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SUMMARY
(dEL9)

I. TITLE

A Study on the harbour siltation and shoreline changes in the eastern coast of
Koreas(III)

II. Objectives and Significance of the Study

There are a number of designated harbours and fishery ports of various
sizes along the eastern coast of Korea, and many of them are suffering
siltation problems, which necessitate maintenance dredging almost every year.
Additionaly, the extension of breakwaters according to the expansion of
harbours often accelerates harbour siltation and causes neighbouring beaches to
suffer serious erosion or deposition problems. In order to predict and resolve
such problems, we have to understand the transport mechanism of sea-bottom
sediment associated with the hydrodynamic and sedimentological characteristics
in the coastal area, which then can be used for the development of state—of-
the-art technology including reliable numerical models for calculating harbour

siltation and shoreline changes.

The final goals of the present study were to examine into the harbour

siltation problems in the eastern coast which is exposed to relatively high



wave climate and consists of sandy beaches, to develop state-of-the-art
technology to resolve such preblems, and finally to provide the coastal
engineers with fundamental data necessary for establishing schemes to mitigate
siltation in important harbours. This study also aimed to develop state-of-
the-art technology for predicting the shoreline change assiciated with the
construction of coastal structures such as breakwaters and for finding effective

countermeasures.

II. Contents of the Study

Numerical models included in coastal processes had been partially
developed and improved, and some field observations also had been conducted
through the first- and second-year of the study. During this final year, the
integrated field observations were conducted, the models were completely
developed, verified, and partially applied to the reference harbour and beach.

The major subjects of this final year are as follows :

O Field measurements around Chukpyon Harbour selected as the reference
harbour, and data analysis.

O Devleopments, verifications, and applications of a two-dimensional and
a three-dimensional numerical model for coastal hydrodynamics.

O Devleopment, verification, and application of a three-dimensional non-
cohesive sediment transport model.

O Devleopment, verification, and application of a shoreline change model.



IV. Results and Recommendation

1. Field measurements and data analysis

In order to understand the coastal flow and sediment transport patterns
and to obtain the input condition at the offshore boundary and model
verification data, the field measurements were carried out in the vicinity of
Chukpyon Harbour and its neighboring beaches at Uljin-Gun of Kyungsangbuk
-Do, which had been selected as the model harbour and beach for the case
study in the present research project. The measurements were conducted in
winter, spring, and summer seasons. The items were short-period wave,
long-period wave, shoreline and bathymetric survey, drogue tracking, and
sampling of suspended and bed load sediments. The collected data were
processed, compared in order to find out the relationships between them and

seasonal variations, and then used as input and verification data of the models.

2. Development of the numerical models for coastal hydrodynamics

In order to simulate and predict the process of coastal sediment reliably,
it is essential to estimate and predict the process of coastal hydrodynamics
with reliable accuracy. This study focused on a three-dimensional model
WINC3D (Wave-Induced Nearshore Circulation Model), because the structure
of coastal hydrodynamics is three-dimensional. The existing horizontally two-
dimensional model, WINC2D was also improved. These coastal hydrodynamic
models consist of three parts ; wave transformation module, current module,

and turbulence closure module. The basic forms of current and turbulence



closure module, which had been established through the first- and the

second-year of this study, were improved and e;(tended.

Wave transformation model, HCORD, was appled to the present state and
the proposed expansion layout of Chukpyon Harbour, which showed agreeable
results. The dynamic coupling of current and turbulence modules with
HCORD, however, proved to be very difficult because HCORD requires fine
grid and small time step. Therefore, the wave module for WINC2D was also
used for WINC3D.

The two-dimensional model WINC2D was improved and applied to the
present state and the proposed expansion layout of Chukpyon Harbour, which
showed agreeable results. According to the results, KMPA'’s layout of the
extension of the breakwater and the construction of a new groin proved to be

very effective in mitigating the siltation of Chukpyon Harbour.

The three-dimensional model WINC3D adapted vertical coordinate
transformation in order to improve the resolution of bottom-boundray layer
because the current profile near the boundary layer is very important in the
calculation of sediment transport. WINC3D also used a splitting technique for
decreasing computation time and computational convenience, in which vertical
diffusion is computed by implicit finite difference scheme, horizontal advection
is by angled derivative scheme, and horizontal diffusion is by explicit finite
difference scheme. One-equation and two-equation turbulence closure modules

were established in order to obtain a physically adequate vertical diffusion



coefficient. Additionally a vertical three-dimensional point model was set up,
which may be easily used in order to find out the characteristics of turbulence
modules according to the forms, and to examine the coefficients. WINC3D
was tested and showed good agreements with the results of hydraulic models.
In order to apply WINC3D to real fields with agreeable applicability, reliability,
however, further improvements are required, especially on the energy
dissipation and turbulence production in surf zone, and various verification
study are also needed with hydraulic models and field data regarding to

boundary conditions and relating coefficients.

3. Development of the numerical model for sediment transport

In view of the purpose of this study, sediment transport model is the
most important part. Three-dimensional approach is essential in order to
understand the mechanism of sediment process and to assess its behaviour
quantitatively. Therefore, a three-dimensional sediment transport model was
developed. The coefficients in transport formula is given by field
measurements. The model adapted vertical coordinate transformation, and a
splitting technique as WINC3D. However, the schemes used in the splitting
technique are some different with those of WINC3D. That is, implicit schemes
are used in vertical diffusion and advection, characteristic method in horizontal
advection, and explicit scheme in horizontal diffusion. The model was compared
with the analytical solution for the vertically one-dimensional unsteady
advection—diffusion problem, the results confirmed the sufficient accuracy of
the model. The model was applied to the present state of Chukpyon Harbour,

and the results showed good agreements with field measurements. According



to these results, it seems that the model has the sufficient applicability for the
engineering purpose if filed data are sufficiently given. However, in order to
obtain general applicability with agreeable reliability, the determination of more
general empirical coefficients are required through the comparisons with

various field data.

4. Development of the numerical models for shoreline evolution

Shoreline evolution model, 1LINE was modified and improved by the
change of the reference coordinate system from rectangular system to
curvilinear system. By this change of coordinate system, 1LINE extended its
applicability up to the shorelines with complex shapes. The model was verified
with the measured field data at the reference shoreline, and then applied to the
proposed expansion layout of Chukpyon Harbour. The results with wave
climate of winter season showed that the extension of the breakwater would

mitigate the shoreline changes, but the effect of the new groin was not

obvious.

5. Recommendation

Various field data obtained through this research project will be used
effectively in studying harbour siltation and shoreline changes. Numerical
models developed through this project will make it possible to analyse the
causes of harbour siltations and shoreline changes in the easterm coast of
Korea, and to suggest the optimum countermeasures to the problems site

specifically. Additionally, these models will be also used in examining the



water quality problems. However, accurately integrated long-term field
measurements, more verifications of the models, and the determinations of
more general coefficients are required in order to obtain the general

applicabilities with reliability.
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Table 1.2.1 Annual dredging rate in Chukpyon harbour.

A E | F4FmY) ] 1
1963 16,000

1964 20,000

1965 29,000

1966 47,000

1970 9,000

1971 30,000

1972 9,000

1974 11,000

1977 5,020

1979 42,850

1980 30,100

1981 20,250

1982 12,650

1983 11,650

1984 8,910

1985 23,290 12} 6,380m> 2a 16,910m®
1986 28,950

1987 42,000

1988 5480 | ¢4 2 ¢4FA 3,880m° £%
1991 9,200
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Fig. 1.2.1. General map of Chukpyon Harbor.
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Fig. 2.2.1. Location map of short~wave measurements around
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Table 222 Directional distribution of siginificant wave height(Chukpyon
harbor, 1993).

P | |wee| nelme] & |ese| selsse s [sou] sulvsn NW|NNW| Total
Hs
0.0-02| 2 2| 4 1 1 10
0.2-0.4 | 18| 26| 10| 4| 7| 2| 14] 3 87
0.4-0.6| 18] 29| 10| 3| 6 1 68
0.6 - 0.8 | 15| 24/ 13| 6| 3 1 62
0.8-1.0 23] 22| 10| 5/ 1| 1 62
1.0-1.2 |15 19 6 8| 3 51
1.2-1.4] 517 5 1 28
1.4-16| 4|10 5 1 20
1.6-1.8| 5 5| 2/ 1 13
1.8 - 2.0 5 5
2.0 - 2.2 4 1 1 6
2.2-24 2 2
2.4 - 2.6 3 3
2.6 - 2.8 5 5
2.8 - 3.0 4 4
3.0 - 3.2 4 4
3.2-34 1 1
3.4-36
3.6 - 3.8
3.8-4.0
Total  |105{180| 64| 32| 22| 3| 18| 3 431
Permillage |244|418(148] 74| 51| 7| 42| 7 1000
(Numerals : numbers of occurrence)




Table 2.2.3 Directional distribution of mean wave period(Chukpyon
harbor, 1993).

" o N [NNE| NE|ENE| E [ESE| SE|{SSE| S |SSW| SW(WSW| ¥ |WNW| NW|NNW| Total
0.0 -20

2.0 - 2.5 1 1
2.5-3.0 1] 1| 1 3
3.0-35 1 1] 2 4
3.5-40 7 1 2y 2| 2] 1} 7 2 24
40-45)| 2y 5] 1| 2| 5 1] 3 19
45-50)| 97 5 4| 3] 2 5 28
5.0 - 5.5 | 10{ 15) 13| 12| 2 1 53
5.5-6.0 | 24| 23{ 17| 6| 6 76
6.0 -65 |12y 32] 9 4} 1 58
6.5-7.01 19| 25, 8 1} 3 56
7.0-7.5| 13| 16} 3| 1] 1 1 35
7.5 - 8.0 5/ 17 3| 1 26
8.0 - 8.5 3} 13] 2 18
8.5-9.0 14 1 15
9.0 - 9.5 8 1 9
9.5 -10.0 5 5
10.0 -10.5 1 1
10.5 -11.0
11.0 -11.5
11.5 -12.0

Total 105(180| 64| 32| 22{ 3} 18] 3| 1 3| 431
Permillage |244)|418(148| 74| S1| 7| 42y 7| 2 7| 1000

{Numerals : numbers of occurrence)
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Fig. 22.3. Scatter plot of His versus Tu,, in wave direction NNE at station FW.
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Fig. 224. Scatter plot of Hys versus T, in wave direction NE at station FW.
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Fig. 22.5. Scatter plot of His versus Ty, in wave direction ENE at station FW.
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Fig. 226. Time series of His and Tw, measured at station FW of Chukpyon
Harbor in October, 1993.
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Fig. 22.7. Time series of His and T, measured at station FW of Chukpyon
Harbor in November, 1993.
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Table 2.3.1 Tide table at Muk'o and P’ohang during drogue
tracking(Office of Hydrographic Affairs, 1994).

MUK'O P OHANG
Date
Time, Water Level(cm) | Time, Water Level(cm)
05:15 40 01:04 22
11:39 23 06:53 30
25 Aug.
17:34 39 13:21 22
23:46 24 19:08 29
05:46 40 01:28 23
12:24 23 07:14 30
26 Aug.
18:22 37 14:06 21
20:14 27
00:11 27 01:48 23
06:16 40 07:39 30
27 Aug.
13:14 24 14:53 19
19:24 35 21:27 26

BEYSEY 359 €82 A4 4% FR 3, 4 R 5= #F
°f 16, 7 2 10 cm/s9l £ 2 F33tA. 22U olg B85S FEA4
FYdenz, FFARY JldxEs #HA4dr] A 2/ - 2HIS
Au7t a7, BAA S R FEY Atele BEG AWRFAMY &
2 Hostr] A3 FxAld T3} FE 6 R 7S A4 oF 20, 15 cm/s
g £22 BF FAAAY FZAYAE 2F GAFL FHAEA 9%
Aoz wedo,



Table 2.3.2. Results of drogue tracking in summer season.

Drogue No. Date Time Depth(m) Latitude Longitude
1 25 Aug. 94 10:47:29 19.0 37° 03.008° 129° 26.140°
53:20 18.0 03.096° 26.189°
57:45 18.2 03.172° 26.206°
11:01:54 23.1 03.265° 26.288°
06:25 27.9 03.383° 26.277°
11:02 30.0 03.495’ 26,295
16:37 29.2 03.660° 26.288"'
2 25 Aug.’94 11:33:56 14.2 37° 02.715° 129° 25.491°
: 39:10 13.9 02.770° 25.513°
44:08 13.8 02.812° 25.512°
48:37 13.5 02.826° 25.506"
53:44 12.8 02.835° 25.506'
58:55 12.8 02.866" 25,510’
12:03:45 12.2 02.861° 25.513"
08:51 12.2 02.894° 25.502°
3 26 Aug. 94 10:15:11 10.0 37° 02.105° 129° 25.244°
20:25 9.9 02.082° 25.242"'
25:31 9.9 02.087' 25.266"
30:42 10.0 02.053° 25,290
4 26 Aug.’94 10:40:16 11.3 37° 02.493° 129° 25,226
45:22 11.2 02.469° 25.224"'
50:07 11.2 02.476" 25.226"'
54:32 11.1 02.473° 25.198°
59:33 11.2 02.463° 25.206°
11:04:02 11.2 02.450° 25.215"
09:40 10.9 02.418° 25,200
14:12 10.6 02.427° 25.193’
5 26 Aug.’94 10:41:15 6.3 37° 02.492° 129° 25.098°
47:48 5.8 02.473° 25.120"
51:09 5.5 02.444° 25.100'
56:26 5.0 02.428° 25.090'
11:01:21 4.7 02.420° 25.089"'
06:19 4.6 02.400° 25,085
12:32 4.6 02.374° 25.070’
17:18 4.2 02.374" 25.087"'




Table 2.3.2. (Cont'd).

Drogue No. Date Time Depth(m) Latitude Longitude

6 26 Aug.’94 14:13:10 5.3 37° 02.954° 129° 25.155°
19:45 4.5 02.946° 25.142°

23:35 4.1 02.917°' 25.107°

29:20 5.3 02.943° 25.107’

34:20 3.5 02.924° 25.101°

39:20 6.0 02.917°' 25.070'

44:15 4.3 02.886° 25.096'

49:38 3.1 02.904° 25.070°

54:10 2.5 02.902° 25.074°

58:35 3.1 02.861° 25.078’

15:02:45 2.7 02.860" 25.076’

07:16 2.7 02.848° 25.036'

7 26 Aug.’94 14:17:30 7.5 37° 02.917" 129° 25.279°
21:15 7.7 02.909° 25.231°

27:00 7.9 02.888° 25.224"'

31:35 8.0 02.917° 25,219’

37:00 7.7 02.886" 25.226'

41:50 7.6 02.891° 25.180'

47:15 7.3 02.848° 25.169'

51:58 6.8 02.886" 25.149'

56:26 6.8 02.858"' 25.182'

15:00:49 6.8 02.829° 25.178'

05:05 6.7 02.866 " 25.131'

09:40 7.0 02.836" 25.143'

8 26 Aug. 94 15:15:50 4.2 37° 03.024° 129° 25.350°
21:35 4.6 03.023° 25.352°

26:08 3.5 03.027° 25.336'

30:54 4.1 02.993" 25,339

35:30 4.3 02.99%" 25.336'

40:05 4.1 02.996° 25.327°

45:08 4.4 02.989° 25.295'

50:23 4.4 03.007° 25.277'

56:20 4.8 02.996° 25.274'

16:03:05 5.8 02.992° 25.248'

10:13 6.3 02.982° 25.198’'

18:08 5.7 02.935" 25.149’'

25:37 5.0 02.989° 25.151'

36:30 x 02.960° 25.109'

42:43 x 02.978"° 25.100'




Table 2.3.2. (Cont'd).

Drogue No. Date Time Depth(m) Latitude Longitude

9 26 Aug.'94 15:19:40 5.5 37° 03.137" 129° 25.349°
23:52 6.3 03.086° 25.361°

28:16 6.0 03.127° 25.360°

33:05 6.4 03.068° 25.361°

37:52 6.4 03.082° 25.389°

42:22 6.4 03.062° 25.393°

47:37 5.0 03.079° 25.372°

53:18 4.0 03.062" 25.393°

59:43 3.6 03.073° 25.431°

16:06:43 3.3 03.048° 25.402°

14:18 2.9 03.042° 25.426°

21:48 3.1 03.043° 25.418°

29:59 2.9 03.054° 25.433°

10 26 Aug. 94 16:33:58 4.8 37° 03.070° 129° 25.169°
39:11 03.040° 25.169°

45:45 03.064° 25.187°

50:34 03.094° 25.175°

55:19 03.072° 25.187°

17:00:24 03.103' 25.189'

11 27 Aug. ‘94 9:51:20 37° 03.001° 129° 25.469°
55:16 03.020° 25.457'

59:08 03.018° 25. 440’

10:03:33 03.011° 25.427°

07:57 02.971° 25.449'

12:25 02.986° 25.424"

16:43 02.975° 25.420°

21:35 02.979° 25.376"

26:32 02.974’ 25.343°

31:08 02.974° 25.341°

36:20 02.968° 25,299’

12 27 Aug.’94 10:38:30 37° 02.985° 129° 25.352°
42:50 02.999° 25.343°

51:38 03.000° 25.336°




Table 2.3.2. (Cont'd).

Drogue No. Date Time Depth(m) Latitude Longitude

13 27 Aug.’94 11:01:31 37° 03.137° 129° 25.316°
07:20 03.128° 25.310°

12:15 03.116° 25.305'

17:20 03.132° 25.314°

21:23 03.128° 25.310°

26:30 03.125° 25.314°

14 27 Aug. ‘94 9:20:15 37° 03.032° 129° 25.563°
24:53 03.038" 25.548°

29:18 03.040° 25.534°

34:08 03.040° 25.519°'

38:58 03.042° 25.537°

43:40 03.040° 25.521'

49:38 03.034° 25.510°'

53:18 03.043° 25.495°

57:00 03.034° 25.495°

10:01:00 03.046° 25.495°

05:12 03.014° 25.495°

09:40 03.029° 25.506°

14:20 03.008° 25.482°

18:32 03.004° 25. 449’

23:50 03.001° 25,433’

28:32 03.010° 25,387

33:40 02.970° 25,400’

40:22 02.951" 25.369°
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Fig. 2.3.1. Results of drogue tracking in summer season.
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Table 2.4.1

Periods of shoreline and bathymetry surveys.

No. Shoreline Survey Bathymetry Survey Remarks
1 12 May 1993 15 May 1993 Fig.A2.4.1
24 Jul. 1993 _

2 21 Jul. 1993 14,16 Aug. 1993
11,12 Oct. 1993 13,15 Oct. 1993 Fig.A2.4.2
34 Dec. 1993 56,7 Dec. 1993 Fig.A2.4.3
20 Apr. 1994 21,23 Apr. 1994 Fig.A24.4
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Table 25.1. Directional sediment fluxes in spring season.

Water Trans. Trap Trapped Directional
St. Location Duration Depth Dir. Height Quantity Flux
(m) ) (cm) (g) (g/hr/ca®)
1 129° 25.19° 14:36 19/ 4/94 3.0 75 30 0.0 0.0
37° 03.14° 8:48 20/ 4/94 15 0.0
(18.20hrs) 5 0.0
165 30 0.358Xx 10" 0.180x10°
15 0.130x10%
5 0.164x10°
255 30 0.740x10° 0.510%107"
15 0.610%10°
5 0.376 X 10'
345 30 0.370X10" 0.453x10™
15 0.755x10*
5 0.341 X10%
2 129° 25.09° 14:42 19/ 4/94 2.0 65 30 0.0 0.896x10™
37° 03.06° 8:53 20/ 4/94 15 0.0
(18.18hrs) 5 0.896x10°
155 30 0.0 0.514x10™
15 0.0
5 0.514 X10%
245 30 0.0 0.422x10™
15 0.0
5 0.423%10°
335 30 0.0 0.154 x10°
15 0.0
5 0.154x%10°
3 129° 25.06° 9:30 20/ 4/94 4.0 55 30 0.0 0,221 x10™
37° 02.83° 9: 1 21/ 4/94 15 0.0
(23.52hrs) 5 0.286 X 10
145 30 0.0 0.138x10'
15 0.0
S 0.178 x10°
235 30 0.750x10° 0.300x107
15 0.242x 10
5 0.356x10°
325 30 0.0 0.136x10"
15 0.383%x10°
5 0.137%x10*
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Table 2.5.1 (Cont'd).

Water Trans. Trap Trapped Directional
St. Location Duration Depth Dir. Height Quantity Flux
(m) *) (cm) (g) (g/hr/cu2)
4 129° 25.02° 9:34 20/ 4/94 4.1 30 30 0.137x10' 0.117x10™
37° 02.71°  9: 4 21/ 4/94 15 0.0
(23.50hrs) 5 0.137X 10
120 30 o.135x10z 0.119x%10'
15 0.159 X 10°
5 0.137%x10*
210 30 0.118x10' 0.241x10™
15 0.567 x 10
5 0.243X10°
300 30 0.133x10% 0.249x10°
15 0.742 X 10
5 0.234x10°
5 129° 25.01° 9:37 20/ 4/94 4.0 20 30 0.0 0.730x107
37° 02.60° 9: 7 21/ 4/9 15 0.239x10'
(23.50hrs) 5 0.704 X 10"
110 30 0.113%x10°* 0.893x10°
15 0.488x10°
5 0.655%10°
200 30 0.890><10 0.770x107
1 o.1aa><10
5 0.718x10'
290 30 0.975%10" 0.810x10°
15 0.422 X 10
5 0.994 X 10°
6 129° 25.12° 9:45 21/ 4/94 4.0 205 30 0. 520x1o 0.277x10%
37° 02.13° 9: 5 22/ 4/94 15 .860X10
(23.33hrs) 5 0.218x10"
295 30 0.194x10' 0.351x10°
15 0.833%10°
5 0.366 X10°
25 30 0.174x10' 0.687%x10™
15 0.270%x 10
5 0.838 X 10
115 30 0.217%X10" 0.234x107
15 0.578 x 10
5 0.220%X10°
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Table 2.5.1 (Cont'd).

Water Trans. Trap Trapped Directional
St. Location Duration Depth Dir. Height Quantity Flux
(m) *) (ca) (g) (g/hr/cm2)
7 129° 25.09' 9:49 21/ 4/94 4.0 205 30 0.266x10° 0.186%10°
37° 02.29° 9: 8 22/ 4/94 15 0.119x10
(23.32hrs) 5 0.200X10°
295 30 0.104x10° 0.801%10°
15 0.120x 10
5 0.907x10°
25 30 0.183%10' 0.558x10°
15 0.186%10°
5 0.695x%10°
115 30 0.0 0.120x10"
15 0.299x10°
5 0.125x10*
8 129° 25.08° 9:52 21/ 4/94 4.0 210 30 0.900%10" 0.123%x107
37° 02.45°  9:11 22/ 4/94 15 0.460% 10’
(23.32hrs) 5 0.103x10°
300 30 0.0 0.173x10
15 0.810%10°
5 0.141x10*
30 30 0.260%x10° 0.193X107
15 0.480%10°
5 0.173x10'
120 30 0.460x10° 0.339x107?
15 0.150 X 10*
5 0.239 x10'
9  129° 25.77° 9:54 22/ 4/94 4.5 70 30 0.419x10" 0.543x10™
37° 03.10° 9: 0 23/ 4/94 15 0.285x 10"
(23.10hrs) 5 0.620x10%
160 30 0.456X10" 0.654X10°
15 0.174X 10
5 0.808 X10°
250 30 0.134x10' 0.405%10°
15 0.365 %10
5 0.510%10°
340 30 0.175x10* 0.725%10™
15 0.232x10'
5 0.880X%10%
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Table 2.5.1 (Cont'd).

Water Trans. Trap Trapped Directional
St. Location Duration Depth Dir. Height Quantity Flux
(m) () (cm) (g) (g/hr/cm2)
10 129° 25.63° 9:51 22/ 4/94 4.5 80 30 0.20x10° 0.105x10™
37° 03.06° 9: 6 23/ 4/94 15 0.150x 10
(23.25hrs) 5 0.117x10%
170 30 0.900x10° 0,589 x10™
15 0.218X10
5 0.722 X 10
260 30 0.110%x10° 0.489%1072
15 0.610x10°
5 0.553% 10!
350 30 0.620x10° 0.445%x10™
15 0.475x10
5 0.515X% 10
11 129° 25.49° 9:58 22/ 4/94 4.7 80 30 0.330%10° 0.162x107%
37° 02.04° 9:11 23/ 4/94 15 0.300x10™"
(23.22hrs) 5 0.171 X 10
170 30 0.700x10° 0.370%10°
15 0.399 %10
5 0.468%X10°
260 30 0.130x10° 0.382Xx107
15 0.780x10°
5 0.397 %10
350 30 0.164X10" 0.323x10°
15 0.479 X 10%
5 0.363%x10°
12 129° 25.33° 9:41 23/ 4/94 5.8 140 30 0.130x10" 0.191x107
37° 03.12° 7:37 24/ 4/94 15 0.100x10"
(21.93hrs) 5 0.900%x10™
230 30 0.20Qx 10" 0.182x107
15 0.900x107"
5 0.110x10°
320 30 0.500%10™" 0.182x10°
15 0.700x10"
5 0.100x10°
50 30 0.700x10" 0.191x107°
15 0.100x107"
5 0.150 % 10°
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Table 25.1 (Cont'd).

