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Development of Coastal and QOcean
Engineering in Taiwan, R.O.C.

Ho—shong Hou
SUMMARY

The economic development of Taiwan, an -island provinece of the
Republie of China, is highly related to coastal -and ocean éngineeriﬁg.
The activities of coastal and ocean engineerin'g'contributing to the
economic development in Taiwan- encompass: (1) expansion of useful
land area, (2) construction of harbors for impqrt, export and fishery
development, (3} offshore exploration and deveélopr'nent of petroleum
and marine resources, and (4) protection of coastal land against
beach erosion, storm surge, and waves. In the past three decades,

the achievements of these activities may be summarized as follows:
A. Tideland and nourished beach reclamation

In total, 5,121 hectares (ha) of tideland have been reclaimed as
for farmland, fish ponds, salt fields and housing areas. In adddition,
1,277 ha of tideland are being reclaimed for the aquaculture
purpose.

On the other hand, the government also _ihitiated in 1978 the
Changhua Industrial Estate project to reclaimé 6,292 _ha of tideland

|
for industrial use. This project was halted in tl984 due to economic



depréssion and environment impact problems. It is hoped that the

project will be continued in the near [uture.
B. Harbor and terminal construetion

In order to relieve the shipping congestion .in the existing
Keelung and Kaohsiung harbors, the government started in 1971. a
long term project which included the. expansion of Keelung,
Kaohsiung and Hualien harbors, and construction of new cnes such as
Taichung, Suac; and  Anping harbors. Among the new harbors,
Taichung harbor has the largest scéle. It is an artificial harbor
located on the mid—ewestern coast of Taiwan. Its total area is about
30 square 'k.ilomet.ers, about 10 km long along the coast and. 3 km
'wide between the original shoreline and the western breakwater. The
first stage construction of engineering works was completed in 1976.
'Dufing the’ construetion, the harbor started sh.ipping operation.

As far as the fishery industry is-concérned, Taiwan has about
15,000 fishing boats and 153 fishery harbors and docks. Be.eaus.e the
fishing boats became larger in recent _-decades, most fishery harbors
and docks have problems with insufficient water depths and basin
spaces. In 6rder to improve this situation,' the Taiwan Fisheries
Buresu completed a nine-year project in 1987 aé the first staée for
enlargefnent of existing fishery harbbré and building new ones. The

second stage project is now_'underway.
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This country imports a large amount of petroleum annually.
Many terminals are required for discharging petroleﬁm from tankers.
One discharge dolphin was constructed inside the Shen-Ao bay in
northern Taiwan, and two single-point mooring terminals were
installed in the nearshore of Taoyuan and Kadhsiung in recent years,
From those years' experience, a single-point mooring appears to be
better suited to exposed locations than a multibuoy mooring for a

large tanker.
C. Offshore petroleum exploration and development

This country has engaged in the marine resourées exploratiqn
and development especially. for oil drilling and excavating since
1973. Some wells in the nearshore of - Hsinchu in northern Taiwan
have started their production for supplies to the market. Three
different types of marine structures, mainly: (1) concrete gravity
type, (2) tension leg type, and (3) pile-supported steel jacket typé,
were previously chosen for consideration in" construction of the
offshore drilling platform in the area. After careful consideration,
the pile-supported steel jacket ty.pe platform- was selected and

installed.

D. Reducing environment impact of thermal discharge and increasing

cdoling efficiency of power plants
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Many power plants were built along the coast to take the
advantage of using seawater for cooling. As a result, their thermal
discharges will increase the temperature of seawater. The locations
of intakes and outlets must be carefully studied in order to reduce
environment impaet of thermal discharges and to increase cooling
efficiency of power plants. So far, many projects have been ecarried
out to evaluate the environment impacts caused by thermal

discharges of power plants.
E. Shore protection against beach erosion, storm surge, and waves

The total length of the coastline in Taiwan is about 1,100 km,
of which, a length of 481 km especially in the beach erosion areas
is protected by sea-dikes. The north—ﬁestern and south-western
coasts suffer from beach erosion problems which are due to redueing
sand drifts from rivers or mean sea level rising, or land subsidence.
The mean sea level in the southern coast rised about twenty
centimeters in the past twenty years. In the meantime, the land
subsidence reachéd 2.3 meters in the most severe area of the
southern coast. Bo“c'h mean sea level rising and land subsidence cause

beach erosion at rate of 1:15 to 1:25 ( vertieal: horizontal ).
F. Research dévelopments on coastal and ocean engineering

