daymfeatusansmdns

aHalt
L

AIAHUIN ED

- L4

Rearuiirdu-tias (Tide)



dayaifienduaynsaans

. ¥F ¥
UUIIU-UIAS (Tide)

L

dayaiien

Fnwnzintu-riacludameiauiundunezuzfivsngnsaladreadeny
dnwazvingu-inefiganficeean  Jedmduussion Semi-diumal Tide poRUIznau
(Tidal components) ﬁmuaué’nwmzmiﬁrumﬁ 4 9aAdsznaunan Aa K, -Tide, O,-
Tide, M,-Tide Waz S,-Tide 91nuan1sUufinanwszauidu-vrassedalug 1w 3

[V ¢
A3d ik

asaf 1 tudinszauintu-inassedi luedasamuiuaa 7 u dletud
17-24  fiweew 2542  welflunsiwindnuwaszasnawiniu-nasiing e
41 mwgaﬂﬁ'u (Tidal height) uazyNIWe (Phase)

AsaT 2 DuiinsziuiEw-vnasedludareiwiuiar 3 Wemsie
sautayaludiniiene (Neap tide) Tngasvimdsimifudoyaniouanussan 4 Haw
wiaussuim Tul 12-14 unsiAn 2543

AseR 3 Tuiinszautiiiu-iaesedlnedasetwiune 3w feasn
soudoyalugininiia (Spring tide) Tagasimdsannifiusanansiusnuszann 4 (Hou
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Tidal Tidal Perlod Feature | Type
Component (hours)
K, -Tide 23.9346 Luni-solar declination diurnal tide : Diurnal Tide
0,-Tide 25.8194 Lunar declination diurnal tide : Diurnal Tide
M,-Tide 12.4206 Lunar declination semi-diurnal tide . Semi-diurnal Tide

