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Coastal Ocean Space Utilization (COSU [IT) 1s the first in this
sympostum series to be held outside the United States The theme
of "Marginal Seas: Problems and Opportunities” encompassesand
emphasizes harmonious, multiple uses of the world's manyenclosed
occan regions. This symposium will present significant interna-
tional developments which apply to coastal nations andregions
facing similar environmental, political, social and economic
challenges.
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Senior Advisor
National Ocean Service
Nation Ocean and Atmospheric Administration (NOAA)
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Assessorship for the Environment
Regione Liguria
Genoa, Italy
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Prof. Norberto Della Croce
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First Approach for an Intergated Enveronmental Planning
at Regional Level of the Coastal Marine System
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The Baltic Sea ¥ FR&ESH
Dr.Gotthilf Hempel
Director
Baltic Sea Research Institude
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Program Manager
New Jersey Marine Sciences Consortium
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Shared Solutions for Land-Based Pollution: Case of the

Gulf of Mexico
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Latin America and the Caribbean:
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The Castal Use Framework as a Methodological tool for
Coastal Area Management
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EVALUATION DYNAMICS AND GLOBEL CHANGE
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DEVELOPMENT OF MAN-MADE ISLAND
AND
ITS INTEGRATED PLANNIRG

Abstract:

As a result of the economic prosperity following the
industrial development during the last three decades,
living space has become more crowded and sphere of daily
activities narrowed day by day. The land acquisition
thus has become also more difficult than ever before.
Under such circumstances people have started finding the
new living space in ocean and coastal area. Reclamation
and man-made islands have also turned to be a modern trend.
Lands are badly needed for the regions that are densely
populated like Japan, Hongkong and Taiwan in particular.
So far some 20 man—-made islands have been completed in
Japan. (see Chart 1). The construction of the interna-
tional airport at Chek-Lap-Kok, a man-made island In
Hongkong is being under way. (see Figure 1). VWhile in
Taiwan an exploitation of man—-made island has been planned
to proceed on a large scale. It aims at meeting the requ-
irements of developing the recreation ground in industrial
area of coast and planning the fundamental industrial area
as well as deepwater harbour. In this project some gover-
nmental agencies such as Ministry of Economics, Ministry
of Transportation and Communications and Council of

Agricultural Development are all involved. Since the land



resources on ceoastal area of Taiwan are limited, the plan
must be deliberated integratedly. Only by this way the
plan can help solve the problems in the adverse impact on
sea that has ensued from the development of man—-made island.
It serves also the purpose of improving the living quality.
This article deals mainly with the development planning

of man-made island and countermeasures in this respect

for the reference of the authorities concerned in their

Planning process.

I . Introducticon

Recently the problem of insufficient land here
in Taiwan has become more serious than ever before.

The heavy pollution of environment made it impossible

2T T LSRR e, S, PSR e T i ok

to improve the living quality. The large expenditure
on land acquisition for the various projects of the
E-year National Construction Programme had embarrassed
the Central Government. Transportation problem has put
the authorities concerned in a dilemma. The insuffici-
ency of parking lots, space reserved for parks (trees
and meadows) as well as the large recreation quarter
always remain insolvable.

To deal with those problems some effective measures
have been taken for years. Beside as the larger use of
space by developing the construction toward the underg-
round and high rise. The reclamation has proved to be

another more effective way to exploit the resources of

land.
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The proJject of reclamation is carried out by erect-
ing the breakwater, dredging the navigational channel
and harbour basin, and taking Taichung Harbour as a
sticking example, hydraulic fill a reclaimed land of
4,000 ha. has Jjust emerged there. As the man—-made
island is suitable for the comprehensive projects for
development, a larsge reclamation for a new internation-
al airport was planned after the pattern of Japanese
one that covers an area as large as 1,100 ha. The
of fshore airport once completed will solves a lot of
problems in noise, exhaust and air pollution. It can
also serve the purpose of diminishing the danger of
the eventual collision of air transportation. So far
an area of 511 ha. has been reclaimed and the expansion
work keeps on going. This project may be considered as
a model for the planning of large international airport

on the sea shore of Taiwan (for detail see Figure 2)

During the last thirty years this country has made
every possible effort to the development in the fields
of industry and business while ignoring the pullution
of the environment. The result of such concentration
is that the pollution of the environment becomes serious
year after year. Since the last ten years people have
sensed the importance of the environmental protection.
They started to demand for a better living quality.