Water Trans. Trap Trapped Directional
St. Location Duration Depth Dir. Height Quantity Flux
(m) ) (cm) (g) (g/hr/cm2)
13 129° 25.16° 9:46 23/ 4/94 3.4 65 30 0.190x10° 0.112x10
37° 03.11° 7:42 24/ 4/94 15 0.220x10°
(21.93hrs) 5 0.940x10°
155 30 0.430%x10° 0.154 %107
15 0.107x10"
5 0.171 X10°
245 30 0.320%10° 0.156%10°
15 0.710x10°
5 0.187x10°
335 30 0.1950x10° 0.671x107
15 0.240x10°
5 0.380x10°
14 129° 25.09° 9:50 23/ 4/94 3.4 45 30 0.240x10° 0.625x10
37° 03.02° 7:47 24/ 4/94 15 0.450x10°
{21.95hrs) 5 0.748 X10°
135 30 0.390%x10° 0,133x10?
15 0.103x10*
5 0.146 X 10°
25 30 0.620x10° 0.273x107
15 0.750x10°
5 0.192Xx 10"
315 30 0.490%x10° 0.782x107
15 0.380x10°
5 0.857X% 10
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Table 2.5.2. Directional sediment fluxes in summer season.

Water Trans., Trap Trapped Directional
St. Location Duration Depth Dir. Height Quantity Flux
(m) ) (cm) (g) (g/hr/ca’)
1 129° 25.05° 9:53 26/ 8/94 4.0 350 30 0.400x107 0.790x10™
37° 02.81° 9: 0 27/ 8/94 15 0.120x10°
(23.12hrs) 5 0.100%10°
80 30 0.200x107" 0.219x10
15 0.380x10°
5 0.238x10"
170 30 0.120x10° 0.897x107
15 0.740%10°
5 0.280x10°
260 30 0.100x10° 0.700%x107
15 0.220x10°
5 0.570x10°
2 129° 25.23° 9:40 26/ 8/94 5.2 10 30 0.850x10° 0.243x1072
37° 02.98° 8:53 27/ 8/%4 15 0.116x10
(23.22hrs) 5 0.109 x10'
100 30 0.900X10" 0.109%x10°
15 0.120%x10°
5 0.139x10°
190 30 0.230x10° 0.168%10
15 0.420x10°
5 0.149 x10'
280 30 0.900%x10™" 0.398%x1072
15 0.155x 10"
5 0.344x10'
3 129° 25.67° 10:29 25/ 8/94 5.9 80 30 0.190x10° 0.346x1072
37° 03.05° 8:54 26/ 8/94 15 0.105 %10
(22. 42hrs) 5 0.303x10'
170 30 0.300x10° 0.950%10™
15 0.573%x10"
5 0.111x10°
260 30 0.220x10° 0.179x1072
15 0.620x10’°
5 0.137x10°
350 30 0.690x10° 0.292x10™
15 0.249 x10
5 0.328X%10°
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Table 252 (Cont'd).

Water Trans. Trap Trapped Directional
St. Locatiocn Duration Depth Dir. Height Quantity Flux
(m) *) (cm) (g) (g/hr/ca’)
4 129° 25.53’ 10:31 25/ 8/94 5.3 75 30 0.149X10" 0.436X10?
37° 03.01°' 8:58 26/ 8/94 15 0.157X10*
(22.45hrs) 5 0.232x 10"
165 30 0.554x10' 0.378x10™
15 0.192 X 10
5 0.220 X 10°
255 30 0.890x10° 0.178%107
15 0.710%10°
5 0.600% 10"
345 30 0.107Xx10" 0.168x10
15 0.130%x10°
5 0.880x10°
5 129° 25.13° 9:45 26/ 8/94 4.5 360 30 0.120x10° 0.455%107
37° 02.03° 8:56 27/ 8/94 15 0.340x10°
(23.18hrs) 5 0.120x10°
90 30 0.300%x10" 0,706Xx107
15 0.130x10°
5 0.740x10°
180 30 0.360x10° 0.104 %102
15 0.230x10°
5 0.730%10°
270 30 0.200x10" 0.106x10°
15 0.300%10°
5 0.135x10°
6 129° 25.37° 10:35 25/ 8/94 4.5 95 30 0.600x10" 0.289x107?
37° 03.00° 9: 1 26/ 8/94 15 0.310x10°
(22.43hrs) 5 0.320%10'
185 30 0.140%10° 0.142x10°
15 0.148%10*
5 0.173%x10°
275 30 0.530x10° 0.522x107?
15 0.850 x 10°
5 0.506 X 10"
5 30 0.110x10° 0.468x10™
15 0.174x 10"
5 0.559 X 10°
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A, 9% 283 33E8 4] 293 F5A8d A% AR A
o H4&eddYol vebdth o2 3¢ (nearshore current)E 19509
Shepard$} Inmanel 93 e A= AcH(Shepard and Inman, 1950).
Z, deto o] & E(coastal currents)d TREHE MIo2ZM AF AFHA
gake] o3 AA, Wwgd o AUy ZFAHEY dFEL AAF
o, #o+e wal 3= A¢F(longshore current), &3 oA AYFo=

B
3
3
w

2% 89 E(shoreward-directed current) %&£ AFF

transport), 28 1L o] ¢+ F(rip current)® FAE Y.

ga3d AgHw FE A¢AY HEed L AJjuAste
AF7E A 200 B¢ BHAEA AP Kok olo] A #FE £
Z2A} 2 W77 Basco(1983) 2 Battjes(1988)el &3 £33} € ut ok, o]
AP MRE AF7Se] 54 3 E(depth-integrated)® FEiolAY F4%
Z(depth-averaged)® 3Hejel BAAL 7|22 F£PHR2H, ol F4d
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GE FEEET AS2 B3R Bfd A8He 2a¥sH £xE 3
o€ 7H33%td F957% A9, JZ ogHez, agu FRd
A¥E 58 4723, AAdANY YAHF FE ojdFo dF 7z 2
AR B LA olFFY. F FRRITHYME HAE F 3=
4 AR e 9l SFEEP)er s2x 3E, HAFoIU4F
(undertow)®] Aol % wWEHAY FT oldAT & YA HUoH,
o AAHAECF EAHA FABTE IUF T& ol83le AL & 27
€ H% & e, 3343 HMe T Hd A¥F KFSEXS B3
€t 2o FL3}UE Al YFHAL(De Vriend, 1986).

rO

ole] meal A ALY AL 4 3AYHoR HY, AHsn
A e A7 843 AYP=H3 Aok, Stive and De Vriend(1987)& &
< 1AA E(primary component)$} 2x}A4) & (secondary component)®
Fo #HHde /FA3™YE FARY(quasi-3D mode) & AAsIY o,
Svendsen and Lorenz(1989) #<¢H/ Tt ol¢H{7F AFiol 3 =
Y A gevhe 7P 3 pertubation HAMY-E ALY AU F 9
AHALE Tol T 4& AANYY. 2 F De Vriend and Kitou(1990)

£ 3349 A$9%3 HF F(hydrostatic mean flow) =32 3o 3} o)
YL 13} FARY L FRAUY.

EdT7dAE 3344 AAHAZCE FA2H gJEdAs AF 2 A
A 559 3AYVEH F2H(LL Y3 De Vriend and Kitou(1990)s} w4
T PP o83 AU PEAL 2T ALY 5 Ye 339 Qg
&

o5

qHred 4 X 2 ¥ (3-dimensional Wave-Induced Nearshore

Circulation Model, WINC3D)S $+@3 |t 2d §¥ozE nyg 37
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nlz 2R £ FHL FAYG. F£YE £ARYEL FAUARY 434
}Eq HEsd AFsHAed, HanF WEY B ARXE AR 53
GREez 2go2e 1-1A4 2 2-934 @¢REYE =48 enH, o
9 HALAL AESZ g8 ¥xe HEY(point mode)E FHI}L GF
2d 7ol s AFALE AANT 45 v AAT.

A2A I¥PEyY $£323 HCORD

1. =

QAgtAd e 2 710l M2 ©E GFF B F(coastal currents)®l
ZAFY. oAF 58502 MY AF 2F, AFHo R WY
FAHOZE 1 scaleo] HIELA & AF, vtFY ¥ 4@ ALF{F, 2
BAn e ARPH gFgoz WIHE HAF F& & &£ AW o F
@7|zte] NdAHo 2 Atdd J1F & 9 vAE AL (T WY

A

=
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F2 utgd o3 @A) wgdE HFe A¢de AR 4 w2t FA Y
o2 FF3 Ade 4 2 554 o8 A5, 23, ¥y A¥HI, 329
32 HGAd dgel 4uHe AF AEHE AZE AXNA E@d. ol @
e WPARAFANA FuHE AF] Joqggde Wdd m JyAFE
¢ dgsA 2. oA Add e d3 € AUy HAHAE
ol% VAL AT/ AMAME B AHF AFF AE L dHe] FF
F ol

AgdeMe RFEH WE AFF JEL H3 g2 AFAS]
L28AREH =g 7l€4d driA WEe Addgoed(Munk and
Arthur, 1952 ; Penny and Price, 1952 ; Keller, 1958 ; Keller, 1962 ;
Dobson, 1967 ; Battjes, 1968 ; Ito and Tanimoto, 1972 5 =), 1972
YA F = 9] Berkhoff’} €7 AH1A 4] (Mild-slope equation)g& WHEF F H]
%2 LAl olFF[TY. F, olF 9 AT AFAHOZE FYAINA A
£8 & de AR AE T d AFHJLH o] A} g F
T Uy U o]l ol8F £ Yo AAHAH(Berkhoff, 1972 ; Bettess
and Zienkiewicz, 1977 ; Radder, 1979 ; Williams et al.,, 1980 ; Houston,
1981 ; Booij, 1981 ; Berkhoff et al., 1982 ; Tsay and Liu, 1982 ; Liu
and Tsay, 1983a, b ; Tsay and Liu, 1983 ; Kirby, 1983 ; Kirby and
Dalymple, 1983 ; Ebersole, 1985 ; Kirby and Dalymple, 1986 ; Warren et
al.,, 1985 ; Copeland, 1985a, b ; Watanabe and Maruyama, 1986 & Z=x).
F AFALdAME 198735 EH EFF AT E T3 A3 Ao A9H 2A
o 3l X FAH/YF AFFE ALY & A FARFE AL, FH R
a7 =Aow, dRe 483 GAE A A AAIT A EA 3
Aol AA H§ Folt.
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o

gAY adFoE AW HAI=1} de EAE A
GRYE HFFE rht AR AR BANLE FES BFH
HE FAY A=/ W4Hoz a7dY. T HEEH ma EE
Agu g Avlo B FIWY FARYL AHo T HAgaAY
EE 20 ol4e) $ARYLS 2F Agslel ALY BHFFL 08T 4
. 2P AYH ¥V 5 T2 HAY AN BF WYL
A237 ANNE HF9 A4, 2TE L NF WY % oY F2E
A WA @4 R Aol AR HFY 74 Ay WS FadT QA
FANE GFE AAZA AP7 A5 Yo BFY X TE T2 E
a g WwAdYel 22 AN HgAol ALY $5¢ FARY
HCORD7} A el mase #4374 A48 & AL AAsa, o8 4
A n@sigeon, 2Uae) A4y 2 TRAY ALV AU o
8 Hgsto] 2 HeHe AEFAY. BFAME $3 28 HCORDY ol
£3 WA 2 FA7gel wa 2 Jsen, AT L AT A
88 Astd Uatel 1F3 B,

Ay
rl

X2 3% HCORDE €A HAYL 1&4 A¥GALAAZ HEAZ
7|2 GRS ALY SAFA HA AL ¥y 23 Ed 2 g Ho=
¥ 3 ¥ o (Berkhoff, 1972).

V - (CCyV ) + oZ—CCLa: =0 (3.2.1)

o 7] A,
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Co : W) 2&E

o] 4& Booij(1981)7} A ¢ F WP Aoz FAW

2

7 - (CCevM) + (K*CCq -0 - —g—t-} =0 (32.2)

s gol EEHT o71A 1= 4™ Aol ol 42 Copeland(1985)
Exy $F) 44F P, QE o839 T 13 AP AAZ A
sgon, oe dE AAF FEFFL B/IEHN (198N $25 3
.

3P an

at CCs ax 0
_9Q o1 _

3t * CCq 3y (3.2.3)
Cp_on , 8P , _3Q _,

C at Ix dy

ol4e) 4(323L NEPFAez FHY AEARASHT, AL B
A, =3 AA 2 Jdele) wALEE 2E WA AA 5 9IE AAzAL
A8 4+ Y= +A2Y HCORDE +PHgon, AAF AAAA, &
qAe 4 ad3n AMRR e 27 2 AAzA A WS ¥4 F
NE&NA8N $2Ho] AT B FARYL TP AL FAnFA
¥ 2 ¥ Hee T 7E ngdn ALFHReH, BATFANE
2 Agq, NI D AN AL FAL A9 REHoT £4 2 B
ge AAHY.
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EQATdME 7IERIYTNLR AAFE SUY R 2N 7
FAREEY A4S H4sy] s BFARYES G, AFALS 4AA
At BF 2o 19939 149 159 104] 518 - 1€ 179 094
218 Atele] #F7|3% Fo 38 P AFFFARGAT HF, 2678
el Aw 15 Sets)9] ¥4 A} F Fodun, % F7 2 dEHFS
A&P T AR ol F AYFA ot s} #o.

(H 13)memn = 352 m

(T H1p) mean = 9.40 sec.
(Dir)Ymean = N63°FE

B FARY HEE A3 dAdge 10mx10me =A7E 2=
216x272=58,7527k 9] AAZ FAFAT. AA Al A8d HAFE
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gejel HBle T AWM HFe AV FEAHINS & F UL
o, AF BAA SN LG AL Fl AF AAHHES IYFEH
o029 olF & AY PAAI HAF wtetd: o] GFdET. FALE 2
3 B FARYo AFF AAEZE /A AFFL AP AFF F UAE
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nx = 216 ny = 272 nin = S14Y52

Fig. 3.2.1. Finite difference grids for the present state.
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nx = 216 ny 272 nin = 51418

Fig. 3.2.2. Finite difference grids for the KMPA plan.
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(DIRECTION=NB63.0W; HEIGHT=3.52m; PERIOD= 9.4Ysec)

Fig. 32.3. Distribution of wave height ratios computed by the model, HCORD
(present state).
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(DIRECTION=N63.0W; HEIGHT=3.52m: PERIOD= 9.Usec)

Fig. 324. Distribution of wave height ratios computed by the model, HCORD
(KMPA plan).
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£4ERYT OUZ AT AL AT ALY 2FHNE T EA
ol gew, H4FERY AAAAN W FE A2 WIFA B
NEAE AST A TP EAFC AT Aoz dyEc. @A o
£ARY AVAHE A5 FF £A2Te) JYREE 4T A4 o
@ A9 477 9edT. =¥ & $ARYe] HF} 8H 43
Age nAY & UES AMHE AT A5 A7HAL HR.

A3A 234 A9 HSF<F #3223, WINC2D

1. =

BEAnge 717 & EAL #ZAFH £53E B Adse
B $A283 g3 3FH 5L FA T AAFAAN #IIFHLE
AZFs AT E Folo. EF #FF A o] HEEY FAR
ol SA3A AL /B YF N2 ALgdE U W AFFFE HF
BE RS BF U REFFALT JEWRHeR A HFHEEY
Axgo. HFMdolgd 712E TR T AFH =¥ @3 3
AEZE 1Y 5 UAEE Fo2A AFH FHAY Folu A W
FAFAAE HEE & A, ZEF Adde AI3¥T R F4A%TE
A4 AYY LT HAH AL dF, 25 L AFHE TAA 13T
4 AEE Fdged, #FH 55 F3ZFHEE FA ANl Jbedve
A& e, WA, B3 HEE BIFAS £ VRS AR
A wkAbske] o] & RoME HEAF Al AY. BATAAE 4
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d 53] 4t 2 9dFo] & Rz A3 A FF(turbulence) Y 2
30 A4 EF T4 AN AR 2 AP AAIAY AN RES £, B
g3, BFAEIE FUY ¢ Q2999 @3} AFta sy
HE Adste, 2 AFHE AZ v L3} B

2. 7|2 E A A X AL

E FARYAA ALdE B350 ¥, 293 4 339 ey
AL G453 2o AAE AAAARZL Yoo(1986)d +

ap apP ap AU AV ad
af TG TRy PPt PSSy (3.3.1)
G*(_ 8% ., __ 3%

N Za( ax® axayz)

3Q 3Q 3Q aU AV ad
at T TRy, P tRQ T Y STy, (3.3.2)
Gk( 3% 33 )
2a ay’ ax’ay
da 1 2 2 2
T 2a{ 55 (Rxa’) + ——(R )}
1 (o 38U oy 83U o 3V .y 3V
+ a(X = +X2-———ay +x; Tt X ay) (33.3)
1 3 3
+C%°% = '_Z—(Ex axg tEy g)
AU AU 3U . g 3ax™ ax”
at v ax v 3 d( ax 3y ) (3.3.4)
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Xy vy
V. ;Y 6V+_g_( ax” | aX)

at dx dy d ax \ dy \ (3.3.5)
an c’ [TV = vV Vv
Y€y tTg VYUV = B e T
AR a _9a -
TE Ty AU+ = (dn) = 0 (33.6)
o] 44 A,
P = x W3k guE
Q = y %% H5Er
U = x4 4548
V =y Wa 448
d = 4
n = AFF7] I e
a = HFe AEX
R: = U+PG*
Ry = V+QG*
G* = Colk = 05(1+G) L+
k = ®IAAS(Separation fictor)
Cy = BnFo] F&4&E
0o = BWNA(EE Doppler AH7} RAH) ZF94
G = 2kd/sinh (2kd)
g, = G 9o
h= T2 d
Ex,€y = Q’{‘l’lﬂ"{:
CYC° = F5(U V) B88 AN npdA S
Xii = B2 (Radiationstresses)
. | Ki K; 2
X = 7{(1+G)'—K— K +Gﬁij}(79ga)
2 [0 i#=j
SU {1 l=j
KiK; = i £ j43F gue
K = Ki+K1)
Lji = xy
p = U=

olde] 62 TFAE ZIRYA o) N AT AP L Yoo(1986) L
#3712 A 1987 FEHO oz ERIAMNAgAE 9 7R EH
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of digixnt 3 Jiedt. 6719 JEWANL RFFAS Ade 4
(33.1)~(333)3 EEZE Adse 24(334)~(336) F FEo=2 A
e & A% F, 4G3DH# 332 e 53 REHo|H,
4(333)2 #FquAdez ¥H fxd 222 o1 WIS vdeido
2 (33.4)8t (335)c #HFol AF AUAF Ev RF T HAEE 744
olg}, WA S W3E Yt 4336)% A 14FF7T 552
HEHs&E vdedo. oo F RRol 1A AP Yo #
Fe] ARG ASHF w2 A FAHH ] st 53] 4(33.1)
# (332)9 9 & A A Ty WHol=E XY o, B R
ol HFH ol 7I12E T2 oy, HFqUAI JAFHe AFA
Z A A E (Caustic region)ol A #5459 ZAEHAE 7HALLEZ JqUAEAL
QTS 39, A WMFA FAAZ HFHE g qduix AxE tF
A 3 o

ol e WAAL BXF vHYYL T U, 6/ FAHYS
FAd #1302 Fojof 3lEE, RRYPqdMe vnH AFEH T2
o] £y 53, Beol 43, FAWY Art Lol FH FHALYE
ALg-ste] AEsE AT, oldl qF AMF FEALA, ZAAA, 27 2
BAAZA T Yoo(1986) 2 #871£A (19874 7I€=Ho ez, 1
TAMAAME AHEE FA 7Y AT 3] sl

%Fe 24, A, AF, AAE oo A4 quiA A, TEI}
454 T A HFe AHRAY L Adde Avie AFES AIH
2 F3a 4(3.3.1)% (3.32) Upstream ¥y -E, 4(3.3.3)2 Donor
cell ZHEYe Z7 AL{AG. A+ AASE HF] A4S ¢
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9%, AW o1, ARl L L WAY oF T ¢ 5F
W3E AVRE FREE FUAZ Ui, AeAdAE 4(334), 335)
o WMy olsPe AART 43363 ¥A FTCS(Forward Time
Centered Space) AEWE Hgsel FAAL, F (1+1/2M AR #&
HEE ART F, TUA AN N4Y ARYL TEIE 4 A9
AN ALY #4& o438+ ADE(Angled derivative explicit) ¥4 ¢
Agael (nvDA A R4 ARSAT. Y £AEA WP A

A A3 L Roache(1972)8 #F =&
3. FX2Ee HZ

ol43 o] £PE FAEY WINC2DE EATY 7|&E=IF
FWg 2 AIZHY e P Figl22¢ B I nHe A
Wt A3 Ao. AN LE 116x13670) AW AARZ TAHIHL
o, o] W AARNZ gx¢t dye ZtZ 20my k. FAE G A g
AAANAE 74 Fig33.13 Fig3329 Zon, Z}Zd Uit F4HARE
Fig.33.3% Fig.3.3.4¢l %8 gdd. WoAE dFdAY EAE Fx3te
s A4 AF 71 AAxAY WEE Ao S0 F43] AAA
ol WA Hu, oladF FERE Fx oF 9 AANAFHEIE dF37]
AAME 3F 2 24 T HEgGIE dF3n ol AR 4F 70
HAAY Qs A& F Asd AAAYA A #F T WHIYS
dF3 o] F ol83td AZE HAAY wIE FEFI}e T AHE I¥FE
T F 848 #7134 22 42389 B HEo 27HY, BATFAME
|28 T 847¢€ Mdelades 7EHY B34 AF 2 EA F2F

2
e

re
2

NN
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Finite difference grids for the present state.
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Fig. 3.3.2. Finite difference grids for the KMPA plan.
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DEPTH CONTOUR OF JUKBYON HARBOUR (UNIT : M)
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Fig. 3.3.3. Water depth contours of the computation domain (present state).
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% 4] Fig.3.3.33% Fig.334°A R nuis} o] WA Feda 7}
A AE £YFAG. @A FHA AFAEd ¥ F4 1lm
AER 3ol AAste € AolE Y 4 oY, H8AH 2 4354 F
Ede & EAV 9 22 dddEnd. %I dFAxdo2E A2R
A Be upsh o] 19939 10¥ HE 129 Alold #3dE #FE 2d F
FA eI 3m, FAF7] 92 AEY HEFALY HFe] 717 WA
#3le AR UgRorZ mi 3m, F7] 929 HFE AN A NA
dA A2 393, o] #Fo] ENE € ESE WA HAE A4
Ztzve el dAE R AL e A g

P £

ENE W&ol s & 3¢, @46 2 At gAdZd g
FuHEXEE 32} Fig3.35 2 Fig.3.3.69, 1332 #ZFay A fluxe £
¥%E Z7 Fig3.3.7 2 Fig338d =34t o I1d3 2d {AA
ol WA Fede 7HFoE A& HHA R A FEE A3
AuEs L BFAGAF LS A Fe AL BYS ¢ F Ned, wH
A WFAdAA ¥t suv} ZHolFE & 5 Ao, WHA dFer A
Aol Fojde W RAgEY. T SAF w2 @ WAzl
Z}7} Fig.3.3.9 2 Fig.3.3.10¢]1 AAIHADG. o] 2oz B FHF A
B3 A¢ $gA L A AL A}E A A L & F
deod, dAe oA YA JHF L MddA gL FE AdFIH &
Aae] A daFoz sad oA Add F2AA FAAE RS &
4 deow, ol RH WuAg uel HAFHASo LHAAE wet olF3
of WuA e RId HAANL & AFT RAEG. a2y ALY
A 4RAE wat ASFIF e AL HK} FdFHer O A=
7t kA, oA QF RIdME gol FHAE AL HAEY. o=
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Y-GRID NUMBER