S,-Tide 12.0000 Solar diurnal tide : Semi-diurnal Tide
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Tidal Tidal Amplitude Phase Tidal Period:
Component (cm) (degree) (hours)
K,-Tide 7.53 286 23.9346
0, -Tide 11.50 207 25.8194
M, -Tide 23.07 289 12.42006
S,-Tide 4.90 30 12.0000
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Compound Tides 110 4 ¥#a (fAMAUUSzITN 3 B9 8 falng) uazAgwiiiu-nasiia
Long Period Tide 119 5 #ifia (fldnAuuszann 300 fe 9000 #law) asdUsznausig 7
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guwlaun asfUsznauvian 4 A2 leiun M,, S,, K, uaz O, HAwWIuanu 12.42
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waziiu-vae (Tide) Watwdunsnsvinnedluradiendwiat 15 Tu eld
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uifwudendasiuialildiiistuminin Taewuin Adisiufagegs (Moximum tidal
height) Alenmsdisialudas 7 T SAWIAY 0.815 wms dIwAdiufngoged
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No Date Time Tidal Elevation | Tidal Elevation Remark
{from B_ottom m {MSL : m)
1 2-Jan-01 15.00 7.40 0.15 -
2 2-Jan-0Q1 16.00 7.35 0.10 -
3 2-Jan-01 17.00 7.30 0.05 -
4 2-Jan-01 18.00 7.27 0.02 -
5 2-Jan-01 19.00 7.26 0.01 -
3] 2-Jan-01 20.00 7.25 0.00 -
7 2-Jan-01 21.00 7.26 0.01 -
8 2-Jan-01 22.00 7.32 0.07 -
9 2-Jan-01 23.00 7.25 0.00 -
10 3-Jan-01 00.00 7.28 0.03 -
11 3-Jan-01 01.00 7.38 0.13 -
12 3-Jan-01 02.00 7.42 0.17 -
13 3-Jan-01 03.00 7.39 0.14 -
14 3-Jan-01 04.00 7.28 0.03 -
15 3-Jan-01 05.00 7.16 -0.09 -
16 3-Jan-01 06.00 7.15 -0.10 -
17 3-Jan-01 07.00 7.10 -0.15 -
18 3-Jan-01 08.00 7.06 -0.19 -
19 3-Jan-01 09.00 7.05 0.20 -
20 3-Jan-01 10.00 7.1 -0.14 -
21 3-Jan-01 11.00 7.15 -0.10 -
22 3-Jan-01 12.00 7.18 -0.07 -
23 3-Jan-01 13.00 7.27 0.02 -
24 3-Jan-01 14.00 7.31 0.06 -
25 3-Jan-01 15.00 7.39 0.14 -
26 3-Jan-01 16.00 7.42 0.17 -
27 3-Jan-01 17.00 7.39 0.14 -
28 3-Jan-01 18.00 7.28 0.03 -
29 3-Jan-01 19.00 7.27 0.02 -
30 3-Jan-01 20.00 7.25 0.00 -
31 3-Jan-01 21.00 7.22 -0.03 -
32 3-Jan-M 22.00 7.20 -0.05 -
33 3-Jan-01 23.00 7.22 -0.03 -
34 4-Jan-01 00.00 7.25 0.00 -
35 4-Jan-01 01.00 7.30 0.05 -
36 4-Jan-01 02.00 7.38 0.13 -
37 4-Jan-01 03.00 7.39 0.14 -
38 4-Jan-01 04.00 7.30 0.05 -
38 4-Jan-01 05.00 7.21 -0.04 -
40 4-Jan-01 06.00 7.16 .09 -
41 4-Jan-01 07.00 7.12 -0.13 -
42 4-Jan-01 08.00 7.06 -0.19 -
43 4-Jan-01 09.00 7.05 .20 -
44 4-Jan-01 10.00 7.12 .13 -
45 4-Jan-01 11.00 7.18 -0.07 -
46 4-Jan-01 12.00 7.20 -0.05 -
47 4-Jan-01 13.00 7.30 0.05 -
48 4-Jan-01 14.00 7.28 0.03 -
49 4-Jan-01 15.00 7.35 0.10 -
50 4-Jan-01 16.00 7.41 0.16 -
51 4-Jan-01 17.00 7.38 0.13 -
52 4-Jan-01 18.00 7.39 0.14 -
53 4-Jan-01 19.00 7.26 0.0 -
54 4-Jan-01 20.00 7.28 0.03 -
55 4-Jan-01 21.00 7.25 0.00 -
56 4-Jan-01 22.00 7.15 -0.10 -
57 4-Jan-01 23.00 7.18 -0.07 -
58 5-Jan-01 00.00 7.25 0.00 -
59 5-Jan-01 01.00 7.28 0.03 -
60 5-Jan-01 02.00 7.30 0.05 -
61 5-Jan-01 03.00 7.28 0.03 -




. «f - -
FoyaiigriuaymsAInng

#1579 £5.3 fayassauviigeilisnessuz (sa)