The universities, Harbor Engineering Research Institute, and
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felated authorities have engaged in investigétion and research on
coastal and ocean engineering for more than three decades. Their
achievements have been presented and published in various intern-
ational conferences or symposiums. At least, a conference on coastal
and ocean engineering is held in Taiwan every year for exchanging
knowledge and the results of studies and experiments are listed as
. follows:

(1) The fixed-bed and the moveable-bed hydraulic experiments for
Taichung harbor were successfully accomplished “in the Taichung
‘harbor laboratory which has an inside huge ;test basin ( 60 m x 43 mx
1 m ). Both harbor oscillation, sedimentation% and other factors have
been investigated from the model experiment%.

(2) Fixed jetty, muitibuoy mooring and single buoy mooring systems
for offshore terminals were studied and tesfed for selection. Finally
the single buoy mooring system was fodnd suitable and selected for
the actual installation.

(3) After having studied.three different types of possible offshore
drilling platforms, the pile-supported steel jacket type platform was
selected as the most suitable one for the condition's in Taiwan.
(4) Wave characteristics and forecasting methods in the Taiwan
Strait have been studied. The .method of calcula'ting wave height

according to meteorological data has also been improved.

(5) The study of sea level changing revemled that the mean sea
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level of southern Taiwan has rised twenty centimeters in the past
twenty years.

(6) The layout of commercial ports, important fishery harbors, and
shore protection systems have been studied and modified according

to the results of hydraulic model experiments.
_11.. DEVELOPMENT OF THE NOURISHED BEACH

The central and south part of the west c;'oast in Taiwan is an
emerge coast, thus the sand sources is richfﬁl. Taiwan Provincial
Water Conservancy - Bureau has done many works about the
- development of the nourished beach and this. development could also
‘reducé the littoral transport along the central west and south-
western coasts in Taiwan. There are about 4 main regions in these
areas where are considered to be nourished and to be econstructed
natural beach protection.

The. first region is located from 'the south bank of Ta-Chia
river estuary up to the north breakwater of Taichung harbor, the
wind break area is .already designed for future development -_ before
‘the construetion . of Taichung harbor. But later on, may be we could
hplant the palm tree like Wakiki beach of Honolulu in Hawaii. It's
good 1dea to exeavate as a Swimming beach and National park. |

The second region is Wang-Kung  coastal beach at Chang-Hua

county. There are many rivers, and they distributed and scattered



- down to these area, -such as Tea-Tu fiver discharges a large quantity
of silt 'and sand which deposit these area and fo;'m the nature beach
'so it is "very suitable condition for developing. At present, the
Ministry of Economics has‘a poliey to develap the nourished beach
of 'Wé_ng—Kung as the 'water front industriéa.l area in the mid-
west éoaét of Taiw_an, in -order to excavéte and “expedite the
.,in.dus.t'ri_al develo'pment. o,f. the mid-west part of; Taiwan.

. The third region is the Tung-Shih and PI -Tai coast of Chia-Yi
-¢county, the wind;break plantation and shdllow water sea wall
protection will be planted and constructed to étabilize the large area
of the deposited natural beach. The -development of the salt
producting field -along the protectéd coast and harbor construction of
Pu-Tai as a middle size commercial harbor will accelerate the
exploitation of these area.

The , fourth region will be Tseng-Wen coastal beach depoéited by
Tseng Wen river. It will be nourished by planting casuarina along the
sand bar island to form aé a natural breakwater. The construction of
sea wall for the coastal protection from attacking of waves, fides
.a;ld storm surge ete., need to be carefully researched and planned.
After the. planning and design of the seawall is - completed, the-
structural section strength is requirod to be éheékec‘l'by the physical

model test.

