass beds has become a matter of concern under the 
amended law of coast and developers of major projects have been obligated to assess their environmental impacts 
under the law of environmental impact assessment, which have been enforced from 1999. For these purposes, it is 
of great necessity to quantify and evaluate the functions of seagrass beds. So far, a large number of indoor 
experiments and field observations have been conducted. Kawasaki et al. (1986) estimated the material cycling in 
seagrass based on an indoor experiment. Hibino et al. (1998) performed monitoring of water quality including 
oxygen in seagrass beds. However, most of the previous works were limited to the qualitative estimation of the 
material cycling because of a difficulty in excluding the effect of advection of seawater. Thus the objective of the 
present study is to develop a new method to estimate oxygen cycling quantitatively in the field using a chamber to 
exclude the effect of advection of seawater. A simple numerical model is also developed to reproduce the observed 
oxygen cycling in seagrass beds. 

Methodology 
A proposed method to estimate in-situ 

oxygen cycling in seagrass beds consists of two 
parts; field monitoring of water quality using a 
chamber and water quality sensors, and 
laboratory experiments including the analysis of 
sediment cores sampled from the seagrass bed to 
quantify benthic processes. The estimated flux of 
each process obtamed through the field and 
laboratory experiments was used for modeling of 
dissolved oxygen (DO) cycling processes. 
(1) Field monitoring and experiment Fig. lField observation point 

Field observation was performed in 
Moroiso Bay, Kanagawa, Japan (see Fig. 1). We designed and 
installed a chamber on a seagrass bed to cover a little amount of 
seagrass, Zostera murzna, and monitored temporal variation of the 
concentration of DO in the chamber as well as water quality such 
as temperature, salinity, DO concentration, chlorophyll a (Chl-a) 
concentration, turbidity and photosynthetically active radiation 
(PAR) outside of the chamber. Thus, we could obtain time series of 
net DO concentration in the seagrass bed excluding the effect of 
advection. Each monitoring was conducted for a few days and at 
the end of each run, sediment core samples and leaves of the 
seagrasses with root in the chamber were collected, which included 
benthic and epiphytic animals. Fig2 Field monitonng system observation 
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(2) Estimation of DOfrux in each process 
We conducted a series of sediment core experiment to quantify DO fluxes of relevant processes such as 

respiration of benthic macro fauna, photosynthesis of benthic algae, respiration of bacteria, etc. For instance, 
photosynthesis of benthic algae was estimated through a comparison of the time derivatives of DO concentration 
under light and dark conditions. Contribution to DO flux due to respiration of epiphytic animals was also 
considered and quantified through an experiment of DO consumption. 
(3) Numerical Simulation 

Based on the estimation of DO flux for each process, a 
simple numerical box model was developed to predict a time 
series of a temporal change in DO concentration and each DO 
flux in the chamber. Fig. 3 shows DO cycling in the seagrass bed. 
The model was forced by PAR, temperature, etc., obtained by 
field monitoring to reproduce the resultant time series of DO 
concentration in the chamber. A comparison between observed 
and simulated variation in DO concentration is shown in Fig. 4. 
DO concentration increases mainly due to photosynthesis of 
Zostera marina during daytime and decreases due to respiration 
during nighttime. Though there are some discrepancies between 
observed and simulated results, overall agreement is considered to 
be acceptable 

0 

Fig.3 DO cycling in seagrass bed ecosystem 

Results and Conclusions 
Based on numerical simulations, we quantified the 

contribution of each process to DO flux. We found that 
respiration of benthic animals and benthic bacteria is an 
essential compartment in the ecosystem, which contribute 
to the negative DO fluxes. Primary production due to 
seagrasses exceeded respiration due to bacteria, benthic 
and epiphytic animals even in fall when the seagrass is 
inactive. This means that seagrasses have a fimction to 
prevent from appearing of hypoxic water even in the 
seasons when the seagrass is inactive and play an 
important role in conservation of a rich and productive 
ecosystem in the coastal zone sustainiig a large amount of 
benthic and epiphytic animals. 

2001/10/12 2001/10/12 2001/10/13 0 0 0  2001/10/13 6 0 0  
1200 18 00 

Fig.4 Comparison of observed and simulated DO concentration 
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I. INTRODUCTION 
The horseshoe crab Tachypleus tridentatus is one of the 

endangered species and the ecological key species 
representing the coastal environment. In the past its habitats 
spread on many coasts of the Seto Inland Sea and the coasts 
in Kushu. In recent years, however, the number of this 
animal has been decreasing rapidly in spite of various 
measures to protect the environment. There are several 
causes, but one of them is due that many measures had been 
taken locally in a superficial manner because of the difficulty 
of selection of the fundamental measures. In this study the 
history of conservation of horseshoe crab and its spawning 
ground assigned to a natural monument in Kasaoka Bay in 
Okayama Prefecture and measures for protection are 
investigated. Kasaoka Bay was one of the very famous 
habitats of horseshoe crab in the western Japan. In this bay 
large-scale land reclamation had begun since 1968, resulting 
in the disappearance of the ebb tidal flat, being a habitat of 
larval horseshoe crab. As a measure, a new habitat area of 
this animal was assigned to a national monument as well as 
many other activities. However population of the horseshoe 
crab came to be endangered. Lack of thinking of 
environmental capacities and physical factors is a critical 
point. This history tells us the useful information to 
reconsider the present and future environmental conservation 
activities, especially in the eco-coast works, in which many 
kinds of protective measures are to be taken on the 
Japanese coasts. 

I1 CONTENTS 

In the past Kasaoka Bay was a closed shallow sea with the 
only opening to the southwest except a very narrow channel 
connecting to the Sea of Mizushima on the southeast as 
shown in Fig.1. Large part of the bay was reclaimed as 
shown in Fig.1 since 1968 and the name of towns in 
reclaimed land was named after horseshoe crab. The 

ebb tidal flat on both shores along Kounoshima channel and 
many habitats of horseshoe crab were located in this area. 
The conservation history in Kasaoka Bay was investigated 
based on old research materials as well as the comparison of 
past aerial photographs and old maps. For example, Table 1 
summarizes the chronology of protection activities of 
horseshoe crab in Kasaoka since the Meiji and Taisho eras in 
Japan. As summarized in this table, conservation history in 
Kasaoka is back to around 80 years. 

kabuto means horseshoe crab in Japanese. There was wide 

Fig.2 and 3 show the distribution of the habitat of 
horseshoe crab and confirmed spawning grounds in the 
vicinity of Kasaoka Bay in the past. There were many 
habitats in the ebb tidal flat in the vicinity of the Oyehama 
beach in the northern part of Kasaoka Bay. On the other 
hand, spawning ground of horseshoe crab concentrated on 
the shores extending along Kounoshima channel as shown in 
Fig.3 as well as the concentrated spawning ground at 
Oyehama beach. Of these spawning grounds, at the 
spawning ground facing Kamishima channel there were 
some sandy beaches composed of coarser materials, a 
condition of which is necessary as the appropriateness for 
spawning ground of horseshoe crab. Also fresh water can be 
supplied from the Imadate and Ohshima Rivers and there 
exists ebb tidal flat necessary for the habitat of young 
horseshoe crab in the vicinity. All these give sufficient 
condition for the spawning ground of horseshoe crab. 
Therefore, a new habitat area of this animal was assigned to 
a national monument as well as many other activities in 
place of buried Oyehama beach by land reclamation. Fig.4 
shows the recent engineering measures for the protection 
such as beach nourishment and construction of detached 
breakwaters to improve environment condition of this area. 
In spite of these efforts, population of the horseshoe crab 
came to be endangered. 
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Time Events 

Meiji era 

Completion of land reclamation (106 ha) in Tomioka Bay next to 
11958 I Kasaoka Bay I 

Field observation of spawning ground by famous zoologists 

1927 

I928 

Change of the initially assigned national inonunent to d q  land is 1 I incvitablc. 

lmpamnce of the Oyehama beach as spawning site was confirmed 

Investigation by Geographical Div., the Ministry of Home Affairs 

Oyehama beach was assigned to a national nahlral monument 

I 1966 I Land reclamation office consigned research on ecology to Okayama Univ. I 

1961 

1962 

I965 

1 1967 I Initiation of land reclamation in Kasaoka Bay I 

Teaclier K. Tsuchiya set up 'research club on horseshoe crab' in junior 
high school in Kasaoka City. 

The Crown Prince aid Princess formal visit 

Determination of land reclamation ( I  ,800ha) of Karaoka Ray 

1995 

Kasaoka Bay 

Cancellation of assigned national monument at part Oyehama beach 

Fig.2. Habitats of horseshoe crib in the vicinity of kasaoki  
Bay. 

111. CONCLUSIONS 
Before the land reclamation, there existed sea water 

exchange in Kasaoka Bay by the tidal currents through the 
southwestern opening of the bay and Kounoshima channel as 
shown in Fig.1. This sea water exchange was cut off by land 
reclamation, resulting in deterioration of the water quality, 
and Kasaoka Bay became inappropriate area for many 
varieties of lives to live. Based on these considerations, past 
measure is considered to be inadequate that 
lived in the planed area of the land reclamation are moved to 
the other areas and these new places are assigned to a new 
protection area with appropriate protection facilities . 
Because recognition of the environment of the habitat of the 
horseshoe crab was insufficient, and the appropriate 

horseshoe crabs 
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Fig.3. Confirmed spawning ground of horseshoe crab in the 
vicinity of Kasaoka Bay. 
Fig.3. Confirmed spawning ground of horseshoe crab in the 
vicinity of Kasaoka Bay. 