62 5-Jan-01 04.00 7.26 0.01
63 5-Jan-01 05.00 7.28 0.03
64 5-Jan-01 06.00 7.20 -0.05
65 5-Jan-01 07.00 7.16 -0.09
66 5-Jan-01 08.00 7.14 -0.11
67 5-Jan-01 09.00 7.16 -0.09
68 5-Jan-01 10.00 7.04 0.21
69 5-Jan-01 11.00 7.04 -0.21
70 5-Jan-01 12.00 7.16 -0.09
71 5-Jan-01 13.00 7.16 -0.09
72 5-Jan-01 14.00 7.28 0.03
73 5-Jan-01 15.00 7.28 0.03
74 5-Jan-01 16.00 7.39 0.14
75 5-Jan-01 17.00 7.38 0.13
76 5-Jan-01 18.00 7.41 0.16
77 5-Jan-01 19.00 7.39 0.14
78 5-Jan-01 20.00 7.28 0.03
79 5-Jan-01 21.00 7.24 -0.01
| BD 5-Jan-01 22.00 7.18 -0.07
81 5-Jan-01 23.00 7.16 -0.09
82 B-Jan-01 00.00 7.15 -0.10
83 6-Jan-01 01.00 7.18 -0.07
84 &-Jan-01 02.00 7.16 -0.09
85 6-Jan-01 03.00 7.28 0.03
a5 6-Jan-01 04.00 7.28 0.03
a7 6-Jan-01 05.00 7.25 0.00
88 6-Jan-01 06.00 7.28 0.03
89 6-Jan-01 07.00 7.28 0.03
90 6-Jan-01 08.00 7.24 -0.01
91 6-Jan-01 09.00 7.18 -0.07
92 6-Jan-0t 10.00 7.12 -0.13
93 6-Jan-01 11.00 7.04 -0.21
94 6-Jan-01 12.00 7.04 -0.21
95 6-Jan-01 13.00 7.12 -0.13
96 6-Jan-01 14,00 7.16 -0.09
97 6-Jan-01 1500 7.25 0.00
98 6-Jan-01 16.00 1.39 0.14
99 6-Jan-01 17.00 7.41 0.16
100 6-Jan-01 18.00 7.52 0.27
101 6-Jan-01 19.00 7.51 0.26
102 6-Jan-01 20.00 7.39 0.14
103 6-Jan-01 21.00 7.39 0.14
104 6-Jan-01 22.00 7.28 0.03
105 6-Jan-01 23.00 7.16 -0.08
106 7-Jan-01t 00.00 7.04 -0.21
107 7-Jan-01 01.00 7.02 -0.23
108 7-Jan-01 02.00 7.04 -0.21
109 7-Jan-01 03.00 7.08 017
110 7-Jan-01 04.00 7.18 -0.09
111 7-Jan-01 05.00 7.17 -0.08
112 7-Jan-01 06.00 7.28 0.03
113 7-Jan-01 07.00 7.39 0.14
114 7-Jan-0t 08.00 7.28 0.03
115 7-Jan-01 09.00 7.28 0.03
116 7-Jan-01 10.00 7.16 -0.09
117 7-Jan-01 11.00 7.14 -0.11
118 7-Jan-01 12.00 7.04 -0.21
119 7-Jan-01 13.00 7.04 -0.21
120 7-Jan-01 14,00 7.16 -0.09
121. 7-Jan-01 15.00 7.16 -0.09
122 7-Jan-01 16.00 7.28 0.03
123 7-Jan-01 17.00 7.39 0.14
124 7-Jan-01 18.00 7.50 0.25
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125 7-Jan-01 18.00 7.562 0.27 -
126 7-Jan-01 20.00 7.62 027 -
127 7-Jan-01 21.00 7.51 0.26 -
128 7-Jan-01 22.00 7.39 0.14 -
128 7-Jan-01 23.00 7.16 -0.09 -
130 8-Jan-01 00.00 7.04 -0.21 -
131 8-Jan-01 01.00 6.93 -0.32 -
132 8-Jan-O1 02.00 6.93 -0.32 -
133 8-Jan-01 03.00 7.04 -0.21 -
134 8-Jan-01 04.00 7.04 -0.21 -
135 8-Jan-01 05.00 7,16 -0.09 -
136 8-Jan-01 06.00 7,28 0.03 -
137 8-Jan-01 07.00 7.38 0.13 -
138 8-Jan-01 08.00 7.40 0.15 -
139 8-Jan-01 09.00 7.38 0.13 -
140 8-Jan-01 10.00 7.28 0.03 -