For this end they rejected all creators of environmental

_25_..
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pollution, or any media that may cause the pollution

like industrial plants or facilities. Their targets are

aimed at as large as airport, nuclear power plant, therm-
opower plant, petroleum refinery and petrochemical indus-
trial zone. As to the smaller ones they comprise refuse

incendiary, waste water treatment works, wastelots, cement

plant, chemical plants, disposal plant of used non-ferrous,

etc. Measures that people are taking for this end are
simple but effective. They surround the annoying tarsget,
make protest and claim for damages. Being unable to
operate as usual the ill-fated plant suffers a sreat loss
plus a large sum of compensation. Sometimes they would
be even forced to move or close down in ﬁhe end. Selec-
tion of site and construction of new plants which may
cause the pollution are also delayed once and more for
people’'s obstruction and objection. It affects seriously

the process of economical construction and facilities for

environmental protection.

To solve such a problem it is advisable to select
a plant site that is located far away from the common
community in addition to the improvement by the plants
themsleves. For instance, to minimize the discharge of
pollutants in the process of manufacture and set up the
anti-pollution facilities. By so doing it is convinced
that people’'s instinctive rejections will be slackened
for the construction of airport, power plant, petroleum
refinery, refuse incendiary and other public installa-

tions.




Ironically enough, it is known to everybody that
all these things are indispensable to the modern society.

But nobody wants to fall victim of the noise of airplane

and pollution by the refuse incendiary in the vicinity of

his residence.

Exploitation of man-made island has many advantages:
It helps reduce the pollution of environment and alleviate
the objection and harassment against the selection of the
site for plants since it is located far away from the
inhabitant area. Besides, the man-made island can also
be used for the functioning of the local government,
industry., port and harbour, deepwater harbour, sea
recreation ground, storage base for petroleum, ore and
coal mine, as well as ventilation for submarine
transportation systems (railway and highway). In
comparison with the lower cost., these advantages will
become more salient in the area which suffers from the
insufficient land sources and the gradually serious
pollution. Based on this concept the integrated
development project is proceeding actively for the
construction of an international airport in Southern

Taiwan and a2 new harbour in Kachsiung.

Japan and the United States have set up their new
airports and power plants at the man-made islands for

a long time. Since Taiwan is so handicapped by a much

cemaller land and higher population density, it is

therefore most urgent for her to develop the prodect

for reclamation.
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I . The constitution of the man-made island

The man-made island comes into being by taking the
low-lying shore with the sea-bottom of moderate slope
or barrier island as its foundation. The former 1is
constituﬁed by the offshore barrier and many other
ecographical features (to include the salt lake) .

At the tidal inlet it is very often that the sand dunes

deposit in the shelter of the barrier island.

The main feature of the level shore is that the
slope at the sea bottom is relatively moderate regardless
its flowing direction toward sea or land. According to
Dr. D. W. Johnson, the formation of the level shore could
be the result of the coastal emergence. (1919). But this
happens only when the sea bottom slopes moderately. Most
of the level shores are scattered in the zones of lower
and medium latitudes. Their feature is abundant in sand-
drift. Should the terrain be of erosive nature, the
artificial barriers would better serve the purpose of

diminishing the pounding of waves.

Barrier islands emerge easily under the condition
that the tide range is low. But sometimes they would
orobably come into being even the tide range is high.
Nevertheless, the sufficient quantity of sand drift is
a prerequisite for their emergence. Taichung Harbour

and Chang-Pin Water-Front are the two most striking




examples for this theory. The emergence of the barrier

islands depend largely upon the wave movement. It.

happens most often in the area with the sea rolling in

immense surges. Of course, they might appear in the

sea of close pattern. Therefore, the conditions for

the barrier island to emerge in the low-lying shore

can be summed up as follows:

1. Abundant source of sand.

2. Favourable condition of topography, i.e. low-lying
shore.

3. The most favourable one is the open coastal area

with the surge pounding in the sea.

Only the western coast of Taiwan is suitable for
the reclamation and man-made island. The said coast
is categorised as the continental shelf with a level
shore. - There exist also quite a few tidal zones of
deposit nature. While on the eastern coast the
concept of reclamation is unfeasible. The slope of

seabottom is too steep (i=10%).