Fig/ 

\ h 

drsdge ,---/ 
Engineering measures taken in the new habitat eea. 

environment of the Kasaoka Bay in the past including the 
new assigned protection area around Kounoshima channel 
had to inevitably change a great deal by the land 
reclamation. Large-scale change in bay form brings decisive 
effects to the wave field and tidal currents with the resultant 
change in the overall habitats of horseshoe crab. Land 
reclamation in Kasaoka Bay and its results give clear 
evidence. It must be considered that these investigations 
were carried out in 1966, when scientific prediction of 
theenvironmental change in the coastal water was not 
difficult, because of insufficient knowledge of science. 
However, in order to consider future protection of horseshoe 
crab and environment in Kasaoka, new idea must be taken 
into account. The environment of the habitats of endangered 
species should be globally understood and physical 
conditions that such an environment is sustained must be 
deeply studied. Protection movement of specific species in 
the micro-scale manner becomes no meaning, if overall 
environment does not satisfy the condition necessary for 
establishment of  habitats. We can learn much from the 
experiences of protection of horseshoe crab in Kasaoka. 
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Introduction 
Mangrove forests are among the most productive 
wetlands on earth, representing specialized 
communities of organisms adapted to the saline 
environment of the tropics. However, they are also 
rapidly disappearing throughout the world. 
In 1996, the government of Singapore began work on 
a project to create a site for the disposal of 
incinerated ash and other waste materials. However, 
as this project would displace a mature stand of 
mangroves on the island of Pulau Semakau, one of 
the Pulaun Islands, the Singapore Ministry of the 
Environment chose to replant a replacement 
mangrove forest equal to the area (13 ha) of the 
mangrove forests lost. 
This study reports on the outcome to date of the 
replacement project. 

Size No. of Main 
osition 

Outline of the Pulau Semakau Proiect 
Located about 8 km to the south of the Singapore 
main island, Pulau Semakau island is wholly covered 
with mangrove forest. This project connects two 
islands through the construction of strong granite 
bunds to form a central basin between the islands for 
the disposal of incinerated ash and other waste 
materials. The incineration ash is scheduled to be 
accepted for 30 or more years into the future. The 
revetment is stone-tiled, and a shielding membrane is 
paved at the basin side. 

h a p p e a r  

_ _ _ _  
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&*, I : 

disposal site I 
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The new mangrove forest is intended to replace the 
13 ha destroyed by construction, as shown in Figure 
1. The replant area is divided into two sites: a north 
area of 5.8 ha and a south area of 7.2 ha. An existing 
mangrove forest is to be preserved behind the new 
forest. 
Results 
(1)Field survey 
The flora of each district mangrove is shown in Table 
1. District 1 was a wetland with sparsely distributed 
shrubs. The dominant species was Rhizophora 
apiculata in district nos. 1,2, and 3, and other species 
were common in those districts. More species were 
found in district no. 4 than in other districts; and the 
dominant species were Avicennia spp. and Sonneratia 
alva. These two species often form a seaward colony 
in mangrove forests. Given the characteristics of 
each district, the mangrove forests appear to have 
expanded from 4, to 3 and 2 ,  to 1. 
The values for the area and density of the replant 
zone - 13 ha and 25,000 boles - are based on these 
field surveys. 
(2)Replant method 
It is difficult to replant a grown tree. Therefore, 
viviparous seeds gathered from existing mangrove 
forests were used. R. mucronatum was planted in 
littoral zones, because it is seed often found in such 
areas. Figures 2 and 3 show the arrangement of R. 
apiculata and R. mucronatum, selected as dominant 
species. R. apiculata was planted in from +2.2 to 
+1.9m C.D.L blocks of both the north and south 
districts. R. mucronatum was planted at four +1.8 m 
C.D.L blocks and two wave-affected blocks in the 

\ / 
\ / 

\ , / 
\--/I 

Figure 1 .  Replant site 

256 

3 1  6 1 5-10m 

4 1  16 I 10-15m 



257 

Figure 4. Just after replant 

Figure 2. Arrangement of replant mangroves 
Worth) 

: R  apicdata 

Figure 5.  After two years 

Figure 3. Arrangement of replant mangroves 
(South) 

north district, and in six +1.8 m C.D.L blocks in the 
south district. 
However, some viviparous seeds flew out without 
taking root, while other seeds withered after planting. 
Therefore, the nursery was installed on the floor of 
an existing mangrove forest, and the resulting 
saplings after two months planted. Floating nurseries 
and the sufficient space for nursery transport were 
prepared to supply saplings efficiently, unaffected by 
tidal effects. 
Growth was improved by this treatment, but parts of 
the seedlings still died. This was discovered to be 
due to the admixture of acidic soil from a deeper 
layer during digging. In particular, the growth of R. 
apiculata is impeded when soil pH drops below 6.3. 
Upon determination of the cause of this problem, the 
affected soil was repeatedly exposed to sea water, 
raising pH. The adverse effects on plant growth 
disappeared within several months. 
In all, some 400,000 seedlings were finally planted. 
They were tended to prevent the adhesion of acorn 
barnacles or seaweed, the weight of which might 
bend and break the saplings 
(3)Growth Process 
When mangrove growth was inspected 25 to 26 
months following planting, R. apiculata saplings that 
had been 0.25 meters at planting were found to have 
grown to 0.9 m to 1.3 m in the north district, while R. 
mucronatum planted at a height of 0.45 m were 
found to have grown to 1.3 m to 1.4 m. The average 
growth rate per month was 0.036 m in the former and 
0.037 in the latter species. Average growth over 

twenty months for the two species was 1.9 m for R. 
mucronatum and 1.2 m for R. apiculata. 
In the south district, 0.25 m R. apiculata saplings 
were found to have grown to a height of 0.9 to 1.2 m, 
while R. mucronatum seedlings that were 0.45 m at 
planting were found to have grown to 1.2 m to 1.4 m. 
Average monthly growth rates were 0.036 for the 
former and 0.037 for the latter. Average growth over 
twenty months was found to be 1.0 m in R. 
mucronatum and 1.2 m R. apiculata. Figure 10 shows 
the relationship between growth and elevation for R. 
apiculata by planting district. The growth was large 
as ground level being low in the south district. 

Conclusions 
The study confirmed the survival of replanted 
mangroves on at least 80% to 90% of the replanted 
area. The most important factors for these results are 
summarized below. 

(1) Efficient supply of sapling 
(2) Consideration of distribution tendency 
(3) Securing a buffer zone 

References 
1) S.K. Lee and W.H. Tan : The regeneration 

and establishment of mangroves in 
Singapore, the Proceedings of Symposium 
on Science and Management of Mangrove 
Ecosystem, pp. 18-22, 1998. 

2) Masayasu Tatani, Yuko Tanaka, Keiji Arita, Eiji 
Yauchi : Mangrove Replant and the Growth 
Process as a Mitigation Project, Proceedings of 
29th Meeting of The International Association of 
Hydraulic Research, Theme B, pp.390-395, 
200 1. 



Landscape Analysis by Using Collective Unconscious and Its application to 
Design of Coastal Structures 

Tomaya Shibayama, Yuki Sakai and Yuichirou Morichika 

Department of Civil Engineering, Yokohama National University 
Tokiwadai, Hodogaya-ku, Yokohama 240-8501 Japan 

e-mail:tomo@ynu.ac.jp, phone:+8 1-45-339-4036, facsimile:+81-45-348-4565 

Figure 1: View of longitudinal reef system 

1. Introduction 
Coastal structures were designed for 
protection of infrastructure or protection of 
human life. However due to recent 
modification of coastal zone law in Japan in 
1999, the basic concept of coastal engineering 
work has been changed. In designing 
structures, we, Japanese coastal engineers 
should consider harmonization of structure 
with surrounding environment. In the present 
paper, we will consider landscape in coastal 
environment and the role of dynamic waves in 
the landscape design. In order to design 
better landscape, it is necessary to analyze the 
classic spectacles, which are maintained over 
the generations in these 1500 years in Japan. 
Also it is necessary to clarify existing common 
recognition by applying the concept of 
collective unconscious. 

The coastal protection methodology gradually 
changes from the energy reflection type to 
energy dissipation type. Goda and Takagi 
( 1998) proposed detached breakwater 
perpendicular to shoreline and named it as 
longitudinal reef system. This structure is a 
typical energy dissipation type breakwater. 
The longitudinal reef system uses energy 
dissipation process under breaking waves. 
Figure 1 shows a bird-eye view of the 
longitudinal reef system. 