2. HARBOR CONSTRUCTION



2.1 Taichung Harbor Construction--An A.r'tificia_l Harabor Built.on the
| Sandy Coast.

Taichung Harbor is an artificial harbor -located on the mid-_
western coast of Tdiwan, between the mouths of Ta;Chia and Ta-Tu .-::
rivers, the total area of the harbor is about 30 km2, 10 km 1dng'""("i
along the coast and 3 km wide between the shore and the offshore .
breakwaters.
| The Taichung Harbor Construction -Bureau has been _charged
with thé mission of planning the con§truétion of t'he harbor since
| 1971, but the construction work was formally started on Oectober 31,
1973. It will take ten years to complete the whole projecfion With.
_eonstruetion organizéd in three stages. The preslent master plan of
Taichung Harbor is based on the model investigation which ecalls for
extending the head of north breakwater to 20 m depth and that of
the south breakwater to 15 m depth. The .main channel and harbof_
basin are to be dredged to the depths between 13 and 15m to meet
the requiremént of a modern international.trade port. The full
competion of the three stages, Taichung Harbor will .handie. 'a
capacity of 12 million RT.

Upon cbmpletior of the master plan, it will not only relieve
the shipping congestion presently existing in the ports of Keelung
and Kaohsiung and reduce the land traffie burden of the down island

transportation as well, but also " further expedite the economic
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develobmeﬁt of this island by providing a gate way to central part
of Taiwan. |

Form -the author's memory, especially during the year 1976, it
was the third year from thg start of Taichung Harabor construction.
According to the predecided _Scheduie, the .fi[;St stage of Taichung
Harbor construction work had to be aCcomplished by the October: of
- that year. Therefore in that year all working personnel has to strain
every nerve to perform the most difficult wﬁork. All the working
peréo-hnel of Taichung Harabor Construction ~Bureau and Ret-ser
r.Enginee_ring Agency, suffering with sever cold,: and considerably hot 7
days, and the even worse weather of monsoon seasori, encountered
all kinds of tough obstacles. WOrking personnel, wearing mask and
putting on protective eye-glasses, worked hard from day tb night in
order to acceomplish the engineering work of the first stage .and open
the harbor to shipping on schedule.

The engineering work of thérz‘first stage followed a predetermined
schedule and was accomplished one month  before hand. The
inaugﬂratidn was g'iven cn Oct. 31, 1976. In observance of the 90th
birtﬁ aﬁniversary- of the late President Chiahg Kpi—shek.

To mateh the shipping operation inauguration on Oct. 31, 1976
the ecompletion of the first stage engineering. " Taichung Harbor
Construction Bureau. " has therefore changed :it.s' organization to ™

Taichung Harbor Bureau. " The director of Taichung Harbor -



Construetion Bureau--Admiral Chen, Ming—_Cheng has accordingly
become the first direetor of Taichung Harbor Bureau. He conducts
the engineering work of the first stage on the one hand, and directs
the pusiness éhipping operation on the other. |

The great success of the Taichung Harbor construction was the .
result of the hard labor of all working personnel. The honor of
Taichung Harbor belongs to Chinese.
2.2 Su-Ao Harbor Construction

To relieve the shipping congestion in Keelﬁng Harbor and
prombts the economic development of the n_orth-easterp'port of thi_s
~ island, Su-Ao harbor is planned to construet as an international
seaport within 10 years. The projéct ié scheduled to be performea in
two statés, the first stage had been started in 1974 and was
completed in Dee., 1978, the second stage will be started 'in Jan,
1979 to 1981 in three years. Upon the complétion of -the plan, the
handling capaeity of general cargo of this .harbor. will be 6.6 million
RT.
2.3 Extension Projeét of th Outer Harbor at the Port of Hualien

The port of Hualien is located on the east coast of Taiwan,
due to the e#isting_ topography, the port is limited by narrow width
- of its fairway. It is difficult to allow sﬁips pver“ 15,000 tons getting
into the inner harbor. To meet the economic development demand,

planning of the outer harbor extension has been studied to aecommod-



ate 19 ships of 10,000-100,000 tons for the long term development
of Hualien. The port will be capable of handling cargo up- to

10,000,000 tons annually as the project comp_leted.
3. INSTALLATION AND OPERATION OF THE OFFSHORE TERMINAL