Furthermore, in some areas, only four to five
kilometers away from the coast the water is as deep
as 1,000 meters. All are infavorable for the project

of reclamation.

In Europe. America and Australia, man-made islands

emerged from the seabottom are scattered as shown on

__30_




Chart 2. In those aréas the use of man—-made islands
is emphasized on the oil drilling (setting up the plat
—form in deep water by means of steel pipe pile and
steel sheet pile). The islands are also used as the
ground to pile residual soil when constructing the
harbour, wharf and airport (which may turn to be breeding
ground for wild animal, plants and water birds throueh
a slight settlement. They may be also destined for
recreation or scientific use like the research space

development.

In Japan the man-made islands are built for the
use of airport, power plant and wharf. Some are purely
for industry use or busihess residence, roads, parks
and recreation quarter of urban area as Japan is densely

poprulated.

Summing up thﬁ_newly reclaimed lands have many
advantages. Theﬁéapital for their investment is rather
low. They themselves are kept away from inhabitants.
The pollution of environment alleviated to a certain

extent.
Prospect of reclamation and man-made island in Taiwan

During the last twenty years, Japan has completed
many proJects for the reclamation and man—made islands
with an area totalling 20,000 ha. Such an experience
is so valuable that we may take as a lesson for our own
projects, since the geographical condistions in Taiwan

are alomost the same as those in Japan.



Nevertheless the steep slope, inclement weather
and swell tide make it impossible to carry out the
project on the eastern coast. The geosgraphical

conditions are relatively favourable on the western

Taiwan.
New Keelung Harbor through reclamation

Entrusted by the Keelung Harbor Buréau. the China
Engineering Consultants began their investigation for
planning of a new Keelunsg Harbor in July 1984 and
finished the work two years later. The planned site
of the Harbor is located at the waters between the
west of the present Keelung Harbor and Yeh Liu
"Peninsula”. (see Figure 3). Fishing harbours are
scattered along the coastline at Wan—-Li, Ta—-Wu-Lun
and Wai-Mu-Shan. The Hsieh-Ho Power Plant of the
Taiwan Power Company is situated between the fishing
port of Wai-Mu-Shan and the present Keelung harbor.

Sandy beach stretches from the public sea bath "Wan-Li",
east of Ma-Shou Brook to Fei-Ts'ui Bay. After that

comes the Peninsula Yeh-Liu. This section of beach is

an important quarter of recreation for the inhabitants

in northern Taiwan. The harbour covers an area of about
1,300 ha. in total. The reclaimed island-like pier covers
an area as large as 400 ha. The levelled hill would be
reclaimed for the urban development as in the case of port

island of Port of Kobe in Japan and that of container wharf
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in Malacca. However, for the new Keelung Harbour a further
study has to be made on its engineering technique and
construction method. Its breakwater at the ends of

east and west and in the central part are to be erected

in the deep water. In some places the water is as deep

as some 60m. Besides, the slope at the seabottom is rather

steep. Fortunately, some foreign cases of the same nature

can be them as an example to follow. In Japan the water

depth of Port of Kamaishi is 63m and in Portugal the water

depth of Port Sines is 50m.

Deep water Port of Tamsui

According to the preliminary planning for a deep

water harbour in Tamsui, the new harbour will be located

in an area stretching northward from the Tamsui Estuary

about 7.5km in length apart from the seashore about 2.5km

in width.

Harbour area is separated from the coast by a 150m

long "green belt".

The wharf area of the artificial harbour covers an
area of 1,500 ha. Its priority of construction is only
next to the deep harbour of Kaohsiung and that of Wai-

San-Tin~Chou. The hecessity of the port is to be further

estimated.
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3.

Petroleum port of Kuan-In in northern Taiwan

According to the requirements of the Chinese Petrol-
eum Corporation and the related petro-chemical .industries,
it is estimated that the port should have various install-
ations to handle the imported cargo in dry bulk (coal,
salt and sulfate) and liquid ones (crude oil., refined

product o0il, liquified ammonia NH3 OH). An area of some

1.000 ha. has to be exploited to set ué all the necessary
installations and facilitate the moving of cargo in the
space. A 400-ha. area will also be reclaimed for oil
tankers and. bulk-freighters. The tonnage of them is under

150,000 tons (see Figure 5)
Taichung Port -- A great success of man—-made harbour

The Taichung Port is about 4,300 ha.

