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ARTIFICIAL ISLANDS OFF THE ISRAELI SHORELINE -
PROBLEMS AND PROSPECTS
G. Shelef
Technion - Israel Institute of Technology
Haifa 32000, Israel

The construction of a series of artificial islands off the shoreline of Israel constitutes a clear
necessity towards the end of this decade and during the first half of the coming century. This is
due to the pressing utilization and need for development of the coastal strip in general and the
severe shortage of land for urban development in the greater Tel-Aviv area and in Haifa, in
particular. With capital investment of tens of billions US dollars during the coming 50 years this
is going to be one of the largest endeavour in the Israeli economy. In the first stage, the
construction of three artificial islands off the coast of Tel-Aviv with an average area of
approximately one square kilometer (1000 dunams) per each island, at a distance of about 1000
meters off the shoreline is considered. Similarly, at least two islands with approximately the same
dimensions should be constructed in the Haifa Bay. The possibility of construction of islands off
the coast of Herzeliah, Netania, Hadera, Atlit, Ashdod, Ashkelon, Cesaria, Acre and Naharia
should also be investigated in the future. The construction of an island opposite Gaza is
considered by international bodies in collaboration with the Autonomy establishment. For such a
national task, the Technion-Israel Institute of Technology, has organized a task force, together
with the S. Neaman Institute for Advanced Studies in Science and Technology (with the
participation of the Israel Electric Company) and through the Technion Foundation for Research
and Development subsidiary Company Environmental Systems Ltd, to carry on this endeavour.
Israel Land Authority has also participated by supporting the preliminary work aimed at the Tel-
Aviv coastline and a most important contribution was made through the Holland-Israeli
cooperation program where some of the important aspects related to the pre-design of the islands
in Israel are performed in the Netherlands by some of the world's most renown experts. Other
Technion experts in various fields, notably in architecture, town planning and various engineering
fields, as well as private consulting engineers and town planners have been involved in this
project. Part of these activities is reflected in this Conference (June 1994) by oral presentations of
Shelef, Waterman, Burt, Zimmels, Agema, Zwemmer, Boas, Wertheim, Prusk, Raanan, and
others.

The Technion pivotal role in this subject stems from the concentration of know-how and expertise
in the fields of environmental science and engineering; architecture, town planning and landscape
architecture; coastal and marine engineering; geomechanics, geological engineering and
foundation engineering; civil and structural engineering; transportation and traffic engineering;
construction management; engineering economics; geodetic engineering, etc.



Experience gathered in Japan, The Netherlands, Hong-Kong, and Singapore as well as in projects
under initiation or design in Taiwan, Chile, Denmark, Scotland and other countries is most useful
in our endeavour, Japan with over 80 artificial islands, with a total area of approximately 560
square kilometers, provides the most extensive example. Two of the leading experts from japan
are therefore presenting their papers in the Conference, i.e. Professor Takeo Kondo and Architect
Shiro Mitsumune.

Over half a million US dollars have been invested in this stage of the work by the above
mentioned sponsors.

The preliminary feasibility study indicates the high economic viability of this endeavour. for
example, the cost of construction of a one square kilometer island (including a substantial part of
its infrastructure) at a distance of approximately 1000 meters off the Tel-Aviv shoreline, is
estimated at between 700 and 1000 million US dollars (US$ 0.7 - 1.0 billion ). The value of the
created land for high-standard condominiums, hotels, recreation, tourism, bathing beaches,
marinas, office buildings and public buildings is estimated at between 2500 and 3000 million US
dollars (depends on population density per unit area, which can be higher due to the feeling of
spaciousness in such an island).

The construction of the islands at such a distance off the shoreline, substantially increases the cost
but it has a vital importance as far as landscape, creation of “opposite” bathing beaches and
marinas, sediments balance, water exchange and other factors are concerned.

Towards the design stage of the islands, a substantial work should be carried out such as marine
tests, detailed batimetry, marine bore drilling and sampling for gathering of geomechanical and
foundation design data detailed study concerning availability of fill material, environmental
impact analysis, caisson technology, bridges and transportation, general planning and expansion
of the techno-economical analysis. If the early phase of construction will commence, as
envisioned, in late 1998, over US$ 8 million will have to be invested in the pre-detailed design
stage in the coming two years. The Technion task force, together with other bodies such as the
Oceanographic and Limnological Research Institute, The Geological Institute, other universities
and research groups dealing with coastal and marine studies as well as town planning,
architecture, coastal engineering, real estate assessment, economics and investment groups will be
involved.
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LAND RECLAMATION FROM THE SEA IN AND AROUND JAPAN

Dr. Takeo Kondo
Prof. of Nihon University
College of Science and Technology
Dept. of Oceanic and Architectural Engineering
4-1-9-205 Hiroo, Shibuya-ku, Tokyo 150, JAPAN

- Japan is a small country with only 25 percent of the available land suitable for living in.
However, its exclusive 200 nautical mile economic zone is 12 times its land area, so that
the effective use of this sea area is an important task. One method of utilization is the
concept of the offshore man-made island. The construction of an offshore man-made
island not only creates new land to meet social needs, but can also create a social
foundation which arouses new social needs. In addition, creating a man-made structure
in the sea will improve the marine environment and provide marine life with a new
environment in which to live. |

After briefly covering Japan's history of landfill projects, this paper will cover: a
definition of the concept of offshore man-made islands; the social background to their
initial construction; and the roles and effects of offshore man-made islands in the social
system. A special emphasis will be placed on the role of offshore man-made islands as
final landfills for urban waste which is a major problem among advanced countries. The
use of man-made islands as landfills has far-reaching social effects and a very positive
effect on the environment. In this manner, offshore man-made islands are positioned as
a foundation which supports Japan's social system. This paper will also discuss
technological problems by introducing actual case examples.

Finally, this paper will make the conclusion that offshore man-made islands are in a
position to make possible sustainable development between the marine environment
and the social system.



DEVELOPMENT IN THE MARINE COASTAL ZONE OF ISRAEL -
A VIEW INTO THE 21ST CENTURY

Prof. M. Burt
Faculty of Architecture and Town Planning -
Technion - Israel Institute of Technology

1. Itis a fact of today's Israel that over 60% of its 5 million inhabitants live concentrated
along its narrow coastal plain strip, at times reaching only 2 kilometers in width. The
once branded policies of "decentralization” and "desert conquest" are not anymore
obvious national goals and trend of population increase along the coast is likely to
continue.