China except one oil discharge dolphin constructed inside the
-Sheng-Ao Harbor, the other oil terminals are mostly installed in the
offshore aone. When considering an offshore tanker berth, a choice
can be made between a fixed jetty, a multibuoy rﬁooring ( or
conventional buoy mooring ), or a single-point mooring. For largé
tankers the single-point molering'(SPM) appears to be better suited
to exposed locations because it has the advaﬁtage that the moored
vessel can swing freely around it, thus taking fhe most advantageous
position under the combined influences of winds, currents and waves.
Over 1b0 units of SPM are now in use in all parts of the wbrld. In
our country, two units of SPM are under pperdtion, one is located in -
the offshore zone near Taoyuan coast, it is operated and connected
to the Sah—Run oil supplying station the other is also installed in the
offshore zone alorg Nan-Tsu ecoast nuar Kao—Hsiung‘ coast. It is
loperated and connected ' to the Kao-Hsiung oil ' refihery_ piant,

Therefore SPM terminals are_installed and operated well in Taiwan.

4. EXLARGEMENT .OF, FISHERY HARBOR CONSTRUCTION
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Now Taiwém Fisheries Bureau has been eﬁgaged the 9 year
planning of en_largement of fishery harbor construction for exploiting .'
the coast and the ocean fishery field. For the enlargement and
development of fishery harbor, it divides into 6 regions ifx Taiwan
within 9 years. It is expected to complete 80 fishery harbors and 73
docks, total budget of the engineering expenditure will be NT$ 5.9
billion. Upon the completion of enlargement and reconstruction for
the above fishery harbors and docks, our country will enter a brand

new stége of the ocean fishery investigation and exploitation.
5. OFFSHORE PETROLEUM EXPLORATION AND DEVELOPMENT

Offshore Petroleum Exploration Divihion, Chinese Petroléum '
company has been engaged in the marine resources for oil drilling
and exeavating from the beginning of the year 1973.

Sinee the investment of the offshore drilling platform is huge
and need take considerable risk, therefore before the geginning of
operation, full ,_prgparation works are necessary for the selection of
the type predetermipation of design eritér‘ia, determination of the
material and operation type of ihstallations. For the typé of the
offshore drilling platform, at present, there are 3 differenf kinds,
such as (1) Concr.etga gravity (2) Tension leg platform and. (3) Pile-
. supported steel jacket type platform.

Based on  the - experience and technology from the further



development country and cosidered the objective natural condition of

the offshore zone, Offshore Petroleum Division

‘COmpany think - the Pile-supported steel jacket

of Chinese Petroleum

type platform is the

best one for adjusting conditions in these areas. Now, this division

has been engaging the researches about thd design, econstruction,

~installation and planning of the pile-supported steel jacket  type

platform and has obtained the pr_'eliminary achievement.

6. THE DEVELOPMENT OF CHANGHUA iINDUSTRIAL ESTATE

8.1 Location of Changhua Industrial Estate

The Changhua Industrial Estate is located on the West Coast of

Central Taiwan,

It streches from the south éstuary of the Wuchi

river down south to the Me1]1 drainage channel. The length is 26 km

.and the width varies from 2 5 km to 4.5 km, It was d1v1ded into six

districts, shinkang, Yupu, Lunwei, Lukang, Fushm and Hanpao. With a

total area of 6292 hectares.

6.2 Kinds of Industry and Areas to be Developed

Shingkang
Yupu
Lunwei
tukang
fushin

hangpao

General Industry

Metalic and machinery

'Basic metal and power 'gem:eration
oil refining and pe_trqchemicgal

chemieal

804ha _
1072ha
1258ha
1247ha B

1911ha



6.3 Layout of the Estate

For the drainage of the CIE and inland area, a waterway of
about 200 m width was planned, and a water basin of 1300 m width
between Lunwei and Lukang was planned to sérve as borrow pit and
to form the basin of navigation and berthing area.

The roadway system be parallel to the seawall and district
boundaries, a belat of width from 50 m te 120 m along the seawall,
north boundary and inner dike was planned for windbreak plantation.

Other public facilities such' as. drainage, waste-water treatment,
power and communication lines have also been planned.

6.4 Reclamation

Elevatioﬁ of Original seabed is about —1.0 m, design elevation is
— 4.2 m,total volume of hydraulic fill is about 200x10¢m?®50% of the
fill is borrowed from the water basin between Lunwer and Lukang,
the remainder from waterways.

Th reclaimed land was covered with 15 em thick soil-aggregate
borrowed from the Tatu hill.