.For water area it is shaped by constructing the “contour

facilities™ comprising breakwater, groin, sea wall and
sea protection. As to the land, the Qharves and reclaimed
land are formed by backfilling with the soil taken during
the dredging operation of navigational channel. This way
of reclamation, economic and effective, can be taken as

an example. The rate of return of investment is consider-
ably high. The present throughput of port is 17,000,000
tons per year, greatly exceeding the expected goal of
1,200 tons. The "Deeper Channel” project is now under way
for the 125,000 ton coal freighter. This project. also

helps reclaim more lands. (see Figure 8)
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5. Development of industrial and recreation zones at Chaneg-

Pin.

a) Industrial =zone

Development project for the water—front aloneg Hsien-
Hsi, Lun-Wei and Lu-Kang has been carried out by the
Industrial Development Bureau (IDB) of Ministry of
Economic Affairs (MOE) after the reclamation in 1979.

The total area of the said zones is 3,643 ha. In
which 2,330 ha. are for industrial use: 1,248 ha. for

wind-break and 65 ha, for liaison roads.

b) Recreation zone

It covers an area of 2,844 ha. in total, comprising
804 ha. of Shen-Kang: 2,040 ha. of Fu-Hsing. Its devel-
opment is being under the planning of the Urban Housing
Bureau, Taiwan Provincial Government. Promotion commit-
tee has been established by the Government for the deve-
lopment of the zone. (author of this article is one of

its members). The zone is for multi-purpose use, namely.

raising, recreation, sporting park, racing course and
ground for rubbish to be compressed and damped in the sea
for reclamation (see Figure 7)
For the above said two (2) zones an area of some
;c 6,500 ha. has to be reclaimed. It is proposed that a
co—~ordination unit be set up to handle the problems
in all the related matters of development and the adverse

impact on the oceanic environment.
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8. Development of coastal areas of Yun-Lin, Chia-1 and

Tai-Nan., and reclamation for a base of industries.

The development of basic industrial zone and recla-
mation at Wai-San-Ting Chou near Yun-Lin and Chia—1 cou-
nties need to be planned integratedly and simultaneocusly.
It is also suggested that the project be carried out gra-

dually from the South tc the North.

With a view to offering the basic industries and
their down—-stream factories and plants with a good envir-
onment necessary for further development, the Industrial
Development Bureau (IDB) has planned to develop the coas-
tal area of Yun—-Lin county and reclaim a tract from the
sea at the Wai-San-Ting-Chou of Ao~Ku district of Chia-1
County. With the producting activities of industry as
the motivity the quarter will develop to an industrial
base of multi-functional nature: industrial operation,
housing and environmental protection. By this way, the
producting operation will be ensured and the efficiency
of management, enhanced. According to the plan, an area
of 7,000 ha. will be reclaimed for industrial use, that
is to say, petroleum refinery, steel mill, petro-chemical
industry, thermopower plant, mid and down stream plants
of steel industry and many other technical operations.
Another area of 4,000 will be for residence quarter, bus-
iness, cultural and educaticnal activities, recreation,

wind-break, green belt, environmental production center,




industrial harbour, water-storing pond and other public
utilities. Summing up, an area of 10,000 to 15,000 ha.
has to be reclaimed for the development of the industr-

ial base. (see Figures 8, 9)

As planned by the Industrial Development Bureau (IDB)
the Yun-Lin industrial base would be gradually relcaimed

southward from Mai-Liao Hsiang, north of Yun-Lin county.

Off the Tainan shore there exit two tracts of reclai-
med land, i. e. 1,000 ha. at Pei~Men and 2,800 ha. at Ch'j
-Ku. Some proposals are made that they might be chosen for

the development of the petro-chemical industry.