The combination of "green and "blue" environmental value setting is a very attractive
proposition for both the development of housing, leisure activities and free-time
entertainment tourism. With a projected population of ten million by 2030-2040,
seven or more million are likely to concenirate along the coastal plain (that is, an
addition of about 4 million over the present numbers). The population increase along
the coast will undoubtedly have a number of negative consequences (through
increase in urban density and environmental degradation) on the cost and quality of
life and tourism. It will invite additional pressure on nature preserves, landscape
resources and agriculture green lands, and will require a dramatic expansion of all
infrastructure facilities.

Facing these foreseeable adversities of the 21st century, the thinning of its natural
resources and the limits of the coastal zone, Israel is left with two major, almost
inexhaustible, resources: human ingenuity and the broad expanse of the sea.

2. Israel can generate from the coastal water zone, with visionary planning and "off-the-
shelf technologies”, the following resources:
a. Protected water zone area: artificial lagoons for multi-purpose use of great
economic - tourist potential;
b. Reclaimed land in the form of "polderisation” and artificial islands;
¢. Contribution to the length of the marine urban front - a resource much in need,
due to its environmental attributes and commercial value.



P

The gap between the cost of generating these resources and their commercial market
value is increasing yearly and can only widen in the future. This widening gap
constitutes a dominant factor in the rational behind this development trend. The
batimetric, geologic-sedimentological and ecological conditions of Israel's coast,
along its 190 km. allow for artificial islands construction through technologies and
testtd practices of marine engineering that, facing similar challenges, proved
themselves world-wide in the last decades. It is possible to penetrate the sea with
artificial islands to a distance of 2 - 2.5 km from the coast without violating technical
engineering feasibility prospects and economic convenience.

It is assumed that a channel of 800 + 1000 m between the islands and the coast will
minimize negative interference with the coastal natural regime of currents and
sedimentation and their impact on coast erosion and build-up.

. Itis possible to employ several technologies and techniques:

— artificial islands of reclaimed land, realized with retaining walls and infill
materials;

- artificial islands on platforms of a diverse size, built in protected or open waters
and supported on piles resting on the sea bottom:

- artificial islands as floating platforms, either permanently or for a transitory phase
only, during which they will be converted into an infill based stationary islands.

It is reasonably assumed that this urban development will happen mostly in front of
existing coastal (mother) cities, and will lead to marine urban projects, which are
programmatically and functionally complementary and intensely interactive with
their urban hinterland.

In most cases the programmatic profile of such an urban artificial island
development will be dominated by housing but a conspicuous portion of commerce
and tourism oriented facilities should be incorporated.

It could be demonstrated that in this marine environment through an appropriate
manipulation of "blue free public spaces" and intensities of urban development,
densities of 30,000 inhabitants and more per square kilometer could be achieved
without violating and even enhancing acceptable, forms of urban quality of life.

These islands and lagoons and their immediate marine surroundings can provide
solutions for:
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a. The settlement of 1,000,000 people (that is, one out of every four persons that will
be expected to settle along the coast within the next 40 years).

b. Wide range of infrastructures to serve tourism that will turn it, economically, into
one of Israel's leading industries.

¢. Civil engineering infrastructure which will include power plants marine
transportation and air terminals, waste disposal sites, industrial parks and by
pass transportation solutions.

d. Military bases and airports that may free important land resources, reduce
pressure on valuable nature and landscape environs for civil, agricultural and
urban development.

1,000,000 people could be settled in artificial islands occupying 40% (~ 30 sq. km) of
the existing total length of urban coastal front (~75 km). All the rest of the specified
functions could be solved within a total coastal front of additional 25 + 30 km, thus
leaving 130 + 135 km (out of Israel's total of 190 km) for various coastal nature and
archaeological preserves and recreation beaches.

- It is understood that any development in a marine environment must respect the

following principles:

a. Planning must be hierarchical, from the national to the regional, the municipal
and the local levels;

b. Ecological and environmental criteria must take the highest precedence;

¢. Any urban marine development must consider far reaching integration with the
relevant coastal hinterland;

d. Development must be inclined towards the creation of qualitative urban and
environmental solutions and compact architecture that makes an effective and
imaginative use of the marine environment;

e. It must take into consideration economic criteria (short and long term) and must
direct itself towards concrete and profitable projects that would justify
development investments by "private" entrepreneurs.

It seems that the present frame of mind relating to our coastal zone development
must undergo a considerable flexing and stretching process. What is urgently
required is a comprehensive long-range plan of a different, bolder conception as to
the proposed scope of the programmatic platform and the nature of the explored
solutions.



It is considered that under Israel's present and predicted future developments over
the next thirty years, the economic prospects and the maturity of marine engineering
as already mirrored through many contemporary built projects around the world,
such a frame of mind and design initiative is justified and timely.

It is estimated that today, conditions already exist for a first pilot project of an urban
artificial island within the offshore municipal boundaries of Tel-Aviv, and it is
important to start such a project already on the basis of a comprehensive national
and regional scheme.



ECONOMICAL AND ENVIRONMENTAL ASPECTS OF
CONSTRUCTING THE ARTIFICIAL ISLAND

Y. Zimmels

Department of Civil Engineering
Technion, Israel Institute of Technology
Haifa 32000, Israel

. The construction of an artificial island off the coast of Tel-Aviv involves combined economical
and environmental aspects. The construction of the island depends on its economic viability and
its positive integration with the existing coastal environment. The prime economic motive is the
value of the land which will be available by the island. This value depends on the location of the
island, the designated uses of its land and the authorized "building" percentage". Tel-Aviv does
not have a classical downtown business district. The construction of such Manhattan type district
on the island can upgrade the city to a level of an international business center. This can have a
profound regional economic impact. In this presentation, a 1 square kilometer (1000 dunam)
island is considered. The construction cost of this island depends on its distance from the shore
line, its shape and available construction technologies. An important cost factor is the sea walls
and the fill materials. The use of waste as fill material has obvious economic incentives. Coal fly
ash which is produced by the electric power stations is such a waste material, but it can satisfy
only a relatively small part of the demand.