The dredgers' Capacity is from 4,000 ~ 8,000 Hp.

6.5 Seawall, Inner dike and revetments ' .

Seawall: 32 km, Rubble-mound type covered with 5T arm bloek.

Inner Dike: 33 km,. Riprap type.

Revetment: 23 km, Rubble-mound tybe.

6.6 Completed works
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This profeet started in 1978, slowdown in 1983 and stopped in
1984 due to economic depression, Completed works are:

Land reclamation: 400 ha

seawall : 7.8km
Revetment : 3.0km
Inner Dike : 3.5km

6.7 Problems Encountered
a. A tidal channel occoured during the . contruction of seawall
- and land fill.
b. Scouring of the seabed infront of seawall was happened and
the works to élongéte the seawall too and constructed groin
-8ets were started from 1985.
6.8 Owner
Bureau of Industrial Development Bureaﬁ, Ministry of Economie
Affairs, R.O.C..
6.9 Constructor

RSEA and BES.

7. INFORMATION ON LAND SUBSIDENCE DUE TO FISH CULTURE
IN PINGTUNG COASTAL AREAS OF TAIWAN

7.1 Introduction
The western. and southern coastal plains are formed mostly from
alluvial soils. Before 1960, most of thein were cultivated for the

production of paddy rice and various crops. However, the coastal
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lands are generally subjeet to damape dué to unfavorable drainage
conditions and the farmers' income can not be compared with that
of other cultivated lands.

Since 1969, some .farmers in the coastallareas have tried fo
change their land use from crop production to raising eels in-order
to make higher profit. In about the same time, the Tungkang Fishery
Research Institute succeeded in its experiments in ar‘_cificially
propagating a kind of edible shrimp. Besides, aquacultural farming
was proved to be more profitable than other methods of crop
cultivation, and the government could hot effectively restrict the
expansion of aecquacultural farms until land subsidence happened.
seriously in some gf the coastal areas in recent years. Consequently,
a considerable acreage of agricultural farms have been switched to
r'a.ise eélé, shrimps, ete., and the situation of land subsidence has
going worse. |
Table 1 shows the acreage of fishérly farms in 1983.

7.2 Water consumption of fishery farms

According to survey made by the Agricultural Engineering
Center in 1983, among the aquacultural farms, a eel farm consumes
the highest fresh water annually a'g more than 300,000 m*® per ha.,
which is about ten times of the wat.er consumption by paddy. fields.

A shrimp farm requires brackish water which is mixed up with fresh

water and sea water. It meeds less amount of fresh water approxim-



( @sauryD ul ) ‘mgaang AJaysid UBMIB]

Aq , g£861 Ul neaing AJeysiy UmIBL Jo jJodey [ENUUY Byl , woag i mo.w:om E,wn_

0€5‘0¥ L18%L Y0z°Y » £61°L 23e'vl 18101

a2 - 769°9 L9 116 Fi8 s1ay30

0212 98 PE0°G 0 0 100

250°p 08 Lze 009°L 1S0°C duiays o~o
uy

67L‘8 S04 L CF9 68¢€ 04 BIdBrn) }

S9%‘GL 88¢ LY £63°¢ LyviLL ysyy qru

soroads-1ynu | sawads ar8urs | saads-nnw | saloads aurs
8101 uJar] Jojem Usoddq utde}] ysiyjorag mm_ooam .How.mE

‘BY :jlun

£861 Ul UBMIB], Ul SulaB] AJIaysi] Jo 238210V | 9QBL



ately 60% of -the water consumption by a eel farm. However, the
water  consumption of aquacultural farms depends largely on the
_species and density of fish in the ponds. The result of the survey is

shown in Table 2.