141 8-Jan-01 11.00 7.16 -0.09 -
142 8-Jan-01 12.00 716 -0.09 -
143 8-Jan-01 13.00 7.04 -0.21 -
144 8-Jan-01 14.00 7.04 -0.21 -
145 8-Jan-01 15.00 7.16 0.09 -
146 8-Jan-01 16.00 7.28 0.03 -
147 8-Jan-01 17.00 7.28 0.03 -
148 8-Jan-01 18.00 7.39 0.14 -
149 8-Jan-01 19.00 7.50 0.25 -
150 8-Jan-01 20.00 7.52 0.27 -
151 8-Jan-01 21.00 7.48 0.23 -
152 8-Jan-01 22.00 7.51 0.26 -
153 8-Jan-01 23.00 7.28 0.03 -
154 9-Jan-01 00.00 7.16 -0.09 -
155 g-Jan-01 01.00 7.04 -0.21 -
156 9-Jan-01 02.00 6.93 -0.32 -
157 9-Jan-01 03.00 6.90 -0.35 -
158 9-Jan-01 04.00 6.93 -0.32 -
159 9-Jan-01 05.00 7.04 -0.21 -
160 9-Jan-01 06.00 7.16 -0.09 -
161 9-Jan-01 07.00 7.39 0.14 -
162 9-Jan-01 08.00 7.39 0.14 -
163 g-Jan-01 09.00 751 0.26 -
164 8-Jan-01 10.00 7.39 0.14 -
165 g-Jan-01 11.00 7.28 0.03 -
166 g-Jan-01 12.00 7.16 -0.08 -
167 9-Jan-01 13.00 7.04 -0.21 -
168 9-Jan-01 14.00 7.04 -0.21 -
169 9-Jan-01 15.00 7.04 -0.21 -
170 9-Jan-01 16.00 7.16 -0.09 -
171 9-Jan-01 17.00 7.28 0.03 -
172 9-Jan-01 18.00 7.39 0.14 -
173 9-Jan-01 19.00 7.39 0.14 -
174 9-Jan-01 20.00 7.51 0.26 -
175 9-Jan-01 21.00 7.62 0.37 -
176 9-Jan-01 22.00 7.62 0.37 -
177 9-Jan-01 23.00 7.51 0.26 -
178 10-Jan-01 00.00 7.28 0.03 -
178 10-Jan-01 01.00 7.04 -0.21 -
180 10-Jan-01 02.00 6.93 -0.32 -
181 10-Jan-01 03.00 6.93 -0.32 -
182 10-Jan-01 04.00 6.81 -0.44 -
183 10-Jan-01 05.00 6.93 -0.32 -
184 10-Jan-01 06.00 7.04 -0.21 -
185 10-Jan-01 07.00 7.28 0.03 -
186 10-Jan-01 08.00 7.39 0.14 -
187 10-Jan-01 09.00 7.51 0.26 -
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188 10-Jan-01 10.00 7.51 0.26
189 10-Jan-01 11.0C 7.39 0.14
190 10-Jan-01 12.00 728 0.03
191 10-Jan-01 13.00 7.16 -0.09
192 10-Jan-01 14.00 7.02 -0.23
183 10-Jan-01 15.00 7.05 -0.20
194 10-Jan-01 16.00 7.16 -0.09
195 10-Jan-01 17.00 7.16 -0.09
196 10-Jan-01 18.00 7.28 0.03
197 10-Jan-01 19.00 7.39 0.14
198 10-Jan-01 20.00 7.51 0.26
159 1C-Jan-01 21.00 7.51 0.26
200 10-Jan-01 22.00 7.62 0.37
201 10-Jan-01 23.00 7.63 0.38
202 11-Jan-01 00.00 7.62 0.37
203 11-Jan-01 01.00 7.39 0.14
204 11-Jan-01 02.00 7.16 -0.09
205 11-Jan-01 03.00 7.04 -0.21
206 11-Jan-01 04.00 6.93 -0.32
207 11-Jan-01 05.00 6.81 -0.44
208 11-Jan-01 06.00 6.81 -0.44
209 11-Jan-01 07.00 6.93 -0.32
210 11-Jan-01 08.00 7.16 -0.09
211 11-Jan-01 09.00 7.28 0.03
212 11-Jan-01 10.00 7.39 0.14
213 11-Jan-01 11.00 7.51 0.26
214 11-Jan-01 12.00 7.39 0.14