The difference in wave field among three 
structures, longitudinal type reef, lateral type 
reef, and submerged breakwater are 
considered. The change of water surface is 
calculated by using unsteady mild slope 

2. Analysis of collective unconscious in 
coastal landscape----role of breaking waves 
As a result of a local observation of the 
Japanese gardens (Koishikawa Korakuen and 
Hama Palace), which had been thought as a 
sight art, it is confirmed that Japanese gardens 
exhibit undeveloped, natural scenery of coastal 
area that contained the change in four seasons. 
One example is sand drawings slot to the sand 
surface as averaging technique of a Japanese 
garden with the broom. Some of the figures 
indicate the wave motion. Moreover, the 
Japanese poem was taken up as a language 
expression, and the meaning of 3 19 showplace 
song words, which condenses the scenery to 
one image, was analyzed. Here, "Waves" 
means the scenery including breaking. Total 47 
paintings by which the coast scenery was 
drawn are sampled, and classified from the 

Short Crested Wave I L o n g  Crested Wave 
U C a l m  Sea 

0% 20% 40% 60% 80% 100% 

equation, and surface spectacle is analyzed. Fig. 2: Classification of geographical features 
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Figure 5: Wave refraction over longitudinal reef system 
(Length of arrow indicates wave height. Ho : 3.2m) 

condition of geographical features and waves 
(Figure 2). Not only a static element such as 
beaches and islands but also waves are 
included in the image of the sea, and it has 
been understood to be tied to the background 
image such as island or beach. 

Figure 7: Image of wave breaking (Ho=3. 2nd 

as examples and compared. The wave behavior 
and image are numerically simulated by using 
a unsteady mild slope equation. Three kinds 
of structures are taken as examples and 
compared. Fig. 3 shows the wave field around 
three structures. Fig. 4 is a comparison of 
cross-sectional distribution of wave height. 
Fig. 5 indicates wave refraction effect over 
longitudinal reef. Fig. 6 is current field over 
longitudinal reef system and Fig. 7 is image of 
wave breaking over longitudinal reef system. 
From the figures we can say that the 
longitudinal reef has advantages not only in 
wave protection but also for land-scope design 
from the view of breaking wave spectacle. 
4. Conclusions 
1) Main elements of the coast spectacle include 
dynamic wave motion as well as beaches and 
islands. 
2) Three kinds of structures are compared by a 
numeric calculation. The longitudinal reef 
system is a structure, which remarkably shows 
the effect of refraction and wave breaking. 
3 )  The longitudinal reef system looks like 
“Rough Sea” of the natural rock coast by the - 
dynamic movement of water surface. It can 
control waves without giving the sense of 
incompatibility on the spectacle around. 

versus longitudinal artificial reef system, Proc. of 26*. 
Coastal Engineering Conf., pp.2152-2165. 

3. Simulation of wave view over three 
structures 
Using an unsteady ’lope equation References: God% Y.and H.Takagi (1998): Lateral 
numerically simulates the wave behavior and 
image. Three kinds of structures are taken 
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INTRODUCTION 
Typhoons have caused catastrophic damage in 

Japan by flooding due to storm surges. In spite of 
implementation of shore protection works and 
warning notice systems, storm surge disasters have 
occurred still in recent years. 

One effective measure against storm surge 
disasters is hazard maps on storm surge floods. 
Unfortunately, these maps are not available for all of 
Japan. What's more, the method of risk assessment 
for the map has not firmly been established. 

To promote disaster mitigation through the 
nationwide distribution of hazard maps on storm surge 
floods, this study aims to establish a method for 
assessing the risk of storm surge floods. 

FRAMEWORK OF RISK ASSESSMENT ON 

There are two issues associated with these 
hazard maps. 

One is the length of the return period of waves 
and tides that is assumed for the maps. Concurrent 
probability of high tide and high wave can not be 
evaluated precisely with combination of probability 
distributions of tide level and wave characteristics 
because wave characteristics depend on tide level. 
Besides observation of waves and tides have not been 
conducted long enough for extreme statistics analysis. 

The second issue is whether coastal dikes are 
assumed in flood simulations to be broken by wave 
pressure or wave overtopping. In Japan, coastal dikes 
ensure safety against designed waves and tides, which 
are generally based on the highest records. It is 
possible that waves and tides exceeding a certain level 
may break coastal dike. 

From the viewpoint of mitigating fatalities, risk 
assessment on storm surge floods can be conducted 
as shown in Figure 1. 
(1) Probabilistic evaluation on tide level and wave 
overtopping rate 

Extreme statistics analysis of waves and storm 
surges using a stochastic typhoon model was 
conducted by Yamaguchi et al. (1 994). We developed 
a method of probabilistic evaluation on wave 
overtopping rates as well as tide levels based on the 
results of the Monte Carlo simulation with our 

STORM SURGE FLOODS 

stochastic typhoon model, taking astronomical tides 
into account. 
(2) Judgment on coastal dike break 

Although most coastal dikes in Japan are 
armored with concrete or asphalt, tide levels and 
waves higher than the designed level may break them 
and vastly increase the overflow rate there. 
(3) Flood simulation 

Inundation depth, velocity of flood flow, and 
flood arrival time in coastal zone can be estimated 
with a numerical model. 
(4) Risk assessment 

The results of the flood simulation can be used 
to assess the risk of storm surge flood in term of 
evacuation and risk to houses. 

PROBABILISTIC EVALUATION ON TIDE 
LEVEL AN D WAVE OVERTOPP I N G RATE 

Probabilistic evaluation on tide level and wave 
overtopping rate by a stochastic typhoon model was 
conducted as shown in Figure 2. 
(1) Making a stochastic typhoon model 

Among 1,282 typhoons fiom 195 1 to 1997, we 
selected those whose atmospheric pressures at the 
typhoon eye were 980 hPa or less. Then we analyzed 
characteristics of the selected typhoons such as the 
location of typhoon eye, atmospheric pressure at their 
eyes, and their speed and radius. Average values and 
standard deviations of the typhoon characteristics and 
their variation were calculated for two-degree grids 
in 0 to 50 degrees of north latitude and 100 to 180 

dike 

Figure 1 Schematic view of risk assessment on storm 
surge floods 
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bay 
Ise 
Tosa 

degrees of east longitude. 
It was supposed in the stochastic typhoon 

model that probability density function of typhoon 
characteristics and their variation at each mesh was 
standard normal distribution with the average values 
and the standard deviations calculated with the 
observed data. 

Results of the typhoon simulation are almost 
equivalent to observed data. It was thus reasonable 
to conclude that typhoons can be simulated with the 
stochastic typhoon model. 
(2) Calculating wave overtopping rates 

Typhoons were simulated with the stochastic 
typhoon model in two thousand years. The number 
of typhoons each year was determined from the 
Poisson distribution. The distribution of atmospheric 
pressure and wind near each typhoon were estimated 
with Myers’ Model. Storm surges and waves were 
estimated from the distribution of atmospheric 
pressure and wind.  Random sampl ing  of 
astronomical tides were used to calculate the wave 
overtopping rate due to each typhoon. 
(3) Extreme statistics analysis 

Ext reme s ta t i s t ics  ana lys i s  o f  wave  
overtopping rate was conducted by fitting an optimal 
distribution function to  the calculated wave 
overtopping rate. Table 1 shows results of the extreme 
statistics analysis for coasts facing Ise Bay and Tosa 
Bay. 

return period (years) 
50 100 200 500 1000 
0.005 0.013 0.024 0.041 0.060 
0.166 0.221 0.279 0.361 0.427 

PROBABILISTIC EVALUATION ON COASTAL 

There are a few examples of break of coastal 
dike reinforced with concrete in Japan. Based on the 
precedents, it is reasonable to  suppose that the 
beginning of the dike break in coasts facing inner 
bays is destruction of the concrete armor due to wave 
pressure and overtlow. 

The main forces acting on concrete armor are 
wave pressure at the seaward slope and crest of the 
coastal dike, and hydrodynamic pressure at the 
landward slope. The degree of destruction of the 
concrete armor can be judged with structural analysis. 

The critical wave overtopping rate of the 
destruction will be shown at the conference. 

DIKE BREAK 

RISK ASSESSMENT BASED ON FLOOD 

Flood depth and flood amval time are obtained 
with the flood simulation, taking coastal dike break 
into account. Based on acceptability, the return period 
of storm for hazard mapping should be determined. 
Time series of wave overtopping rate and tide level 
are set as boundary conditions in the flood simulation 

SIMULATION 

I Makina a stochastic tvDhOOn model I 

Calculating wave overtopping rate 
for two thousand years 

Determining number of typhoons 
each year 

I 

Figure 2 Flowchart of probabilistic evaluation on 
tide level and wave overtopping rate 

Table 1 Results of probabilistic evaluation on wave 
overtopping rates 

(m3/m/s) 

from the peak values of wave overtopping rate and 
tide level with the return period. 

Hazard ranking criteria for storm surge floods 
has been proposed by Torii and Kato (2001). In their 
method, relative hazards to human are evaluated 
based on maximum flood depth and flood amval time 
obtained from the flood simulation. 

CONCLUSIONS 
The method of the risk assessment established 

in this study can be used for making hazard maps on 
storm surge floods. Besides, our method of the 
probabilistic evaluation on tide level and wave 
overtopping rate with the stochastic typhoon model 
would be useful for design of shore protection works 
where typhoons are the dominant cause of high tides 
and waves. 
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As an Island Sri Lanka has always been closely related with coastal environment and 
maritime related activities. Its 1770-km long coastline is a critical lifeline that supports 
the country's socio economic and environmental development. Sri Lanka's coastal region 
contains 24 percent of the country's land area and 32 percent of the population within 67 
coastal bounded administration units. Also it contains 65 percent of the urbanized land 
area and nearly 80 percent of the tourism related activities, and produces 70 percent of 
total industrial output. The coastal region produces 80 percent of the country's annual 
fish production from both coastal and brakish water areas. The main infrastructures high 
ways, rail link and Airports are located within the coastal zone and therefore the coastal 
areas are extremely important for the national economy. 