0 20 40 60 80 100
X-GRID NUMBER

Fig. 3.3.5. Distribution of the computed wave height ratios for the present state
(wave direction of ENE).
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Y-GRID NUMBER
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X-GRID NUMBER

Fig. 3.3.6. Distribution of the computed wave height ratios for the KMPA plan
(wave direction of ENE).
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Agd 40 A7 AEQY oFE AR FHA dFez A ol F7L
o & Ao wedd. EF A4 FEL 1E AE 42 AWAAN ¥
Jrzoz Wad AYFE & & Aoy AYGdAME PHA GF22
A3 o] Ado]l AHPe] HUL, FAZ A3 AAFA TLHF AdFH
7t FFEZo 2 AASRA R} EANE B oI{FE E2FES ¢ F AU
o

¥, JAIH o] ESE HFoAN Astd Aol W AL A4, A4
2 AL JASHZ WF Huu £¥=JF #AZ Fig33ll #
Fig.3.3.1241, #@ A flux £EX=7 27 Fig3.3.13 @ Fig.3.3.149]
5o, i B £ AW FYol 4F Fig.3.315 L Fig.33.164 Al
AHANY. Fig3311~148 23 F8F Ade dAHZ B¢ 2o
HFAAFPo] WA Fevhe Moz A8 BuA L A4 FHLE A3
e Huz L 4FAGAEYE S A 2L FHE YL ¢ & UeH,
WA wFER Gl A 2zt Hut FAopHE @ £ A, o] FLdx= W
A dAFZo =z A AHAo EoldE HAFEY. HUF LY L WAINFY
< BoFE Fig3315 2 Fig33.16¢ B 585% A4 %39 B9 2
o] oAl L EA FEE AdA AFE Y AL FLE ¢ F AW W
A FEALE AHEE dAE GoA GoA dHF g A i
ZH ALF7E B HHA ddFez zad Yu4g Ag RI44
fr&ol HANE TEE BP9 A¢d S0 g FRHoR FF F49
G577 AHE RE ¢ 5 e, o] A AA UHAE ug HAH
HEol HHAE wat olFsle WAl Mg RId HAANL & AFS
BAFe, 0 AEE $5F 439 A+igd 4% Aoz qFdng. 13
U Agee A$- WA E g AR B AL v KUY FdFH
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Fig. 3.3.12. Distribution of the computed wave height ratios for the KMPA plan
(wave direction of ESE).
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Fig. 3.3.14. Distribution of the computed wave energy fluxes for the KMPA plan
(wave direction of ESE).
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Computed wave-induced current vectors for the KMPA plan
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&ol A1, HoAl AF BIdME I K& Bl IR
BoEt. ol 99 Agst Zol ¥ E F4e] A7 WEY o
Aoy WnAl dFo 2 A {7t ¢ & ez dddy. E
W HAE g2 AWM YT Rz wdd UL P
4 Aoy AYGaAMNE WHA dFoz AF o] AHo]
A3 LA FZAM dEY ALFH} FATHLE
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ol g4z o]l ZWY P AITH A FFW R AF<dd W ENE

" @ ESE Adel ool Avs & A2 U¥ol A& £ A, /MAHE

E ALY 3713 FUoE ¢ e g 48N 2 WA
odg A8 FET Ax9 FHH HEAH dFHE S & 5 AN
on, Ao HLITLHAAN AYF oA AF 2 EA F2U40|
g g7 L e fEYAY FRAN FBHF EFHE XA F UL AL
2 FRE & AU
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A4A 32149 4y HAFE&FT F£x2Y, WINC3D
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Pad 2 FAHEE 42 ol&Fo2A AFolAdF(undertow) T&
AR 2Ez 3349 AAHFHEOF FARYA L3} A¥ 5E9
AR Y T oo EAYE HESFT Yo o]F RI3F}7] H3ty, E
# Agd BFHEe a2 AA7 3AQH F2E MARR olg {43 4
HA 32 FARYLE FHHAG

B $ARYLe 44 Q4L e 94FEY F£ARY, dA5-dF T4
2y ad3n dHod FARIY A A FARYe] {r1FHeE Afd
FUE 23 Yo ALAYE d7GME #I3EAY R HFRF FARY
d, Al2AdE s A5FF L ¢ HulH(turbulence closure) 28 H &2,
adn B 479 AFEEY ANPAE dFdAe dRedFE T4 9
3 F4¢ T3 FHAen, AL 8 sURIARA L3 HA
H &y 9g AFRE Aoy, dFHENE B £ R BHeo] 87
5ol ol AFY A3 FHAZ vRIY. ¥ RIMAME FEE QTS
58 99 d347F £ GFoREdd d& agx ol &9 fIAE
Z19e] dal V&3 F8L S LRE FRYAE HEF AH
s 3 Jjegd.

2. 7| = E A

B 4ARYY BPEy FARY 2Ry ArdgAe AdY FAR
3 WINC2DAIA AHg ¥ #30Fd B4 8& 1343 33 duA B
Ng Agsel FFAYL ALFG. ool WP AP AL AR A
Ad A= A,
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H5fHEs FARY FEY 7w deoezes AFYT L GFETE
QLYY F FHAYL ALE3EH, old HE FEAF R 4 ¥ &
YA 9ol T B A7 AAEE RaAN(FHAIEA, 1992)d] A3
71€50 Qoerz B RIuMNdgAe I 784w £=29t. =, Navier-
Stokes' A A A &S HIREAHE, AFLFd AT F71AH 448
D IEFAAECE UYra AZHE 2 GRHYAT F ol I A
W g ¢354 AL 99 (Svendsen and Lorenz, 1989 ; de Vriend
and Kitou, 1990).

aU |, _aU*  _aUV
at ax 3y
a(-&g‘m) + 9 Uwbuw + 9 UpWy
ax y 3z (34.1)
.81 __3( <u>"- <w>")
€ 5% 3 x
3 <u’ v’> R <u’ w'>
ay dz

2
av. [ _dUV  _3V

at dx dy
. d UpUy + 3(—175-;5) + 3 Vol w
ax ay 3z (3.4.2)
- - an __3<u’v>
g 3y ax
A <v’> "- <w’> ) 3 <v’ w>
ay az
o 7| A,
U, Vv P HNFHT GHRET SR
Uw, Vw, Wy : BZFEF AT & FINAH &4
u, v/, w3 HfS(turbulent velocity fluctuation) A ¥
n A9 A5 (set-up) £ 317 (set-down)
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olu], overbart W FHF, 23 FF < >t FHFIFTS vgdr. ol
9 44D (342 AgFdaM Y 55FS A3 ensemble B I
2 BRFF7] Hadd Y. 9 YA xFE A FAHY B
o2 y& g A BAF YPFo=s MAAYHW, aUYaxst avi/aye
Z}z} ¥ k-2 3 F (cross-shore current)$t €< (longshore current)®] &
TF fluxoln FAAREE TR AN o|F L BE BFAVE . UV
g F AE 45339 couplinge EAISH, Ryrie(1983)= o] &< =7

7b Ae Aoz AAAH v A (uo-wd)FH (vVi-wdE BFY Yo

o (radiation stress)e YEMlE #olm, a(ul-wl)/axe AFolUF
(undertow)E A4, ¥FAANE F8 82 F svolg. Y 1 A7E
AdHez & g, F dwax Tl H & A (Svendsen et al, 1987).
o] HMoln AN FYPF FTFANL 2T AL wal =&
8] AAF A 9/ay=00] Hx, GakA a3 (vo- wi)/dy=00] =,
3/3yE Zte RE o] 00] 8. w,TL SGHY HHWEs Yo
SAPoZMN  d(uwn)/dxe AUFES A LIAINE 98L 3§y,
3 (vwwu)/aye BA-3Fe sI¢HL W= W3 (lonshore variation
in the cross-shore flow)E& WelWth 3 (wwww)/32z%% 3 (vww)/3zE

HFe 23 WS WDETHY FHAYROY, YT o8 Fo] +H 3
Ao g #F ol8dAE AAR AAEZS AAF F4dA 00 ot
a2y AMAAG o] B AWAAALY] JYS EAIE oA FAF A
& ¥t (Svendsen and Lorenz, 1989). o] 4¢] ¢ N+t FJEL 4
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73 At (pressure gradients)st Reynolds -$-8-& Jeldd,

Reynolds -$-23-& Boussinesq® 713, &

du
ay

- <uv’> =V (3.4.3)

< HE3e] FHYRA 4GB4DFH (342)€ v Zo] RHE & UG-

aU aU iV
at "U7ax U5,
- g gxl+ aax (V” %g)" aay (V" %g) (34.4)
2 aU
* az(v" 3z )+T’
iV aVv aV
at *Uax Vo
- g g%+ gx (V” g)* aay (V" g‘;) (3.45)
2 aV
* az("“ dz )+T"

S YA va R ovE FELE R AALY SFFAAFIR, T T,

© x3¥ 2 yi¥Y 4% J4$HFE UEUH, ofdll st Fo] EAEG.

Tee -5 (o~ wh) - 55 Caaa) (3.46)
Ty = -—55 (o) - —55 (- wh) (34.7)

A714 E7E AL (Upww) L (Wewe)FS e 8439 AR

Qs Wgol P £PAVLAo] e Zo| 00 Brhe Aol

(s = 0, Taz'( vube) = 0 (3.4.8)
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4(346)% (347 F4d 3 ALHA HyA 234 FARIAN FHE
He #39488S 7% F A4

Se = [ (- whidz+ —pg (-1 = [N(cos®+1)-11E (349)
Sy = f:p(;ﬁ-wﬁ)df '%"Pg(c-n)z = [n(sin’6+1)-1]1E (3.4.10)

N
Swy = Sy = L tuvedz = [NsinBcosBlE (3.4.11)

o] AdlA 1=[, N& Z4%9 %% ¥, Ex #FqUA(=12pg’, at
Bge] AXZ)olitk. ol Fe WAAFN tHyoz HAHE A5YA4<
o] §-3te] {4y WE ¢ K452 ANSNA .

du v Jw
T x + 3y + s - 0 (3.4.12)

ol 4ol MERAAL g A da 7] AHMe HHEE +A
Zigez AR} Aol YodH, ol HFH Z=2Iastof Fu.
B RYPQAE FAVIYe dAHoZE Sy FEAELEYE, QALY
o2E LY FEALUE A& LH, AXADNE Sl T2
FR3E e<c3Erl A3 Aol AHSHU.

AENA AN FE5F AALE TA s4ABTE HE(external mode)
F A3 W3 BE(internal mode)o & o] g, F4AHAdH

#42¢ Gest 2ol Fosu
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- _ _l- T - _ _1_ n
U= f Udz, V= L vz, (3.4.13)
2](3.4.4), (3.45) ¥ (34.12)2 H¥ d4+A wizle FAHTE 48 +8
A G FANTY T 42 de 4 A
dU _ _ 81 _1 _3Sa _1 _3Sy
at = ¥ ax pd ax od dy pd (34.14)
avV. _ _ an. _ _1 0S8y  _1 Sy _ _Tay
an. = _aUh aVh
Tt T T Ty 0 (3.4.16)

A9 HRHAN $ABFE BAAL WD QALY WY 2y

4¢ 7% 4 Aem o& T B

aU U aU oU
at * U "V 5y "W 5,
3 3U E U 3 AU
= ax(Vh 3 x )+ ay(vh 3y )+ az(Vv 35 Y (3.4.17)
Tbx
+ Ty + RSy + pbd
A% 3V oV a3V
5t VU5 "V oy 3z
) AV 3 av 3 FR%
= ax(vh ax )t 3y (va 3y )+ a2(\'., a2)(3.4.18)
T
+ Ty + RSy + —p%—
_ Z aU 3V
w = Ih( ac * 3y )dz (34.19)
_ 1 38« _1 _3Sy
o1 Sy _1 S,y
RSy = -7 —%2 T e (3.4.21)

[

ool F MES AL
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ZF, ALY FABEFE LS 4(34.13)0 4

T _ L u n K7L _1_ i n
7 = 4 [ v, v = 1 ﬂde (3.4.22)
2 ¥AH, AW W3F ush vl ole &3 o] HA A,

u=U-T", v=V-V (3.4.23)

olge BAE o83 +AFT BAHB414), (3415 ¥ (3416 X
A3,

n+l_on T2 T2
nlent_a T _a VI h 424
e o + 55 =0 (3.4.24)
— 12 —
U "-T" __anr! 1 _8Sm 1 _3Sw Tk (3495
At T8 ax pd dx pd 3y pd( 4.25)
—=nv12  =n n+1
VoVt an™ 1 3Sy 1 _3Sy s
At T8 gy pd 3x pd 3y d (3.4.26)
Ut = TV ey, v . T2y (3.4.27)

oS3, QAR REe AR o g5 (1/DARE &L T
¥ & A ol& fRARAoz AW gen B

yrl-gmve cyre_? !
i

At a x;
n+l n+l n+l
gx (Vi agx )+ aay (Vi 9gy )+ gz("v aaUy (3.4.28)
T
+Tx + RSy + pb;
Vn+1_Vn+l/‘2 12 aVn*l
VAR 3 xi
) avn*l 3 xi aVn+l 3 aVn+l
ax VAT gy )t 2y (va 3y )+ 55 X3.4.29)
T
+Ty + RSy + —‘-)%
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o 71 4
a3 _ .. 3 3

Ui A Ix +V 3y +w 3z (3.4.30)
w1 o_ au™  _av™!
w™ = f; ( 5 0y )dz (3.4.31)

ol F AES 42 ZtF & Wyd 93 HE FIA . F, &
ARTHL 2Mrd 9 435 A9 FAG Wyoez FA He, ARy
B4 A% 1P 71T o839 FHPY F A €LY o F¥¢H
EAFLR Yrol & TIA E4.

4ol WaE duAYd 3HY YL HgA] A% ARG A
de 3 F AR ERY & A HuE xy, 2z T 2AAE 2
t AgUAY AALE 2E AF ARFolH, GE St AAW 2P

tlo

w2 FEHAE BAYE Ze SAAY AALE T, F xy, 2 W
FAA dTd AAFold. AAY AW AARL AANE BAE A =
Foz Ued £ W o2z, AN 949 dd F4o] & Hol AT
734 olel AHAAY 3 (resolution)o] 7hed=E AAWFe AAAVE
A3t F4o] e ReM AF FFY AASFIE golAle FHol A
% FAY dAE Yo 25E AY ARYLS AV A Y
g Fe dod, 71BN BAzA FUEE W E Io. B AY
dre H4ANE TFF A4S F T3] A3 Ao AP

datge. A2 F XY, T2 A4%F (0L g Joz g
x=X, y=Y, o=(a-b)(—1;&)+b, =T (3.4.32)

A71M, he HITAAEY EFololn, n+h=d7l H, de HFF4elth. d
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of AL ol & FAFL ANH ¢ HHFHo I WIHe HPAAY %

4+ Alol(-h<zsm)9

2 R Eg.

A2 & ARG AFAlol(aso<sh)e] AR Z o

o] W] 2L & X YE z&3 F£HBAV old, o]

2 A3 F nEPoZRE(x y, 2) FEANA (X, Y, 0) HEA=Z ¥

B3te AAGANA G 2L 5 Fo] YU,

aax = aaX+ gg(b go . ah 8(3433)
i ) 5 4.
= aaX + %+h ){ g;( '( g—b )( a?{* aX)} 30
gy i aaY+ g; g“ (3.4.34)
i et o b e 3 B oy ) B
:z - _( %1:2) aao (3.4.35)
g‘ i :T+ 39’ g" (3.4.36)
- S (=) =

olde HEWY VAN HAR ARHE F5 a® -12, S5
HIFE= A4 bE 12 FoW, -hA<zsn9 #AVE -1<0<19] FAZ W

g =ln, o] E 2](34.33)~(3.4.36)d] Wiy E L9 #AANL e,

= Ao dh__ an 1.2
sx - 3%t a0 x| (343D
3 __ a8 17,  \_3ah _ an 1_3a
ay - 57|10 Sy |5 (3438)
°__2 _3
3z d ao (3.4.39)
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9 __3 1 _9nj_2a
T 3T d[(1+o) 3t] = (3.4.40)

osk T BAE olgstel RPN U BEF WRL AN F,
22 o149 UANEYE YAAL UIH ANYF F42 el 43
2ol Aosn

o = [ a0 (U5 v y)

- o) (U vy

HFHoT AZL A X, Y, oDell i 5F FAHALE dedh.

|4
(3.4.41)

Y
- 2wy w2 (3.4.42)
5w,y e o4 RS: v

T TR Y:
- 2 22 (3.4.43)
+ 2= =55 + T3+ RS; + 1,

A A ABA +& A2E AEA B e ded o A& o
Al e Lol 98 B, £H oF L £7 Fue) VAR Uro] A

2H3A A
A1 : AR A}
3 4 _3a 3 e e
R  PUTE TR o U (3.4.44)
3V _ 4 3 AV \ e ot
aT 42 30 (vy 30 )+ Ty + RSy+1Tsy (3.4.45)

A2eA : £33 olF
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SU .y 20y 20 - 3U (3.4.46)

L LN (3.4.47)
A3GA : &3 BN

22U v, 2L (3.4.48)

g;{z aaX(v" :§)+ :Y (Vs g‘;) (3.4.49)

FAATE AT BE 2 43 AAE%E Fig34l 2 Fig.34.2¢ 2o
T4, BAAAGMT RFAHE FAH A5 BAHARY F Y
AXIEE o, dFddAse A4 AAHAA BRAM FF
o, Radiation stresses ¥ $3%2 HHARGNE T4 28 3
Az E 22X XY, F5AHALS HHAAY AdFAHR BTN
2A8d AAdESE ddd. FAVIHoREE AIGAD SHFI AL
ANe 22 A¥EE 2t Crank-Nicolsond ¢ &3'He Algslgoen, A2
GAIQ F£HolF AAdE Angled derivative scheme®, 121 AA39A Q1
FHAY Adde 229 FLEE Ze FAPLE ALSAT. olF #F

AgHoz EASNE, $ART BANCEZ FH TE 44 4R 2%

[+

U', Ve sta o) 49 AAYL faaEdes EASE g3 2o,

AlgA - AazF {4

4(34.44) £ (344994 WA} $AY L F4F F, L FyE AL, A

%] WA Crank-Nicolson &3 #@A2We A48, 247 (k)
AN FEFRAL obdlsh 2ot
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‘ueld ¢ waisAs pub |spow usuNd paonpul sAem g-£ I've Bi4

X
b+l | -1
L e L -r
¥
wE1 « o @ < [ r
LEN] n e=
e ] [ J o L+r
x—_ﬁt\-c -&.(v o
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nk SEA SURFACE
nk-1
k — U i+1,j,k

—0—  (KE) ; Nijx-1

k=1 SEA BED

Fig. 3.42. 3-D wave induced current model grid system ; vertical.
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Uik-Uije 16 1

AT T (dij+din)® Aok
[ { a8t iy 3UF - 5800 oy SV 1) 3.450)
+(1_W){ O.;(K;l.llc/«?;jf;lk) 83Uk~ 0.5:::;1;2&2-1) GU’:_I}]
+Fxlijk
V;;IZ—TV:Jk _ (duigi 2 A}Jk
(7 { Rty SV - SB he e Vi) (345
(W) { Gior o Ve 0B ey Vi1))
+Fyli ik
03Uk = Uijkn1=Uijk (3.4.52)
Vi = Vijka-Vijk (3.4.53)

(345003 (345D We A71FAZ o Fol loj| AL AYol
o, 00" << Yel @9, B dFAME 055W<1Y g ZEE 39
o, ol A A} A ;Y FL&Y A=E Jepdg. 24345003
(3451)2 &3 o] NG3A EIAE & Ut

AU jk-1+BeUi e+ CiUijke1= D for 2<k<nk-1 (3.4.54)

o] Ao HFHAN AAXAN HARANMY AAZRAL FHEHHE A
£Ad B3R tridiagonal WEY A7t FAHR, o] yEYAE Thomas &
1YZFE ol83d EQA 5 ¥ 5 UG

A2gA : F£HF

Hl M3 o]{F3 e 2(34.46) 2 (3447)2 R ¥ Angled derivative explicit
scheme (Flather and Heaps, 1976)2 o] &3t Ao, (2n+1) Al4HA]
7t & 25 AR F FFZo AP AAME ijkE FIHATIEA
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x$ 4 US BA A4sn, 2832 2n AXAG F &5 AXAF
E ipkE FAANEA vy f& VE 9A ALSA 89, ol E A
o2 29 gy Y.

O For odd time steps (i=1,ni ; j=1,nj ; k=1,nk) :

At

U*lj, - Ui, j T] + + ++ ++
’kAT ik SAX (U= Uije+ Uiie=U'i-1,i%)

. 4-_1Y { (Vi1 Vierjor ) (U jore— Ulijr)

+(V5ie* Vien i) (Ui Uij-10)} (3.4.55)
1 1 + +
M) { Aop. +Aox (Wijks1+wi-1,ike 1) (Ui jre1— Ui jk)

1

++ ++
* Rop+horq (wijetwi-1i) (Ui je— U,-,,;k-l)}=0

V*i" - V:, j, -‘7 + + ++ ++
JkAT ik oAY (Vijptk= Vi Vijpe=Vij10)
+ 4§X ((UF1ik* Urj- 1) Vienju = Vi)
+ (Uit Ul ) (Vie-Vitnin) ) (3.4.56)

1 1 + +
+ —5'{ “hog. iAo, (Widke1* Wij-1)er1)(Vijee1= Viik)

1 ++ ++
* Ao +AOr (Wijkrwij-1(Vijr= Vi,j,k-l)} =0

U=025(Uiljx+2U7 i+ Uit jx) (3.457)
V=025(Vii-1x+2Vij+ Vijerk) (3.4.58)

O For even time steps (i=ni,1,-1 ; j=nj,1,-1 : k=nk,1,~1) :

++ + —
Viie=Vijk 1%

AT * 20Y ( V+i.+j+ 1k~ V+i,+j,k+ V:',j_k- V+,-,j_ 1.k)
* 4[1\)( {(Uberin* U'trrj-1)(V i1~ Vilji)
(Uit Uijr)(Vije=Vi-pi) } (3.4.59)
1 1 ++ ++
* _2_{ Rogo rhog (Wiike1*Wij1ke)(Vijke1=Vije)
1

+ + -
* Thox+A0k (Wi jk+wij-16)( V:'.j,k'Vi,j,k-l)} =0
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U:f' - U:, j, U ++ +4+ + +
At ZAUX (Ui~ Uit U'ije= U'i-1ik)
+ 41131/ {(Viie+ Vit Ui~ U'ix)
+(Vik+Vitnp)(Uik=Uij-16)} (3.4.60)
+ %{ ——_-Aok»}*fAOk (Wi +wi-1iee 1) Uijier1= Uijic)

1

* T Roe+ Ao (wijk*wi-1) (Ui jk— Uf,j,k-l)} =0

U=025(Ui-16+2U e+ Uil i) (3.4.61)
V=025(Vij1x+2Vijet Vije1e) (3.4.62)

A3GA £ A
e @AE £y g Asdddels, AAH ijkdAMe YL o
=3 29,
Ulik-Uijk _ _1 (Y hievage Uisyje- Uije
AT AX " AX

Uiik=Uiyjk
= Vhi-12jk AX )

(3.4.63)

. CVhis Uijrk~Uijk
Ay © 7RIk AY

Uijik= Uij1k
= Vhij-12k ING )

ViR-Vike __1 (Y hioins Vitnik=Vijk
AT TOAX hi+1/2,jk AX

Viie-Viiiix
= Vhi-12.jk __L———AX )

- " (3.4.64)
(Vpis Vijrk—Vijx
AY V ki j+1/2.k AY

Viik=Vii1k
= Vhiji-12k NG )

—169—



ol el A AP AAZAL ol &3l TS dAL Azt 3
g F3A H7, & 2o F AJAIRY HE o2 3}= 24 £
2¥3 23 AP gl =22 WYY @ FIHe Aol AHF
712E A o) Fgo £} ALE FFL, 2 ;T AFA= AU

4, X7|x=H % A=A

ARF YA = A A ded 2 AZFHFE ARSI
AHNE HAAF 271270 2 AARAL Yo dh. B FARFY) 7
FHEY AN RE AZH AL 2R 2 @i FE2E YA UL
232 olE Ztztd Uiy 71 2 AARAe Hasid olF dHvrd ¥
o g E g do 7|£372 st EHAgME AF3EY REY o
FH AL FEdA dAATn JedrlE §o.

