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ABSTRACT:

This three-year research project investigates harbor tranquility issues at Hualien Harbor by integrating
physical plane hydraulic model experiments with field observations to examine harbor resonance characteristics
induced by long-period waves, and to compare the performance of the existing harbor configuration with three
mitigation schemes. The study utilizes observational data from an offshore bottom-mounted Acoustic Wave and
Current Profiler (AWAC) and in-harbor tranquility monitoring stations at Piers 9, 17, and 25. Spectral analysis
methods are applied to separate wind-wave and swell components, enabling analysis of wave characteristics and
sheltering performance inside and outside the harbor under different wave conditions.

The results indicate that offshore wave conditions are primarily governed by significant wave height, peak
wave period, and wave direction. Under short-period wind-wave—dominated conditions, effective sheltering is
observed within the harbor. However, when medium- to long-period swell propagating from east-southeast to
southeast directions dominates and wave periods exceed approximately 10 seconds, sheltering coefficients at
certain pier areas increase significantly, adversely affecting harbor operations and safety. Physical model
experiment results further show that when the incident wave period approaches the natural oscillation period of
the harbor basin, pronounced oscillations occur in both the inner and outer harbor areas, leading to accumulation
of wave energy.

Overall, the integrated results demonstrate that modifying inner-harbor water connectivity alone is
insufficient to effectively suppress resonance. In contrast, implementing energy-dissipating measures at critical
outer-harbor boundaries—aimed at reducing wave reflection and enhancing energy dissipation—provides a clear
improvement in overall harbor tranquility.

Research Outcomes and Benefits:

This project proposes energy-dissipation mitigation measures for Hualien Harbor, including the design of
water-exchange culverts, energy-dissipating quay structures, and rubble-mound installations in the outer harbor
to reduce long-period wave energy. These measures aim to mitigate long-period wave-induced oscillations within
the harbor basin, thereby reducing the frequency of sheltering (harbor closure) operations and improving overall
harbor tranquility.

Possible Governmental Applications :

To provide the available information for the decision making about the improvements of harbor tranquility
and shore protection strategies for transportation department of central or local governments, port authorities,
Water Resource Agency.
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£ & ’5”(5 )* 7 | Hs<0.5(%) | Hs 0.5~1.5(%) | Hs 1.5~3.0(%) | Hs >3.0(%)
m
% 1.10 2.40 82.50 14.90 0.10
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Fk 1.40 3.60 61.50 32.20 2.80
% 1.53 0.00 52.00 47.50 0.50
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100 —
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80 o & ® summer(2003-2022)
= %—%—% autumn(2004-2022)
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Rose Diagram of Wave

0.05-0.5m 0.5-1.5m 1.5-3.0m >3.0m
_— [ l ] _—
HLXO0 at Years/Winter NO=41973(97%) HLXO0 at Years/Spring NO=38161(94%)
N N

HLXO0 at Years/Summer NO=39243(95%) HLXO0 at Years/Autumn NO=40188(95%)
N N

HLXO0 at Years/Year NO=167140(96%)
N

W 3.4 & ik JI% 3] (2002-2022)
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232 FaESLREAF AT AW R 4 (2002-2022)

H, Mok b GMEGNR CGNE PR OOR OR KR BEIR ER ER BR D ED ES BER

(m) <0.Im ~O.5m ~10 ~LE ~20 ~3.0 ~d0 ~50 ~6.0 ~T.0 ~80  ~I0 ~1Z ~16 ~20 »20 (%)
. A
JE5/12 .0 0 67 361 365 19.6 1.0 .0 .0 .0 .0 .0 .0 .0 .0 0 98.
JE45-/01 .0 0 90 449 339 119 3 0 0 £O 0 0 0O 0O 0 0 98.
JE5-/02 .0 0 124 480 294 100 2 0O 0 £O 0O O O 0 0 0 94.
JE5-/03 .0 .0 261 504 182 5.1 2 .0 .0 .0 .0 .0 .0 .0 .0 0 91.
JE5-/04 .0 3 439 405 114 36 1 0 0 £O 0 0 0O 0O 0 0 97.
JE4/05 0 69652 216 50 13 1 0 .0 £O 0O 0O 0O 0 0 0 95.
JE5-/06 .0 102 672 175 33 16 2 0 .0 £O 0 0 0O 0O 0 0 97.
JEH- /07 .0 237 487 138 60 53 15 6 .2 1 o0 o0 0O 0 0 0 93.
J&5/08 .0 187 473 183 7.5 54 19 5 3 1 .0 .0 .0 .0 .0 0 96.
JE5-/00 .0 99 428 248 108 79 27 7 3 £O 0 0 0O 0O 0 0 99.
E4/10 .0 5224 358 223 155 28 5 2 £O 0O 0O O 0O 0 0 94.
JE5-/11 2 1 142 443 252 153 8 .0 .0 .0 .0 .0 .0 .0 .0 0 93.
s ES .0 0 92 428 335 140 5 0 .0 £O 0 0 0O 0O 0 0 97.
il .0 24 450 375 115 34 1 0 .0 £O 0O O O 0O 0 0 94.
BE/E .0 176 541 166 57 41 12 4 2 1l 0 0O 0 0 0 0 95.
JEH- A 1 35 267 348 193 129 21 4 1 £O 0O O O 0O 0 0 95.
JEH- /5 .0 57 336 330 17.7 86 1.0 2 1 .0 .0 .0 .0 .0 .0 0 96.
DISV5A.BAT  RE&I.HLX EE R T EAZR R