Dredging of sand from the sea bottom, including a separation stage of silt and clays, seems to be a
viable option for the supply of cheap fill material. The sea walls can be constructed from
caissons, boulders, rubble mound, tetrapods, etc., or by combination thereof. Another option is a
low slope protective shelf from sand. The caisson technology is expected to be more expensive
but, the ratio of net surface to bottom area it produces, is expected to be higher. This decreases the
cost difference per unit surface area between the different construction technologies. The cost of
caissons can be for example 20% of the total construction cost and together with the protective
rock boulders, concrete blocks, rubble mound, tetrapods and geotextiles, it can reach 40-50% of
the total cost. The cost of fill material can range between 5 to 20% of the total construction cost
of the island. The lower, 5%, value may be realized if cheap sand can be dredged from the sea
bottom in the 30 km strip extending from the shoreline westward. Alternative fill materials will
probably cost more. The construction cost increases with distance from the shore line, and is also
a function of the island geometry. For example, the cost of a 1:1 and 1:2.4 rectangular island set
parallel to the shore increases by 15 to 33% when its distance from the shoreline is changed from
800 m to 1400 m.
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For this island, the cost per m2 of reclaimed land varies between $600 and $800, with the lower
cost corresponding to the narrow geometry. A drop like shape is likely to have environmental
advantages. The environmental impact on the shore decreases with distance of the island and as
the ratio of its dimensions to the distance decreases. Hence, setting a drop like island with its
narrow tip closer to the shore is expected to decrease its environmental impact as compared to
square or rectangular shapes. The construction cost can be also lower since the ratio of
circumference to area decreases. For example this ratio decreases by 12% when a square is
changed to a circle at fixed area. The island project can be envisaged as consisting of two stages.
In the first stage new, prime land, is generated and in the second stage, buildings are constructed
on this land. The Japanese considered the island and the buildings as one project. The value of
prime land in the Tel-Aviv area can reach few thousands of dollars per square meter. If we use
similar figures for the island we are probably still conservative in our estimations. For example if
we assign a sales value of $2,100/m? at a construction cost of $700/m2 , then the added value will
be 200% and the sales prices is triple the cost. The land designation for different buildings is
expected to affect its value. This includes, high class residence, hotels, shopping and business
centers, offices, etc. The unique function of the island as city center of Tel-Aviv in the open sea is
likely to warrant the authorization of high (200-500% and over) "building percentages”, up to a
Manbhattan style district.

Analysis of land value, as a percentage of the built assets on it, indicates $2000-$3000/m? at 200-
300% "building percentage”, respectively. Therefore the sales value of the new land is again three
times the cost of its construction. This analysis shows that the sensitivity of the project to changes
in the cost of construction is not expected to be a significant factor. Therefore environmental
constraints can be probably met with relative economic confidence. The large difference between
the sales value and cost indicates the possibility to increase the distance from the shore and the
benefit of increasing the size of the island westwards. This applies also to the change of geometry
to the drop like shape. Since the project cash flow depends on the rate of sales, an appropriate
marketing strategy must be formulated. "The cost of construction of infrastructure and buildings is
estimated to be of the same order as the one of reclaiming the land. However the expected profit
is for example 30%. Therefore the main profitability is expecied to be due to the reclaimed land
rather than due to the buildings. For example, the total asset value of the fully constructed (land
and buildings) 1000 dunam island can be $4 billion. such a huge project is expected to have
tremendous economic impact in the region, during construction time as well as after its
completion, i.e. in every day operation. Protective environmental maintenance for prevention of
accumulation of sand deposits is not expected to bear significantly on the economic scope and
profitability of the project.
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MARINE RESORT & TOURIST CENTER - TEL-AVIV

Architecture - E. Lipski, Architects
Engineering and Design Management - A, Epstein & Sons (Israel) Ltd.
Coastal Engineering - L. Stadler

In the last four decades, Tel-Aviv has turned her back to the Mediterranean Sea,
which on its eastern side tends to be very aggressive towards the shore. The
combination of biting winds and salt are destructive to buildings. For many years
no solution to this problem was found, and as a result the conclusion was reached
that coping with these hazards was not possible.

It is only in the last ten years that Tel-Aviv has managed to cope with these
problems, primarily due to the enormous advancement in the technology of
developing new materials for coping with the hazardous climate. As a result, the
City Engineer and Municipality have adopted this novel approach so as to return
the growth of the city back towards the sea, which would be its natural tendency.
Accordingly, the Municipality is considering several plans which would develop
the western seashore.

In the early seventies several options dealing with the development of the area
between the Old Port of Tel-Aviv and the Hayarkon River were proposed and
looked at. for many reasons these plans were never realized.

The Yarkon plan (Shefech Hayarkon) is located between the "Yir Yamim" plan and

the Reading Power Station. The project is located at the focal point of three

promenades:

1. The promenade along the Hayarkon River bank comin g from the east seawards.

2. The continuation of the promenade which starts at the Tel-Aviv Old Port to the
north.

3. The continuation of Tel-Barouch promenade to the south.

Design Principles:

1. The suggested plan occupies 536 dunam, consisting mostly of reclaimed land,
which is located west of the Yarkon River and the historical port of Tel-Aviv,
Special attention was given for the creation of a large park combining
recreational activity facilities for public use and pedestrian walking paths.
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2, The main 900 meter long breakwater will be constructed parallel to the existing
one of the Reading Power Station. The protected area within the breakwater
will be developed as an apartment hotel complex and other projects for the
benefit of the public.

3. The apartment hotel complex will be separated from the public facilities.
Nearby airport building restriction dictated the skyline of this complex, The
"finger" like projections will contain part of the complex. This style was used by
the architect abroad, and was adapted to suit the Mediterranean climate. By
using this system, maximum mooring facilities in front of the units is achieved.

Replacing the commonly found "green lungs" of residential areas in Israel, will
be the "blue lungs" (water areas) among the residential units of the apartment
hotel.

4. The apartment hotel complex will consist of 1,450 units, on a net build-up area
of 120,000 sq/m (470,000 sq/m gross built up area) 330 of these units will have
private mooring spaces.