234 SHdNE FARYsE B iAol He FHIN EE
Hgd FARYVY AFIAEE 27IRAE LAk o, 23U E
FARYL 24 Fd A9 FFVIHEe nYRA oI FHAN #3
EE A #ARle] FFHoz =aH BYPAUY gE HAFAZ A3l
A S22, AA Foax z7|zxde) AF A g "R IFL A9 ¢
I gut 27zAd wE AJATAA % AolE HAY. @A o
A7 A At d@d AFAY ABE T3 FAETT B2 FL AW
B =28 & AL Aoz JdEHe 2VZRHAoE HFWY AL
R gl AFe JAAANNY #FE AL, dne 54
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9 waAste FolE Rez RAFHFHALH, HEAGE S40 w2
BANE AVH %EE TR F QAR HF @ x R yIg 4
e A A2 ALFAG. E@ A%ddA BFAUATL 37
3 z7lsE Aoz ARHE AL Has) Qe 4ReAE AR &
Aedr B AAY 4 AEE HAth HFF AL $Ed dHMAE
AYDE AGdol ot A5A Jo2 ARH(1=0), 27K &l G

O1( U;=0)8) =71ZA(cold start)2 A& 4},

U, AAxA

B SARYgMe FZFEE ALdE AT BAXAS dFecd® FE
L AR} AT AAZXAL WR=R 0, olEL AFZ KARAZRAH
A £x dAAAzALE UE & Ut SAZAEL HFd A% 3
$9 A4 2 7 Fo=2 A WEA Hu, olsk e olF KARA
AYe 98 AFHE Adse Hol old F&& AddseE HAA IS
27 18 3= Flather ¢ Heaps(1976)¢] ol AU EF £4
AAZAL slipZAF} no-slipRAe 2 Yol Ao, A 2y HEA F
Az MAdo wa ANARI A @AARIE FAFFH HEEFH
58 e HAE Mdol . T F dHFed FELS 334
FARH Joerz HAWIY HFAdAa AARAE 87 IA do.
B RINgAHE oS4 W3l AFEEH dAFEed FROE Yo nHF
3 7ledri2 @

1) #3233 A¥E A4 FAZA=xA
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No-=sli x
e FYAR 7HAFHE FHo] A B o2 ARIAA HF
o] §ARAA R T2 o SARFAAN FAF HY L zEe Aoz NF
g 4 o B JFquUArt AR AdEsHE AR AT & A
°olF 4oz FHIIA S #o
K,p=0, Kn=K=k (3.4.65)

714 AR pE AAAN FLE B dgdd, A ne FARA
A +A% $e dedg. % HolA Jeg ws 2ol $AAAANE
f&ol g1 FFAEZY Wyl gonz Heme Ke 2AAS kst 2
Sty ol RABANOET Ry P ANY 5 Utk

Sli z
WA F Ul F4e] AL ReAM Y KFAZAZRAL HFol £
BAARE w2} AAsHe 22 MEE & ASEBR slip BARAE AL
Al . ol 4o =2 FA3WA o} 2o,
Kn-0o, 3Ky 3x,=0 (3.4.66)
EF AAWAAN HZFAA WEIt Qe AR VR EE

da/dxa=0 (3.4.67)

(2) #FF AL 9 MEBAzxA

HFUY L R FARIY Ay AYAAZAL AFIdd vA
t 9%l Fu2 AF3A AFor ¥o. FARIAI A¢, 2P
AA HFe WAL e Y FFE Fol7] A MEAAS HFA A
FES HojA R MR, BRI Y AFTHWN EE VA FF+UH F
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S AMAFE Aol UntHo Y, FARIFY HSE MEFAFA A WAL
qdFe Zol7] 98 PAt(radiation) A MIE =Y P Fol AA
531 oY (Enquist and Majda, 1977), o183 W A}7 Al =2 (radiational
boundary condition)& Alg3tlaE FAHY AFEE FAFL FAA
Aol WE A9 A WAl GFE FAATI] 8 sted & WFAGAA
Az Fold R MEAAESE A% Aol v, E FARYH
He NYAAS fFAgel F£3 HgA Xo HdFFe 7HAB 3}
Neumann®] ZAZAE AHE3Ad. F,

da _ 3Kn _ 3K, 3Kn
dx, aXp

(3.4.68)

3) F&F AXL AT SAZAzA

F&F AXE 47 SAZARIE #FF FAZAZRAF] 2o
no-slip# slip ZAZzdo=z2 FEE & AY.

No-sli =

Un=0, Up=0 (3.4.69)

Sli AX
Un=0, aU,p/ 3xn=0 (3.4.70)

@) #&F AXE A% APAA=A
Asslol AL Dirichlet ZAZAL, 48T A5 Matale
axuR e Aesan. F,

n=n(¢) (3.4.71)
3 U, __ 91 _ a'ﬁ;
T - 7t 3 (3.4.72)
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Aq71M FAREY AAFNAME F4UHI e Aoz /MR G. 9]
F 4(34.44) 2 (3445)F ol &3 &9 AWK E FEHAU.

B) F4£F AZE 9T ANAE AA=xA

HAA FAAZALZR no-slip ZAZRAR slip BAZALE A48 £
New, a2 342 g3 .

No-slip ZAzA :

Us=V5=0 (3.4.73)
Slip A ZA :
du | _ Tox dv | _ Ts
Voo |, T Voo |, —-Lp (3.4.74)

of AAA 158 e AARA vtFHY x, y ¥ VYEdY. o AA

ntEHe RFF 550l IETY A AF2dANY v Y A2 Po]
A nt@ASE o83 A ANY & gon, HF] AZLFL
Aol Fot. THFFA EFo] FEY o oY AFLTFL nIAF HA
dooldY 4EE 3 e AFAE] qA P Agsqey &
FAME FARY £ FHES FIUon2 ¥nFH a3 HLEY
T AL EF ALWAY vnH W Yoo(1989)e WY& Ag3Ren,
A2d npdE-g 434749 AH&sE slip AAZAE A4

6) &% ALL AT A5y AAzA

BFe) wAdst g R F, A%=A FE RAME A5 Hgs
£ 2o gt gg Hoz FANE AL AgHPon,
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a_U :‘tsx:()’ VU aV

\
P 3X lzem 0y lz=v

=15=0 (3.4.75)
g8 RAMe AFdd dugo g FIHAQA EFHo] FELIJER
o]& Svendsen(1984)c] Al¢tF surface rollere] 7Hd-& w93t Stivest
Wind7} AAG g 4-& A FAzA2 AHE-&AY.

(L, 4 d 3H2
tam- (e g (3476)
o= (v Ay L ypg 2 (34.77)

o] ddA He Hi, de $4, L& A&, 283 Av surface rollerd] &

WA Yen, Svendsene ©] &< A>09H?’0 2 AAIF w Ut

5. RO 2Y

tSe 4(3442) 2 (3443)0 EXYPE FHIFHIAFS A H
AFE Aol dot. ol FMAFE FHA A FIE 9
FS nAn, 53 AJZAASTE 34D FARHAA b FadA H
F 9. Peregrine?}t Svendsen(1978)o <3 o] A AHdA ¢
%t surface rollerd] Z#HA G FF4e o3 AL ZH Fi
g, g2ty QAGFHMASE AFAd 22X d4£Ho = Mg v}
Ade Aol BZIHY. 23y FHIRHFMASE dBFHoE dFAY
o] Ht A¢d A% HA 25de] FHoR YEHE A3 LAdEG
AR 222 AN EAolgte & F E4Aold o3 ZAE
RAel22 B AFdAME o8 B39 n}AH.

L
re
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FHSNASE FARY Y ALFAFE FEIGe 48E 3
9, durHQ AFHFEF FARYAME 353 71 @4 (Sheng, 1989 F).
B dFdqAEe 143 2A8E 78 A $AFMAFE Q[ 593
oln] F4d e We 243 H4A Jedti & Svendsenst Lorenz
(1989)8] 713 wat Ao wa A} HFHAT. Mei(1983)9
g I e FSHEFAAASA A Ho] Yo & AFAA
v 9e3 %ol EALE Battjes(1975)8] F4& A8

va=K(2 g% —% )3 (3.4.78)

o714 K 1 359 e 2 FFon

AAGFHAASTY B¢ AdAFA ARSHA L F0, I
o2 Wse Ao 43A At AFFAATY FAYHeE= A
die5e 540 g FAHE e F-IAE AT & 3

B4 23), GF FAUAE AL ol E EHAY EE
BAASFS Q24 HAEy 2 REFoz AL e 1-HAF4Y
EAUAY dF EFAUAY FHLL Addte 2-¢

"IET
4 AEEY(k-t Y), BEE OF £FAUAG BERY 54YolF

e 2-934 ¢R238 (k-1 2¥) Fol A, IREIY 54 #

rﬁ.zi.. )
r)-

F 5% Fd A+ Launderst Spalding(1972), Rodi(1984), Justesen
(1987), £+ ACSE Task Committee(1988) Sl & 7]&=Ho A},

0-334 =Rm¥Yo2E A Aoy, FAAE LAEHE

Svendsen(1987)¢] At RYL 5 4 A, Svendsene FAITHF A
FE FAd g 43F =& 23¥SFH a2 vdgd ey, 4
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o]l 2§ surface rollerd] E2AE A3y G {F9 B RN Hgs}
Ho HAAZo

AHOE A2 Fa2Pode 7MAs g dfad Ze 4L AL
A

vo=Kich(a-|-£]) (3.4.79)

v.,=K2ch{a—( Z )2} (3.4.80)

o] oA K1t Kot 001 AXS %L BE A4old, av T3¢ 3
o) YT FolAA FES 19 %3t T ghel Foln

1-334 ¢REge vF

j B4

o SEAUNA BE 1A PYAL

dF FAUAE ol &3 dRe 54,
A+ R GRAEA F4& T FEse

) O]_x_?._ TH %%g

IZ

A2, UF FUE4Y

s HAME g2 F Ho] AT vk Ak, GF Y FFAUA kA
% 42 g5 o] EAEH(Rodi, 1984)

dk

dk dk dk
o +Uaa" Vt, 9y 7oz s, sk (348D
- az(ok az)"[( az)+( az)]_s

o] AdlA kE dF9 &%Fdu A (turbulent kinetic energy)

, £ &
Folv A1 9] 74 & (turbulent kinetic energy dissipation rate) e}

e BAELSF

Mo

& vehge,
k. 7A FHFAALE vE @

F eEAUA k2 ¢
FAUA BAE 3 Gge BAE AA

v= i (34.82)
ERAUA ZAEE URAUA 2 UF

5A4dols} Kolmogorov-
Prandtl o] &9 93l T 59 #AE 2=
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km

l
A GR E4UNE H2AE A dd AFRAS A5 AL
gRoug HAFANE e AWNAA Y& As A

I1=x*V Ciz (3.4.84)

e=C (3483)

o] 4dA k¥t Von Karman 44 o|tt,

AB481)E FARYA AL A3t 4(3.4.33)~(33.36)9 #A
g o83 FEUHP L AANFL #4344 TUYF PP /ABVAR
Bagen, 1 FA S A I} B naMdaE AFHAT. o
Ao dE 737 AAAE AAAH} AFBAMY FAxA 27HH,
HARAMNE k=0 EE 9k/32=09] AAZAL A83en, sFAAAN

v AYLYo ALF ALE k=v, aU/3zIVC18 AL, AGLHo

A4 e ALE k/9z-09 2AL ALESAT

2-4A4 GREYP LS 4(3481) o 2F A AL EE SR
o] EQdold &g 4 T F 4L Fo| GFHUAAFE F HdA AL
H gtog JE3E A2 B AFdME dRAUAY #FA & BF 4
< W22 3T GFdAUA FEd FF AL 5% 2o

de dE 38+ a¢E

3t U x "V, *0 52
3, ve ae
=5 (052 (3.4.85)
& AU \2 (_aV\hy . _g°
*Ca kV”[( 3z ) +( dz )] Ce—y
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B dFdMEe ol A(348DF (34.85)dA JdEd F+= g e
AL8-3 A
0,=1.00, 0:=130, C1=0.09, Cua=14, Ce2=192 (3.4.86)

ol FXNEHY3} 37 A k-$FAHY Po] FFAFL AAST HFA
3G oen, JAXALE HAAAME £=0 EE 3&/3z=0 ¢ 2AL

Aggon, AsRAgNE Aeol A& WE e=(UV/kAzE v ol

Ue BFE 3e/32=09 2L AL Q7N Az HA=Z 32H
9 Z2 Adoln B AFAME 002d2 AHE3 A

6. 2 A&t

o] ol £HE B FARYF HEAH, AYAY T& FEIH} 4
A ZIRAHA FAAY AEARES AR AFolAFd AT BEF:E A4
Stives} Wind (1986)2] 2@ d@o] HE AP AL AAsdAT. ol
AAL Fig.3.4.39] K<l uie} o] o] 55m, F 1m 2L Ho] Im9 wave
flumesl A AAIEon, o] W 1:409] ZALE ZE concrete beachE A3
At o AFAA Ay xhez F4d YARE H3 0.159m, F7)
1792 gov, Adist #FHZA Ho/Lev 0032 4t B QFdAae o
B FARYEE 44 2249 ALEU ZFAA FALAH, d3FL
APAFTAE PPS FgaPed, 209 AHEFAAE Urdd. =239 @
ForEdo 2 1434 23 AT, AXAR A5-9 ws, o9
ZFe AEZ D AT FEE Fig. 3449 EAGdGLH, HF2YZAN 2
FHe A 365m, 39.5m L 415m AFAANY F&59 AJEEE
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Fig.3.459 =A%t o @A Be uish o] AP ZANA 3
doA 3 Hor T2 AFo|AF(undertow)E F3H FVEE 71A
A AEY FE oy AP ge AZHE AoE RoJE Fu. ol
B FARY A WA dux F4 2 AN P A
o] EAFol RYFE A2 BEET. EF HAW ZA A9
o] oA Ax F Ao He Ao Hody. VA $YE 4
ARYPL AEAAAA o} RF3eo] 437 7AE Bngdfor & 3
of gowl, dY AA vi¢ HFAsn mHsol T EAFH 247 ol
AFEE old W FEF BG A7vt Yot 53 A wAAHY
FE Hole 2-4A4 GFIFEHE £ RedE =Po] YaF),

He

A5HE I F dAELE AL A} Y

B A7dA 89 1-9A34 2 2-4A4 dHERFP AHLAS
E37 93 dx 9 2 ¥ (point mode)E FY3Qo, e vy
719 3 TUAdF =AFAN AZALL AAsE 43 v 23},

L MER SEUHA U SR A A

BF 550 FEL W@ FAZY FA St AW REZE B
AARE FAe vy ZFL(8u,S1, kE FHAAL H4) n2AEgo|y,

StokesZ 3 kAoS1 (H7]4 A= AWM BFo 2F 259 oF A
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)2 REANGL A LEF REAAA 4L FAST

A FFTF BEYLE ALE 4 U (Davies et al, 1988). &,
du 1 dp 3
dv __ 1 _9p 3

4717,
t A

xy @ BEAY Y, BF JuAHE
wv - FA zalAY x, y3E FEAE
p T HE

p : SFAA HHAE ¢4F

T, Ty ' X,y BF AD Y

FRASGEH L AFAASTE ol 83d RH}E bdH 2o,

du

'r,zx/p=N—E (3.5.3)
Ju

714 N A% A S ot AFAALL AFLFL dodle
Ao g g5 £ AV 4ddd.

- % -%%- = dg‘ , U= U,sindcos(0t) (3.5.5)

_ _;_ _3.5- = —dgl , Uy=U,sin¢cos(at) (3.5.6)

A7IA Uor AALTTFY AE A (Excursion Amplitude)$t Uo=A.vel @A
E 7149, ot A4 X%, pr ZIAGe R FolAe ¢HE, o AP Ay W
o] yEH 4 olF e Axol,
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BAAZRLZE HFAdAE FAEEHol flude 23, F

Ju _ v _
N——az =0, N 3z =0

aga HARAGAME no-slipERAE o] &%),

u=0, v=0, at z2=2¢

A7l zoE ZE AFolt

(3.5.7)

(35.8)

dwRoz sl $40 FRHoE RN @7 WEe BE
$HARGAA FAE QALY AR5 E %] A9AE AARE WP ol
Basdit ot AAW THAMY AEEEF FAHEEZ o] Jo

g FFE BIAsol dady.

oo, L2 (N 2u)

1

P o

dv __ 1 @8p 1 _38 (N au)
p dy d ao(a

o 71 A,

06=zxe™, x=In(z/z,)

T, d5sddAMe AAZAL o-FBAZ HFHY,

Zol EAE + AH.

No-slip 212 &3 24,

u=v=90
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(3.5.9)

(3.5.10)

(3.5.11)

2357 93+

(3.5.12)

(3.5.13)



2. f kAt

é_!

HI

ol Z1EWAYIN AAXALE o83l L3y Crank-Nicolson
FEALYE Fig3510M% 2L APy Staggered Aol W3l 3§
3 4zt g AR o2 FHAL,

(UL¥-Ub)/Ae

t+8.4r o, W - —_—
=(-%—g%) ﬂuﬁ-z-i-{Nfc WidUEY - Nioy Wi 3UPY

. 82 Wi

AoZ {Nt WidUks1 - Ni-y Wi13UL)  (35.14)

(VE¥-Vi)/Ae

=(_L_ap_)"°‘“+M

p dy AcZ {Nltcv_VkSth:ft - Nk-1 We-13VEY

82 Wk
Ao’
A71A, ol AR ke HWE7E AYEe AZE, AFA ¢, t+AtE A AT

ojlt}, ag

do : QAR
At : ARA DA

+

{N% WkSViq - Ni- V_Vk-18Vf<} (3.5.15)

Uk ¢ /S A(= Uk-Uk-1) (35.16)
We : &4 (= 1/4, evaluated at U-grid point k) (35.17)
Wr : B4(= 14, evaluated at the mid- point (35.18)

between u-grid points (k+1) and k)
o|t},
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v3s v3s
E\ TE\ Tx\ b} ] _L_\ Nxx\ m\ N\ 1 /
EZ TEZ ,}Z xZ TxZ NL_Z mZ NZ _Z
- B 5 o 3 e & &3 & '3
ey Y Y 1) ™ 1y i Y 2 oY
| ] } ] ] 1 1 l 1 | | 1 l 1 ! ] ! 1
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N “n YN n =N N n 'n
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A7t EA 612 0<6:<19 & 7tA", 6, = 1-8; 2= Crank-

Nicolson7]® ol A} 8,=0.50]% time-centered® #¥ej7} ct. 6,=0 oA ¥
3y HFEAEo] Hn, AdEHol  HAHAA HAZH EATE L7
AAME 0005m A=) A4 A AHol Basch ol £=0.01 mYs
A FFHoz AAFE HE T AMME 000252 A= AL AL
A a7FEY. 6; o] 00 ofd AT, S AL 4] HAA(Bi=10]F &
A &3y, 0:=05°14d wEgPe) @) $£XFHo2 FEAAHQ dAFL A
< 5 Atk ol | F Ve RAH HFoz AN a48 ZE VIEY
< @A 9. F, 4B514)9 AL FAHE AT L S 24

APTURI + BRIUR + CRURY = DR ,k=1,+,m (3.5.19)

714 AR, BR!, c¥', DR & 7149 o2 Thomas algorithm® &

L E-RIA=
Ak = -aNkE Wi (3.5.20)
Bk = 1 + aNk Wr + aNk-1 Wk (3.5.21)
Ck = - dNk-1 Wi (3.5.22)
- 77t (-1l _8p ol
Di = -Us + Mt ( . ax) (3.5.23)
+ B {Nk Wi(Uk1-U) - Ni-1 W1 (Uk-Uk-1)}
o 71 A,
At
a= Ag? <01 W, B= AAotz <02 Wi (3.5.24)

yEE TELRAAE FAE WP e = gy AAY Ao

FH JAzAL 4 2ol FA¥ 4 At
Unia = Unm (3.5.25)

—188—



Y3 HAANA
U =0 (3.5.26)

2 139
3. R o x| A A
7F. 0-1A 4 (0-equation) 29

-3 dREIL GFAMAS Ao A AgUFHE By
ZRAT v o] AEEHY GFA2H oG n|RwgAe Ales
A ged. F2 AAE ol 2He g3 JFEHo Yolue Aoz A
A ol FREDN HWEREZ) AFAAES JMAFY. AN DA ALE

T E2EE dFIiY BATFAME TS FAAS na®g.

°© Bowden et al. (1959)

N1 = 00025h | U| ,hi S zS h (3.5.27)
No = kous«zo , 0S8 2z g (3.5.28)
o7 A

PAARAS R GF AL
No : AZAAY @7 FAS5
U : ZAZ 35 =25%
hi : AARBAZ F7A (~ 01h £ 02h)
ko : von Karman A4 (= 04 )
us AR F5( ~ 2 - 4 cm/s)
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zo - ZA4 (0.01 - 0.001 m)

o Davies and Furnes(1980)

N1 = kU%/o (3.5.29)

Aq7M k=20x10"%, 0 = 107%s! o)t}

4. 1444 ¢FEd

1-384 BREd 44 FRFUAS Ade ARG BFAUA
AR uEYA e =gEY.
’ 2

S - w32 (2] ) e esw

A7, K : dFduxA
N ¢73 A+
e dRAUA B4 &

Ot : &5 Prandtl &

r

BFFAA BRI U H4-ED, AW AAzAL e 2o

dK = 0 dK

dZ z=0 - 4 dz 2520 = O (3.5.31)

#%, GRAUA, FUASF L Tl £EY 2IANCD A=
ARE A9 AFNYRNNS AvdE G o] Asd,

gg 1, = N gg (35.32)

Tx = PN
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4 (35300014 BRAUA FA&e Kot 124 Fd. F,

e = CKY/I (3.5.33)
GEFAASFE T Po) EAET

N = CiK’/e (3.5.34)
A& 0, OIFEL TEF Pyoez FoHY RATdAdME 47F4 1.0%
0.092 A3 At

E8A Ao 2494 EQ 3 /HF QU e dAQes
HnEgo] Eold wa A¥HoZ EFAYI Frgde Adeld. F,

l = k(zo+2) (3.5.35)

o714, k=04, 2o‘t‘- roughness heightel o, B A Fo A= Blackadar

(1962)8] EFAHAYLE AH&3AT

_ kz
l - 1+kz/lo (3-5-36)
o 71 A,
Io = 7 fhKVszz/ jj KV dz (3.5.37)

a3 re AFE 01-049 #;e FeY.

eEwgAe) Aes ntAAAZ 435308 ANZE LogW @t
ges 2,

2

2
Y- (B A (e s
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HEE AAzAL e 2.

le=0, 2Ky -0 (35.39)

TE5LAAY 99 ol@BJMAR S#HYQ Crank-Nicolson #& 2}
EHE A3 W3 staggered A& W3 HE3A e g,

Kn+l_ 4 n - n+ +
SRR CNL WP (sl s vabud)+ (ra0B L+ v 50D ?) /o
81 Wi- Ni+NE-1 o ops Ni-1+Ni-2 o ne
+ o,lc Ao? ! { Wi 2 AL sKit- Wk—l_E_Z_—SKk-]i}
. 82 Wi Ni+Nk-1 Ni-1+Ni-2

n_ AVEK-1TINK-2 n
o =it Wt sk wi e Net s ) 35409

o 71 A,
0Kk = Kika-Kk (3.5.41)

A4 11, 22 Bdge #AE A

Y2 = 1-1
(3.5.42)
0 s Y1 s 1
A EAFE 98 doz &3y,
e = C1{2K ¥ KL - (KL)% /(NE-1) (3.5.43)

% 2-934 dREd

-3 QREYL 4353009 GRAUA BPATH ¥ FHY
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A A& NE AN E FAN EIL, o5 #@FE ol 834 2(3533)
3} (3534)9 #|AE ol &3 GHFIAF R IFEFAAE A2 IE
Aolthk, dRoUA ol T w2 FH YL olefi s} 2,

au)2+( GU)2]+ 3 (N IK

2
£
3z 32 32\ 0s az )" Crz g (3.5.44)

55 = N

BZFFAA GFRAUA FH &) BT A5E, HAA AAzHEL g
Zig= o

3/2
) L g(zn=c-K (3.5.45)

3z |20 K20

ol M Hag FFgez EATAME 9429 A5 A}
C1=009, Cp;m=144, Cp=192, 0,=100, 0.=1.30 (3.5.46)

k-2 A8 Aest nlANAZ A(3544)8 AA2E Logh @A
gen 2o,

2 2.
e i\g[( 3:,‘)+< 33)]2 (35.47)
P TH (s TR R

k-3 49 g9 u@stA2 S8 He Crank-Nicolson F% &
U AR staggered Ao W3 AL3A & 2o,
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ei-ek o (B:8kV+8sel)  NBy Wi |
A T TP (8, KEN40,K%) Ao? (3.5.48)
{ (18uf™ +v28ul) 2+ (Y1807 1+ 12800) %)

01 W NE+NE-1 « ne Ni-1+Ni- .
+ ollc AOI; : { Wi —= 2 Al sepl- Wk-1—"k—12—"’5“2—582-{}
e -v_V _ NII+NII_ N’l_ +Nﬂ_2 n
o_i.T.;L{ Wk_kzﬁsgz_ Wk—l_kl2—k55k—l}
82
“Crk
oA 7] A,
58k = Eg+1—Eg (3.5.49)

4. ZE AN

o33 o] +HH FARYL o] &3t F7] 82 HFo] 10m9
THd ARPE A dd £Hde f43 AdeHL ANsA
AAYFAAFE 5012 Qon, 2aWG o-FEALNA AANQAG.