£33 FEEERSLRERAS A FF L £ (2002-2022)

r)ilé} N NNE NE ENE E ESE SE SSE 5 SS5W SW Wsw W WNW NW NNW 3@,—%%
. A (%)
JBHE/12 0 .0 1 22 485 382 90 5 2 4 4 3 2 0 0 0 98.
JBEE/L 0 .0 1 44 512 328 94 6 2 3 3 2 3 0 0 0 98.
JBEE/02 0 .0 1 32 447 352 151 1.6 1 0 0 0 0 0 0 0 94,
BEE/03 0 .0 .0 2.7 381 421 160 1.0 0 0 0 0 0 0 0 0 1.
JEF/04 0 .0 .0 3.1 308 452 198 1.0 0 0 0 0 0 0 0 0 97.
BEE/05 0 .0 .0 2.7 264 441 243 24 1 0 0 0 0 0 0 0 95.
JBEE/06 0 .0 .0 1.2 12.6 29.0 424 143 5 0 0 0 0 0 0 0 97.
BHE/HO7T 1 1 T 4 33 337 526 8.7 3 0 0 0 0 0 0 1 93.
BEE08 0 1 6 4 79 378 442 83 6 0 0 0 0 0 0 0 96.
BEE/09 0 .0 .0 29 285 411 232 41 1 0 0 0 0 0 0 0 99.
BEHE/0 0 .0 .0 47 473 381 89 9 0 0 0 0 0 0 0 0 04,
BEHE/AL 0 0 .0 25 393 478 98 5 1 0 0 0 0 0 0 0 93,
S S 0 0 1 33 483 354 110 9 1 3 3 2 2 0 0 0 97.
S 0 0 .0 28 31.8 438 200 1.5 0 0 0 0 0 0 0 0 04,
= bR 0 1 5 6 7.9 336 464 104 5 0 0 0 0 0 0 0 95.
TS AR 0 0 .0 34 385 422 140 1.9 1 0 0 0 0 0 0 0 95.
JE5- /5 0 0 1 26 321 387 224 36 2 1 1 1 0 0 0 0 96.
DISVSEA.BAT  #&HEIEHLX e e D)
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£3-4 FreE R A R RTHLFF A 4 (2002-2022)

T <3 3 4 5 6 7 8 9 10 12 14 16 20 40 60 >80 MEE

(Sec) ~d B nB AT A8 a0 ~ID w2 ~l4 16 ~20  ~40 ~60  ~80 (%)
. A
JEE-/12 .0 .0 0 1.7 92 162 275 304 144 5 .0 0 0 0 0 .0 98.
JE5-/01 .0 .0 0 44 93 170 318 279 03 4 .0 .0 0 0 0 .0 98.
S5 102 .0 .0 .2 52 124 173 29.1 24.0 104 1.3 2 0 0 0 0 .0 94.
JE5-/03 .0 .0 .2 3.0 102 194 286 233 144 .8 1 .0 0 0 0 .0 91.
JEE- 104 .0 1 8 6.7 174 22.7 231 176 094 1.9 5 0 0 0 0 .0 97.
JEH-/05 .0 3 1.8 104 20.5 23.3 208 140 74 1.2 1 1 0 0 0 .0 95.
JE5-/06 .0 4 38 203 23.1 219 154 89 5.0 1.0 2 0 0 0 0 .0 97.
JE5/07 .0 1.0 3.5 106 19.5 179 157 156 102 4.2 1.6 1 0 0 .0 .0 93.
JE5-/08 .0 4 21 B9 147 175 17.0 16.8 15.1 6.6 8 1 0 0 0 .0 96.
JE5-/09 .0 0 1.0 44 114 187 181 143 182 10.5 3.2 1 0 0 0 .0 99.
JE5-/10 .0 .0 2021 9.7 21.7 241 17.7 162 6.7 1.5 1 0 0 0 .0 94.
JEH-/11 1 .0 0 2.1 102 24.7 292 226 9.7 1.1 2 1 0 0 0 .0 93.
S .0 .0 1 3.7 102 168 295 276 114 701 0 0 0 0 .0 97.
e .0 1 9 6.7 16.0 21.8 242 183 104 1.3 2 .0 0 0 0 .0 94.
5 E .0 631 131 19.0 19.1 161 13.8 10.2 4.0 9 0 0 0 0 .0 95.
)i .0 .0 4 29 104 21.6 237 18.1 148 6.2 17 1 0 0 0 .0 95.
i kin .0 2 11 6.6 13.7 198 234 19.7 11.7 3.0 7 0 0 0 0 .0 96.
DISVSA.BAT  B3b%3E.HLX Ea BRI Il
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