The natural coastal ecosystems found within the coastal zone are diverse, and include 
lagoons, coral reefs, mangrove swamps, salt marshes, sea grass beds, barrier beaches and 
dune systems. Coastal resources play an important role in social and economic well- 
being of the people in terms of livelihood, economic output and food production. 
However these ecosystems are extremely susceptible to degradation of the coastal zone, 
while extremely valuable to the country's economy is also fragile and highly vulnerable 
to many dynamic process which occur both land and sea shaped by natural and man 
induced forces. As a result of this process and unsustainable extractive practices a 
number of critical issues have been appeared in the coastal environment. This includes 
coastal erosion, coastal pollution, loss and degradation of coastal habitats and coastal 
resources, loss and degradation of scenic resources within the coastal zone. The 
inability of the resource base to renew itself under heavy exploitation and growing 
population has led to create social and economic problems within the coastal zone during 
the past few decades. 

As a policy response to the above situation, Sri Lanka government placed great emphasis 
on more technical oriented strategies especially to curb coastal erosion 
problem. However, due to partial management intervention adopting through short term 

adopting 
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engineering solutions made no or little positive results with compared to the severity of 
the environmental problems prevailed within the coastal zone. With the realization of 
increasing capital expenditure on coast protection and low level of positive results of 
short term engineering solutions done on adhoc basis, Sri Lanka Government shifted its 
policy approach from coast protection to Integrated Coastal Resources Management by 
strengthening Institutional , legal and management capacities. Under this process the 
legal framework for coastal resource management was introduced with the enactment of 
Coast Conservation Act No. 57 of 1981. In addition, the "first generation'' National 
Coastal Zone Management Plan was prepared and implemented in 1990 with a view to 
minimizing prevalent issues within the coastal zone. To achieve the desired objectives of 
the Coastal Zone Management Plan (CZM Plan), and considering the multi-dimension of 
the issues, management strategies were formulated in the fields of coastal construction 
(long term coastal stabilization schemes instead of short term coast protection structures) 
regulations, plan and policy development, coordination, monitoring and environmental 
education and awareness. In this process both hard and soft management strategies were 
introduced and implemented. In considering the interrelationship between coastal issues 
and the activities of the coastal communities, heavy emphasis was placed on public 
participation and awareness on decision making especially on hard engineering solutions 
such as outlet management, coast protection schemes, salinity barriers etc. 

The "second generation'' Coastal Zone Management Plan was produces in 1997 as a 
revision to the first generation plan of 1990 to address some coastal issues not covered in 
the first generation plan. Presently the Coast Conservation Department is in the process 
of preparing the "third generation" plan through the experiences and feed back gained 
through the implementation of Coastal Zone Management Plan of 1990 & 1997, along 
with the present development trends in the country. Some critical areas not covered in 
the previous CZM Plans such as sea level rise, coastal pollution from industrial 
discharges and urban wastes are also identified to be addressed. The new policies reflect 
the need of devolve responsibilities to local government and communities for sustainable 
Coastal Resources Management. 

This paper discusses the achievements, constraints, problems faced and lessons learnt in 
implementation of the previous CZM Plans. It also discusses how the policies and 
strategies described therein have been tested and refined in the past decade since the 
initial plans were adopted in order to provide a better planning process towards the "third 
generation" Coastal Zone Management Plan. 

References : 1. CZM Plan, 1990, Coast Conservation Department 
CZM Plan, 1997, Coast Conservation Department 
Master Plan for Coastal Erosion Management 
Development Permit Compliance Survey 2000 
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1. Objectives 
Small island countries in the South Pacific have been suffering from increased coastal inundation, 

flooding, and erosion. Fenney (1 989) and Carter (1990) reported the occurrences of cyclones over the past 
century “to average about one cyclone per year with a severe cyclone once every four years” (SOPAC 
1996). Loss of mangroves and increased bleaching of coral reefs (Wilkinson 1998) have been also reported. 
Moreover, IPCC (2001) predicted sea-level rises due to global warming by 2100 to be from 9cm to 88cm. 
These factors would induce increased threats on the coastal zone in these countries. Therefore, mitigation 
options to coastal disasters and sea-level rise are an issue of high priority for small island nations such as 
Fiji, Samoa, Kiribati, Cook Islands, Tuvalu, Solomon Islands, Federated States of Micronesia (FSM), 
Marshall Islands and Tonga, for almost 90% or more of the vital political, social, and economic zones are 
located in vulnerable coastal areas. These countries have paid many efforts by conventional or traditional 
means to protect their coastal areas against the natural disasters. However, it seems that these efforts are not 
effective and sufficient. 

In this study, we carried out a technology assessment of coastal protection systems(CPSs) with the 
following objectives: 
I )  to review past practices of coastal protection systems and to identify major constraints for its 

effectiveness. It outlines how effective these structures are for the past and recent natural disasters such 
as storm surges, high waves, cyclones and tsunamis in the region; 

2) to suggest relevant system or structures for such constraints using available local knowledge derived 
from the region combined with coastal engineering methodologies that are currently lacking in the 
design and construction of coastal structures; 

3) to develop criteria for assessment of existing and desirable technologies for coastal protection 
appropriate for the South Pacific. 

In this study, the examples are taken from Fiji, Samoa, Kiribati, Cook Islands, Tuvalu, Solomon 
Islands, Federated States of Micronesia (FSM), Marshall and Tonga. 

2. 
The two main types of CPSs are hard and soft measures. The hard measures includes seawalls, 

breakwaters, groins, revetments, dykes and causeways, while the soft structures are coastal vegetation, 
coral and mangrove protection management, integrated coastal zone management (ICZM) and policies such 
as setback and retreat strategies. 

Coastal Protection System in Fiji and the South Pacific 

The appropriate measures for protecting coastal areas against natural disasters are very limited in the 
South Pacific. Through technology assessment in the present study, we identified the common problems 
prevailing throughout the region. These problems are; inappropriate material, placement, and design of 
CPSs, and their social, environmental and economic impact. The problems also included how to mitigate 
the vulnerability of the fragile island ecosystems to coastal disaster and sea level rise by using CPSs. 
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Furthermore, the complex nature and absence of political and legal framework makes ICZM and 
appropriate options difficult to implement. In the presentation of the conference, we will show these 
constraints in detail. 

3. Needed Approaches to Problems 

engineering, planning, and institutional,. 
As solutions to the problems of CPSs in the South Pacific, this study identified three main areas, i.e. 

1) Engineering aspect 
Three important areas were identified. They are: i) accumulation of scientific knowledge, ii) 

evaluation and assessment of structural design, and iii) appropriate guideline criteria. In the South Pacific, 
CPSs in situ are causing so many problems on the coastal environment, because of poor design and 
construction technologies. There is a lack of understanding on the basic scientific knowledge of coastal 
processes by the government and locals. This includes scientific and engineering understanding on wave 
motion, currents, littoral drift, the effect of sea level rise on coastal areas, the effect of structures, the 
importance of coral reefs and mangroves as natural defense system etc. 

2) Planning aspect 
Three main areas identified are i) land-use plan, ii) environmental protection plan and, iii) natural 

disasters mitigation plan. Since land-tenure systems are a very complex issue in the South Pacific region, it 
is very difficult to implement and facilitate proper coastal development and mitigation measures. Therefore, 
proper legal tools are needed at first to collectively present a clear goal and direction of all the responsible 
bodies involved. National plan for natural disasters mitigation should be incorporated into the traditional 
disaster mitigation plans of the locals. Setback strategies should include movement of settlement in the 
villages located in low-lying areas vulnerable to coastal flooding, and adoption of traditional houses that 
offers faster evacuation and recovery, and elevated high pole houses in low lying areas if land is limited. 
More and better telecommunications systems should be provided to very remote and isolated islands to 
consistently update and forecast weather patterns to the locals. 

3) Institutional aspect 
Many South Pacific Island Countries lacked institutional capacities to address vulnerability of coastal 

areas. It is evident that rules and policies to organize management and development of coastal zone are not 
well structured. For example in Fiji, setback policy regarding construction of infrastructure on vulnerable 
coastal areas is ineffective and even confusing. Due to this discrepancy, very little policing enforcing, and 
monitoring of coastal development, such as construction of tourism infrastructures, road and ports facilities, 
sand mining, waste disposal, are carried out without proper environmental impact assessment (EIA) from 
governmental bodies responsible for such developments. 

4. Conclusion 
Through this study, we reviewed the present situation of the coastal protection system in the South 

Pacific. Though many countries have paid many efforts to protect their coastal areas, the effects are limited 
and unsuccessful. This study identified three common constraints, and suggested approaches needed to 
overcome these constraints. Based on these consideration, we also developed a set of criteria for assessing 
existing and desirable technologies for coastal protection appropriate for the South Pacific, which will be 
indicated in our presentation. 

The study also suggested that advanced technological methods should be imported from successful 
projects in similar coastal settings from developed countries. These artificial structures should be combined 
with the region’s existing natural coastal defense system, such as mangroves and corals, to obtain optimum 
advantage of coastal protection. 



SIMPLE MODEL FOR COST ALLOCATION BETWEEN CONSTRUCTION AND 
MAINTENANCE OF COASTAL FACILITIES 

Hajime Tanji, Yoshinobu Araragi, Hirohide Kiri and Ryouichi Ohnishi 
National Institute for Rural Engineering, Japan 

1. Forewords Aim of the study is to show a simple model for cost allocation between construction and 

maintenance of coastal facilities, which is basically depend on LCC. The authors already suggested financial 

limitation and LCC 1). Here, the authors mainly concern about the following two problems. 