ZEAF z0= 000lm , z. = 20mE AHEgon, Az 28 At = 0.05

%, 00 = 052 1,6008 wEANE At 0-FF4 GFEP AL
FHG Ase AAE 0005 m*s A 4 2me 0.1 m¥s 7AA A8
L2 F7H3H, 2 ol d e FAdME 9T g 01 m¥Ys & %= o=z
73R AN 2VNZHOE 4L 022 FoiAY GERAAS, @
FAUA, EfHol T& AMx7] 0 Bt FHolxE AL BA 357 93
10° 2719 e oz ARFHAAG. 0-, 1-, 2-3F 4 Gamdd o
NERBREE o] 83t ANF AAE Figs. 352 - 3549 £A5¢ch
2t O9L 19%ZF7] B¢ 08xAA0Z AJE 44 WE AR Eo)
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Fig. 35.2. Variation of the computed vertical porfiles of (a) velocity and (b) shear
stress during one wave period using zero—-equation turbulence closure
model.
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Fig. 35.3. Variation of the computed vertical porfiles of (a) velocity, (b) shear
stress, (c) turbulence kinetic energy, (d) turbulence kinetic energy
dissipation rate, (e) turbulence viscosity, and (f) mixing length
during one wave period using one-equation turbulence closure model.
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e) TURBULENCE VISCOSITY (m*s ™)
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Fig. 3.5.3 (Cont'd)

—198—



(a VELOCITY (mv/s)
12 -10 -08 -06 -04 -02 00 02 04 06 08 1.0 1i2

1000 47! L 1 I 1 I l 1 1 l I L 1 1 1

1.00

0.10

L1 lIlllll

TRANSFORMED COORDINATE

0.01

SHEAR STRESS (Nm™*)
-20.0 0.0 .
| 1 1 M 1 |

o

10.00

11 |n|||,]_é

1.00

0.10

14 lllllll

TRANSFORMED COORDINATE

0.01

Fig. 3.54. Variation of the computed vertical porfiles of (a) velocity, (b) shear
stress, (c) turbulence kinetic energy, (d) turbulence kinetic energy
dissipation rate, (e) turbulence viscosity, and (f) mixing length
during one wave period using two-equation turbulence closure model.
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. #Ee F719 #FFd g3 YAHEe A FAZY FAe 2F4
Aoz vi¢ A, WA ojFd I8 T F& EXS 2¥E BA
08343 1484 239 F¢ 02mAEdA BAAZe JIHHAY 2%
A4 239 A¥ 03mAEAAN BAZTol e Aoz Uygy %zt
Zpolg Holnl, -3 YA 2-334 2Y e A SAE FRAY
A, dRduA F4E, GREMAF R GREJAY Fo A 2HAA
E Y oA Udede ¢ & A% ot FE quA F4E& AR
FAAA HAA AAANY JFoz Holn old WF AAF £AHYE 2
4o a7dEY AT & FARIYL 2 BAY #F FAZHAA
9 EEE B3ty 1-934 2 2-3A34Y ¢/REFY +9 2 O FH84
GHd ez £ 479 £ o Ax SAHIYT & 5 oy
A% A7tA BFAzA R A3 d A ALY € £AL4F 29
ZAAFE £4 Fol maop & Aoz wddd.

Ae6d ZAE 9E E9

SFa A e S AFoUF F9 3A4F 7=
I o) FA 2} Y FARYFOR AW e AFE £ Qe AFE R
B2, 49 APl Agol AT & Ae FFo] AF ALY
B FARYLR 34 BP9 AE L o] AF3 2aFdED. 53 &
AHHEOF AL AWI7] AdAME 2 4ol S FeEAG. B
QrdME 9F v & AFd =2Ho UL, ANEHHE F2 A
A2 FA4H de Fag 2 R Ao HAFFHA AT SAAHAEZ)
IS HYE7] H3to 33d AddH e £ARY LS YA
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Y H5e $ARYE A BFF AN R, ZFF AL ¥
% QRoPREe 3RBo2 Yo, u3g ALRLEL A% 5

2% HCORDE B &3HAT. 28y o YL AL AAAI|S AL
ARA 80l 875 2 ARE L o9 vAEE 1HE F AE
AT E73a B SARYY A@srie EAF AdS. @A
E AFdANE $£A2Y WINC2DAA AH4E #FF AJFELS 2d=
olgsgen, 554 ANTEL Jo9 AFe HL3r] WIHJEF
A2 Agsgen, AREIANYE AL AMARS 22U F U=
2 4. £ A BAE Hdstd 38AY AJVGAZR Urd EX
2o, #A7He2e QAFAGAE SAYPE AL} AN
A EAN QAEE dged, FHolFUA= Angled Derivative
Scheme, #¥¥AdAE I8 FFAEUE A4 A8 FEALES
FAT. = GHFoARELS 39 1-9A3 A 2 2334 GRoHEd
& Ag3 FARY Pen, oy ALY L A% FESE AN 2
T2 FRYPL FP3 AGANE AAGAYG. FARYY HEAY =
AREE HAESN7] 93 sg-olAFE oz A2 FHRILY
o Hgstd I AFAE HH Bow, FHAH FLE ) FEH A
=9 HEAL HFLe FAsdRod AA EA HEEI] MM @S
AAAY =g deside Aol =2HUYG. I guddA e HAzd o
F oA FA L 37 A Fo B GId AAzxA £ FIdT
g o8¢ FARFAFol aFHW, 2 AVAFE FAIA 43
EAde] G ;e RohE A TF AF FLE A7FHAR ¥
4 Aot

o
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ol4e 3219 £ARYIAEs Hx 2 HyY 234 FAEY WINC2DES
AN Bgsigion, 53] oA FHgA A EAE AAFE FA7Y
o o3 MHaHT. olst 2L WH2Y FALYL 334 RFP "
Aol HA A8E, FHEgo] WS wWEA ASFHA FY ot
FE A7 23 AAANY A Y fE3A ALY F de= T F
43 #8E AdAMe 2 4o FRIAG T & YAd. EF o] ARXE
HAG Yoz P FRYL ol83y 33 FEFoR FUY F
ooz 1 AYgxe FAAY HE AJARLR aARHOR ALY F
E At EAFgAME o9 o] JHE FARYE AT VERF
Pl Y L AZ G G 2 ¥z} ALAHE FUdAL
o, 2 A84S FEFAG.

B A7 FEHo| #Fo A% HAHFHET IS AU 9
T FARLY AN29E £YIE FL ALY BATFE $3%o HE &
Ay REHoZ nFIrle v FAAH HEAH 2 AP dA=Z
HEY g Aes Badu, 1 P84, AN L AIHE g ;)7
AdqME agda EFAYGe R AEYF T9 & T AdANe g
2L REYP AT E 5% 54 L BgnFo] 27 HN, FEFE RS
A8 v vYURILIARSY va HE}E AFE Hadg. =F
BEATE 3389 £¥€ FR¥Y AT AAE o]83o B 334 FARY
& 24 AFse d7= YAasH, F2Y AAE AH BeE T3 H
w2 FARYe ReF V)5S ¥ & UAEE e A7z 2¥dEY

o

N
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A4d AAEHHE)F FARTY

A1 A &

Agtele] F2EL AMHY Be A9 HH Te A40=2 AT &
A7 HART. B Bwe ATszst HAN FAFNE YRR @
O, HHe Sradr FRE dIadnE 9, Adde FREA A
syl A Aged 2 £2@ Ade) BYYH FIE dA2 A9
Srse] sedol AA(HA)AAY FH(AA)HE Rol WAV AT
gAE dZsd Ade A AL FUHE A Wast AN
o9 HARE Wge dadds ANHAEs 2ES £A4 @A, 7
czxug HAE TFAU Wa W s dehan. HBAMS
HHBET MuHE AdddHE TH} Hdo] HHE oFd & o
F2 A%, WA, AQH Edd B HYBAE 44 AW Ex
Aaa7] 9 PUE DIAA wAN 4. dAHez ¥ O, sz
49l A AsgRes Zdde SNzFAYel F BEHT AT
@2 A, Irie? Nadaoka (1984)% WAl FRelAs 44 WRE A L5
gote] 2w YAYL SA ¥ Ao, Deigaard S(1986)e WrbzL 8

G %2 AANBEY BTG ATE A% FARZYL ol LAY
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$Evat T AP 5 F dve A dEEES $Hx
o 23] 23 FAAE T AAAN =AM o] 4TF3 Wkt Helth. d
€W, F8 AR M29] BxA7F 743 ZHzhol g dite AAT o
HE9 Fag SAMAM 20em ol HZ g A A ol A
ZMo] EFHEOF r|dde=s ALy vigsEg, F2 AP AFH
(wave-induced current)el &3 E HEo] o]F3A HT. HHFo] A
HAAA AAAEAECFL cdF F AP} A% 71T FARDI|Y
GFIE R, ol FHAFH 7| o3 FER-uAdGe Yol A ¥t

Ml

AZ3nA e APWE] ARH A (R 2AAEEH 2 /Y, £ 7
Ad)el w2 FEZ & Jon, £ARdo] FHIle AYE VIELR TE
g F£x UAd. JIE&Y HAHEOF FARY JEE AT ARES
McDowell# O’Connor(1977), O’Connor(1979), Sleath(1984), Horikawa
(1986), O’Connor$} Nicholson(1988), Neilsen(1988), van Rijn(1990),
O’Connor(1991) ¥ £ # At

o

A E Egsls JdE ez & u, HYBol52 EEYWY
02 dojd ¥ ofye} HFe AWFoIT dojdn. AAE ALH
w3k E] A 80| F (longshore sediment transport)elzti Fohd, F 25 3¢t
A A3k E A E o] F(onshore-offshore sediment transport)elglx & 4
ATk HAFAYPLY HHEZo|FE HEZ AFAAAY BAZ, AFoA9
B, FAED T gfAM dFF ¢yt @tk o] FoA Watanabe F
(1980), Nairn(1988), O’Connor %(1992)2 AHARYE oj&3Jand,
Deigaard 5(1986)2 A3 134 ¢ FAEYL o] &g v Y. 224, #F
B HHEC TS ] BRANOE Adtd ¢HAEOFY FIZAX
dZ3t717F o3& dAleln, FAAN AR AAYFo R HFF sFo)
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U 589 dERS olgste 4 B ol AW EAFY WMIAE
1 dte WAL o83t T UIFd ARV olF4A u A olAF H
FUEYg HFHEo|TE ALFIY HAZFH A A AFAA A
A = AEZ+E Watanabe 5(1986)3% O’Connor$} Nicholson(1989)
E E 4 A B AYAMNE o4 AFWY HABFL ¥HHA 9
ko, ¥ AA3} AN F1E & AL Aol

AutE A Yo HFEFE dF L APy A3AM= FEIH
o] 2219 ZAAWol &+ v A A (unsteady) FH 2 B F AW E
Adstal® AFgee AxFo] Frsojop @k, 2xd A FARY o
U 3349 2¥dA 5H(uniform flow)&e 7FFSelA R3] G
(diffusion) - ©] & (advection)E A F¥ 7$ AR (point model) B &
%3 (box model)eldtT A3te 44 1494 Eyo| =, ¢4% 3344 =3
o] @43e 2¥2 AU, 3340 YL P}V AF AGARZAM 9
AR FFBS2 Assky va-PFd ®ol L. AA AFAFH
g d257 98 AAEY HREo AAEN AS ARYLT FH o8
$E o, AE FAZL GuEn A EAo WU FRNFHOR
Sug AL AR §x7 g ¥vdu T 4 UG

H420)F 4L 274 FRAZ TET AF B AFAE
2R QARETYUS oed.A¥Aez ¥ w AUt
Einstein(1950), Bijker (1971), van Rijn(1984)2 &&% &A% %9 ¥ F
AFE SELTG FEEEY Fo2 B £AHEE YU e
A ALHAT. BED A A =89 Fust g F4AF A
ol WA vaP W, Bl F7E A FFo g FBEFoR
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A3 RFAF Aol BZFHAA dok. =G AFH 55 TEE 73
- BAAFLE BFd AF RRAFH 55 AP P RAZFLE BYE
F Atk BFe AT ERHAFE V] M FREEEY FHA BE
EXE golop fch. 1960 W AMEE A Zste] HAP Fprtold Mg
FAAZ W F45EXY RRAISES A3 #9437 939 Hom-ma
9} Horikawa(1963), Sleath(1982), Fredsoe %(1985), Justesen (1986),
Green® Vincent(1990), O’Connor %(1992) T°l AFA G &
3 FARIAES AATE ¥ UG,

A4 1499 BE3} FARYe] AL NYo 2 ¢ WA, 44 2
g A7 AZANE HAPR ZAE dF2E FHo oFoFT
(Sato,1984 ; Hansen,1991 ; Horikawa$®} Mizutani, 1992 ; Longuet-Higgins,
1981 ; Ronasoma$} Sleath1992 § FZ). FARFL ol&F AT F
, THEL ALE Ex AT deo] H¥o = A3, AHE Er ATY
dege A2y ddez Fagen, F3 FAWAE Frz

(periodic condition)& A A 3} A},

<o

()

oA 47 134, 43 22943 nFo] AAAAE BFAA HA
B o]FFd AP E dF3c 7gd FH BEHA= Rden, o
¥ FRYe A7 AHAE dF9 A HEd LY 5 A=FE A}
do] £F 9 FAZDT FAY. AB/A FTUT FRI S s WHE
FA® F7de 7% B3NP destd AT AL} =¥
o, AAl AFPrxst 2L HFH AR LT & de I F
232 3219 2¥oldn & 4 .
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EF HAZo|F AAL d3ld e Jd¥PAE FT AAYW 2=
(roughness)7t 8% 4&& ok A HAE QA HAHFEXE ¢
I AR, o fFe FA6 o8 FAR WsEE AHE(ripple)ol
U A (dune)® el BF ABE BEd s A7t e A5t
Bt ot HAE oF dgol LT AAFAdE ©S oA
GaA, o] HAAY ZEE AEFY § AUE o8 Ee FALYo ¥x=2 ¥
a3, &9 ol]@ 2%  Nielsen(1981), Vongvisessomjai(1984),
Hedegaard(1985), Raudkivi(1988), Sato(1988), Amos (1988), Lee-Young
3 Sleath(1990), O’'Connor(1992)2 & 4 UY. FHId =, Madsen &
(1990)0] B3 HFo oF A 2 Zid F AF2AXE LHE
& vt Aok AAE ZEQ FuIt HAZF AMAAM FLE 482 A
Aol B7etn, $F3 5 Fo] FEIe Ao UF &2 YL @
Ao ol2x R Fuoltt. 7iE9 AW 2T dFod FE3A &
< Afde, @AM BEFAEE AY &3 Pdol AT

EAT AIAEEqNE 7I1€9 HAZNFEL dF3e FARY
el FEF ¥ ok ol S FaAL sAA] R E AHAEC]
o2, HAHEY oA HAAE gteg I A2adEdAE H
HHEES Uz o F7HAQA NELY 2ALE AAdgeH, 2AT
71E ol 2 27HA £ARY JYE AENS £YE HAHE0T 2d9
P 339 22 AR v AT 53 gl ¢ F=2E, A4AY
BAL 3 e AFTEE A4H UE AddNE FRHHES
B = A (pon-uniform) EA4o] B FAB2, £4 Hastd Fd 2xd

R ALY A AT AV AT & Aok AU 3Ad HAE
olF Ede YA AAME AL 37429 H5/Fo BF A=
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gostt. ol 3x4d9 5% A8E FIE WY T e F4H H
T3E HA 229 A5/ F 2d 2AS HFEE JIWe o183} F&9
AHARLEE FIve Wyold. oFHoZe 334 dFfiT Edd x4
HAEolF RdE ¥ Al=¥el 717 FUF A HHolztn & £
Ao, A3EE dFdAE oA AFE T3 4 ¥ E 344 HIFY
BolFy FARY L N Rgddon, 2479 dANGd A% £
Wy g ARl AHERgon, 2 A AR HFE U AHE ¢
Ak, 2 A T Aoz A3 dHL A AEE HAF}A E
Ren, ol ¥ 44 FEL F AL Aot

2 FdMe BATE T3 Y8 FARDY F{HAelE 712w
A4, qAAFAS 712 Y, AA=RA, 24 J1EWF Y FHEH
FRAZ1Y e B F3] Jedn, FAALY IS HESI A

AN vin A3, a2 AFHY FHY A2 A HE R 2
Az g3l Zie3Ad.

A2 3249 HAHElF FARY

1. EaAsze 7(=22d 4

BgF7le e g EAAEEe ZEdR e O 2o

dc dc C ac
3t U TV Ty twmw) 57
__29 dc ,__3 dc \_ _ 0 9c \_
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A7NA, ce FJFF7] HIT BHAF FE ot AL oy v, we FH
X,y z W3 AFFINHEIT §%; x vy, 22 44 293 w3 A Ay
& cartesian &, wye YHAN ABEE, ey By, Eov 4 x, v, 209

wFF78d FaASF .

FAol Wdte dWNAFe 33d 2P S HE8r] A7 FAAY Al
49 3A F /A2 278 & A4 dde x v z B 2EAHdE 7
€t HA{AAY ARLE 2= ARAATIH, & e AAE 2FLT
wal MY BMIE e KA HAALE ZE, F Xy z $F
A AT ARGt WAL ARAALL AAR BAE AG R
Yetd & whe gleng, Aldgd Je £40] & Fol AL BE o9
A E 8 d(resolution)& $3te] A Lae o] FUHEE MEdHE +4]
o] & AN AAWY AALIL BolAe FFHol Ak, FA A
W el RFE WAL L /AL AEA BEY £ Jo, 7]
EgAdgs AAZKY £HU$S Yo E v, BAFgME HA3UE =
T AL F T3] st Alae & S 9o, 3%

(0)2 & 4oz A=,

0= 2= (4.2.2)
714, zE BFAAW Eoleln, de BFFAelt A2ZE 3 x o
y & 233 $3¥ol ofum, o2 dAstel & MEYoRY (x ¥ 2) F

BEAAA (x, ¥, 0 HFEAZ W@ AAHAAN FFHA o] AU,
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gg =% (4.2.3)
g;{= aaxf * gc{ gi (4.2.4)
33{= aay{ * g: 3; (4.2.5)
e R TR (4.2.6)

A71M, fe 999 FL&AFolY. o BAE ol&dA 421 oL
#o] £ & AU

ac dc dc
at Y ax

)+HOT2} (4.2.7)

1 a(ssz dc
d ad¢ d a0

)=0
o 7IA, HOT), HOT:x uzvl&doln, w £ (x, y, 0 HEAAA
g doz Yoge AT 4o,

, 30 a0 a0

w' =u—g oty 3y w7 (4.2.8)

AN, wre wi/doltt. A JEWANU27)E 9 JBWRA4
HOT), HOTz0) %7150} g1on, ol§L 4HPAste] MR A LAy

3A .  van Rijn3 Meijer(1988)o] &t ® s Awe] w7} 1/20 olst =
¢ 5ol Sheng(1983)# ol £ MF Fo FRAYo2 Q3ty
B FMFES AT & Yon, BATANE AW AA7} gu
T AE WA R Foe 7HAEA o 2719 EL WA
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ZI8AAL FAF Wi Qs Eux § A9, o8 "HoA A
o] A+ ¥ 71 (splitting technique)& #3712 F9(0'Connor, 1971
Zx). U277 459 AGAZ vdEs £ A

£
Ist step: —5S+(w’ ~wy )—2S-L Lo fe 80, (42.9)
ond steps Uy =0 (42.10)
3c 39 dc 3 dc

Srd xstep: at - axl (8SX ayl )_ ayl (8sy ayl )=0 (4-2.11)

T3 AR Aol RgAEEe Tt & ¥E mASA AR
B Fbztole Aol EaFol B AA AL AWBEHIIZ B ol
FH8) AVEL o2 ATAS ola AEH wrt Ao, Davies S
(1988)3 Fredsoe 5(1985)¢] A 7bzololxel AAA Aol F& & W
g2 g BATAMNE B A4¥5E o g&}AT.

n=o‘A=(2—“dZ”—)“‘* (4.2.12)

A71M nE AZE AAWYE Folm, At AARNG AFAANY 2
AY 1A WAL 2718 2WHE WFolt. A(421DE z=z0l A
2RE FHAY, RRA ALE 948 AVGGe) 2 BTk 9 zpva o=
2 o7a gAZ gk 98 442128 olgdd NRWIAL W
7l fistel W4 AS HAS WASE Aol W Fredsoe (19858
A3 1349 LHAFEHL ABRE A5E AP Ao YA AW
9 g olgd wzk Atk a8, & W A6l wel e U
E 43St B 9o AL AAYL THE AS(WRHo 2 W3

olo
)i

o
+
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E A9 #%E ARY AS), d@F Wy 1t dE FF X% Yy T
A ZEE oA For2 FIHAQA Fo| AAGY. AJIME o F

7hatol A7IA A= E AP TL | AF FHEI{AG.

ojFA Fo

2H 49 27t oluA 2 B8 A A 44 G % 7
Aol F4ol ol A ARFAN AAYY FFHRel Has @ £

AEe FHl AT

NEYRF 429 AR Aoz WEHH, 442108 (42112

JdREelth vl o3 Zol HEd.

af= af an
az an 4z

8n _ A g

2z d

4429« oS I} o] ¥gHAY,

2

dc _ ac d ¢
at Fan "0y
o 7] A,
1, 2 L1,
F(w)=(w” —wf)%n 4 ’32 14 H()

2 2.,
G(n)=%n 4 s

1.,
Hw= 2= " e,

71 w' v w do+ 2o
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2. =7 # FA=U

Aztell w2t Wasle ERATEY ALE dAMe 2V2ARX 7
Azl Bast, BATAM 24 Fo A FF7Ig%e 3R 4o
22, FANANE ARl HF Ao 22d HIJHE HoE ¢
. HIBF FARYL £Y37] J3de AAY FdLH BES
A AARANM EHAHE g F(entrainment), A FAHAUNY FAASF £
¥, 3339 F&£A87 g, 2xALS AFHYYY s FH9IA
gomz oz 1% vy J(zero)olw 44 Ft FHEF T A3
¥E 98 ARY 5 Ao

HEde AAG HIFd QA JEd A HI=E IFAY. F,
BE AAFAAY F AIARRY R{AeE WA 53 AU
Eoed HFTH=Z At ¥ REYFAdNE RE AAF A FiA
FEo Wz Fol HA AARAA A X /A FEE VIELE 34 01
% olW7t HE AL FREE A

32Y YL F4d, HAY, S 2, §AS S v wIge=r
AARE 2D, 4, H4W AAWANE, 92 Fd 24Ae o)F
Fo Yot 2AL olgBT. =,
w,c+ss,—§§—=o (4.2.18)
A(42.18) & ¥ F S 2o LAY,

.
A

9¢c _p (4.2.19)

+1
wa‘('%“ )Esz an
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HA AARAMNE F 7MY 2he) 24 4 A% I IHue AA FA
Ao e RfA FEE AP }e 2olH,

Ca=Ca (4.2.20)

g due A ARG 23FE AR Fe 24

9Ca __ Wy = (4.2.21)

1
-
(L 2Ly (4.2.22)

an

van Rijn(1985)3 van Rijn® Meijer(1991)= ol <9 F71x 3 AA
AAzRA AA Ao EA ALY AL A T AXAAE HAF
Ao g ol dA W Holo FRIL FE WY He] FRA
3 "R e FHY, ¢34 AW FHR AdY HA FAWAAM Y
BRAEEs A9 BYHY gE Revte F& dadd. 2dTFdA
t d33 4L BHoZ e WY AAAY R{A FEE AARI}E
Z3g Ad3gd. 23d, FARY Yo A9FT FolA FHAAAA Y
BAFE ARsax & doe o] ALY & A Ao

AA, Ad& MY AARL 57 fFY9=e ZARH 57t 725
€ AAYWeE vdE 4 A% A5 fdde BABAME FRAEES
golop @k, ol T EFAIEEY BY AsE IR AHAFA 9
o FHRAY, Z1e 4S5 3he] Ftdol do. A5V FEFHE AAQ
gME ERAPEES ol FRFe ARZFH FAAEE FAWY
Ad vige R{A Bxe] AwVE EYR Y.
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UA, §2 ZARNNE ZABAM RFAelTFo] e =A< F

8¢9, 5,

-, gfl =0 (4.2.23)

A71M, ne KA £3Q B, ead FA) 52 FFo29| FA4

ot 4$WWPoE AAZYY AL AgdE AgAe 44223
e g gol E¥AY.

a—e— =0 i -t aayc, -0 (4.2.24)

o] AAZAL A AAREL NHEZA=E oo AP FHAS olF o] 8l
gE AL guigdt. §A AARE JEA2E olFd AY F/HA oF
gou, 58Fe A oln f&o] F(zero)YE FIHAon=, A
&€

2

ARM Eole AARNAEY AFREYHA wet G 4T ol
F4AF) FRPge ool o8 P,

9z . ath+ 9Qqy =0

St Tt Ty (4.2.25)

(1-n)

n

2

Aa=QutqQs s gx= | Uc dz (4.2.26)

A7NM, zE AN FHIFHSE REY ¥ol, ne HAHAHESY T

ZEo|H,
]
Qey=Qby*tqsy + Qsy= f vc dz (4.2.27)
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oltt. A7IM, qm avE TF x yB3E FHAZF(FRAIZT+EFAD);
g, gye 44 x, ¥y B L2FAE 9w gt DR x, yEEFS FHAL

F e HaAFYgolq.