215 11-Jan-01 13.00 7.28 0.03
216 11-Jan-01 14.00 7186 -0.09
217 11-Jan-01 15.00 7.16 -0.09
218 11-Jan-01 16.00 7.14 -0.11
219 11-Jan-01 17.00 7.16 -0.09
220 11-Jan-01 18.00 717 -0.08
221 11-Jan-01 19.00 7.28 0.03
222 11-Jan-01 20.00 7.39 0.14
223 11-Jan-01 21.00 7.39 0.14
224 11-Jan-01 22.00 7.51 0.26
225 11-Jan-01 23.00 7.62 0.37
226 12-Jan-01 00.00 7.62 0.37
227 12-Jan-01 01.00 7.51 0.26
228 12-Jan-01 02.00 7.39 0.14
229 12-Jan-01 03.00 7.16 -0.09
230 12-Jan-01 04.00 6.93 -0.32
231 12-Jan-01 05.00 6.81 -0.44
232 12-Jan-01 06.00 6.81 -0.44
233 12-Jan-01 07.00 6.93 -0.32
234 12-Jan-01 08.00 7.04 -0.21
235 12-Jan-01 09.00 7.16 -0.09
236 12-Jan-01 10.00 7.28 0.03
237 12-Jan-01 11.00 7.39 0.14
238 12-Jan-01 12.00 7.51 0.26
239 12-Jan-01 13.00 7.39 0.14
240 12-Jan-01 14.00 7.28 0.03
241 12-Jan-01 15.00 7.16 -0.09
242 12-Jan-01 16.00 7.16 -0.09
243 12-Jan-01 17.00 7.16 -0.09
244 12-Jan-01 18.00 7.16 -0.09
245 12-Jan-01 19.00 7.28 0.03
246 12-Jan-01 20.00 7.28 0.03
247 12-Jan-01 21.00 7.39 0.14
248 12-Jan-01 22.00 7.51 0.26
248 12-Jan-01 23.00 7.62 0.37
250 13-Jan-01 00.00 7.62 0.37
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251 13-Jan-01 01.00 7.51 0.26 -
252 13-Jan-01 02.00 7.39 0.14 -
253 13-Jan-01 03.00 7.16 -0.09 -
254 13-Jan-01 04.00 £.93 -0.32 -
255 13-Jan-01 05.00 6.81 -0.44 -
256 13-Jan-01 06.00 6.81 -0.44 -
257 13-Jan-01 07.00 6.93 -0.32 -
258 13-Jan-01 08.00 7.04 -0.21 -
259 13-Jan-01 09.00 7.16 -0.08 -
260 13-Jan-01 10.00 7.28 0.03 -
261 13-Jan-01 11.00 7.39 0.14 -
262 13-Jan-01 12.00 7.51 0.26 -
263 13-Jan-01 13.00 7.39 0.14 -
264 13-Jan-01 14.00 7.28 0.03 -
265 13-Jan-01 15.00 7.16 -0.0% -
266 13-Jan-01 16.00 7.15 -0.10 -
267 13-Jan-01 17.00 7.18 -0.09 -
| 268 13-Jan-01 18.00 7.17 -0.08 -
269 13-Jan-01 19.00 7.25 0.00 -
270 13-Jan-01 20.00 7.28 0.03 -
271 13-Jan-01 21.00 7.39 0.14 -
272 13-Jan-01 22.00 7.51 0.26 -
273 13-Jan-01 23.00 7.62 0.37 -
274 14-Jan-01 00.60 7.62 0.37 -
275 14-Jan-01 01.60 7.62 0.37 -
276 14-Jan-01 02.00 7.51 0.26 -
277 14-Jan-01 03.00 7.28 0.03 -
278 14-Jan-01 04.00 7.04 -0.21 -
279 14-Jan-01 05.00 6.93 -0.32 -
280 14-Jan-01 06.00 6.93 -0.32 -
281 14-Jan-01 07.00 6.95 -0.30 -
282 14-Jan-01 08.00 6.93 -0.32 -
283 14-Jan-01 09.00 7.04 -0.21 -
284 14-Jan-01 10.00 7.16 -0.09 -
285 14-Jan-01 11.00 7.39 0.14 -
286 14-Jan-01 12.00 7.39 0.14 -
287 14-Jan-01 13.00 7.51 0.26 -