1) Difference of percentage of Grants-in-Aid in construction and maintenance makes bias to reconstruction period 

that is most suitable by LCC. 

2) To find the proper inspection cost by LCC calculation 
2. Basic Concept of LCC LCC is the procedure to minimize the cost of design, construction and maintenance. 

Comparing BIC analysis and LCC method, LCC is under the assumption that benefit is always constant and the 

cost to endure the aimed benefit is calculated. Basic concept of LCC is shown as Figure 1. Under the simplest 

assumption, each term is described as follows 2), 

e = a x  (1 - j)' 

b = 1 b,, . (1 + i)-" 
l l=l 

d = d . (1 + i)-' 
f = a + b + d + e  

Where, a: initial cost, b: maintenance cost, e: rest of initial cost, j total cost, d disposal cost, t :  year after 

construction, i: inflation ratio,j: write-down ratio. In this case, maintenance cost b is assumed as constant per year 

and an inflation ratio is considered. 

0 1  
Y W  

350 ! I 

Figure 1 Basic concept of LCC 

3. Models, Results and Discussion 

3.1 Grants-in-Aid problem Coastal protection facilities can get Grant-in-Aid of 67% at the construction, 33% 

at repairing construction and 0% at maintenance by the central government. In case of recovery of disaster 

damage, almost 100°/~ of Grant-in-Aid can be given. Therefore there are very small incentives for the local 

government to renew coastal facilities at the best period based on LCC. 

Figure 2 LCC of Grant-in Aid 

In a simple calculation of LCC, Grant-in-Aid for construction can be expressed as the change of initial cost. If 

the construction cost of coastal facilities is 10 billion yen and grant-in-aid rate is 6?%, the net cost for construction 
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for the local government is 0.33 billion yen. The effect of Grant-in-Aid to LCC is calculated just as shown in 

Figure 2. In this case, the difference of Grant-in-Aid is expressed as the difference of an initial cost. The actual 

initial cost is 10 billion yen (el in Figure 2). But considering the Grant-in-Aid of 67%, the initial cost will 

influence as 30 billion yen (e2 in Figure 2) to the suitable period of reconstruction based on LCC. Here, 

inflation ration of 3%, write-down ration of 7%, maintenance cost of 0.3 billion yen per year and disposal cost of 

1 billion yen were assumed. In case of the initial cost of 10 billion yen without Grant-in-Aid, the profitable 

reconstruction period was 23 years. But in case of the initial cost of 30 billion yen with Grant-in-Aid of 67%, the 

profitable reconstruction period was 49 years. Therefore the grant made the reconstruction period 2.1 times long. 

3.2 Inspection cost problem In the basic LCC model, maintenance cost is treated as a constant value per a year. 

But, for considering suitable cost for inspection, maintenance cost should be modeled in detail. The authors make 

an assumption that maintenance cost consist of the following parts. 

(1) Inspection cost 

portion of facilities) 

There three parts represents the following characteristics. Operation cost is independent to inspection cost and 

repairing cost. Repairing cost depend on the elapsed time between when the something is out of order and the 

finding of that fact. Generally thinking, the repairing cost will become larger if the elapse time becomes larger. 

This relation is shown as Figure 4. The relation between inspection cost and this elapse time is shown as Figure 3. 

If inspection cost becomes higher, which means the interval of inspection becomes shorter. Therefore inspection 

cost and the elapse time between the errors and those findings have minus correlation. Main factor is the ratio 

between repairing cost to inspection cost. If locally, this value is approximately -3, the LCC simulation results 

showed the profitable reconstruction period of 34 years under the condition of 40% increase of inspection cost. 

( 2 )  Operation cost (fuel, changing of easy ageing parts) (3) Repairing Cost (renew a broken 

" 
I 

Inspection cost x Time lag between 
happening and fnding of a " 
defect 

' 

Figure 3 Inspection cost and error finding 

The following points made clear here. 

Figure 4 Error finding and repair cost 

4. Conclusion 

1) If there is the difference of Grant-in-Aid, which makes a bias to reconstruction time. In the case study, this 

difference was approximately 2.1 times long when Grant-in-Aid of 67 % was supported. 

2)  A simple model of inspection cost and maintenance cost was constructed based on LCC a model. 

This model can calculate sensitivity analysis of inspection cost and repairing cost. 

5. References 1) Tanji, Hajime and Yoshinobu Araragi (2002): A Proposal on Renewal Time and 

Order of Old Pumping Stations, Journal of the Japanese Society of Irrigation, Drainage and 

Reclamation Engineering, 70(12), pp.1-5, in Japanese 2)MAFF (2001): Guideline of Renewal of 

Agricultural Facilities, p.284, in Japanese 
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ABSTRACT 

Introduction and Objectives 
The coastal area contains diverse and productive habitats important to human settlements, 

development and local subsidence. Planning the coastal land use plays a vital role in coastal 
zone management. Human-based parameters such as social values, land prices, available natural 
resources, etc., must be given importance thru the design of pre-determined steps to bring a 
situation that is mutually beneficial to all concerned entities. Land use change analysis provides 
a picture on how people react or adapt to environment depending on their needs and values. If 
these things are fully captured as basis of the land use plans, the people will feel important, thus, 
will uplift their sense of commitment in the planning and management of coastal areas 

This study seeks in general, to explore the utility of multi-agent system (MAS) as an 
alternative to traditional analytical tools such as map sieving and GIS and as dynamic 
geographic modeling tool to coastal land use change analysis in the coastal area of Ormoc City, 
Philippines. The main focus of this study is to apply MAS techniques to model land use change 
in an attempt to understand how land-based human activities brought change to the current state 
of land. It is impossible for a real-world environment such as Ormoc City to be subjected to a 
set of controls and do experiments typical of a laboratory research. MAS enables the researcher 
to do experiments with it and thus provide understanding of the interactions of dynamic system 
components such as land uses. The expected result for this study is a simulation model to show 
the dynamics, particularly in land use changes, in coastal zone, which could help improve its 
management. The simulation model may be used to give definitive clues on the implications of 
proposed policies made in coastal zone management prior to their implementation. 

Study Area 
The coverage of the selected study area, Ormoc City, falls inside a square bounded by 

the following geographic coordinates (1 1°5'22.30"N, 124'32'16.56"E) and (1 l0O'34.18"N, 
124'37'41.19"E). It has a total area of 10,000 hectares which is about 24 percent of the total land 
area of the City. It contains the coastal portion and the urban core of the city. 

Methods and Materials 
First, a set of Landsat multi-temporal images was analyzed in terms of spectral responses from 

different coastal land cover types. Actors responsible for changes detected were identified 
together with their associated transition rules in land cover or use change. The transition rules 
were organized to come up with a simulation model that produces the spatial distribution of land 
uses through time given a set of agent and knowledge of their apparent decision. The images 
eventually classified according to change were used to validate the results of the simulation 
model. (See figure 1 .) 
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Results 
About 50 percent 

of the total study area or 
5,052 hectares has not 
undergone any change 
according to the overlaying 
of the 1989 and 2000 
classified images. Only 35 
percent or 3,509 hectares 
are being taken into 
account in the discussion 
of the change process, 
while the remaining 
percentage are considered 
either as unconventional 
changes or as unaccounted 
changes due to presence of 
clouds and shadows. 
Unconventional changes 

-Water 1 100 I o I 0 0 1 0 1  0 

Landsat TM 
26 April 1989 

-3 

Built-up 0 

Satellite Image 
Landsat ETM 
26 May 2000 

100 2 1 2 3 

ENVI 3 2 

1989 Classified Land 
Use Image 

Enhancement 
geometric correction 

Transition Matrices 

Finure 1. Con&e!eDtual Framework u 

refer to the built-up areas in 1989 data sets that are classified as either water, bareland, forest, 
agricultural or fishponds in 2000 data set. Also, it is also seemingly rare that water will change 
to built-up, agricultural and fishpond. This can be proven by low probability values in table 1 . 
In comparing the transition matrices from different scenarios versus the transition matrix from 
the images in table 2, probabilities are high along the diagonals or the no change process. In 
some portion of the table, there are some inconsistencies in degree of probabilities. This can be 
attributed to the fact that there is the presence of undocumented disturbances in the images, 
which are not considered in the model such as presence of clouds and shadows in the recent 
image. Looking at the pattern of high and probabilities, in both instances despite the 
disturbances, they occur in almost the cell position. The simulated and the actual data show a 
defined correlation thus validating the model. 
might provide better correlation result. 

Table 1 

With improved satellite data classification, it 

Table 2 

NoChange Initial State 

Scenario Water Built-up Bareland Forest Agricultural Fishpond 

38 
72 



COAST PROTECTION IN SRI LANKA: SHIFT IN PARADIGMS FROM 
HARD SOLUTIONS TO SOFT SOLUTIONS 

Nimal Wijayaratna and Channa Fernando 

Abstract: 

The western and southern coastal belts of Sri Lanka are both socially as well as 
economically important stretches due to high population density and high 
concentration of fisheries and tourism infrastructures. This coastline has become more 
vulnerable to sea erosion, partly due to seasonal variation in the wave climate and 
partly due to the human interference in the natural sediment movement process. 
Human interference is in the ways of sand mining in the rivers (thus reducing the sand 
supply to the coast), destruction of nearshore coral reefs for economic activities, 
utilizing coastal zone for unwarranted development activities and ad-hoc construction 
of hard structures to arrest the coastal erosion. 