ARE £/AFE #5¢ Foo] BARAY FRAIEFS 7T
4 e, AxAd W FRACITFS AT PRAZH AFAFE
Htel 24A4FE 78 4 A AN Eol WBE §(42259 A3
o 7o,

4. XM Z[EHo M2 REFASE

AA7IEDAA ] EFAIFEEE ALdE 7I€9 van Rijn(1989)8 F
4 R A HAAM desdHo A F, FAEH d4A fFARFAGS
A FEEZEAGTEATE AAHAEY YAASs] F52 EH
€ ARdM FEIFA F2 A5 A8 AN F4FuE HRT
of AT, EF, HFd o HF HAY WG} EF AT MHAW
AGTH L AEHoE UPoEZA, &5 AF9 JFH L FAY AHE
ZHASG. mEA, BAFAAE oS A3 o] HFe AT AU A
B3 AH Wbzs T4 v I FUE HFHA dAA AA
Ho Ao BHAFES A A.

= Sk

ca=C2<| Vel o> (4.2.28)
A7IA, co= Z1EH(zp+a)dl A 8] BFAL X, av A&l &A% A

A A AE ®old W, G 2FRSF, Vot & A HULHL
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@3 €3 ShieldsAl$ wWEols, o8 A3 2},

_ -'Ebwc(t)
Ve (£)= 1o (4.2.29)
Towe (O)+ Toom+ Tow () (4.2.30)
Th,om= L;"— Toe 3 The=pfi I T (4.2.31)
wa p le‘” Tjool UoolCOS(ﬂt) (42.32)

7NN, Toome BF BAY & YA AL Holn), RFo] ZAZ A5
o MUY Folth Tt Ao AF £ & AN ARIY; ok B
ALE(2UT) Te $4%TY 74 U8 Tt AR 7rtolar g
#HFel AAEE WY, L RF6AAS LE sEeRAS
(=k’/(In(d/z0)-1)%); fome T Fe) EAR 3] $HE B dA S0l

T
% < >t BFFIo W BFL Yuse, T f0< )dest ok, s
Fet @A fE Kim(1993)ol M AA S e Aoz 2y mgd.
£o=0.000684 exp[7.80(—fo—)-°‘m] (4.2.33)
A9 BENBAS [l 2F ATV Basy ZANE GE AIA

A8 % WFAZARE el Foolol st oo R /EARE
W S Yol BATAMNE e} sEe +AAY Azst Z

Aol 4T RRANEF BEIE olg5a BEY ARE o3t
BAAF C:E T3l Btoh,

Nieuwjaar and van der Kaaij(1987), Nap and van Kampen(1988),
Bosman(1982), van Rijn(1987), van der Valden(1986)2) 4+aAd A a¥E 1
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Fol EAY AT AA JIEBAMY FRAFES BFH AclH, 4
(4.228)8 A& AN =R44 C7F 0.0033(F ) +0.0020(BEEHAH=
et =g FUFdMe] @580 i 442288 HENA (o=
0.000025 +£0.000025 Q1 ZHo2 ettt AJAFH FHIZAAMY FFA
59 AQARE vRdE Figd21d o o] 2FFF #HL FA4IA
59 ZA%d us AW 2L goln, 2 Al diHM e FF ALY HE
7t 983t

5. 2FAE

A ANERANY RAAFEE T3 A% 4 W 274
NEFNY FUE ted %ol YAt

I B1=Cs Vom "< Vel 5> (4.2.34)
Q71 M, o= arwdso(S =, @9 ADe & 5H), Yoo BT 93

Al eAE 23 HAY AE-&Hel dF Shields AlFoln, Cov 2ASF

ojt}, P FEo] FE2Y w9 JEY AFAF BEAEE A9 QU
BEdF A= ZWoA Delft Hydraulics Laboratoryd]l A &g A2FAF &
Z7] ARNHEMS o] &3l #53 87219 AR E ol&3y 2AFF CiF

At Bgton, O gt 0.055(Hd) +0.055(EEH2HY e

fu
® L
o
x

. @2RE9 ANAIAE vz A Figd229 k. o B EF
gol 423 A Jded 4L AR 258 £ e, 53 @&
FAe Ha, B, HgFF AV Y, XY 2o FF FER LA
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$¢ AFEY Yast A

o

iAo 7

Jp

FHANS RS 128G HAFFrd i HTdE Al BF¥ &
BAE7E E0 ATk BERA wxe FAAFS A AA) G F A
FE AT BAV Je Ao ¥ A Jdew, O HEo] 14 7. &
AFeMe 2 H&e 12 7HR Y. oA EE s dF A
2 A%3 AN AdgME 1AL G F i YL TFIHE 3
99 8% EdE ol83te Aol ntF A3, a3, Fed wAME,
AAY AFg 93] 48T E PA 234949 557 2dE o] & ¢
F A3 U9 &9 EX9 FAASLE HAAG P g3 78 £
Atk BATFAME A3FA 7€ ubsl o) 329 FARY L o] 83
o HAZF FARY JPARE F3e A2="S FHIA.

A3-d 2 719

ool Aol dall FHAFE ARERAL E7 g 8w
A4¢ AEseE Aol Wasth R 2AStE Me 2 AR
A ddol e Aoz FAA A%, RAA TARA %t & g
W dwHes AWMz Aebsn, A T2aPL A4 HFol
et B SARYANE 99 FHS A7) A8 2AEE ole
Q.
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FAAE A% £33 A3 HAATL Figsd3l R 4329 o] F
At ERA B, dAY Eole HWREAY JAARY A2 JhEw
HolA AEH, fFEold AFAFL AAL 9 HFIAM AZEH. F
A7, 43 FAolFeAE 239 AL Ze TAUES 29, &%
olfeAE S99 (projection method)& ol&@H(Verboom, 1975 ;
Nicholson, 1983 & =). AWA F£HIALA 2319 FAA S ze F3lyY
of o3 Algch

1 &4 : a2 &4 olf

442159 AFE SFAYPYS o83 ALH3}T,

2 |3t = - (chik-chan) @3
oS mwe B emt o oml e (1-Wclikr-clin1))  (43.2)
an ik = 2AT] Cijk+1™Ci jk-1 Cijk+1~Ci jk-1 WO,

2
G aanf W< Aﬁz (W(chha=2eT0+ i) (43.3)

+(1-W)(cliks1-2ctin+ clin-1))

q714, & w9 JZIEJANE A, By, kAGjke BF)Y 4R AA,
(n+W)(n& AF) A9 gelth. W 7F5A oA ((05<W<1), Al Al

g@Ae #e] Fod AEE BARY. HA ijke g4 xy'z $¥FY A
2t zoln, IPA ng AJZAZDDA MWzt

2 (4.2.15)8 4urAQA AdAH s £H3A,
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AT 038 Nvan
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!
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WFE WG | a 1  2WG | n- WF -WG
( ZATl A 2 )Culil (Tt"" )?Jé + (-

A’ 2AT le—‘)o k1)

= i chixt 5 (1= Wchior =)+

(1 W)(Cuk*l 2Ct}k+Cu,k 1)(434)

s} govl, B39 WY LDUBE oS3 Zol FAgY.

WE __WG
Lis= (-3 (435)
Diix= (57 + 40 (43.6)

Uiiu= (- o= =) (437

Bi,j.k='T1t‘CZj,k ) —=—(1-W) (cliks1-Clik-1)

S (1-W) (el =2t el (4.3.8)

a8, 4434 e ol naEA gds.
Li.j.kcﬁ;‘,l%-l*‘Dﬁ;‘,ll*Ui,j,kcz;‘,llcd:Bi,j,kﬂ for 2<k<nk-1 (4.3.9)

Sswa e AAZRA, 4 (4219 gl Aoz A

welil- =5 Al AT\ (chii-chih =0 (4.3.10)
o] Ao I 44399 WMEYJX 84, D, Us 3 &
Dinmuwp Aon T ek @31
A_w 1
Uiir==~g Ese A (4.3.12)
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HABIME FAAY AAZARFAEE EE RFHA FE T
WS A4 4 Atk RRAFEE AZY FSoE, 4422008 HAAH
ijnk, AIZF @A (n+Del L3,

clim=ca (4.3.13)
3 2o, QAMEe A4 WE7 (nk-DY e FoMe AR4e o
<3 2o,

Lijnk- ¢ hink-2nel +D;jnk-1 1= Bijnk-1 (4.3.14)

Bijn-1==Uijnic-1 ¢lime-1+Bijnic1 (4.3.15)
71 A,

Bijm-1=Bijnic-1= Uijnic-1 Clink (4.3.16)

A4, AF, A5 A5 ARH 99 AN /A o)

tridiagonal "fE¥ 27} A},

Dijn | Urn x ciji =| Bii
Lijo Dijs2 Uije2 Bij2
Lij3 | Dijs | Uijs Bij3

Lijnk-1| Dijnk-1 Bijn-1

FRAVEES AAE AQste AAZAE AT ASAE, 4 (42208
AR Link, AZBA WE (eW)el tial g3,
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n n 1
Cijnk=Cijnk-1 _ _d__~"A ! Ws o
A =40 £, O (4.3.17)

2 ¥3dH3, o] 4dA LDBe tvgd 2.

Lijmk= 3 (4.3.18)
1
D;jm=- Xy (4.3.20)

e, Ca (4.3.21)

Asye Aol Wl A4 27, e EI2T FHAL,

Diji | U Bija
X Cij1 =

Lij2 | Dij2 | Uije Bij2

Lijs | Dijs | Uijs Bijs

Lijne | Dijmk Bijnk

AAR L 7tedldNY FR/A FEE S Ao g8 TG

Cupper= Cip,ipk* (Cip+1,ipk=Cipjpk) * T'x
Clower = Cip,jp+1,k* (Cip+1,jpk = Cip,jok) * T'x

Cleg=Cip,ipk* (Cipjp+1,k~ Cip,jok) * Ty
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Cright=Cip+1,ipk + (Cip+1,ipkCip+1,jpk) * Ty
Cup,low = Cupper (Clauer"’Cupper) *Ty
CLr=Cleg*(Crighh=Clet) * T'x

CCiik= ——(-CL"’;—*C—i (43.22)

A 7lM, rxy rye Fig4.333 Zo] Aodct & AAHNA sl$7 49

e A% Figd3d4elr EE uiel 2ol oM E/AEE Aw7F ¢

HAas2 Yy 3,

3 ©A : ¥ A

AR ijkAde ARAe e g,

+1
cechk—ccchik 1 cects 1 k= cCChjk
T
n n
CCCi jk— CCCi j-1k
—& sxi-12jk G ) (4.3.23)
y
AU P cecljok=cechjk
Ay' sy, j+1/2 Ay’

n
CCCH jk= CCCLj-1k
—€ w,ij-V2k Ay' )

FARARANE 29T 2R Gao] glenz §AFAY
dAe RRAFEE WS AY AWM FARASEE 2ETT 7}
AR A2A (-1ik) ARPel 4231, thgsl Fx4 Yurt W
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Fig. 4.3.3. Definition of rx and ry.

(-
) P S

Fig. 4.3.4. Boundary condition for incoming open boundaries.
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+1
coctik—cochin 1 CCCls1,jk= CCCT jk

At = Ax/ (8$ Axl ) (4324)
1 cecljk-cecliu | _CCChik=CCC iy
+ Ayl (esy Ayl Esy Ay, )

AAE Folo] Wste] YT JRYAH 4 (4225 g Po| U
oz adsatgdch

n+*l__n
2b,i,j= 2b,i,j*

llitn (i Qi1 | _Qevij—Giyijl (4.3.25)

Ax Ay

A4 AR FHE A

#3371 9] Commutability= Nicholson(1984)e] 913l AEH 7o)
Ak, e B 7IYel Commutability 23-& BEAI|AE o, o =
AL VEANANA Yo AP 23+ AR e HAoF GE3gy. B
AFdMe, A SAZ Zeld Z2YFAS ALY FaolF wA, &3

W olF G, LY FAGAY so2 ENE Frh

Consistency ¥+ Compatibility= Q3 &3olHF @A £ 34 &
AdA, A F71Ho] g3 o] & WHEFAFIE RoF YEYT,
Ao v ALYSFE Taylor 42 AN3A &3 2o,

Cun2A2 :
= ewne—2Ls (1 g,’) A L. (44.1)
2A .2
dc , WA .

f=f W=+

—232—



f A ¢ & dgdsia 99 F 4
_9¢ \mw_ M-t _ A 3%
S TRy L O TP (44.2)
cn*l_cn

7} 9}, o] A Ao] W 1549 AAEE ZE d9Fe = W7t 059

W (Crank-Nicolson scheme) 2x¢] A A =& et

Arg (42159 $RAN §4 18

2
fFF2S.c2¢ (4.4.3)
an an
3 ol B,
2
f"W=WF""+(1—W)f‘—W(1-W)At—%—tL+~--
(4.4.4)

=W+ (1-wf

cq

27
Lo

9 ol EAIHT, of AL ARZ7Ed dato 1z FL=E e

ARARGA (W)l M e BHAQ WMoMe) dBAE LB
ool ASAN Tl Atk

B dc ATﬁ 3% An3 a3
Ck+l—Ck+An 811 + 21 anz + 3! ans + - (44.5)
o dc Anz 3 %c B AT13 a3
Ck-1=Ck ATI am + 21 anz 31 an3 + (4.4.6)
dc _ Ck+1=Ck-1 A% a3 4
an - 20m 3l ans (4.4.7)
2 _ 2 4
2l omevens g’ 3% e
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A oA (4479 (4.48) 239 AUL = zZb=o, 4(44.2), (44.7) 2
(44.8) EF A8} A7} 29 EW A truncation errors Zol5nz U H

ol & HA A3 dBA(consistency)o] ATk T & 4 At}

AgAZ 8 ZAZe FAMRRFL A A A (Stability)
F A3t of Fot. Smith(1965)= QA WaFe] o] FA Role &3
1YL T2 GAFE 2 v Aok Nicholson(1983)el 34, 5
WA FIUE 715 A g S44, WA dd wa 23 ge
AZLAES FEdtzle v, 23 3L #AFYG. AgAed $9 %
At @7Al= O’Connor and Nicholson(1988)¢] AAlG thea} e RF=A
o] ¥as3lo,

Ax® . Ay?
At 26 At ——28”

A7 A ARFSHE, M, vE 47 x, y B¥o 29 HolZJRolt

ASH FFAFTE A £37149 FFE

TA YL FF £ANAE Y. AA AP FRYL 3
e o 78 T FUEE Hiler] dsle o] £N2YE v A
+o dAAst wamd BAd. BAFAME $x2Fe Yadza=z
Dobbins(1944)¢] ®] Q4 (unsteady) HRAlEZd g siMsls 78 =2
< FZol HEdY 2 ZARE MY wmsigon, Hjelmfelt and
Lenau(1970)¢] & 4 (steady) =S (nonuniform) FRAFEZ o g A 3o}
23T Dobbins(1944)0] sl4 & 7 A W4e gre ges o)
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d (m) 17.07 56 ft
wi (mm/s) 4.115 0.0135 ft/s
€sz (m?/s) 0.04561 0.491 £%/s
psca (kg/m®) 1.0

At (s) 414.8148

FARYS) ANAFAYG HAMHE Figdsld AAGRer, FARY
o] dlsAdME AAAR v FuHez d FFF #& BRI @A
Mo R{AFEE 71Fo2 ¥ o HYFdee 3% AeE UuRe
o, ol %A 42 JiMNe ¢ ¥ F A= Ao wodd,

€& B $£x23¥E Hjelmfelt and’ Lenau(1970)¢] 3l o+ v a3t Ao,
o529 37t HEHINE B Holm B FARIFE FET AT
St AYAZ Fo ©e& FHao AMdG vnIAHFT AIRA T A
AN AP AN RHAFES W3 01 % oluld W AL Fr) 3T
o MY B FARYLE AL 21 oI 2o

Variable Value Remarks

d (m) 1.0

U (m/s) 1.0 Uniform along depth
wy (cm/s) 2

us (m/s) 0.1

ps calkg/m®) 1.0
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Adss 2 $A2Pe) ALARE Figds2d AP, dAA
0z £ARYL MY T ANAE A2 Ut HA™ srtel
ARATDE 2o 2o vdl S AY ge BAG. ALGY YoM
AAEe) RHAEES v ANAese 4% FE2 $4¢ VA AL
2 vt

ol 43 o]l £¥H 32¢Y HAZF FARIEL & 7Y JIER
ggu D Hgoz ALY FUY L A2 g AHE}ADG. WIS
1905 WAlZ 22d olF e XN&HA FHAAG dovtn U=
o, dAe H4 @ F40] A9 v wE"gn . FUF WEY AH
N oL Y8 FHHFATA(1987, 1988, 1989)7F %, &5 R HF
BoEF L B2 v lon, ol AZAEE B Y 94y & HAFA
82 olg3gen, 2dT £3¥F BF £Ad A==€ 19934 108 ¥
.12-% 74X oF 209 AANE HFASE AsE 449 BF70 €
29 AT FHIL VE2FEY {713 Mo A4 F o Ak R
AAF EAHL Aol & Aoz AGEH o5 A FFIFERY #/7]
H A 2 HAde 239 A3 FAAZ nlFgn BAFdME o A8 E 3F
HA o olgdAE gUtt. EF ol BFAmge v FA4 R A
ET 339 d7FHAS T £ U
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B HAHEBOFT FARIFLS oA 71&F vk 2ol HF A o
@ HAHEFL 13A %o, HFe o3 A4 LdLgE AL Fo g
HAEolewd 13, Add 323 /Al s:2 5g APzt s
Az 718 AR R 334 AFH A87 47ETG BT
AMe A3ZAAM 7l¢d 33 d FFHEH FARY L o]4T dFoRoy
AZHQA AFoz Ad o] A2RE o4 & YAeH, BRAFHA £7
g ARy ARS HAG iz ¥usy AE2E AFHE o)&iU
olgf o] AnAY AZdEe #XAE2Y ECORDE, #3FF A&de £
23 WIFLOW7l Zr7 o) $5t. Adeze d4ust dAA Ag3F:
gAta i ALY ooyt NP £Y¥ L HFo] dyro
Zolx e daMT AT B FARYY HEAH 2 AFE T
HaAMT HEFHOA, A AYFA AL g HES (5 AF
FAZ v F A

N
o

'~
M

N
ot

s4 2 7

ol

B2

oot

Zaae Wae =717} o 400mx 400meolPl, HEFS AL o 5meltt,
1905 o)F B2o2 wanaAlst dEoz WAAI 22 - AFHAAYG. B
A Aol AFY olF Zwy Fule AAAYol A3 WY He=2
etttk 54 20m7lA ) AW HAbe o 1/6001H, siAAe = st
gwroz TAH Uk, FUY AT #HAL Fdd o] =39
pocket® o] v}, ¥ Atolo] Abulo] W&slo] Uk, o] AbWlel FzZhx Aol
44 §¥ozyy RAS IFHe AL Ao You, HFATL
(1987)¢) #Zo] w2w 2 F FATY stk U uBZAx B )
o ZAe Aol AAT FWY YT FHY ivwoz A, Fuw

ey
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gealMe HHBOFE @ Fuo & 9P WAA R ROR WY

i

o

19759 19 1¢2E 19859 12€ 3147hA (197734 19 14958 129
3147t A E A9 AFHFAUE g AF2A U ARNEER A
Al® Figd.6.13% Zoh(si¥a T4, 1989). o] 1g¢ waw FAE NE-
Age mato] $AF v, dAledle NE-, E-, & SE-AE9 mFo
A FTEA BEZJY. o) oM HAECFY F8 71F R olF
FAe Hotstm, BA FARY ¢4F 2 HAFAE 5T A3 o4y F
o g ZBZo) £3F vl AN FA T4 1987, 1988, 1989 F=).
olm] X E& 2% P FT & Norway®l Aanderaa AbolA A &Hjt
Weather Statione@ #Z3l9ov, x99 ZHe 44 22 3AHY
WLR53} RCM5E& o] &3 #&sdch wtde g 55& st 4
o] REFHE AA" v on, HAHHEL 1004 o4& grab¥ A
FA712 HF - ¥4 AG.

3. umetel HMuEy AL

HFeo ARWE A2 e ARIE AFE 53l £ Bgd F
23 ECORD7F AF&-Had. 4 AZE 9% A= HFQdTL

al
(1987)9) #ZFzE7L ol &=, 5 EAd FAFd A AAE HE
€ Table 4.6.1% Fig.4.6.2¢] &34t}

AFARRYL $4 AARAS wet % 55m, F71 729 HFo)
ENE- ¥ ESE-#3dAd Q38 QARE 2o 7438 GAFA o

3 AHL3dgoen, AT e AA A JIEXEE Figd.6.3abst
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Fi.g. 4.6.2. Measurement stations for wave height.
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R ol A%E HW BRHAI A FUAYL WA PaAsE
Aoz Ueyt. ENE-3%9 %39 Asot FURAE gae 7@
2H2 dstel WY FHode U Re FTEES Jeud, E=Y 2
BFEYE Table 46191 AAY 2 RFxH NANE 494 Rew, A
A WA fonnE S 2oz st ANPHWI-WI)el A
YArstel W@ A4E wuvisk B8 Havlshe] HWLE Table 46200
AASGAh. 2 HAGY R2o2A kel ANWAT del g A
& 999 ¥ Wask WelME 433 OE g RS Addne
REE Ao Hmule ALAS BEAE F AR B FARYL

AAARYGel 2H MEY A FLLEE Bol: Re T Uy,

Table 4.6.1 Details of wave measurements at Chukpyon (after KORDI, 1987).

St. | X(EW) Y(NS) |d(m) Period 6w [Hw(m)
W (239,509 394,011 | 39.0 | 14 Aug. 87 -14 Sep. 87 | ESE -

W3 [237,050 394,802 | 5.5 | 16 Aug. 87 11:05-13:11 | ESE | 0.748
W4 237,259 394,723 | 6.3 | 16 Aug. 87 16:55~18:08 | ENE | 0.654
W5 237,185 394514 82| 9 Sep. 87 12:35-14:35 | ENE | 0.421
| W6 |238,358 394,833 | 6.6 | 9 Sep. 87 10:20~12:20 | ENE | 0.419
W8 1237,274 394,244 12.0 | 10 Sep. 87 11:30~13:30 | ENE | 0.457
W9 237,628 394,432 | 14.0 | 10 Sep. 87 15:55~17:55 | ENE | 0.599
W11|237,477 394,052 | 13.0 | 10 Sep. 87 13:40-15:45 | ENE | 0.566
W12}237,072 393,637 | 22.0 | 11 Sep. 87 9:10-11:10 | ENE | 0.768

W13 (237,524 393,804 9.0 | 11 Sep. 87 11:20-13:20 | ENE | 0.740

Note : d = water depth relative to MSL ; 6w = wave direction
Hw = wave height
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Table 4.6.2 Comparison of calculated and measured wave heights.