288 14-Jan-01 14.00 7.39 0.14 -
289 14-Jan-01 15.00 7.28 0.03 -
290 14-Jan-01 16.00 7.28 0.03 -
291 14-Jan-01 17.00 7.16 -0.09 -
292 14-Jan-01 18.00 7.16 -0.09 -
293 14-Jan-01 18.00 7.16 -0.09 -
284 14-Jan-01 20.00 7.28 0.03 -
285 14-Jan-01 21.00 7.28 0.03 -
296 14-Jan-01 22.00 7.39 0.14 -
297 14-Jan-01 23.00 7.51 0.26 -
298 15-Jan-01 00.00 7.62 0.37 -
299 15-Jan-01 01.00 7.62 0.37 -
300 15-Jan-01 02.00 7.62 0.37 -
301 15-Jan-01 03.00 7.39 0.14 -
302 15-Jan-01 04.00 7.28 0.03 -
303 15-Jan-01 05.00 7.04 -0.21 -
304 15-Jan-01 06.00 6.93 -0.32 -
305 15-Jan-01 07.00 6.95 -0.30 -
306 156-Jan-01 0B.00 6.93 -0.32 -
307 15-Jan-01 09.00 7.04 -0.21 -
308 15-Jan-01 10.00 7.04 -0.21 -
309 15-Jan-01 11.00 7.28 0.03 -
310 15-Jan-01 12.00 7.39 0.14 -
311 15-Jan-01 13.00 7.39 D.14 -
312 15-Jan-01 14.00 7.27 0.12 -
313 15-Jan-01 15.00 7.39 0.14 -
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314 15-Jan-01 16.00 7.39 0.14
315 15-Jan-01 17.00 7.28 0.03
3186 15-Jan-01 18.00 7.28 0.03
317 15-Jan-01 19.00 7.16 -0.09
318 15-Jan-01 20.00 7.16 -0.08
319 15-Jan-01 21.00 7.28 0.03
320 15-Jan-01 22.00 7.28 0.03
321 15-Jan-01 23.00 7.38 0.14
322 16-Jan-01 00.00 7.51 0.26
323 16-Jan-01 01.00 7.51 0.26
324 16-Jan-01 02.00 7.51 0.26
325 16-Jan-01 03.00 7.39 0.14
326 16-Jan-01 04.00 7.16 -0.09
327 16-Jan-01 05.00 7.04 -0.21
328 16-Jan-01 06.0C 6.93 -0.32
329 16-Jan-01 07.00 7.04 -0.21
330 16-Jan-01 08.00 6.93 -0.32
331 16-Jan-01 09.00 7.04 -0.21
332 16-Jan-01 10.00 7.04 -0.21
32 16-Jan-01 11.00 7.16 -0.09
334 16-Jan-01 12.00 7.28 0.03
335 16-Jan-01 13.00 7,39 0.14
336 16-Jan-01 14.00 7.38 0.14
337 16-Jan-01 15.00 7.35 0.10
338 16-Jan-01 16.00 7.39 0.14
339 16-Jan-01 17.00 7.39 0.14
340 16-Jan-01 18.00 7.28 0.03
341 16-Jan-01 19.00 7.28 0.03
342 16-Jan-01 20.00 7.16 -0.09
343 16-Jan-01 21.00 7.16 -0.09
344 16-Jan-01 22.00 7.28 0.03
345 16-Jan-01 23.00 7.28 0.03
348 17-Jan-01 00.00 7.39 0.14
347 17-Jan-01 01.00 7.39 0.14
348 17-Jan-01 02.00 7.5t 0.26
349 17-Jan-01 03.00 7.51 0.26
350 17-Jan-01 04.00 7.39 0.14
351 17-Jan-01 05.00 7.28 0.03
352 17-Jan-01 06.00 7.16 -0.09
353 17-Jan-01 07.00 7.04 -0.21
354 17-Jan-01 08.00 7.04 -0.21
355 17-Jan-01 09.00 7.04 -0.21
356 17-Jan-01 10.00 7.04 0.21
357 17-Jan-01 11.00 7.16 -0.08
358 17-Jan-01 12.00 7.16 -0.09
359 17-Jan-01 13.00 7.28 0.03
360 17-Jan-01 14.00 7.40 0.15
361 17-Jan-01 15.00 7.39 0.14
Max 7.63 0.38