However, as estimated by the Industrial Development
Bureau, the area of a reclaimed land for this end must be
as large as 10,000 ha. in total. The reclaimed lands near
Yun-Lin and Chia-1I are most suitable for being given the
first priority to develop into a petro-chemical industrial
base. Over there 1,000 ha. of land are available to the
Taiwan Sugar Corporation. The land acquisition is easier.
Besides, large tracts have been naturally reclaimed from
the sea. The Industrial Development Bureau (IDB) has
also considered the shoal Wai-San-Ting of Chia-I county
as the most hopeful place for the heavy chemical industry
area. With the 1,000 ha. of land available to the Tajiwan
Sugar Corporation as the core a special base for the

heavy chemical industry covering an area of some 8,000 ha.
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may be established by adding the already reclaimed land
at shoal Wai-San-Ting. Although it is easier to acaquit
the land for the development, the technical know—how of
reclamation is still to be introduced from Japan and the

Nether lands and technclogy for development to be improved.

Integrated planning for international airport in southern

Taiwan and new Kaohsiung Harbour

To meet the local shipping requirements in the future
and the trend of the larger freighters in the whole world,
a study is under way to explore the possibility of constr-
ucting a deep—-water harbour. Among the harbours along the
western coast of Taiwan the kachsiung Harbour is deemed the
most suitable place for it. The site planned to cover an
area stretching from the southern breakwater of Kaohsiung

Harbour second entrance to near the mouth of the Kao-p'ing

‘River. In other words, a 1,868 ha. tract will be reclaimed

in the area. The plan of a deep-watér harbour comprises
actually two parts: the harbour itself and reclamation

works including offshore airport (see Figure 10)

Harbour proJject includes the construction of break-
water, sea wall, loading and unloading facilities
navigational aids. shore protection, channel, turnins

basin, etc.

Reclamation proJject includes the construction of

bhorrow pit, temporary isolated belt, green belt, isolated
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belt, anti-pollution facilities and public utilities such

¢ . :
as systems of Wwater discharge, prower, transportation.

On the man—-made land a special proJject is needed for

the construction of an international ailirport covering an

area of 1,000 to 1,500 ha.

IV. Integrated planning of man—-made island

It is obvious that constuction of man—-made island

shows significant impact upon the sea environment. regard-
less of the site being in the sea or close to the shore.
It causes the change of water quality, fishing activities,
current condition ete. The emergence of the man—made

island.also changes the terrain of the shore.

The western coast is a continuous beach, a zone of
high wave energy. The drift-sand is carried away from
the north te the south. In the normal condition, the
existence of a building nearby the sea will make the
driftsand depositing on the upper stream while being
washed away on the lower stream. Such phenomenon beconmes
more obvious after the appearance a man-made island.

Especially,the serious erosion on the downstream.

It is therefore suggested that man—-made island and
reclamation works on the western coast of Taiwan be plan-
ned integratedly through communication and co-ordination

among all the governmental agencies at various level from




central down to local. Also, for the interest of the whole
nation, the plan has to be prepared by co—ordinating all
the projects for the development of coastal areas. Only

in this way can this plan be made feasible and reascnable.

In summary, reclamation seemes to be the most appropr-
iate way to acquire the land for the project. Still,
there are a number of environmental problems need to be
resoclved, such as the noise, air and water pollutions,
and tide range. It is necessary to conduct more detailed
studies to minimize the ensuing damage to natural enviro-

ment from the work of reclamation.
Conclusion

Along the western coast of Taiwan the slope of sea
bottom facilitates the flow of the large quantity of sand
drift from the river to the sea, and makes the coast =
sandy beach. This is most favorable to the reclamation

of land from the sea.

Judging from the viewpoint of the development, five
(5) areas could be taken into consideration as follows.
1. Coastal area of Taoyuan (Kuan-Yin & Yung-—-An)
Z. Area covering from Taichung Harbour to the north of
the estuary of Ta-Chia River.
3. Coastal area of Wang—-Kung. (Chang-hua Water front Area)
4. Coastal areas of Tung-Shih and Pu-Tai.

LH., Coastal area of Tseng-Wen.




The govermental agencies concerned are actively

planning and developing the reclamation of lands.

As the space on land becomes limited day by day and
the environmentalrpollution. serious gradually, the
reclamation of land from the sea will help exploit the
territory of nation and diminish the enviroment impact.
Nevertheless, as the west coast is in the face of the
Taiwan Strait, the reclamation works would have some

oceanclogical effect and environment impact.

Therefore, it is a subJect not only for the study

on the reclamation prolject but also for a new concept of

the industrial and recreative development.
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