Measured Calculated Relative Error
Station Wave Height Wave Height ' to
Ratio Ratio Incident Wave
(H/HatW) | (H/H at W) (%)
w3 0.63 0.60 -0.5
W4 0.74 0.35 -71
W5 0.62 0.54 -15
w6 0.18 0.42 +4.3
w8 0.77 0.71 -1.1
w9 0.80 0.76 -0.7
Wil 0.86 0.80 -1.1
w12 0.94 0.96 +0.3
w13 0.86 0.85 -0.2

4. mEtFol AN

RFHAZE A3t A2AEE dFAM £HE £AEY WIFLOW
E o83 o FARIL FAUTE A5 £ LEHAYL A}
830, AdAIzEe] Fol AAANG A7|ze 2B AAAFEste AP
ERHOE AET & AvE FHel At BRI HLAHYL FESH)
A%, 22y HFHEY £X=23Y ECORDE ol&slq Axd AL, =
%3 55 m, %% ENE ¥ ESEd] W3l AdE #33¢ I8z o) §
o] Hg3t Hgton o] ff AAZREE 49 6 %2 YTt o A
ARXE Figdbdabdl AMAGZPon, o] 2P £0F 2% HAEL Iy
2 oA & e ZT AAFE FAYAINTE AL BAZRY, = T
Fol EFXN AT wud FHAAN AT w 2o BEA @2y,
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ol #FFH7F FNHoE FUHNA By A& AF A A o
Foltt, EF HAIA EF AW AWM E dLFIE Y HFoE wd
e HAES Ul fdol N4 ASFE Beln, FHAA AAAN
AGHE F HY EF GAFE ALY, HF¥o] Wy =EAY B
5% S & SSEV} old A$de TWHA AWM Adie ¥¥ F
AT+E ¥ Aoz AeHu, o] JA Aq]Te i 74T o= 4
ddo.

R

#37t EL54E HAEY o5 Fo| sy, AWMLY vAE IF
o] ARAT, NEAdE ZF ugH L 12 A3 AIFHE IR F
A&7 g AP oRFHo2E HFo] HuH & w, ddd HZF
el o FA ) AN AFF BEE BFor Foh. 23,
HEES AS Az, AH, 2 G4 3 Ao U} FEY dFe 4
Ad71E desdl s, 53] HANIAs & ¥ L vAE FIA
E ggo]l 2 W AN EEY DZTREL HAAYo} = T BF A
AM7F AFG7] WBe AAHLZE oGP FAFBEZARE AFdAVE od
& AARolt. TIFAW segnge =9 AN BFFe As AW
< Botsty] 9 B2 $£IF v Jon(TFAY AL FTA, 1988), &
AT AME o] AFHE HZARZ o &3t o W HJFFE T=WHY
o] %7491 RCM-5PE ol§3ld 108 Az #&3ed, @54 o
3 A F AL3L Table 4.6.39% Fig4d659 23, ° 189 AH
L26ld B3 2XNE RAF 75 T 2 TS, fedvwz 2 AdFIg
37 Figd6.60 +Z34Qdd. #3713 T¢d A% E F /W4 peakd
ngon, 7128 AFHFANE F A9 peaks BYT. V|FVIN T
9T E 03~16 molew, ol B ¥ HAELZ oFAINIdAE
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Fig. 4.6.5. Measurement station for wave-induced current.
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Table 4.6.3 Details of wave-induced current measurment at Chukbyon.

St. X(EW) Y(NS) Period d(m)
L2 236,790 394,305 30 Jun. 88 - 11 Jul. 88 2.0

H2d ZFe goly, BEIS FFdcue AHEE & AL A=Y e
#asA.

2 AFZAdNNA BFE ASAG FARY Y ALAE v}
A38le] Aol @< F plane beachzle 7FR 3ol FFFE AHAE7 9
d o #HA 23 23 didd gy HE 149 238 AHedd .
BZ71 o JEd HuH452 19889 79 3¢ AT JAHF ] 1
7F 16m dd 9] 8 cm/sst 79 6Y HYAHF S H3L7F Im €9 09cm/s
Rew, oy vig e A HFR FFAL o, ol 2 =3}
A plane beachZ 7} 31 HAAE B £A2FP AT 4 2melAM 2
&2 Zzte] %ol A 114 cm/s$k 106 cm/sE AAHJ R, ol ut
0% 2 BFRE A o= Ao A4 xgE £ do
o, }FRe AZVE 4% & ¥ e JFL Y | FFA G
dx g & 4 AUt

5 BRAMAsE € siMXE Hat
ddsdge FRAsE R AAANYAstE A-AA e 3A4Y
ARFPL o83t AT, o W FARYY FHEAAYL #F %

WFF 23 Zo] 30mx30m Z7]e] 92x68=6,25670 2 AAR, 2 @
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AAASFE 102 43 en, dAAxE APAFTE 012 3ddd. AN
AtFE 4t 0122 3dJen, 7IE8 FEd AFolsTFd #d
scaling parameter Cz, Ca& 2t2t 25X 107°, 0.0552 FAt. A4tg 5
HE TEE AFAT40983) FFX ¢ vmHde. o W ¥HHH
E%¥EE€ HR Ltd(UK)9 AMH7IE ol&3td T3P en, dF9Ac
Fig.4.6.7¢] agi #&FUdA 2 #EFH 4 T g AAE AL
Table 4649 FE3 A, 370 AAHNAM F4e Z2H Al ¥ FEHHES
o AL EE BFA 9 ¥4 Figdb6.8a-col AASA. o 21gE B
W @EX7 B & BAS BRYS A W ANV vnEH g 2
g BYdS ¢ & Ao

Table 4.6.4 Details of suspended sediment concentration measurments.

St. | X(EW) Y(NS) Period d(m) | éw | H(m)
R2 | 237,288 394,834 | 16 Aug. 87 12:30-13:30 | 5.3 ESE | 0.817
R4 | 237,053 393,899 | 17 Aug. 87 10:00-13:30 | 2.0 | ENE | 0.745
R6 | 236,769 393,802 | 16 Aug. 87 15:00-18:00 39 | ENE | 0.758

AAAPARE AP T A5 A8AM AFRA wet HAAY
o] A& Ho7 WMIIEF oj¥HeRE JAFFALT AA AAQH 2o
A45Foz AHAA Aol Fok. 2, FUIR FL FUTd 2
2ojdA AA AALS 489F A Gd@ ASATE 82 A, o=
FAA BHAAM wF A A Rt old W HIEA dit2 AdpH
2 988 g, o AAE, dF9 2971 (Vemulakonda et al, 1988)<

Alg-dte Aoz #Ee FEAJA AALE BEe Aod. o JIYE F
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Fig. 4.6.7. Measurement stations for suspended sediment concentration.
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T UANAHY AZFINEL EFA AAHY AFFAANE RS, HF
z19 $7F AA FAAL SR YA FAdH AMARE FY F
Ak, EAE Fue HEAZ S AE3te ALZAM, M FL 9 #F
Z4d& A& @tk Chesher and Miles(1992)& 7F& %8S AH&3td R
i, F71 2 BgE Adddtes 2P AN 5 A 28y, UyE Z2
o HF2AE AEHE EFHPAA, 53] AT Yol FoI FTd
E A EolF Fidol HEAA ALHA ¥ dHel Ak AAE FFAA
o HF2AE FL 9 48 For EFIA AHEde A2, a2 29
FE AHEEFH, 2 7HE AU 2 ALALEES T Fstd dd}
A Hel, 4 29 BFzde a2 ¢ dEdE 331, 71 € #F¥E ve
HEs go. o 4 2 AFzde gL Hxzd A4 Hu, A
o FHste 7zt BHFxd AF A HAY AAMFAE Fo 3
o Fae Yoz B AFGME o S "o,

b

71 A

r—?‘-"

paza

FARY AJA% v FEHoz BAFME A2FdA 7I&d
Hhok o] 1993¢ 109 FE 129 71X 2MY AFREFE AAH2 2
AFd #A4S5FE AANIoY $45F A5 BAJ A= 2T
dqAe 4453 AFAgS FHAEE FAN €L & A= 19879 69
3 11€9e B3 8 LI T2Y A5@EFAEAT 4, 1983)E HAFAER ol &
At E3] o] 71zt HuiFdguvt 4z 54met 56melUd BF H
% Thelma(1987d 7€ 10¥) ¢ Dinah(1987d 8¥ 30¥)7F S3% 7o =
AP AL A2 GA4HA o] 71 $¢ JIEE AFAEE B
M A, 89 AERAF(ENE, ESE)H} HdiF7] 728 2t A9 ¢
12 FAHE 6719 dETLZ Us £ Aden, o 6719 HFzd &
Z 7o W A7FF A7 Table 4.6.500 Al Al S Aot
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Table 4.6.5 Weighting times for the six wave conditions

Wave Direction
H(m)
ENE ESE
35 147.2 67.5
45 18 2
5.5 8 1

ol e HFEAL ol &3 HAXNYA}E AL eH, 4]
Wale] 2R} ANNE 2 Figd699% Fig.d6.100 AA LS. o 2
S vad R B[ 4P AT & glon, HA L FA AW
HQ Fdol MnAd F dAFS B & A% TG HAH F 29 H
HAEY Addde EFET Hol doy PAA 2 2 FHHA Ad A
AAM Y HAL WHA RAEY, T HUAE g HHA o] A
e AL BAFn F2 ENEAGY #Fe o3 FUYAA BHis-E
W ogo R HAHGo AYFEL ATt AANFHoZ I AT A 4
T AALAI F 100% AER olv ¥uFH nF2YyL Az & 5
Ak, o] 71k FAFUAAN FHE HFHALE o 04mY WE A
RAE 02mol Ach,

A72 ZE R EY

Qe Nyl Aetol glol ST 4 AE HARF sARYPoR
A 3 Edol AN, 53, A% T2 FAAAE £TFY 540l
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Fig. 46.9. Measured depth change between Aug. 1987 and Nov. 1987.




Fig. 4.6.10. Calculated depth change between Aug. 1987 and Nov. 1987.
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A2z 334 299 4% ©g Tt RATFANE 4F ME
A & %y =25 AT ARHAT F2 AT FYS Ae
bR st AEe BHoz 3 AAHHEF FARY

of
2
rO
o
o

g

w

3A4Y RRAEES NBREAAL d99 Yo A3y WAHE
2 AL waHYeH, ANY WS dstel NBYRAe ANVAS
3PAZ UrdN EQ. $ArMozE 43 SR wAE L,
4% olf wAdE F9Y, Tan £% F4 VAT Fud FEARY
247 Agaath 3%A FRHANE FARYY JARRZA HA JIFER
AN ERASE, 2FAE, 3% BAAS, 38F F50) Wash o
F, A NERANY FRASES ToE 2PN 2PHFE FAY
Ao ZWANY BEARE THHoH, AFAFS AV AT 3
49 2AR4E FRANY BEAEZ FHAT

o
=3

+ARYY PAES AESH/] At A7 1499 wFgde) Ha
olF &Al(Dobbins, 1944)9F |3 24 Y9 {59 F4ileli Al (Hjelmfelt
and Lenau, 1970)] W@ al4ialst vlmsly 2 2%, 33 842 A9
229 AUES 7HPL A

%
9e FRYge ALad AP R2M HHAZEH AFYAsts wm
A wEagA AET £ ANG. TP 0 AgH BEA} AR
B BFRYN RFFEIE 1 PAEE FAY £ AAYG. HABOE
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FARYEY AAAQ FYre ofF £100% FEEAM, 28L& HEE IZA
B¢ FEEAGW 33 FHS A Agde FES A=A Aoz B

g0, EFAY A& uHo] AL AYE AN EZAY &
1989)ell Wit HE2 At R A5 AFo2 AF AFFHAZ

%0 3349 ANHYENF FARYole HE AL
8o 38 $ARYL 1 g4 2 AP4d A o
gedu, 1 Wed, A4 2 A4 o
PEE AFE 5% £4 2 BeBPo) a3

ga

v Re=
Eol7l YAME Yo
o, $2% ARBS A2 E o4 ArtA AYLSY 2R TE 2
ot =P 97 149 v 93 249 Y2Pe) AFAR (LA

= B, $ARY A% EA)E 43 2 39 =Y
=3 2 AZde AR Yasie, RRAFE AL FAY AAE =28
AY By e Aoz 2ASE ol ALY WM FHUIA WP

AR BEAR

2.
(=3

AEE %9 Aa7salat & & Ao
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A1A2 N L&

Tag AXNT A 5L gL FH AN GES X3}

I slde AQH Fdwe AM T o we FU FRE] PO

€ HAS AY{A 0. ol e FU FRE F

B d&37] st FARF ] Hol AHEEHIT AT, <l

T FARY Foe F5H44 M8 X2 (Perlin and Dean, 1985) £+

32l X123 (Wang et al., 1975 Watanabe, 1982) 53 o] ¢

T olyz 229 HAAY e WUIMAAE 4FE 5 A BEF}L A

2YEo] ALEHIE AT AAAPE VA ol A¢Me] WV

Azsa HE Avols ol WAe pesm ALA] @ BeWA
= HRA AYF dZ0] AP HAAWY $ARPo] Wo] AT

Mg

%23 & Pelnard-Considere(1956)e €13t o] &<l
B2 dF7 A&so gk, A2 Hanson and
Kraus(1989)ell ¢l3) W E ¥ GENESIS 2Zd2 AZ7tx /Agd sitday
2dF 7t Auda a2 A84e] ¢4F5E Elojzt T £ AW ¥ 4T
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A AHEE FARI L JAZRAE AHEse 7€ RYEFE 2 3
TS HETle FUAEAS ALEFo2H AN Fgo) wimsy B
T AQAE HEo] ol RYolth, EF B 2P L o|tA wiFdA9
LM §71 £ FERZ YL ANY 4 e EY02M Suh and
Hardaway(1994)ell 2|3l o] 3 WA YolF JZ 2 ZHF P AAHH ot
AT WFMY ggd AP L AVFoIHN 1 HEAe) YZ2H
Aew, A4 94 A LAL B39 TN Y YD AYgsue
A F98 3td Az 43q HgHg3n Y.

2 ZME o] AgddY $ARY Wt %3] A, 248
I 19939 109¥ 13YEEH 129 797A S 2WE FE= o 17 kme) ¢
Aol Wate] F713F Fdel A F£4 F 20 m AGeA 343 7
L2 A5V SE AFARE o83 LN WHE AN BEA9
i@, =Y EFAGFTAH(1989)e JE AANY W ) EurA
WAte Wt B FARYL ALPgo 2N I NYAo] WY Fw o
D W vlXE JFS BAF,

A2R J1E2AA ¢ AA=zA

1. 7|22 d 4

2 FARYNN ALHE ZAREASG 78 71550 Fig. 521
EAHY A sk AAME wAtE FEZA GBS FH Mo
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W REZFKo] ¥ BFET UYEAT  (x y)E HAHY JAH g

AufiA=Z Jderd grold.

m = (aT);S,—?;L) = (cosH, sinB) 5.2.1)

gozel stdd FUBT BAUHE Ve,

b
7= ( _aa_ys%) = (-sinB, cosf) (5.2.2)

e @M EE Yy, 6= mat

k3
x ol |2t FEZAN xZ9 %9 PPoRy WAARFoD A

olft. o] 2ddA Qe FIZ Y ALHAolF &N, ae A%

Fig. 5.2.1 Curvilinear coordinate system and definition of model variables
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BTG xFo] olFe do=2A xF 9 FAYFL2REH WAARFoR
A ghol.

HAUES A (xo,y7h G $2¢ $Poz gAY 7
AaA =9,

(5 2= en (5.2.3)

2 EAT F Aen, A7A e LM FAF FFo 2o HUMY
ol &S el AIAFA A (x5,¥5)8 BaF

Zs=Xs+1iys (5.2.4)
2 Jed i, e
=1 39

2 Ui 53 4 (523)2

"

exp[ (8+ %)] (5.2.6)

7t 89 4714 De EAolF 9 @AFAE JdEdn. 871 o F Fe
T o 42 AuFAFEAES AHEEE ASH HY Bl duFez A
5t EA REgA Yol §E 4A FRE 4+ Ao

Ozasa and Brampton(1980)2 3¢t Aol a3 Wto g mxuel ws

7t AR At 2 9%E LAY £ Ae S H ZL ALFEAIFTE 4
THE AgIA:
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Q=THY K\ sin(28,) - Kz~ cosB coss (5.2.7)
47 A,

F= TG, —14)% - pIk 628
ol v

dp=ap-0 (5.2.9)

£ 4udol AtaT YdsTe AR AdHe ALdel W A%
9 Z¢ Yudh. gt FANEE, s& d4d U 2dd HF, pe
2o} F2E, ke A% Ansadel W@ W, HE A%L, tanbt
AA™ 7127, K Kt QLEAIF Wg APAFSL. H627)
9 AWA e ol AGUd MAEE JaE A ool g A
EAOIEE UBE, SATe AWANC 4T AT AT UBE B
gozel HAnmel Aold ss WAHE EAFE Ut HAY 2
MeolMe AAY 7127, tnpe FolA AR, F7, RAYAY G4
Sunamura(1984)e] &}al ALYV FWAE olgae] Ay@Th.

Agd Kol ddtdes B 437 #3348 v QY. Komar and
Inman(1970) FAZAAE AL 539 K;=0.77& F3v Ao, Kraus

et al.(1982)& 07720t 058 A48 AL AdsdAd. T HIZd
del Valle et al.(1993)& EHAE9 AL e 53 2L 42 ALl
Aot

K1 = 14 exp(-25Dx) (5.2.10)
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AF Ko Warye Hz2 %2 a7 HoUdA ¥,  Ozasa and
Brampton(1980) < K:=324 K< A}43l4t. 33} Hanson and
Kraus(1989) Ko7} K18l 05 WA 149 3e e Ao HAZ3gxn

At

HAMHY RFPEo] AT Yt ZIZFHA NAE F9 e ¢
o] F2 & HFo B3 YdF oz FAFAel P F44 AA
o Zx dA3he Aolth. Berkemeier(1985)= WA AIZIo] AF 1241
o]4-& Z¥eA Pt ZAAFY HIUE Heatx & o FAlols FAF
4, D=

D = 157H. (56.2.11)

2 Yed F ASS Adsad.

EAl BEWAA (5260 E7] 984 A%Me B3N Hus
E7} FoljAHor o, B 2¥e g g otAs EAsE B¢
a2 WFAN Ane wug FPeS AL FuAES TPHn At
o] 4TAZEL Kraus(1982)8] #H e %4 £38 R 2N AT WEL
FITASATA19DE Fxsd € Aol

2. W

e

AEYHA 2 FAEY

Hr

4 (5.2.6), (62.7) 2 (629F %3 HIAEYA g3 Fo. Fig.
52201 EAIE ush@ol AMMY A L A} 4% FEE FHYIA
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A, AR FES F AR AloldMe oz Hgdd. WA

ARYANY EA RERHA (526) e Be AL YYI BAH
o},

2 2

Zsi TZsit D (5.2.12)

’ ._AL[ Qi-1- Qi [1( 8i+8i-x . n )]

(As; - Asi-1)/2 | ©*P

A WAVE

Fig. 522 Finite difference representation of shoreline and associated
transport around ith point.
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Q714 A £ A FEL UdEAT. ZAA()L WA AL DR @
GAFe Fojo} s e UEhynl, Taele] B FEE WAl A
AAN ofe @ECT A5, 8 R Qi e AEF o] ANAT

Asi= [(xsm -x51)2+ (¥ —ysi)z]w (5.2.13)
= -1 _Ysin " Ys:i
;= tan [ 222 ] (5.2.14)
Hb,'+Hb.'.1 vz . Hbl'l+Hbl'
Q,-:l‘[—z—] [Klsm(ZSb.)-KZT .

( cotBi+2C°tB"’l)cosﬁb,] (5.2.15)

8p,= 5 " 8; (5.2.16)

F3il FFAEYPS AL W AR FE AU AXAE o B4A
2. Kraus and Harikai(1983)9] Wye] wat §,7F &AL A$, = 3

GHe A HFe QAFe] IR G B, AFAHY ¢RxAL

1 (Axs)?
At L o T (5.2.17)
g UFEAANA . Q7N e=2KiTHY?/D. o] 27A0 22y A% 3

2T T AE MDA FEA U 1A4FA ZAANE £33 5 A
Tep AYE A gdel FURG EAAAHE BolA A ME F

A ZRdoE & RAelnk. ol F BAAAPL Uda(1983)7 A% A3} 2
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of AT B, AUEACITE, LMY X T& 3 AP 2N
A F AAT, o] s AAH Aol A As7t F7Hgel w EA}

o BE S9N AE 7HALE EF 0] A

2y 99 FDoA e e we 2R BARAES AFE &
A, AAZ BARAA AGde] A7t 2 H WM3AA Fegdn 7t
A3le A, ole FA ZAAAM ALEAOIFEl LAY L] H
FAEHE olF= Aot olg L AARARAL ATHY Aot
FTES] dojA AAAAM FEAlolFol QUTFZEC AT IFS WA &
t A% Aol 7tedi. EAE ZAA SHAA AdEAO]FE A

JHoz WHIUT 71AIH(F QB1=2Q8-Qs-1, 97I1A Be ZAAHE

Auld) BAFAM LMo A WIEE }e {FF FA=dold.
Ade AR EFAAL EAAEE A7 AAHY Ae A+ HE
g 5 Ae BEFF FAAzdod. wiAgez FHAFAAMY AL ¥
3t " €3 Axe B HEE £ Ae FA BAxAE Y4 &
Ak, & RPAAME ZFA FAZAE AE3te A FAHAAMY HF
A7 A" AR2 FolFHok & Hx JAZFYH HF AAAA Azt
AEFe R v wsgga 7@

3. 8=

0

Mol AL

Atdol ARG BEHAY oA TI AW, sABHeze A
ol WFojol @tk U oAl EAE ANAA REHE 4
A AZoz sAMol AYE AN ANARE A

| 52

ot

(«]
a
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g Zojt. watA ] AIHAelg AR ol 3y oj¢tAlY 3
Zoz AAFEE A" Aol AeA A, oA I HFL LA
o YA7A EolESo §ot. Hanson and Kraus(1985)€ 3¢ W3
FARYQA o] ESAdE Ay AAMol X WIFEIA FHI}E
A& FA}E PYPT ASFE vt A o] PP 4 HHo] zHe u
F2 oFde AL H&FAAM AJT AN F A O HFP FI2AA
o] AYEAIFTELE ZAHF 3¢ MFR o]FF AFPLE 3¢9 AA
2 Fojdhg. & ATFAME o]sk fFAIE WP AHEd o

Fig. 523X o] HYPoz2 ygd AAdMe A& AHFFd.

GAe A AReZRE A o9 LM AAE JEn, A4% 3
FHe 247 A ARAML) £H A F AGH GAE YA o
A BAeN Zadol B FES +FHY ALH ANE JehAT

Fig. 5.2.3 lllustration of tombolo calculation.
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Fig. 52394 A AHol oA saZez AAse

( xs ,ys )0l EZEAT. A4 o] A& A CY C'& AdE Ho| ok

At e F CE BojdAg. 49 HIHEAZL (xe,ye) B (xy,y0)80
ojgtA & T g Hdo= FAHY

y=(x-x¢)tanbp+y, (5.2.18)
A71A, B x99 %9 WPoRE WANAWFLRE NE o xFH o
StA7} olg+ g JvEdT. A C8 O Ade MY 42 o
23,

y=(xs -x) cote;;& + ys (5.2.19)
o714, 8;9F 8;1& Fig. 5220 A" ulst 23, -cot[(6;-1+86;)2]=

A cst e AdEe AMe r1erE dudg. A 0 ANE 4
(5218) 2 (52192 EARE A4S magez 7,

A CRE C7AAY dAtHe AR HAA FHdMe SAFA de
o FARYAMT DA E A Afictitious) FH Yol olHF A 7t

AN AU 2 7HEEA 01FE, AQul A3 TAdY: R H
o ol T A o)FE, Qs A (65212)dA z, WA HCH F

BEE, zo WA A 9 AEE dsdq dSH 2o #3T

AQgc = D(MéZtASH) ex [—t(—eﬁz¢ - %‘)]( Zsi = 2Zs) (5.2.20)
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AQse THE Q) OB LT WA AY RIAAN AVE °F(Qi1 R/EE

Q)ol 1E2] Wkl wal thg ol o

Qi-1
Qf1= Qi1 ~8Qs =5~ =5 if Q120 and Q<0  (5.221)
Q' =Qi- AQIC T%a
Qf-1= Qi-1-AQs if Qi-120 and Q>0 (5.2.22)
Qf=Qi+AQy if Qi-1<0 and Q:<0 (5.2.23)

Ao BN 9AA c= +3Y o5 e&E Usdt. oldygel £3d
JEge ol A B R/EE Dol ARe AXNE AL B A
2 AXE A B EE D7} olgAle aZez AA}E R AN
sk TP yoz otAe ANAA BAEAG. spALez RAY
Ae g oA B olu AP 5 BAH EF ojgAld =¥ B¢
dE o] WE Aol EAC|EEE 9o Ere Rold

A3 FARIY Y4YHAE

Ao MIE 2] dAMe A4 AAY AT FL BS
EE dig B3R AAHHE A5G 2L 7T TEY AGAH A3
ARE o4t LN WY $ARYL AFT F FTH FALYLE o
43t Fde e YA 272V B FF A 71 T HAA
W3lE Algslejol @k, B F£ARFY AL FRS FAY IS YAMA
ZRY FZ o 1.7 kmol AAF ¢VAG7ARZ 31, 1993 10¥ 13
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129 799 AAF AP FFARE ol&Io RYFES HIFIAH
g8 FHEY PAAl FF ¥ 500 m AHele AGAFH F4 *F4m A
T He AG7AA ¢27F ERFA EXx=Ho Aed & FARIAAME
ol g olAAR Pt AL AIE ANIAIAC.