A Plan for Developing a Marine

R ional identi ne, Eilat - Ak

Within the preparation of a comprehensive program for the binational project, the
planning initiators have suggested the development of a marine recreational
residential zone in the Filat and Akaba region.

Eilat Region:

The development of the Eilat tourism quarter has concentrated for many years in
building high-standard hotels along a narrow beach strip.

Since the Six-Day War, a lot of resources were allocated for the development of the
Sinai beaches, and the subject of the marine accessibility to the Eilat tourism zone
was neglected. Only after the Peace Treaty with Egypt was signed, it was found
out the Israel was not ready for the present condition. Currently, the length of the
shore in the area is very small compared with other tourist attraction all over the
world. The situation will worsen with future hotel building.
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Based on the above data, the team of planners have drafted a unique proposal for
the Eilat region, which meets the said conditions, while relying on the wide
experience gathered in this field all over the world, mainly in France and the U.S.

The development of the LANGUEDOC ROUSSILLON tourism region in France is
as excellent example for such development project.

The program suggested for Eilat occupies an area of ca. 3600 dunam. Most of the
land is owned by the Israeli Land Administration. The land proposed for the
project, located in the FEilat region, along the Jordanian border, is the only one in
Israel where a large inland lagoon (up to 3 km long with connection to the sea) can
be formed. The constraints of the groundwater aquifer, which covers most of the
area of Israel and the Mediterranean beach, does not exist in this region, which is
saturated with brackish groundwater.

The design program concentrates on the establishment of a wide range of
residential units, services and activities offered to the tourist coming to Eilat, the
reaction of a central attraction for the existing and new quarters and the integration
of various other attractions.

It will include 12,000 recreation units and there will be therein about 4500 mooring
locations. The project will be developed stage-wise from south to north.
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AN EXPERIENCE IN JAPAN AND MY NEW VISION FOR
THE ARTIFICIAL ISLAND - ON THE CASE OF ROKKO ISLAND

Shiro Mitsumune
Managing Director, Architect
Showa Sekkein, Inc,
Yotsubashi Bldg. 1-5-7 Shin-machi Nishi-ku
Osaka 550, JAPAN

Rokko Island is in Kobe City, near Osaka and it takes about 40 minutes to reach it from
Kansai International Airport by car and by ship. Kobe has the nations major trading port
which is linked with all major ports in the world and plays a vital role in the Japanese
economy. It is important to the life of the citizens, as may be imagined. According to an
investigation conducted in 1979, 20% of the work force living in the city worked for
industries related in one way or another with the port, and as much as 44% of the
citizen's income came from port-related industries. It proved that the port was
indispensable to the economic life of the people residing in the city.

Because of increasing trade, especially with China, it becomes necessary to develop new
facilities including container berths as well as to revitalize to existing ones. To meet these
needs, Kobe has been promoting two major projects. One is Port Island covering an area
of 4,360,000m? and the other is Rokko Island, which will be the world's largest artificial
island with an area of 5,800,000 m2.

The land plan and uses for both of the two islands were decided; the seaside for the
wharves and the port related facilities, and the centeral area of the island is for the urban
zone (housing, business and commercial, cultural, educational and recreational zZone).

Unlike the Port Island, which was developed entirely by the city of Kobe, Rokko island
is a joint venture between the city administration and the private sector. The essential
urban infrastructure of Rokko Island (roads, parks and schools) was developed by the
city while the commercial, business and residential areas were planned and financed by
the private sector. This multi-purpose island "Rokko Island" is now half completed and I
took part in planning the first stage of the urban zone; 31 ha (net), 150,000 inhabitants,
which includes the fashion mart, the city resort hotel (Kobe Bay Sheraton), the gourmet
building, the general hospital, office buildings, the schools and the shopping center.
This 31 ha project is almost completed.
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The second stage (amusement center) is now half completed, and the 3rd stage which I
planned is now under construction. This stage involves the municipal fashion museum,
private hotel, the shopping center, the amusement facilities (cinema complex, the game
center), the exhibition hall, and the public parking lot.

We had to solve important problems regarding the weak soil that contains much water.
In order to stabilize the soil, we adopted methods such as the sand pile and preload
system, the non-negative friction piles, and the sliding or flexible system on the joining
parts.

During the planning of the Rokko Island, the following particular systems were
adopted:

1. New ftransportation system (traffic capacity of 10,000 passengers/hour) which is
based on automatically controlled cars with rubber tyres.

River Mall (water stream).

City Hill (width: 40 ~ 100m; height: GL + 15m)

Recycled water system.

Areal central heating system.

City mall system (pedestrian, traffic, energy network).

Landscaping code.

CATV system.

© NS U WN

Construction cost: land cost is approx. 540,000,000,000 Yen (US$ 5,000 million ), and
building cost is approx. 700,000,000,000 Yen (US$ 6,500 million ), total cost
1,240,000,000,000 Yen (US$12,000 million). |

After completion of this Rokko Island the follonng economic effects are considered:
Export of industrial goods is 290,000,000,000 Yen (US$ 2,700 million), annual sales
amount, whole sale included is 405,000,000,000 Yen (US$ 3,800 million). Thus the
economical product influenced by the construction of Rokko Island is over
1,032,300,000,000 Yen (US$ 2,600 million), and the increasing number of employees is
estimated at 37,000.

The urban zone (approx. 100 ha) is located at the central area of Rokko Island. In view of

the experience gained by the Rokko Island, the following is proposed for an island off

the coast of Tel-Aviv:

1. The city built on the island must be super complexed by various kinds of facilities,
i.e. in addition to housing and factories. Space must be allocated for people, for the
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handicapped, for the senior citizens and for tourists. Similarly space must be

designed for sleeping, working, studying, relaxation, communication, shopping and
for playing.

Main concepts of city [ECO system] This involves three concepts: Ecology;
Economy; Ecole; and must have nine such-themes:

It must be Exciting.

It must be Comfortable

It must be Original

It must be Symbolical

It must be interesting for the Young

It must the good for Security

It must be both Traditional and Trendy

It must be based on Ecology and Efficiency

: It must be from Maximum to Minimum

The city must have some peculiar features (atmosphere)
* As a museum

* As a theater

¢ As an amusement center

As a living room
¢ As a community center

As a garden

This means building a city or "town resort". This approach is good both for the
residents and the visitors.