Until recently, the protective measures adopted were mainly evolved around the 
construction of hard structures such as revetments and groynes. Further, erosion 
problem was seen as isolated to a local area and the solutions were focused at a 
limited stretch where the erosion was severe. The impacts of such structures on the 
adjacent coastlines were less addressed. As a result, in most of the situations, the 
problem was shifted to elsewhere. Moreover, such hard structures were unpleasant 
and denied the free access to the beach for economic and recreational activities. 
Hence the need for shift in paradigms in analysing and providing solutions for coastal 
erosion problem has been stressed. 

Present day policy makers and designers are more inclined towards soft solutions such 
as beach nourishment supplemented with strict enforcement of laws to limit the 
unwarranted human interference on the coastal zone. Moreover a holistic approach is 
being adopted in analysing an erosion problem by taking a longer stretch of the 
coastline for consideration through accommodating the concept of ‘coastal cell’ and 
thus providing protective measures for the coastal cell, instead of only for the 
localized eroding area, while taking all existing and future developments into 
consideration. In providing the soft solutions such as beach nourishment, loss of sand 
during the ‘design life’ will be artificially supplied, with hard structures only to retain 
the supplied sand. 

Even though the aforesaid approach is seen as prudent and providing sustainable 
solutions to erosion problems, it has given rise to the crop up of some socio-political 
and technical issues that need to be addressed by the policy makers and designers. In 
socio-political point of view, beach nourishment and associated periodic 
replenishment is looked as a temporary solution to overcome an erosion problem, and 
merely recognized it as putting the lost sand during erosion, back on the beach from 
time to time to be carried away during the subsequent eroding cycle. Further, absence 
of any hard structures (or minimal number of structures) in front of human settlements 
and other coastal development projects, is seems to be psychologically not acceptable 
as capable of providing protection during severe wave attack. Criticism is levelled 
against the designers for the longer time taken in analysing the erosion problem 
(which is necessary to address the problem in a more holistic manner), and for 
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extending the ‘solution area’ beyond the ‘problem area’. Need for allocating funds for 
periodic replenishments is also found to be a major political issue. 
In technical point of view, lack of institutional capacity to maintain necessary 
equipments (dredgers etc.) for undertaking periodic replenishments, limited 
knowledge on the availability of offshore sand deposits and their physical and 
chemical characteristics are found to be the main obstacles that impede the 
implementation of the new ‘soft solution’ concept. The uncertainty associated in the 
prediction of replenishment frequency is identified as both socio-politically and 
technically sensitive issue. 

The paper will describe in detail some of the main coastal protection projects recently 
being designed / concluded having the main focus on the concept of ‘soft solutions’, 
while giving due consideration to the associated socio-political as well as technical 
issues faced during planning / implementation. 
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PLANNING OF FISHERY HARBOUR FACILITIES IN SRI LANKA: AN EXAMPLE OF 
A RATIONAL APPROACH ADOPTED IN A DEVELOPING COUNTRY 

Channa Fernando 

Abstract: 
Being an island with a total of 1770 km long coastline, the aquatic environment which 
endowed with rich aquatic habitats plays an important role in Sri Lanka’s economy. The 
exploitable fishery resources of the country could be broadly categorized into fresh water, 
brackish water and marine water, of which marine waters provide more than 80% of the 
total fishery resources. 

Fishing crafts used by Sri Lankan fishermen range from indigenous log crafts to modern 
multi-day boats. The concentration of fishing activities in Sri Lanka has expanded from 
the traditional fishing grounds in lagoons, estuaries and inshore waters towards the 
oceanic waters offshore. The general trend during the past decades shows that larger 
crafts continuously tried to extend their radius of operation while smaller crafts tried to 
fill up the void brought about by this and likewise operated farther from shore. 

It has been evident that expansion in the larger multi-day boats is impeded by the lack of 
safe anchorage facilities and other related infrastructure facilities. This has led to the 
over-exploitation of marine resources in the nearshore coastal waters by the undesired 
expansion of the smaller boats while the much valued offshore resources kept untouched. 
Review of the existing harbour facilities indicated that the shortfall in the harbour 
facilities is not mainly due to the lack of investment in the area, but due to the ad-hoc 
planning and short sighted investment decisions made. This has led to the under 
utilization of some of the harbours in spite of the vast investments done, while some 
highly deserving areas are not provided with any facility. Further more, siting of harbours 
at technically undesirable locations has given rise to the severe coastal morphological and 
environmental problems. Hence the importance of a more rational approach is stressed in 
planning such fishery harbour facilities which would reap the optimum benefits from the 
investment made. 

Under the Fisheries Harbour Component of the ongoing Coastal Resources Management 
Project (CRMP) funded by Asian Development Bank (ADB), Sri Lanka has embarked on 
developing a more rational policy which encompasses technical, economical, social and 
political considerations to support the decisions making process. 

As the first step in the policy development, an inventory of the geographical distribution 
of different types of fishing crafts engaged in the fishing, and boat accommodating 
capacities of existing harbours along the coastline of Sri Lanka was taken. This has 
helped to identify the geographical locations of over-crowded and under-utilized harbour 
facilities and highly deserving areas which currently have no facility at all. As the second 
step, potential future increase in fishing activity in different coastal stretches 
(geographically) was assessed. This was done at two levels; by comparing total number 
of fishermen currently engaged in the industry and number of potential members in their 
families who may enter the industry in the future. While the statistics on total number of 
current day fishermen gave an indication on the present trend in increase of fishing crafts 
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(if proper facilities are provided), the number of potential members gave an indication of 
the trend of future demand for such facilities. As the third step, geographical 
distributions of current day fish production at each stretch was assessed. This gave good 
qualitative understanding of the potential economic/ financial benefits that can be reaped 
from siting a harbour at a particular geographical location, as presence of a harbour 
ensures the safe navigation, hygienic fish handling facilities (better quality fish), and 
development of competitive regional markets. 
By taking these three factors in integration, a list of potential harbour sites along the 
coastline was developed. Since this potential list was prepared mainly based on the 
socio-political and partially on economic factors, a more detailed evaluation of these sites 
with respect to technical, environmental and financial point of view was necessitated. 
Hence a comprehensive evaluation matrix was developed to assess these sites more 
objectively and prioritize for investment. The evaluation matrix composed of technical 
(physical shape of coastline, nature of see bottom, wave impacts, morphological impacts, 
presence of estuaries, navigability, availability of construction material etc.,), socio- 
political / economic factors (already available infrastructure facilities and demand for 
new facilities etc.,) and environmental factors (effect on the environmentally sensitive 
areas, archeological sites and biodiversity etc.,). Each of these factors were assigned with 
a total mark depending on its importance in the functionality of the harbour. Then each 
site in the potential list of harbour locations were assessed with respect to each of these 
factors and assigned a mark. The summation of these marks for each individual site was 
done and ranking of the sites was based on such arrived summation. 

The paper will describe step by step of the such rationally developed criteria and how the 
evaluation and ranking of sites were done when some of the evaluation factors in the 
matrix interact/ influence each other. The benefits and future use of the evaluation matrix 
will also be addressed. 
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Abstract 
Coastal natural resources in the Cox’s Bazar coast of Bangladesh have been used for multi 
purposes and strongly influenced socio-economic development. Remote sensing imageries 
provide cost-effective support in compiling the latest information about the environment and 
natural resources, while GIS brings new functions for multidisciplinary technology and 
decision support. The integrated analysis can serve as vital inputs for better planning, policy 
formulation, and decision-making in national development. Landsat TM image and 
topographic maps of some coastal islands namely Kariadia, Matarbari, Moheshkhali and 
Sonadia in Cox’s Bazar coast were analyzed; and hill, plain land, tidal land, mangroves and 
waterways were identified and mapped. The opinions of the local community are considered 
based on the results of a participatory rapid appraisal carried out among the coastal 
stakeholders. The major sources of livelihood for coastal communities are agriculture, 
aquaculture, fishing, fish drying, sea salt production and trading. Proper resource utilization 
and integration among stakeholders activity can increase environment-friendly production 
efficiency, which have a positive role in successful poverty alleviation program and socio- 
economic development of coastal rural communities. Finally, this study demonstrates the 
utility of extracted coastal information to coastal zone managers. 
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Figure 1. Geographical location of 
Bangladesh coast and Landsat TM image 
showing the study area of Kariadia, 
Matarbki, Moheshkhali and Sonadia islands. 

Figure 2. Coastal natural resources of the Kariadia, 
Matarbari, Moheshkhali and Sonadia islands at 
Cox's Bazar, Bangladesh. 
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Introduction 
A X-band nautical radar system has been 

employed to observe sea surface patterns during a 
storm event. Wave gauges and current meters are 
employed in a conventional field survey, however, the 
deployment of the instruments is limited, especially in 
the surf zone. In this context, a radar system is 
introduced here, which can remotely and broadly infer 
the sea surface state even during a severe sea 
conditions. 

The radar system was operated at the research 
pier HORS and radar echo images were cotlected 
during a passage of a storm in the vicinity of the pier. 
Analyses on radar echo images were done and the 
results demonstrate the potential of the system in 
observation of sea states and estimation of 
morphological features under severe sea condition. 