Table 2 Average water consumption of fishery farms

species & fresh water
water shrimp  eel tilapia' milk fish
eonsumption
Per hectare .(ma/ha) 172,403 476,419- 25,818 28,091
Per unit product {ni*/kg)  17.70  22.76 3.56  23.54
: |

Data Source: From the report of " Investigation and Study on the
‘Water Consumption of Aquaculture " by Agrieultural
Engineering Research Conter in 1984. ( in chinese )

7.3 Water supply problems
‘ Generally, rainfall in Taiwan is not evenly distributed, and
sometimes water shortage happens during dry seasons, because about
80% of annual rainfall concentrates in_.a short period resulting in a
‘large amount of run-off flowing into the sea. Therefore, fresh water
fror{x rivers or rainfall is naturally insufficient for the purpose of
aquaculture. Frurtherh.nore, some rivers are polluted and inappropriate

to supply lérge amount of surface water for fish farming. The onty
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way for the fishery farmers to get enough water is to take
underground water locally by drilling wells. Following the expansion
of fishéry farms, wells have been increased'rapidly. In 1983, over
withrawal of grdund water was found along; the coastal areas in
Chang-hua, Yunlin and Pingtung counties !as shown in Fig. 1.

Ground-water levels in some areas have fallen down much below
the sea leve_l. The contour lines .of ground-wéter levels in Changhua,
Yun-lin and Chiayi, Pingtung counties are shown in Fig. 2. The
lowest ground-water level of — 20 m was found in Yunlin and Chiayi
counties.

7.4 Status of land subsidence

The over use of ground—Water,as mentioned above has resulted
in land subsidence in' the coastal areas. Among others, the problem
in Pingtung county is found the worsf. The historieal data of
elevations of various bench markes in the Pingtung coastal area are
shown in Fig. 3. Up to 1985, its maximum land subsidence accumul-
ated to 2.24 m. Fig. 4. shows contour lines of land subsidence in the
coastal area of Pi_ngtung county.

The west ‘otl’ Yunlin county is also identified as a land
subsidence area. The main reason is slso attributed to over
withdrawal of groundwater by aquacultural farmers. The historical
data of elevations ‘of various bence mar_ks-are shown in Fig. 5. Up

to 1985, its maximum land subsidence accumulated to 1.45 m. The



contour lines of its land subsidence in 5 months from June to
. November 1984 are shown in Fig. 6. The deepest line of —8.2 em is
near the sea coast.

The coastal areas of Changhua and Chiayi counties are
suspicious of land subsidence, where an ovér'all tracing survey has not
been done, except a survey on the number of wells.

7.5 Ménitoring systems

It is known that the land subsidence in the coastal areas is
mainly caused by over withdrawal of ground-water. Two monitoring
systems were set up by the Provincial Water Conservancy Bureau
(PWCB) for observing both gorund-water levels and land subsidence
at various locations. The monitoring system of observing. ground-
water levels covers 332 wells. Among them, 25 wells are reéorde‘d
automatically, and already have long term data. The distribution of
the monitoring wells are shown in Fig. 7. The monitoring system of
land subsidence is set up with 7 recorders, of which five are
installed respectively in [lan, Changhua, Yunlin, Chiayi and Kaohsuing
“counties, and two in Pingtung' county. However, the data from land
subsidence recorders show a little differeﬁce as compared with the
conventionally measured data, and accordingly correction work for
the recorders is under way.

7.8 Ground watér supervision

In order to control the .withdrawal of ground-water, the



government promulgated " Measures for Supervising Withdrawal of
Ground-water " in 1971. According to the measures, each well should
get a permission from the county government before its operation.
The competent authority at the national level referred to in the
Measures is the Ministry of Economic Aféirs. At present, it is
roughly estimated that only less than 20% of the wells used have
registered to have the government permission. In order to prohibit
the illegal wells from over withdrawal of ground-water to aviod
continuoued land subsidence, the Provincial Government organized a
team in 1985 to assume the responsibility of improving the situation.
However, the illegal wells are too many to be handled by the team.
According to the data collected by the team, the. number of the
illegal wells in the restricted distriets under the jurisdiction of the
Measures are about 25,000 in total as Iiéted in Table 3.
Table 3 Number of illegal wjells in ground-water

restricted areas

county/city S . number of illegal wells
Pingtung county - : 3,871
Yunlin county ' 9,136
Changhua county 9,852%
Keelung eity 8
Tainan ecity - 463
Taichung city | 1,000



Taichung county 523

Penghu county - ' 10
Taipei county 52
Total ' _ 24,915

* Surveyed by thg Chiayi Agricultural Junior Collegé under. the
projeet of " Investigation and study on the safety yield of
groﬁnd~water in Changhua area. "

Actually, there are more illegal wells- in Changhua c.ou'nty
including those listed- in the above table, which are located in the
réstricted distriet.