B d7dMe B B 2%d AFE vkt 2] Fig. 2219 AA
FWelA 19939 109 12¢ %8 12€ 7U7HA < 27093 vl 343 HF e
2 BZE HFAEE o L3Ah o] AHAMY AFHZL wIsuA
g olg3d AAFozN E73E B3 A EYET & & AEE
dl ¥ AFdAE s, 5% F7] € HaAFgd ¥ ARE A
3. $4 B FARFYY HEgAdY AHAHY 4¥E 9F & A
BFE AYEr] st Y FWaA B&58 A3A8FT 5L 7E
2 A AANRFge 2 A Hgggo] 25° oY HE F+E HFol F
W FagA 2 §2o FEM B 2y AEAGe 4FE vAA R
g Aoz wa=H ARAM AAAZT. olsk Zo] N R NE ALY o
FE AYAZAE Wl Ur A HFE 257 Ale] k. o]9k o] MWEE
BIRA22RE OA A SAMol dE Wgoz BWaAste 7Rl
23 2 AFaFTS 12389 £4 5 molA Fedn g g A
e ol Y9 ¢ HFzHozZ ALYt 4 5 m¥PH HoA
ANAANY BFEPEL T4AMol sigAF UGBt AT AdHA ¢
2 EE TFREY 9L 123 E FARYE JdA Ex2 AJdAd

o

F371€2(1992)0 J3tA & A AN HAES FFYH, Dw

2 0.26 mm&4A] Fine sandel®, ol& g HFYAd 3t 4] (5.2.10)
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g3 ARE A4 K& 07301tk o] gt Al A durE oz AL e
## ¥« dd(Komar and Inman, 1970). A4 K= Hanson and

Kraus(1989)7} AIQtg uke} o] K3=05K;& AHE-3l%h.

FEAlolE @ASALE AMEHI AAME /2 #F FFAEVL
gosdid. & d3AQaaE ogk 2 A7) AR} Y GEe EY)
37 (1984, 1985, 1986, 1987)0l M BT FHW 12 Adx Azs A
23 1983358 1986'd Atele] 71F & #Fe B} 67 m, F7] 13x 9
RFolAtk. o2RH AFEAFAVE 1A ALHHE £4 10 modA
Bi317F 72 m7F o o] & 4 (5211)9] H.E AL43d3 HAlolF @

AFdL 113 m2 AZHEY ol FARY Y JPRAER ALE3AG.

A4 AR AF 2 A4

to
02
lo
o
ol

529 AF7] A5kl 19939 109 132328 129 7Y7HA
o 9Y Y& % 17 km9 AL4 ARE AV B2 vz
o ANAHS} BEHAS Fig. 5410 AAFAG. o 2PN xZe

E3Y, y2e FAYEE VAT, A (x=0)d e 25D FART

< AH83tglen, x=1,700 m AYAME Fig. 541604 & 4 Axo] 3¢
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49 4zt A9 gl e 1y AAzAE ASAAT. FEY F3

CE
g HejA 108elt o4ts) TIE Rold HGMHol 128 BTG A
2 AsdRT. TG ALATRE ol 2L NAR AHE AYAR 2
AT x=500-700 m AtolalAE 129 st BEAG ANA A

BAl REE(x=0-500 m)ol e BEAE BE o sPFel Thae

2 NP AFL Rolsle AAD AVAI} BEA W 10-15 m 5
® Aoz UEIT. Zdu x=800-1,000 m AelajAE olst w2 A
437 #EARG F 15 m AE AVFE Po2 uysdt.  @w
x=1,000-1,700 m FFeAM = 109 3t ZFE Bold FgMo] 12
YolE EF BFo2 WW AL L F Uow 1289 BIA G AL
7t 3P R AP @ 4 A AAHez B o AN A}
BEHo2 kel Ao]E BT HAY WA UM WH FPS
2 Yo A

2. 2¥e Hg

EGALALTVH1989)8) RuMel 9Hd =W WEYx o
FozH FYUAE WA PhA ToH YEOD o 200 m AE A7
ST WA PAA PGB o 450 m AE S AMel Pol 9 200 m
EAE 4A%E ¢ AT, o AL G SATES X3
€ A4, FURAT 4F3%E A%, 1A SAS BoA 43S g4 4
Adte A$¢ S dstd & s} o] 2y FIA e ALgAAD
BFzAE W A$se APY WS AN,
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Age HAFE AL Fig. 54204 B & Axo] 4 3=
o A% F4ol WAY Aoz dAdu. Y SAYS WY WA
Atels] sigte AY WMt g Ao AVYYL. EFAE YASHA ¥n
S FUYAAALE 200 m AF3= A$de Fig. 54344 8 £ AR
o]l HAH Wt AL BVASA ¥ Qo2 Y. ot o A9
FA BFol BA AGel $As A4 HHAS FFE AN E &
3 e Aoz 2y, JW A MY FUvA A% A
AANGE A9 ALH WHE Fig. 5449 AAGFQEY o] ASLE F
HADE AFsE ALY Ao Aol HolA Yo} BAY AR A9
gt AE ¢ & Ak, Y B AL BA HFL e F Rol
7] Mg FEALY HFo] $AY E-sAld NAME o EAIL oW
ETE MUK HAA Yorpz B ANARVOE o BAY AW EE
Ax oRE B =@

A543 ZAE 9 E9

Suh and Hardaway(1994)e] o3 7i¢d 3fidd AF FARFS F
48 F8Y FF % 1.7 km AGoA 19939 10€ 13¢FH 129 7¢
74X <F 2709zt EgA W E AT, 239 AL A BEFA
st A7 FREAHOR e AolE Ko7k AT AWEAQA A
W3 S 2 vl ASe € 5 XY B FARIS EF¥AW
ASF LA (19890l AAF FUY fEFA WAMNFLAAE A W
SA oM FFo2 o 200 m A= AF3D A PAA FE
450 m B3E S APl "ol 9 200 mel EAE HAA 3 ) Wit
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A4d A3 FAdE FUY FURAVL AFFOTH 283 o] A
o HIAFE H2HY 4 den Ao JPe AX Y noz
gath 22U 2 AN BA HFL PR B Aoy WEC UGE
ALY stgo) $AF 2-sA RAMNE o BAF} o EHE nAX
GAA) Fom2 B ANZAVOE o BAY AW FE HX oRE @
B371e 2asich webd o gAtd W AAE YAS JAE A
A 19 ol4e) A% FFBEH AW ALY WG BEo] s oo}
¥ Aoz Amdg
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A6 AE 2L E9

QT v E J3 AFd 2= Yn AAHFFAY FAHQ
g MEIAYG NP 4UE AT, O A5 He e JAgas
71€& MLdte], Tt Fa Pute] P B FANY $Y& 9@
ZN1ZARE AFTH7] A FHoz AN B dFdAe a7y $
AEFAY S T el v FdHoz AYPsn HzH HA o8
T AE A8, 494 R WE4E 22 ¥ £2P 2 AL W F

< FAW BAAdME BATE 539 oA ZF REYW A7
e 28 2 ¥F Y AU A F3 st

¥ AFdAME F0aE R Hdude dAd BEAS g ode 9
T AYATE 8 AFAES FARIAPY YA € VERYYVL
BREE ALY FHUYoR HAHALH, AJAYLAL S AL
XR3E FUY R ALE VIERYHYe 2 HNPHQAon, od ©E
AZEFL 2934 2A SAS 8A 24 284 43 AT, BERYR
< @57 23, 7%, d¢H, 6% FF 2 FASF, R{A A
R AAHAE AFH FToldd. FF 3" dAARE FAF A= A
ABS AR FARYE 49 2 A3 A8 Jy= =3 Fsva 24 3
HE A2 2a=fod, E’%és}%dﬁl 435 B34 vin, AAA v, o
A3 71Ee] Aug vn FESAYG. 23U Z @F73e] F1, BE7
T T8 qFo] vm A8 AFHYo| ARAHY BE2FEze] {7 3§
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¥ 2 Ry 45 BANL FRAVNE ALY, oA HRATE &
AZY 539 QF EE REA 22 54 AF FAY B WadH
o, QNAES) AN HP =G 27U

AAY HAEHHBo|F IS AH3] AY, dF3r] dAANE A%
o HEHE B ATH dF T A4Ao) WEHog, £F A9y §
FHEL 34493 F2E JIAT Yermz, od wd 3349 FINRY,
WINC3D(3-Dimensional Wave Induced Nearshore Circulation Model), 4
o FHL FRon, HgHoz A LE V|EY 249 FARY,
WINC2DE 73, g3t <39 disfs 23 A 338, 5 &
FUY HFE(Wave Transformation Module), HFHF HE¥(Current
Module), 18l G {Ford BEE(Turbulence Closure Module)o 2 JTAH
4. B ATdAME 339 FARYY A5 HF FEN @F0H 2y £
d F3E FAD. AZEIY FE ANL 943 £x2Y, HCORDE ¢
TR A FH APAE ALE QA NFHE 0g ARE
Aoy, o] FARYL Qoo WAE S 13T & AE F USFE HEA
R 2 AANAE BEF8a, e HAAAA L 22 AL HFo) &
THE T A5 FEHY FFFHA AZde BA ARen, o4 @
B AFdAE 33 FARYLT A8 2449 H5eP FARFAA9
GFEY AJFELS 2d2 ALsHAY. A 2349 499 AFcE 5
ARYPe] AS F£A2Y WINC2DE Besla BaTe 7|22y gve =
Wid 2YES $9 H83d, 25T ¢ AR E Adew, 1 LAY 2
AL FAadt. 33 2yY¥e] AS, AAHFHEo| T} FH3A 3
AR BAAZ F2AM {4 £X7 v FR3J22 B AFqMe 7
AAE e DARE V7L Agse] AAA ZHAMY TS

¢

—288—



FFAAT. E=T AZARE £017] 93 a2 ALHRL HAE A3
AR ZIHE AEdgen, ASH#AFE QALY FHolF R 3L
o 3@AR WrAew, 4z ALARC A Az S dRe
A71Y-& AHE3AT. AL SAde LAY FEALYPE, FHAF
@A+ Angled Derivative Scheme2, 2831 $£H 4 GAd e 43 &+
FAEYE ALY =T B FH 544 AR AAZIASFE A
71 A8 1334 2 2-4A44 RIS FHNALH, dFnF
239 Yed 54 L FIASFY HE FL %o 34 233} Ex=2
457 tFsln W3 A8 5 AE 93 329 3 2 ¥ (point model)&
338, F8E FARYLT FURIAIF vade AR BHY
g AFRE AU 2dY AARNYY AL} e 2 PEA, AFA
2 FAALE 27 ddMe oezE BE £33 ¢ Rgo dad9,
53] oA gge g ouA A, dH A4 T 8¢ 0F
¥ BAzA L AEYSF T A FALAY F o] FALE AA9 FY
g B 23 olE 5% EAAYY AR 5 =F Fo v AF
o A7 7€

E A7 23N MR F8FT FEQ AAHAE)F A+Y BT,
Fa¢e HAHHEC] QA7 E AHAHAE Y] REA WFE &F
F 2 o5, F EF A& uts} o] 3x4FH F=2E JMAL e
22 HAHAE o5F FFH A&} F2F odE AAME 3A4LF
- A7t Ao, waA 27 334 AAHAZ)ET FARYE £H
qov] ol W WA AFF ALET A A4 YIS E BSARE
o] g3l T3 olF HLdHUT. B FARYLS A9 A FHE3}7
HIJEE AFF 4 /YL ALSdA e, AWMLY Ak 3 AE
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A8 3EAZ Uro AL ¥ ARG F, 44 AP R oF
gAEe $HYL2, #% oF At FYHLE, 2¥9n £% &4 @A
t FAYE AT FARYY FBAEE FEN] A9 43 1A
4] HAY P olF A Y HAHS Hlw FE}ZHew, 2 AR
333 #88E M E FEE A4S 1P AN AG. = B QA
T JIERYYUNA FHYe A Ui ARHENA JHAHAHE
F HAANPARE v A F2YPA AEE & (G o) A} =YL
A5E ¢ dFA8Y FREAYE IR EFHL A4¢ AH8de R
# A=A Aoz wddg. Iy AAHF FARIFH el o WEA,
A4 2 BAGE =17l AdMEe FoEE FEH ATE 5 74
2 B} Wadn, FEY ERAVZARE o4 A7A BIZF
9 =24 3 AAe] WRs3dY.

v Yol G AQd Arte ZIA HIPFH LT 43l
U gAY XY, ILINES FHAHEAS AHS3le O L84S
FAANRLT, olg AR HE3d FAZARE o83l E4H
d W3 AT, XFAGHLI T AYF AYAd NAAME A3}
2. FA HRFAR WA AL AAGE 2 FEAAEL AFse
A fe2x FEI o AQ HAUFE HAHAL = Qon, EA9
¥ A 4L Aoz Yyeuyd. o A4 Ade dAZR 4448 2
Fot AR} O HEAHL AFE 5 ANen, 2 84S FI¥ 4+ A
RN

BEETE 539 AL £ 599 FARYY FH8E Fo BAT
g JIERYYNA FUY REAHOT ALFH Ay A AYSQA 9
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o FF WuA AF 2 A9 Fze FHY L A2HY ¥ A E
Y 2 AAUYIALLE ALY & AL Aoz FAHA HtE ¥ 5 AN
g B2AFY FL ZFHo ¥k vfjE L HAHUIY AAE EHEE, 2
HAE vlAE7] AF toold AL F, VA FARY S AT FHolAE
2o BE AP JHE 22 23 T HEAHL e FARY
€ FYdgdn ¥ £ U ady ez Rd JHY, 484 %
AARE )7 AT FEF AT E HAE 3}y EF 0JEL R71HL=
ddsd AAgde A7 a7dH.
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Table A22.1 Characteristics of wave data observed in Chukpyon harbor

during continuous measurement(FW, 1993).

SITE : CHUKPYON(FW) OCT, 1993
Time Hs Tp T: Hoex Hms His Toax T THu 6 S
m) (s) () (m) (m) (m (s) (s) (s) () ()
12D 18H 0.46 6.02 4.24 0.77 0.33 0.46 9.09 6.10 5.03 60.1 48.8
12D 21H 0.41 6.28 4.63 0.61 0.29 0.41 9.23 6.71 5.82 61.5 36.7
13D OH 0.35 6.255.02 0.56 0.25 0.35 10.02 7.12 6.26 43.9 41.9
13D 3H 0.36 7.04 4.89 0.57 0.25 0.35 10.36 6.83 5.67 67.3 37.6
13D 6H 0.34 7.10 4.80 0.58 0.24 0.33 8.79 6.70 5.80 54.2 37.3
13D 9H 0.46 2.99 3.54 0.68 0.34 0.47 8.27 4.84 3.87 9.0 24.2
13D 12H 1.03 4.78 4.23 1.77 0.73 1.02 7.21 5.17 4.60 2.3 18.1
13D 15H 0.71 3.44 3.66 1.18 0.53 0.74 6.85 4.64 3.99 20.1 25.0
13D 18H 1.66 6.27 5.12 2.97 1.16 1,63 8.86 6.74 6.00 22.5 22.5
13D 21H 1.84 8.17 5.81 3.84 1.27 1.79 10.90 8.11 7.24 19.5 19.0
14D OH 1.86 9.72 6.29 3.17 1.27 1.80 10.82 8.53 7.62 18.1 11.6
14D 3H 1.62 9.63 5.92 2.78 1.12 1,58 12.08 8.36 7.42 21.1 15.3
14D 6H 1.35 6.02 5.13 2.12 0.93 1.30 11.02 6.81 6.03 49.8 28.7
14D 9H 1.44 6.48 5.10 2.38 0.99 1.39 9.30 6.78 6.07 31.3 26.8
14D 12H 1.54 5.63 471 2.731.08 1.51 8.53 6.03 5.33 61.2 29.0
14D 15H 1.22 6.54 4.59 2,07 0.88 1.19 8.46 6.16 5.44 33.0 34.3
14D 18H 0.91 6.06 4.48 1.49 0.65 0.91 8.18 5.90 5.22 49.3 35.0
14D 21H 0.92 6.01 4.44 1.34 0.65 0.90 7.78 5.82 5.12 55.4 40.8
15D OH 1.41 6.255.19 2.371.00 1.37 9.34 6.62 5.90 46.7 23.3
15D 3H 1.02 6.02 4.75 1.850.71 0,99 8.155.935.32 63.8 35.7
15D 6H 0.77 4.92 4.47 1.28 0.55 0.77 7.94 5.63 5.08 77.7 37.1
15D 9H 0.61 5.24 4.47 0.97 0.43 0.59 7.97 5.65 4,94 77.0 41.8
15D 12H 0.63 5.63 4.89 1.10 0.46 0.63 9.28 6.03 5.34 84.3 30.7
15D 15H 0.74 4.93 3.62 1.42 0.55 0.75 8.04 4.78 3.97 66.6 37.5
15D 18H 0.83 3.94 3.63 1.41 0.62 0.84 7.15 4.61 3.93 118.3 25.1
15D 21H 0.53 3.29 3.86 0.85 0.40 0.54 8.26 4.93 4.22 95.3 35.4
16D OH 0.45 3.86 4.08 0.83 0.33 0.45 8.93 5.56 4.69 88.0 32.9
16D 3H 0.43 9.62 4.32 0.72 0.31 0.43 9.19 5.87 4.82 100.8 33.8
16D 6H 0.36 4.64 4.28 0.69 0.26 0.36 9.88 5.71 4.81 95.0 48.8
16D 9H 0.33 8.58 4.13 0.54 0.24 0.33 10.14 6.09 4.86 52.3 23.3
16D 12H 0.36 4.49 3.90 0.76 0.27 0.37 8.03 5.18 4.46 29.2 34.7
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Table A22.1 (Cont'd).
SITE : CHUKPYON(FW) NOV. 1993
Time Hs Tp T: Hmax Hrms Hl/3 Tmax T1/3 TH;/; 0 S
(m) () (8) (m) (m) (m (s) () (s) (7)) (°)
29D 14H 0.39 7.09 5.28 0.62 0.27 0.37 10,55 7.35 6.43 34.0 35.7
29D 17H 0.39 6.83 5.16 0.73 0.27 0.38 10.10 7.22 6.23 29.7 34.7
29D 20H 0.39 7.08 5.08 0.59 0.28 0.38 10,40 7.02 5.84 46.1 32.3
29D 23H 0.38 6.23 5.05 0.70 0.23 0.38 10.42 6.92 6.03 35.1 30.9
30D 2H 0.38 5.60 4.82 0.73 0.27 0.37 9.96 6.46 5.45 31.2 33.3
30D 5H 0.37 5.27 4.82 0.57 0.26 0.37 9.84 6.72 5.85 37.8 30.0
30D 8H 0.39 7.76 4.81 0.58 0.27 0.38 9.58 6.93 5.76 39.5 37.3
30D 11H 0.48 7.12 5.44 0.74 0.34 0.47 9,85 7.46 6.38 31.9 34.7
30D 14H 0.54 6.29 5.44 0.80 0.38 0.52 9.67 7.04 6.10 30.5 28.1
30D 17H 0.54 6.055.26 0.93 0.38 0.53 10.81 6.69 5.91 32,3 21.9
30D 20H 0.51 5.62 4.05 0.81 0.37 0.51 8.51 5.68 4.80 30.3 35.7
30D 23H 0.83 4.38 4.08 1.37 0.60 0.82 7.42 5.17 4.49 24.9 29.2
SITE : CHUKPYON(FW) DEC. 1993
Time Hs Tp Tz Hmax Hmu- Hl/3 Tmax Tl/3 THm [’} S
m) (s) (8) (m) (m) (m) (s) (s) () (°) ()
1D 2H 0.87 5.80 4.71 1.39 0.61 0.85 7.49 5.91 5.28 10.8 25.1
1D 5H 0.65 5.42 4.58 0.98 0.46 0.65 9.00 5.99 5.13 21.6 34.7
1D 8H 0.62 6.02 4.81 1.20 0.44 0.60 9.11 6.27 5.38 53.0 48.1
ID 11H 0.71 6.51 4.66 1.24 0.51 0.72 8.65 6.15 5.45 52.0 50.3
2D 14H 0.76 7.48 6.90 1.28 0.54 0,75 10.03 7.96 7.29 25.1 20.1
2D 17H 0.70 7.41 4.89 1.17 0.49 0.68 9.21 7.356.29 31.5 27.8
2D 20H 0.68 7.41 5,36 1.07 0.49 0.67 8.856.956.12 25.7 26.3
2D 23H 0.60 5.08 4.44 0.95 0.450.62 9.46 6.105.29 3.2 19.7
3D 2H 0.42 8.17 6.01 0.84 0.31 0.42 10.47 7.29 6.29 34.1 36.7
3D 5H 0.49 6.78 6.06 0.81 0.34 0.48 9.31 7.57 6.73 4.8 16.5
3D 84 1.07 7.07 6.33 1.92 0.76 1.06 10.67 7.79 6.67 9.0 17.7
3D 11H 1.24 7.426.25 1.79 0.87 1.24 9.81 7,57 6.77 12.6 18.9
3D 17H 1.45 10,27 7.09 2.13 1,02 1.42 11.88 9.82 8.62 29.1 23.7
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Table A222 Characteristics of wave data observed in Chukpyon harbor
during simultaneous measurement(WW1, 1993).
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Table A222 (Cont'd).

CHUKPYON(WW1) DEC. 1993

SITE :

H max H s Hizs Tmax T1/3 THW

T, T:
(s)
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Time

(

)
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(s)

(m)
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(Cont'd).

Table A2.22

DEC. 1993

CHUKPYON(WW1)

SITE :

Hmax H s H1/3 Toax T TH:/s
(m) (m)

T, T:
(s)
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Time

(")

)

(s)

(s)
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(s)

(m)
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DEC. 1993

Hmax Hm-;s Hl/s Tmax TI/B THv;

during simultaneous measurement(Ww2, 1993).
Te T-:

CHUKPYON(WW2)
H,

Time

Table A2.2.3 Characteristics of wave data observed in Chukpyon harbor
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(Cont'd).

Table A2.2.3

DEC. 1993

CHUKPYON(WW2)
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Table A224 Characteristics of wave data observed in Chukpyon harbor
during simultaneous measurement(WW3, 1993)

DEC. 1993

CHUKPYON(WW3)
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(Cont'd).

Table A22.4

DEC. 1993

CHUKPYON(WW3)

SITE :

0

Hmax Hms Hiys Tmax Tl/3 THw

Hs T, T:

Time

(

(s) °)

(s)

(m) (s)

(s) (s) (m) (m)

(m)
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Table A2.25 Characteristics of wave data observed in Chukpyon harbor
during simultaneous measurement(SW1, 1994).

CHUKPYON(SW1) APR. 1994

SITE :
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(Cont'd).

Table A225

APR. 1994

CHUKPYON(SW1)

SITE :

Hupax H s Hys Toax Ts THva
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APR. 1994
m (s) (s () (7) (°
103.5 19.3

Huax Hms His Toax Tis ThHi

(m) (m)

(s)

T:

Ty

(s)

during simultaneous measurement(SW2, 1994).
0.70 5.61 4.60 0.99 0.50 0.67 7.66 5.89 5.21

CHUKPYON(SW2)
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(m)

Time

22D OH

Table A226 Characteristics of wave data observed in Chukpyon harbor
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Table A2.26

APR. 1994

CHUKPYON(SW2)

SITE :
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