X-band radar system 
The radar system provides images of sea surface 

over an area of several kilometers. Figure 1 is an 
example of a single image with coordinate system 
used in this study. White pixels in the image 
correspond to regions where reflection or echo of the 
emitted radar beam were intense. Vertical streak in the 
middle of the figure is the pier, which is 400 m in 
length, and slanted lines extending in longshore 
direction are positions where wave crests indicating 
oblique wave incidence to the shore. Images were 

Pier' \position of the radar 

Figure 1 Radar echo image. Horizontal extent = 

1800 m. Length of the pier = 400 m. 

sampled with an interval of 2 second, which roughly 
corresponds to the time resolution of the radar system. 

Storm event 
Super Typhoon CHATAAN (T6, 2002) traveled 

through western edge of the Pacific Ocean on 10"' and 
1 I th  of June, 2002. Figure 2 shows changes of mean 
water level (MWL), significant wave height  HI,^) and 
period (TI13) measured at the pier for 20 hours during 
the passage of the typhoon. Bottom profile along the 
pier changed slightly due to this storm event as shown 
in Fig. 3. The off shore bar 0, - 350 m) reduced 
slightly its height and migrated shorewards. 

Averaged images 
Radar images of every hour were averaged to 

show the change of locations of the shoreline and 
distributions of mean echo intensities. Figure 4 are 
averaged images for t = 13 h and t = 20 h, 
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Figure 2 Changes of mean water level (MLW), 
significant wave height and wave period 
S TI,^) during a storm measured at the pier (P230: 
y = 230 m and P145: y = 145 m). 
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respectively. Locations of the shoreline varied due to 
tidal level change and brightness of the pictures 
differs remarkably, where a brighter image 
corresponds to a more energetic wave field. The 
variation of shoreline position at x = 50 rn is shown in 
Fig. 5. The diagram captures a good correspondence 
between MWL change measured at the pier and cross 
shore shift of the shoreline. Longshore distributions of 
foreshore slope along the shore were estimated from 
the change of shoreline positions and tidal levels 
during the storm event. 

Estimation of the bottom profile 
Local water depths were estimated providing 

phase speed and wave period to linear dispersion 
relationship, where both items are estimated from 
echo images. Figure 6 shows a result of bottom profile 
estimation along the pier. Discrepancy between the 
measured and estimated bottom profiles near the 
trough of the bar is apparent. Change of phase speed 

~ before passage of storm - after 

400 - 

100 0 100 200 300 
Distance along pier [m] 

Figure 3 Change of bottom profile along the pier 

(1) t = 1 3 h  

(2) t=20 h 
Figure 4 Averaged images at t = 13 h and t = 20 h 

in this region does not reflect directly the change of 
bottom profile, so further refinements accounting on 
wave and current dynamics are necessary to improve 
the accuracy of the estimation. 

Conclusions 
Nautical radar measurement on surf zone waves 

during a passage of a storm was conducted. Shoreline 
positions and foreshore slopes were estimated 
reasonably well from the analyses of radar echo 
images. Bottom profiles were inferred from the 
analyses of wave propagation speed, but further 
refinements are necessary to improve the accuracy of 
the estimation. 
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INTRODUCTION 

There have been several methods to measure sediment transport rate as suspended load, 
as well as bed load (e.g., Horikawa, 1988; Seymour, 1989). As for the former mode of sediment 
movement, the methods proposed up to now can be classified into two groups: (1) light 
transmission meters and (2) sand samplers. Both type of the measuring system has provided a 
number of observed data tha t  has been utilized for understanding mechanism of sediment 
movement and resulting beach topography change. However, all of these existing systems are not 
suitable for simultaneous data acquisition in vertical direction with sufficiently high spatial 
resolution, because of the size of a sensor. In the present study, a profiler system is developed for 
measuring system, which enables us to determine spatial and temporal variation of sediment 
concentration under waves andlor unidirectional flow. 

CONCENTRATION MEASURING SYSTEM 

Photo 1 shows a concentration measuring system developed in the present investigation. 
This system has originally been used for detecting sand surface elevation. In this study, the system 
is improved to be able to detect sediment concentration in suspension, not only sediment layer on 
the bottom. The transducer consists of a pair of light source and a phototransistor, and they are 
mounted with interval of lcm in vertical direction along a thin rod as seen in Photo. 1. 

Due to low intensity of a light from the source, output from the phototransistor is easily 
affected by natural light. For this reason, five types of attachment shown in Fig.1 are tested. 
However, it should be noted that  too long attachment might prevent sand particles from reaching 
the measuring section between the light source and sensor. 

Photo 1 Concentration measuring sensor. Figure1 Attachment for measuring sensor. 
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Figure 2 Vertical prosle of measured concentration 

Field test has been carried out a t  the mouth of Nanakita River, Japan under the combined 
effect of waves and current. The profile data was obtained every one second and was stored in the 
data logger unit. 

Figure 2 shows an example of measured output signal with the interval one second. Using 
Type 2 attachment, output from the phototransistor is affected by natural light, although slight 
variation can be observed in vertical direction. Type 5 also gives similar profile, but the lower 
intensity of output signal is not due to natural light, but due to too much covering of the sensors by 
the attachment, which caused less amount of sediment intrusion into the measuring section. In  
contrast to these two types of attachment, Type 3 gives more realistic variation temporally as  well 
as  spatially. 
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1 Introduction 

An accurate estimation of gas transfer velocity at the air-sea interface is very important to under- 
stand environmental mechanisms of the ocean and coastal area. A wind dependent gas transfer 
model proposed by Liss and Merlivat model has widely used the last decade. The gas transfer 
velocity of the Liss and Merlivat model increases rapidly when the wind speed exceeds 13m/s. 
This rapid increase of gas transfer velocity is explained by several reasons such as enhancements 
of wave breaking induced turbulence, breaking wave induced air bubbles, and sea spray. However, 
quantitative roles and detail mechanisms of the enhancement are not well known due to the lack 
of detail measurements. To understand the gas transfer enhancement in high wind speed region, 
the bubble mediate gas transfer is one of important phenomenon. 

In order to measure bubble behavior induced by wind wave breaking, the phase-Doppler anemom- 
etry (PDA) measurement was conducted in wind-wave flume The diameter and velocity components 
of the air bubbles can were measured using PDA. 

2 PDA measurement and Experimental Setup 

An experiment was conducted in an acrylic-made small scale wind-wave tank at Abiko Res. Lab., 
CRIEPI. The wind generator and wave paddle are installed at the end of tank. To enhance breaking 
probability, mechanically generated waves were generated with wind-wave at wind speed of 9.2m/s 
(mean velocity). The surface displacements and velocities were measured by wave gage and two 
velocity component LDV system. The both of LDA/PDA measurements were carried out 11-20 
points vertically at 6m downstream of the wind inlet. 

PDA measurement can be classified into two types, one is a forward scattering and another 
is backward scattering measurement[3]. The forward scattering measurement was difficult for the 
wind-wave tunnel due to the geometrical limitation. Therefore, PDA measurements were carried 
out with backward scattering method. The 600mm and 500mm focal distant lenses were used for 
transmitter and receiver, respectively. The measurement period was two hours at each locations. 

3 Results and Discussion 

column using the PDA and a CCD camera was conducted pre-examine of the measurements in 
the wind wave flume for the calibration. Instantaneous images of the bubbles about 500mm above 
the aerator was measured. The differences between PDA and image processing measured diameter 
were dependent on the bubble diameter. The differences between them were small for small size 
bubble but were increased with bubble diameter become larger. The one of the reason to  explain 
this discrepancy is that a large size bubble has not spherical shape(r >3mm). Therefore, the error 
of measurements are increased both PDA and the image processing for large size bubble. 
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Figure 1: Comparison of the PDF of bubble diameter with log lows 

Figure 2: Vertical distribution of vertical bubble velocity 

Figure 1 shows comparison of the PDF of bubble diameter with log lows. Monahan[2] acous- 
tically investigated bubble diameter distribution with D-' - Dp4. The experimental data shows 
Dp3 approximately and is qualitatively agree with his results. 

Figure 2 shows vertical distribution of vertical bubble rising velocity below MWL. The existence 
of mechanically generated waves, the bubble rising velocity has two peaks near the free surface. 
However, it becomes the Gaussian like profile deeper than 8cm. 

The detail of results and theoretical considerations of bubble mediate gas transfer will be dis- 
cussed at the conference. 
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In a surf zone, numbers of bubbles are entrained through a splash-up cycle of plunging jets, 

possibly impacting on physical and biological nearshore environment - sediment transport, 

vegetation and water quality. Especially, size and number distributions of the bubbles are 

predominant factors to determine the drags for the surf zone flow and also gas transfer rate in 

this region. The distributions may depend on the local fluid motion under breaking waves and 

surfactant contained in seawater. In this paper, size spectra of the entrained bubbles in the surf 

zone and the effect of surfactant to the spectrum are investigated on the basis of an acoustic 

experiment. An interconnecting relation between the jet motion and the bubble size is also 

examined. The so-called micro-bubbles, suspended in water for long time, were trapped in situ 

experiments, and the void fractions under seawater breaking waves were also estimated. 