?.7 Engineeing protection

It is known that inundation in the coastal areas gets worsed as
the degree of land subsidence increases. After serious subsidence like
the coastal area of Pingt_ung county, the ,govermerit had to provide
seadikes and fidal gates, for reducing sea water intrusion. As the
subsided area expands, the area of fishery farm also increases,
| because of the laﬁd becoming inappropriat'e for agriculture and the
higher profif of a;]uaéulture. Another reason of inecreasing fishery
farms is the effectiveness of the protection works constructed bj
'the.government to kéep out sea water intrusion. |
7.8 Study on improvemént

I_nAorder‘ to solve the problems caused by land subsidence due

to over withdrawal of ground-water, the Council of Agriculture has
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granted the Provincial Watef Conservancy Bureau (PWCB) in cérrying

out the following projeects: |

(1) | Water diversion and delivery - plahning for fish culturing in
Ping-tung coastal area.

(2) Improvement of Niao-song and Chien-shan drainage systems in
Yun-lin county. | |

(3) Investigution and study on the safety yield of ground-water in
thé changhua area, -
Among "the three projects, the first one -recomme,ndéd some-

improvement measures to be undertaken by the fishery agencies

concerned.
8. RESEARCH OF THE MODEL STUDY

8.1 ,Médel Sheltering Experiment .

The Model Sheltering Ekperiment deals with - the 'plannihg
érrangement' of ‘the proposed harbor and is done by the worst wave
cqndition ( with respect to wave direction, wave height, and wéve
period ) which probably occurred on the proposed harbor. The
objectives_ of this‘experiment.are to get the wave pattern of the
harbor basin and to .understand.'the various phenomeha of the wave
refraction, dlffractlon, and reflection caused; by model test due to
different hanor arrangement and to comrrehend the sheltering

‘effect of the outer breakwaters. From the enalysis’ of theses test



results, harbbr planning of the most effective arréngeme_nt-the most
ecoﬁomic length of breakwaters and the most ideal width of harbor
entrance could be selected. For tt;e purpose bf analyzing results of
model tests; eomparison of theoreticai_ w.ave diffraction calculation is
proposed. The model experiments are cdnduct_ed in the large test
basin ({ 60 mx43 m x1rm ) of Taichung Harbor hydraulic laboratory.’
8.2 Movable-Bed Model Investigation |

The author stucliies‘ the establishmént and -operation of a
distorted movable-bed model of Taichung Harbor located on thé
west coést of Taiwan where sand migration fror_ri the liftbral dfift,
partially nourished ' by the Ta-Chia River, makes extensive dredging
necessary to keep the harbor inlet channel open. |

The model employed is a three-dimensional movable-bed Froude
model for all protétype depths less than 50 m { 164 ft ). At depths
in excess of this value thé- influence of sediment transport is
considered negligible and a fixed-bed ié used.

The objective of the .model study is .to investigate the
performance. of various outer breakwater configurations and to sellect
the optimum econfiguration which will stabilize the harbor inlet
channel, i.e., protect it: from excessive shoaling caused .by the
seasonal wave action and the littoral drift..The wave used in the
model corresponds to a wave .of 5 m ( 16.ft ) in height ahd 12

seconds in period from a northerly direction. The optimum breakwate



configuration is determined sue.h that dredging of the harbor inlet
will not be necessary during the first 15 years of the struetures
-lifetime. .After this ' period of time has elapsed minor yearly
dredgings are expected to be needed.

The results of the investigation are brought on a general form
and it is hoped that these results may serve as. a guidance to
desighers of harbor inlets under simila_r but not necessary the same
conditions.

Taichung Harbor is an artificial harbor locafed on the mid-

western coast of Taiwan, between the mouths of Ta-Chia and Ta-Thu

Rivers, as shown in Fig. 1 and Fig. 3. The total arem of the harbor
is about 30 km 2,7 10 km long along thelcoast an.d 3 km wide between
the shore and the. offshore breakwaters ( Fig. 4 ).