International city

The best way for a city to become international is to have appropriate relationships
with sister cities of many foreign countries.

Community Creative System
A city or town is not only a "Hard System", but also a "Soft System”, and so it must

have some private organization which controls and make the community vigorous.

It is mainly developed by public sectors but it must be also a joint effort by the
private sectors.
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In the infrastructure it must have fail-safe functions.

* Transportation (ex. double bridges, roads)

* energy system (ex. electric power back up system, as double roots)

* Safety system (against wars, fires, earthquakes or other catastrophes)

8. Changeable system to the city and town metamorphoses.
The center of the city or town will be changed, so it is an important point how
available the structure is to changing the features of the city. Flexible infrastructure
and growing system are needed.

9. Processional developing system

Step by step, steadily by some control system with some balance is the key point for
developing.

10. Comprehensive plan
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FORECASTS OF PRODUCTION AND UTILIZATION
OF COAL ASH IN ISRAEL

A. Lavie

Israel Electric Corporation

From the initial operation of the first coal-fired power station in Israel in 1981
through the end of 1993, approximately 4.7 million tons of ash were produced. Of
this quantity about 90% was fly ash and the remainder bottom ash. Some 2.9 million
tons of ash were utilized during this period for cement production and an additional
0.9 million tons were used to construct embankments surrounding the Maor David
Power Station in Hadera. The remaining 0.9 million tons were evacuated to the sea.

From 1994 to 2000 the power stations will produce approximately 5.9 million
tons of ash. Of this quantity, some 3 million tons will be used for cement production,
0.8 million for the production of lightweight aggregates and 0.3 million for
completion of the embankments at the power station in Hadera.

Currently we are examining additional possibilities for the utilization of ash in
the building industry (concrete, blocks, etc.), as well as for infrastructure and road
construction. We are also checking the use of ash in agriculture, as well as metal
extraction from ash.

A conservative estimate shows that of the 1.8 million tons of ash available,
approximately one-third can be utilized. The remaining 1.2 million tons can be used
as raw material for sea reclamation and/or in the construction of artificial islands.
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CHEMICAL ASPECTS OF COAL FLY ASH DISPOSAL AT SEA
Nurit Kress

National Institute of Oceanography
Israel Oceanographic & Limnological Research Ltd.

Coal fly ash, the product of coal combustion, is composed mainly of oxides of silicon,
aluminium, iron and calcium. It can be alkaline, acidic or neutral and exhibits pozzolonic
activity. Fly ash contains also trace elements, among them heavy metals that are a part of
the mineral lattice or surface enriched as a result of volatilization-condensation process
during the combustion of coal, the latter being more available to the environment.

In Israel, excess fly ash is dumped at sea at a water depth of 1500 m, beyond the
continental slope and far from fishing grounds. The ash sinks rapidly to the bottom and
accumulates on the sea bed. Fly ash can cause physical changes to the substrate at the
disposal site but the main ecological concern about the disposal of coal fly ash inland or
at sea is the possible release of heavy metals from the ash to the environment.

Field studies at the dumping site and laboratory experiments were conducted in order to
monitor and assess the impact of fly ash to the marine environment. Leaching
experiments were conducted on a representative sample of Hadera fly ash, brought into
contact with sea water at different solid to liquid ratios (1:1, 1:2, 1:10, 1:20, 1:50, 1:200,
1:1000) for different contact times (24, 48, 96 hr, 11 days). Cadmium was not leached
from the fly ash in most of the experiments. Only at long contact times (96 hrs) and at
high liquid to solid phase ratios (1:200, 1:1000) there was a decrease of 26% in the
cadmium content of the fly ash. The release of cadmium from the ash occurred only
when the pH of the solution was lower than 9, pH at which the cadmium ions do not
precipitate out of solution nor are completely adsorbed suggesting that adsorption
processes govern the leaching of this metal from the ash. The same mechanism seems to
control the leaching of copper and zinc. But, as opposed to cadmium, cooper and zinc
were not leached at the same experimental set up. Copper and zinc ions will precipitate
out of the solution at pH higher than 7.6. In the case of Hadera fly ash (Alkaline ash), the
final pH of sea water after contact with the fly ash was always higher than 8.2 and
therefore copper and zinc were absent from the solution.



19

Fly ash at the dumping site was sampled four times during four years after dumping
operations started. The amount of fly ash accumulated at the disposal site was
determined both by visual examination of the sediment core and by chemical
determination. Fly ash has a distinctive color, silver grey, that contrasts with the brown
color of the sediments at the dumping site. Visual examination of the sediment cores
sampled from the middle of the dumping site showed a measurable layer of fly ash, to a
maximum of 5 ¢m at the more influenced site. The amount of fly ash in the sediments
can be calculated also using the concentrations of Mn or Al in the sample. This method
utilizes the difference in concentrations of these two metals between the Hadera fly ash
and deep sea sediments at the dumping site. The experimental values of Mn and Al in
the samples were plotted on a single mixing diagram where deep sea sediment and
Hadera fly ash were the two end members. The Mn and Al contents of the
representative ash samples were 454 ppm (c.v. =2.4%, n = 12) and 14.2% (c.v. = 2.8%,

n = 12), respectively. By contrast, the concentrations of these elements in the natural
sediment in the area were Al = 7.43% (c.v. = 2.1%, n = 8) and Mn = 1.931 ppm (c.v. = 3%,
n=>5).

Fly ash was present in the sea bed not only in a powdery state but also as small round
aggregates and large boulders. Determination of trace element contents in fly ash
aggregates sampled from the dumping site showed a decrease in cadmium
concentrations, compared to representative samples of Hadera fly ash. No changes in
copper, zinc or lead were detected, in agreement with the results of the laboratory
experiments. In addition, there was a decrease in the concentration of iron and no
change in the manganese and aluminium contents. Preliminary research on the
morphology and the main chemical components showed differences between the
recovered ash and representative samples of Hadera fly ash that were not in contact
with sea water.