In situ experiments were conducted at Ishikari beach, Hokkaido, Japan to estimate a 

cross-shore distribution of the void fraction for seawater containing the micro-bubbles (c.f. 

figure 1). The void fraction increases in a transition region up to a bore region, while the bore 

region contains almost constant volume of gas. Maximum increase of the void fraction can be 

seen in a swash zone. The distribution of the void fraction under freshwater waves in a 

laboratory experiment tends to be qualitatively analogous to the in situ experiment while the 

freshwater has much smaller void fraction than the seawater. It is also found that the void 

fraction in the freshwater containing surfactant increases up to 50%, compared with the 

freshwater surf zone. 

A resonant frequency of pulsating single bubble was derived by Strasberg (1956), 

which exhibits a relation between the inherent frequency of sound emitted from the bubble and 

the bubble size. Based on the resonant relation, the bubble sizes under breaking waves can be 

estimated by a frequency spectrum of the bubble sounds measured by hydrophones which set in 

the laboratory surf zone. The process of bubble generation is found to depend on local motion of 

plunging jets in the transition region, which can be classified into the following three types in 

terms of the frequencies of the bubble sounds (See figure 2). (i) Rebound type; when the 

overturning jet rebounds at the plunging point, the bubble sounds with higher frequencies are 
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emtted from very small bubbles in the vicinity of an interface between the jet and undisturbed 

water surface. (k) Penetration type; the following water penetrates the undisturbed water surface, 

and then the entrained bubbles with various sizes emit multi-frequency sounds over a broad 

range. (iii) Bubble clouds type; the entrained bubbles are trapped by organized large-scale 

vortices, forming the secalled bubble clouds. The clouds emit low frequency sounds associated 

with a collective bubble oscillation rather than the single bubble pulsation. 

Figure 3 shows the number density for the bubble sizes in the transition and bore 

regions. While large numbers of bubbles for certain discrete sizes are produced in the transition 

region, there are vanous sized bubbles with relatively low number density in the bore region. 

Ths result suggests that a certain large-scale fluid motion on the surface produces inherent sized 

bubbles at the inception of wave breaking, and the tufbulence developmg through wave 

brealung process induces the various sized bubbles in the bore region. 
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1. INTRODUCTION 
Major inner bays in Japan are in chronic eutrophication and suffering from so-called red tide and blue 

tide or anoxia in summer, which often cause serious damages to coastal fisheries and environments. In order to 
improve the water quality and reduce the damage, various kinds of countermeasure have been carried out, which 
include reducing inflow load of nitrogen and phosphorus, removing organic bottom mud and covering the bottom 
mud with sand etc. Continuous monitoring of water quality is very important to grasp the effects of these 
countermeasures and to take proper procedures. Mikawa Bay (area = 604km2, mean water depth = 9.2m) is a 
shallow and closed inner bay connected to Ise Bay, where the water quality problems have increasingly been serious 
due to eutrophication. The prefectural government has continued water quality measurement every month at about 
20 locations in the bay. More frequent measurements at more locations are however necessary to understand the 
dynamic behavior of water quality in the bay. 

In the ocean, satellite images have been used for analyzing distributions of water surface temperature, 
chlorophyll concentration (Chl-a) and turbidity etc. The remote sensing of water quality in inner bays are also 
expected because satellite images regularly supply simultaneous information of wide area. Water quality of inner 
bays is usually evaluated through various indices such as COD, SS and Chl-a etc. Among these, Chl-a is the most 
important index for eutrophic waters. Estimate of Chl-a in the ocean from satellite images has been tackled by 
many researchers. In particular, various types of algorithm has been developed and verified for the CZCS sensor on 

NIMBUS7. Most of them relate Chl-a to a ratio between radiance values of two different bands (Gordon et al., 
1983). These algorithms are however applicable only to relatively clear water in the ocean where Chl-a is around 
several mg/m3. On the other hand, eutrophic water in inner bays sometimes shows very high concentration more 
than 100 mg/m3 with high SS and dissolved organic compound, where these algorithms cannot be applied. 

In this paper, an algorithm that enables us to estimate Chl-a from Landsat TM data is proposed based on 
field data obtained in Mikawa Bay for several years. Atmospheric effects that deteriorate the quality of information 

of Chl-a are considered in the algorithm. 

2. FIELD MEASUREMENTS 
Field measurements of water qualities in Mikawa Bay were carried out on nine different days with clear 

sky from 1995 to 2000 when the Landsat satellite took the images ofthe bay at the same time. At about 30 locations 

in the bay, surface water was sampled and Chl-a was analyzed by a spectro-photometer in the laboratory. The 

vertical distribution of chlorophyll concentration up to -6m was detected by an optical chlorophyll meter. Turbidity, 

temperature and transparency (secchi disk depth) were also measured. 
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3. COMPARISON WITH TM DATA 
The field data of Chl-a were first compared with Landsat TM data at corresponding locations. After 

investigating correlations between the field data and radiances of the bands 1 to 6, it was found that the difference in 
radiance between bands 1 and 3 gives the best correlation with Chl-a. However, the magnitude of the difference 

value seemed to be influenced by the aerosol concentration in the atmosphere. The atmospheric disturbance was 

eliminated in the algorithm by knowing that the aerosol concentration can be related to the averaged radiance values 

of band 1 over the bay. Finally an empirical formula was proposed for estimating the Chl-a distribution in the bay 
only fiomTM data. 

Figure 1 shows the comparison between measured and estimated Chl-a for all the data for 6 years. 
Figure 2 shows the distribution of estimated Chl-a over Ise and Mikawa Bays. High concentration is seen near the 
coast and at the head of the bay. 
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ABSTRACT 

I. Introduction and Objectives 
Coral reefs frequently exist in complex and dynamic environments. Although 

anthropogenic effects such as introduction of terrigenous sediments are often assumed to be 
primary stressors of coral reef communities, a quantitative link between these potential 
stressors and the decline of reefs is seldom established. This study aims to derive meaningful 
relationships between data gathered from inland field surveys, hydrologic modeling and 
results of remote sensing data analysis in monitoring the sedimentation in a coral reef 
environment. In demonstrating a direct coupling between land and ocean processes, remote 
sensing acted as the integrating method of analysis. 

11. 
The study area covers Shiraho Reef, Ishigaki Island, Southern Ryukus (24’ 21’ N, 124’1 5’ 

E) typifies a subtropical fringing reef. Shiraho Reef is host to over 359 known coral species 
but perennially suffers from substantial erosion of local red silt, called akatuchi discharged 
through the 11.5 sq km Todoroki watershed which drains eastward to the Shiraho Reef area 
due to intense cultivation activities inside the catchment. 

The Todoroki watershed was continuously gauged for depth and turbidity in three points 
along the Todoroki River and precipitation (4 locations) for a period of 1.5 years (Jun 2000- 
Oct 200 1). For the Todoroki watershed, a spatially-distributed, time continuous sediment 
discharge model was developed using a mini-database of geomorphic and physical 
characteristics where numerical solutions of overland flow simulations and sediment 
continuity equations were applied. In the process of computing for runoff and erosion rates, 
remotely-sensed data (aerial photographs and Landsat image) was used to parameterize land 
cover and vegetation abundance by using a constrained inverse spectral mixture model 
wherein the fractions of different land types are determined for each image pixel based on its 
detected spectral response (called “unmixing”). 

For the reef area, the extent and distribution of sediment accumulation on benthic cover 
types (coral, seagrass and algae), substrates (sand and rubble) and the deposited sediment 
were also determined using the principle of spectral unmixing. The method was applied to 
four Landsat images, covering the study area. coral-rich Shiraho Reef located in southwest 
Ryukus to assess the multitemporal nature of sediment deposition in the area. Results are 
validated by comparing satellite-derived sediment fraction maps with field data obtained from 
a reddish soil pollution assessment protocol. 
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111. Results 
Based on turbidity meter and aided by the sediment discharge modeling, total sediment load 

was estimated at 1084 tons while rainfall measured amounted to 3312 mm for the field 
observation period (See Figure 1) for the 70 rainfall events identified. Special attention is 
drawn to the May 3 1 rainfall event lasting for 25 hrs (vs. 12 hrs ave.). Downpour was heavier 
than usual (197 mm vs. 39.41 mm ave.). Peak rainfall rate was higher (36 mmhr vs 28 d h r  
ave.). However, it is as intense as usual average 7.88 mmh vs 7.03 mm/hr ave. peak 36.34 
d h r  vs 26.28 d h r  ave. Highest recorded depth from sensor (3.1 1 m) was deepest in 1.5 
years of monitoring. This resulted in an equivalent discharge of 101.76 c u d s .  or a total load 
of 159.6 tons with highest concentration reaching 1.1 g/L x c u d s .  

Oct-00 Nov-00 Dec-00 Jan-01 Feb-01 Mar-01 Apr-01 May-01 Jun-01 Jul-01 Aug-01 Sep-01 Oct-01 Nov-01 
Month-Year 

Figure 1. Year-round rainfall and sediment discharge data 

The broadening histogram distribution for June 2001 implies that sediment coverage has 
widened after May 3 1 event. Mean coverage values were also highest for June 2001 results, 
which likewise indicates heavierkhicker accumulation at that time. Decreasing maximmi 
coverage coupled with equivalent increase in mean suggest that high coverage only affect 
limited areas specifically that fronting the river mouth. Coverage increase was reflected in Jan 
2001 results from heavy sediment load in Nov 2001 (227 ton monthly total) that occurred 
after satellite image acquisition. Distinctively, June 2001 reflected an increase in sediment 
accumulation south of Todoroki River which can be explained by the wind deflected 

Figure 2. Results of the spectral unmixing technique as applied to the coral reef area. 
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