The construction of Taichung Harbor was initiated in 1939, but
the work was suspended in 1944 due to World War II. The construc-
tion at that time included the 3,300 m long north breakwater and
the 2,100 m long south breakwater as shown if Fig. 4. Dredging was
¢ontinued to prevent the harbor from .shoaling. In dJuly, 1944, the
main channel '_was dredged to én elevation of.—7 m, but during the
winter of ‘1944/4;5, the harbor entrance and thé main channel had
._shoaletri substantially.

Due to the excessive shoaling of the harboni' experienced during

the period of suspended construction, it beeame apparent, the field



observation and movable-bed modél investigations w.ere urgently
needed before the resumption of the consi:ruction work. Since its
establishment in 1970, the Taichung Harbor Construction Bureau hasf
been charged with the mission of plannin‘-g the construction of.t_he'
harbor. The present master plan of Taichung Harbor is based on the
model investigation which calls for ex'_tending_the head of the north
breakwater to 20 m depth and that of the south breakwater to 15m
depth. The main channel and harbor basin aré to -be dredged to the
depths between 13 and 15 m to meet the requirement of a modern
_intemational trade port.

The west coast of Taiwan is a sandy coast whose net littoral :
drift is fr.om north to south at a rate of about 1.2 million cubie
meters per year. Because of the heavy activity of littoral transport,
any harbor project on this coast must address itself to the important
problem of shoaling and maintenance of the harbor éntrance and its
main channel and basin. This study presehts the main points of the
movable-bed model investigation and conclusions.

8.3 Model Study of Wave/Wind Iﬁduéed Harbor Oscillation

The methods us_ed in an investigation of the response char-
acteristiecs of large manmade harbor underconstruction. In the
im.restigation a three-dimensional finite difference model is applied in.
conjunction with physical models and field observations to assist in

determining ecriteria for design and operation. In the modeling
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investigation, the dynamic response of the harbd;' system induced by
tied, incoming short/long waves, wind stfess and bottom dissipatibn
ar_é' considered simﬁltaneously. Particular emphasis of the study has
been on the wave-and strong monsoon-induced éscillations that match
-rthe range  of t_he- resonant périod of- ships and mooring systems
expected to operate in the harbor. The resolution required to handle
short-period oscillation and wind stress precludes the possibility of
ﬁsing methods involving. the inversioh of extrenﬁely large materices.

The results of the numerical simulation at. impor.'ta.nt localities
within the harbor system are later analyzed by_ specfral and cross-
épécfral methods. The same methods can then be. used to studyl
".S'hipé’ responses . at these localities with the predicted water level

and three-dimensional current components.



Fig. 1 The Utilization of ground-water in Taiwan

B AR Cam FY 3

Z

No. of wells 5259

a ~.
Central B3 P N
o™ BN S P00
n o )

1463
434

Rumit East|
’ 250 146

No. of wells 1446
GROUNDWATER REGIONS

1, TAIPE] BASIN

2. TAOYUAN CHUNGLI TERRACE

. HSINCHU MIAOCI COASTAL AREA
. TAICHUNG AREA

CHOSHUI RIVER ALLUVIAL
CHIANAN. PLAIN

. PINGTUNG PLAIN

. LANYANG PLAIN .

. HUALIEN TAITUNG VALLEY

-~ WATER o AGRICULTURAL
i RESQURCES 2 wliﬂ-lDRAWAL

REGIONS

South
2119

g

0 08 =1 T LT ke SO

- R URBAN & DOMESTICIH
&7 GROUNDWATER [ - wiTHDRAWAL

-

No. wells 21679

REGIONS
i E=] WDUSTRIAL
4,152 AMOUNT OF WITHDRAWAL
g WITHDRAWAL
J 24T ) et AREA OF LAND
[CT] AMOUNT oF SUBSIDENCE
RECHARGE

E:l AREA IF SEA -
WATER INTRUSION



(L
Kaoping River ° "
Oy

Linpien River &

~ 70~

‘Fig. 2 The eontour lines of groud-water tevel in Taiwan (Apr. 1982)
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'Fig- 5 The historicgl data of elevations of various bench marks in the coast of Kou-Hu county
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Fig. 6 The contour line of land subsidence in the coast of Yun-Lin eounty (June.-Nov. 1984)
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Fig. 7. The distribution of monitering wells in Taiwan
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Tacyuan 27
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Changhua 24

Yunlin 27

Chiai 19

Tainan 36
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