The continuation of the experiments on fly ash from the dumping site will add to the
knowledge on the chemical processes occurring in the ash at sea, knowledge that should
be implemented in the utilization of fly ash in the marine environment.
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ARTIFICIAL REEFS MADE OF FLY ASH CONCRETE ON THE
MEDITERRANEAN CONTINENTAL SHELF OF ISRAEL

Ehud Spanier
Center for Maritime Studies and Department of Maritime Civilizations,
University of Haifa, Haifa 31905

Before investing billions of dollars in constructing artificial islands off the Mediterranean
coast of Israel, we should consider the construction of artificial reefs in this habitat.

The establishment of three fields of artificial reefs made of concrete which constitute

primarily of coal fly ash and the study of them for 5 years will cost less than one million
dollars.

The experience accumulated by scientists from the University of Haifa and the
Department of Fisheries, Israel Ministry of Agriculture, in recruiting commercial species
(fish and lobsters) to used tires' artificial reefs enable the planning of biologically
effective underwater man-made habitats.

Most of the shallow Mediterranean continental shelf of Israel is flat. This morphology
does not supply habitats preferred by commercial groupers, sea breams and lobsters.
Artificial reefs may convert such areas to preferred fishing grounds as well as attractive
sites for Scuba divers and sport fishermen.

It is proposed, therefore, to establish experimental fields that will include 48 reef units
based on coal fly ash to solve this environmental terrestrial nuisance as well as reduce
the cost of each unit. The following topics will be examined: 1) The ability of these reef
units to withstand the conditions of winter storms in the open Mediterranean Sea; 2) The
rate of renewal of fish populations and the economic value of the yield; 3) The optimal
density of reef units per field under Israeli conditions.

If the results of the proposed study are positive and will be followed by a large scale
deployment of artificial reefs in the shallow sea, the annual yield of rocky fish could be
doubled. Thus, the economic benefit, including the partial solution for the fly ash will
return the investment within 12 years. The results of the study will also help in planning
artificial islands based on fly ash. It is suggested that artificial reefs will be integrated in
these future islands to make them environmentally more attractive.
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GEOLOGICAL AND SEDIMENTOLOGICAL ASPECTS OF ARTIFICIAL
ISLANDS OFF THE ISRAEL MEDITERRANEAN COAST

Dr. Yaacov Nir, Geological Survey of Israel
' Jerusalem 95501

1. Sediments

The continental margin of Israel forms the eastern flanks of the Nile submarine delta
known as the "Nile Cone". The continental shelf is wide in the south, reaching about

25 km off Raffiah at the Sinai border, wedging out gradually to about 10 km off the
Carmel Plain, and to just a few kilometers off Southern Lebanon. The shelf has a very
gentle westward slope of about 0.5-1 degree in its shallow, and only 0.1-0.4 degrees in its
deeper part. The shelf's break is at around 80-110 m water depth. A few submerged and
buried 'kurkar’ ridges, 0.5 to 2 km wide, parallel with the main trend of the coastline and
partially exposed, are found on the shelf (kurkar' is a local term for carbonate cemented
quartz sandstone).

The Israel beaches form the last, and poorest section of the Nile littoral cell which
commences east of Alexandria, and terminates at Akko. The Nile River is the most
important source of sediment supply to the system. Therefore, the beaches of Israel, with
just a few exceptions are mostly sandy, comprising of the mineral quartz (5i03) grains,
with small amounts of calcium carbonate grains (CaCO3) originating mainly from local
sources: marine shells and redeposited eroded 'kurkar' rocks.

Sand (62-2,000 microns) deposits are distributed on the continental shelf all along the
Mediterranean shores of Israel in a belt parallel to the shoreline. This belt is 3-4 km wide
in the south, reaching up to 5 km in the north. In Haifa Bay the sand zone is 6 km wide,
and the sand fraction comprises also of high percentage of local carbonate grains. Grain
sizes decrease with water depth and distance offshore, showing a transitional zone to
the finer sediments at the edge of the sandy belt. Most of these fine sediments originate
in the Nile, and are composed of fine quartz grains in the silt sizes, while the dark mud
of the clay mineral classes shows the abundance of smectite (montmorillonite) as a major
component, kaolinite is second, and illite is third in importance. From about 30 m water
depth and downwards the sediments are mostly muddy, in the fine fractions, and
comprise mainly of clay minerals.
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2. Offshore artificial structures and their influence on the beaches

Offshore artificial structures if built too close to the shoreline have a very negative effect
on the beaches. In general, they block and dam the longshore sand transport, the result
of which is excess of sand accumulation in the 'upcurrent' region of the structure, and
deficit which causes erosion in the downcurrent zone. It has been found (Nir, 1982)
through empiric studies of structures located up to 350 m offshore that there would
almost be no effect on sand accumulation in the 'shaded’ zones if the relationship
between distance to length ratio is somewhat larger than 2. Although one may try to
introduce the same ratios for far away artificial bodies, it should be re-examined through
the study of similar cases of natural, as well as artificial structures (in similar
oceanographic and sedimentological conditions). The following Fig. 1 shows the
maximum theoretical width at different depths of offshore artificial bodies adjusted for
the different Israeli shallow shelf profiles.
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DREDGING OF FILL MATERIAL FOR
RECLAMATION OF ARTIFICIAL ISLAND

Dirk Zwemmer
Lievense Consulting Engineers
Breda, The Netherlands

Using modern dredging equipment it is nowadays possible to suck up suitable
material from the sea-bottom and use it as fill material for an offshore island or any
other reclamation work.

To build an island off the coast of Tel-Aviv, a trail suction hopper dredger is the
most suitable dredging vessel to be used. A trail suction hopper dredger is self-
propelled and equipped with a movable pipe on the site(s) which can be lowered
onto the bottom and subsequently suck up the bottom material like a kind of
vacuum-cleaner. As the sucked-up material settles inside the hull of the ship the
remaining water flows overboard. The size of the trail suction hoppers varies from
500 m3 to 10,000 m3 loading capacity. At the building location, the material is
discharged mostly by means of bottom valves. Large trail suction hopper dredgers
dump the material up to approximately 9 m below sea-level and smaller hoppers
up to approximately 5 m below sea-level. On the bottom, the dumped material
settles in a kind of pancake shape while at the circumference of the proposed
island the material is retained by means of underwater stone walls dumped in
advance. Different methods can be used to place the fill material from the level - 5
m to approximately +1 m above sea-level. "Rainbowing" is considered to be the
most suitable method.

The total amount of fill for the Tel-Aviv island amounts to 17 x 106m3; for part of
the fill fly-ash can be used. The dredging cycle time (sailing-dredging-sailing
dumping) determines the price in the different stages. The environmental impact is
assessed as a result of the trailing suction process as well as the dumping process.
A T4-minute video film of the complete dredging process of a trail suction hopper
dredger will be shown.
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APPLICATION OF FLY ASH FOR THE CONSTRUCTION OF AN
OFF SHORE ISLAND IN THE MEDITERRANEAN

A. Boas

Private Consultant, 23 Herzog St.
Givatayim 53601, Israel

When the project was initiated it was expected that it would be difficult to obtain
sand from deposits at economic distances from the project or from depths where
dredging yet would be possible. The utilization of fly ash as fill material was considered
therefore to be an significant factor in the engineering economics of the project.
Maicirnizing the use of fly ash was made one of the design criteria of the project.

The capacity of all coal fired units, at the moment 2550 MW, will be in the year
2005 nearly 6000 MW. The quantity of fly ash produced will double in the same period
from 600,000 ton per year to 1,200,000 ton per year in 2005. However the utilization will
increase from 450,000 ton per year only to about 800,000 tons in the year 2005. Total
surplus during 10 years is estimated to be 3,260,000 ton.

The fill required for an island of 810,000 m? at a location between 800 and 1800
meters is in the range of 17 million m3. The total surplus quantity of fly ash during the
ten years under consideration, which can be rendered useful for fill, amounts therefore
to less than 20% of the total fill required.

Because of this limited quantity of fly ash in relation to the total quantity of fill
required, it was suggested originally to apply all the fly ash above sea level in areas
environmentally easy to control. The amount of fly ash which can be applied in the
upper layers of a 810,000 m?2 off-shore island was estimated to be in the range of 2.15
million ton fly ash. This quantity is to be placed during the last phase of the actual
construction period of about 5 years, out of a total 10 years , including the design and
preparatory stages.

Storage of at least 1 million ton during 4-5 years at a suitable site was therefore
required. In order to overcome this difficulty of storing large quantities of fly ash on
shore and because of other environmental considerations, it is now proposed to place
initially all surplus quantities of fly ash in a controlled way inside the perimeter of the
island on the bottom of the sea. The fly ash will be ultimately entirely enclosed and
compacted by sand. The quantity involved is about 1.4 million ton fly ash. Together with
the fly ash to be compacted above sea level, the island project can absorb more than 3.1
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million ton of fly ash, depending on the actual quantities inade available by the IEC
during the construction period of the project.
In addition about 1 million ton fly ash can be processed into light weight

- aggregates, to be utilized for various construction works on the project, also after the
infrastructure of the island is completed.
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CONSIDERATIONS IN DEVELOPING AN ECONOMIC MODEL
FOR AN ARTIFICIAL ISLAND OFF THE COAST OF ISRAEL

by

Malik Prussak and Amatsia Ra'anan
Insight Engineers, Ltd., Ra'anana

Constructing an artificial island off the coast of Israel is not a matter of routine -
concerning Jocal planning as well as regional implications. The main economic benefit of
the project is the creation of a new attractive real-estate asset, available for various
building and development purposes.

The project is still in its initial feasibility study phase and a comprehensive construction
program has not been adopted yet. Island construction is expected to apply most
advanced building technologies and techniques, unprecedented by any previous project
in Israel, thus making the economic analysis task difficult. Many changes in leading
factors such as the geometric shape of the island, its distance from the coast, filling
materials and techniques, building-type mix, project duration, financing options and
more - are expected to occur.

These changes, as well as other anticipated updates of cost and income parameters, will
have a substantial impact on the economic results of the project. The above mentioned
difficulties dictated the development of a most flexible scenario adaptive economic
model - for the construction, operation and maintenance phases. The modular economic
model has the ability to easily incorporate any required input changes, assess their
implications and perform sensitivity analysis computations.
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ARTIFICIAL ISLANDS IN JAPAN
SOME EXAMPLES AND CASE STUDIES FOR THE 21ST CENTURY

Dr. Takeo Kondo
Prof. of Nihon University
College of Science and Technology
Dept. of Oceanic and Architectural Engineering
4-1-9-205 Hiroo, Shibuya-ku, Tokyo 150, JAPAN

World population is steadily increasing and continues to favor living, working and
recreating in the coastal region. Development of marine resources is also very prominent
within coastal ocean space. The infrastructure supporting these increased coastal and
offshore activities and the future needs for further expansion are clearly noted.

Artificial islands and artificial offshore facilities provide a means for fulfilling many of
these needs. Over the last three decades, many new coastal facilities have been
constructed or planned.

Of course, not all proposals have been undertaken and none are pending for the future.
This paper will cover fifty-four such facilities to illustrate the trends and plans for the
future. The time involved is covered in three phases: 1960 to mid-1970, mid-1970 to mid-
1980 and mid-1980, onward. Many of the infrastructure improvements in the 21st
century will provide for the expansion of the coastal region and the coastline with
artificial island and the use of floating structures in the coastal ocean space beyond the
shore,

With the oil crises as the turning point, oceanic development favored offshore oil
development, including great depths and the Arctic Ocean. New ocean structures and
engineering systems were developed for use in those sea areas to overcome harsh
natural conditions, while efforts were made at the same time to develop alternative
sources of energy. As a result, ocean energy, including Ocean Thermal Energy
Conversion and Wave Energy Conversion, were studied and various systems were
developed for utilization of the enormous energy resources possessed by ocean space.

In the meantime, industrial society had been creating new sites by reclaiming the space
along the coast of urban areas in order to  secure more space for heavy industry. At the
same time, harbors and airports have also been built in the coastal zone based on the
construction of the efficient transportation of raw materials and products. In addition,
now that the advanced countries have become information-oriented and concerned
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about the environment, examining the utilization of ocean space appears to be an
important task. Therefore this paper will extract futuristic projects generated from 1985
onward, that had been proposed by private enterprizes in Japan involving ocean
development, and analyze their trends in an effort to identify a major approach to
coastal and ocean development in the 21st century.

In hoping for a coastal and ocean space utilization plan for the future, a history of coastal
and ocean space utilization has been summarized.
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EFFECTIVENESS AND DURABILITY OF FLOATING BREAKWATERS

Nitay Drimer and Yehuda Agnon
Coastal and Marine Engineering Research Institute (CAMERD
Technion - Israel Institute of Technology
Haifa 32000, ISRAEL

The use of floating breakwaters (FBs) for protection of small boat marinas has
increased in recent years. The FB is designed to reduce incoming waves. It
functions as an energy reflector and/or dissipater.

Theoretical treatment of the energy absorption component is extremely difficult.
Experimental model simulation does not reproduce all the nondimensional
parameters on which the problem depends. hence, it is common to neglect the
reflection, or the dissipation. This assumption usually turns out to be justified.

The present work deals primarily with a pontoon type FB, which functions as a
wave reflector. This type is the most common and is functional even in moderate
sea conditions,

Using advanced analytical methods, we solved the two-dimensional problem
(assuming a long and narrow FB) and the three-dimensional problem (using a
linear approximation). The two-dimensional problem can be computed more
simply. We found that its solution gives good results for the motion of the
breakwater and the forces that develop in the mooring system. Solving the three-
dimensional problem enables description of the wave field around the breakwater,
thus characterizing the protection afforded, including diffraction, etc.

Most FBs in use function in areas where the wave period does not exceed 4-5 sec.,
since, in order to provide sufficient protection, the breadth of the FB must be of the
order of the incident waves length, which is about 30m. The results of the present
research demonstrate that in water of intermediate depth, the FB can provide good
protection against waves of wavelengths ranging up to a few times its breadth,
provided that its draft is close to the water depth. For example: in water depth of
10m, a pontoon of 20m breadth and 7m draft will transmit less than 25% of the
energy flux (1/2 of the wave height) for incoming waves of wavelength up to 90m.

The study also deals with the difficult problem of the nonlinear solution. The
second order problem was solved analytically and the fully nonlinear problem was
solved numerically. The range of applicability of linear theory was examined. Most
phenomena are well described by linear theory. Some effects require nonlinear
theory.

A good understanding of efficiency and durability (surviving high sea conditions)
of FBs has been attained.
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An island is the best location for any kind of airport. It solves the three most acute
problems: safety, noise, and building restrictions. 85% of our transport accidents in the
western world, each year, occur in the vicinity of airports, after take-off or during the
descent phase for landing, It can safely be said that in the entire world, including the old
"communist block”, this horrendous statistics is higher, especially if one adds general
and military aviation. The majority of these accidents occur when the aircraft descends
below 1,500 feet on the approach to land or is climbing out after take off in the
immediate vicinity of the airport, over areas, usually highly populated, full of man-made
obstacles such as buildings, towers and electric power lines.

Furthermore it is during these two phases of flight that the aircraft noise is usually
unacceptable. Hence, if both approaches are over the open sea, these accidents can be
greatly reduced. At the "First International conference on Offshore Airport Planning" in
April-May 1973 in Washington D.C., we learned that at that time 270 major airports had
been constructed on or close to sea or river shores of which 150 are actually on sea or
river reclamations as peninsulas or islands. Since then, the number has increased, among
them the most exotic and outrageously expensive Osaka, Japan, where the causeway
and bridge connecting the island with the city will cost more than the average cost of
any of the other offshore airports that are within 750 meters of the mainland. The
Japanese believe they had no choice.

Israel is very lucky to have a long coast line, with relatively shallow beaches. Some of
Israel's major cities are located on the coast line. A square meter of a conventional fill
costs less than a square meter on the adjoining shoreline. Increasing the island's distance
from the shoreline multiplies costs considerably. The 1973 plans for relocating the Dov
Tel-Aviv airport onto a sea reclamation; the 1979 plan for Haifa; our recent concept of a
binational offshore airport on the border between Israel and the Palestinian autonomy
(Gaza/Ashkelon; an offshore solution for Natanyia, Ashdod or Nahariya in the future,
with a runway parallel to the coastline, will all, not only increase the total land area of
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Israel but improve flight safety on both approaches over the sea by an order of
magnitude and reduce noise pollution to the metropolitan population. Even in those
cases, where an air crash during the approach or after take-off over water is inevitable,
the loss of life to bystanders will be zero and among passengers greatly reduced by the

aircraft settling on the sea bed in water depths of 12 meters. On the average the risk of
fire is non-existent.

With the grounding of noisy airliners, it is now possible to have active runways much
closer to shorelines. Calculations and practical noise measurements show that a parallel
runway offshore causes no more noise than a busy city street.

Using conventional construction techniques, an artificial island surrounded by a
breakwater filled by sand or any other suitable waste material can be produced
economically to provide adequate land area for any size airport. The best and most
recent example using the most suitable reclamation techniques for our coastline, is the
Herzeliah Marina.

Five major reclamation contractors were ready in 1973 to guarantee completion of a 2000
dunam breakwater and fill for the Dov Airport in 24-30 months. Israel's Ministers of
Transport and Environment are convinced that the only solution for relocating Dov
Airport in Tel-Aviv is the offshore one. We also hope, that the relevant authorities and
the Mayor of Haifa will reconsider the proposed "perpendicular” extension to Haifa Bay
Airport into the sea and accept the airport authorities’ proposed parallel runway
reclamation off Carmel Beach.

Finally, we can state quite categorically after closely examining 19 possible airport sites
around Tel-Aviv that the cost of constructing the Dov Airport on an "artificial island"
will be a quarter of any land-based solution and be safer by an order of magnitude.
Numerous ideas for the construction of such islands were examined such as piles,
floating surfaces and sunk caissons, but no other than the conventional technique
proved to be economically feasible. The optimum offshore distance of the main runway
should be between 500 to 750 meters and is governed mainly by the critical noise
contour. Raising building height restrictions on the shoreline is weighed against the
prohibitive cost of constructing breakwaters in 12 meters or more and above all, the cost
of connecting the island with causeways and bridges. We do not believe that anyone
shall ever construct another Hong Kong with a perpendicular runway or do so in Haifa
when we are lucky to have the other better and safer parallel alternatives.