Min 6.81 -0.44

Height 0.82 0.82

Avg 7.25 0.00
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Sieve No. and Sleve Opening

Station  Poaition #4 #8 #16 #30 #50 #100 #200 Pan  ANRABBIEIUNS (N,E)

475 mm 2.36mm 1.18mm 0.59wmm 0.297mm 0.14%mm 0.074mm 0.000mm

I MLWL 99.85  98.31 9204  77.81 21.24 1.37 0.01 0.00 (774450, 693600)

MsL 9532 9397 8830 65.03 9.75 062 0.01 0.00 (774150, 693300)

MHWL 9997 99,96 99.90 9826  30.91 1.02 0.03 0.00 (773980, 693100)

Depth 1.80 100.00 9897 9979  98.37 2582 053 0.04 0.00 (773980, 693100)

il MLWL 9989 9849  97.43 9650 8245 3.83 0.09 0.00  {773800, 694200)

MSL 97.30 8967 72.34 4075 1455 053 0.00 0.00  {773600, 693900)

MHWL 100.00 100.00 99.97 9935  24.83 0.36 0.00 000 (773350, 643300)

Depth 1.80 10000  998.99 9985  99.20  48.10 0.85 0.04 0.00 (773350 .683800)

0 MLWL 9056 9813 9376 8303  39.95 169 0.02 0.00 (773150 . 684950)
MSL 9992 9825 9075 5223  13.92 0.4 0.00 000 (772850, 634600)

MHWL 10000 9973 9846 9256  16.6C 1.19 0.10 0.00 (772650, 694400)

Depth 1.80 9985 9982 9958 9237  24.46 0.3¢ 001 0.00 (772650, 634400)

V- MLWL gg9.72  99.38 9835 9280  28.45 0.77 0.01 000 (772500 . 635600)
MsL 100.00 9980  98.82 9616  23.55 0.7 0.04 000 (772200 .685350)

MHWL 99.81 99 8" 99.75 9825  32.33 o072 003 000 (771980, 695180)

Depth 1.80  99.65  99.87 9979 99.06 4566 0.85 0.02 060 (771980 . 695180)

v MUWL 9948 9762 9204  77.87 3117 1.11 0.03 000 (771900, 606325)
MSL 100.00 9994 9861 97.99  35.12 0.66 0.01 000 (771600 .696010)

MHWL 100.00 ©9.99 9980  9B37 2855 052 0.00 0.00 (771290, 695820)

Depth 1.80 §9.34 9516 8888 8536  59.11 252 0.15 0.00 (771290, 695820)

VI MLWL 100.00 99.93 9902 9759  B8.77 6.24 0.22 0.00 (771220, 697020)
MSL 99.95 99.95 0057 8565 515 004 0.00 0.00 (770980, 636800)

MHWL, 98.99 §9.93 90.49 93.05  60.45 1.44 0.03 0.00 (770700, 696590)

Depth 1.80  99.90  99.77 9879 9172 3091 066 0.03 0.00 (770700, 696590)

Vil MLWL §9.79  99.05 96.22 9254  57.61 4.40 013 0.00 (770680, 697950)
MSL 100.00 9998  99.71 98.75  37.41 0.94 0.06 0.00 (770300, 697710)

MHWL 100.00 99.94 96.33 8375  46.51 2.00 0.07 0.00 (770080, 607480)

Depth 1.80 96.89 8897 9794 7150 10.13 0.26 0.01 000 (770080, 697480)

VIl MLWL 100.00 9858 98,33 9453  69.69 3.41 0.06 000 (770120, 698800)
MSL 100,00 90.64 0830 85.69 9.62 1.30 0.02 0.00 (768780, 698500)

MHW. 100.00 99.99 9958 9697 4255 0.96 0.02 000 (769670, 698420)

Depth 1.80 9970 9819  97.50 9557  56.12 2.43 0.07 0.00 (769670, 698420)

X MLWL 0e92  99.37 9659 8862 2559 0.63 0.02 0.00 (768690, 699650)
MSL 99.46 96.24 90.84  67.53 5.37 0.03 0.00 0.00 (769280, 639420)

MHWL 100.00  99.97  99.01 9558  50.76 112 0.03 0.00 (769025, 699275)

Depth 1.80 99.96 99.93 9872 0823  59.65 2.15 0.07 0.00 (769025, 699275)

% MLWL 99.73  99.19  96.21 83.85 55.75 4.94 0.21 0.00 (769170, 700420)

MSL 9913 9578 7332  36.82 5,23 0.07 0.00 0.00 (768720, 700200)

MHWL 10000 9980 98.16 06.16  79.07 0.97 0.05 0.00 (768520, 700180)

Depth 1.80  99.63  99.01 9532 B7.66  31.02 1.15 0.03 000 (768520, 700180)

NHIEBNG D MSL = Mean sea level . MHWL = Mean highest water level ; Mean Lowest water level
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nsirsizidayaneaiminssaedslaglduuuinandamans

Tndanzaanisiiasnzidayanitsiwirmanssugnetds  Aezldlunisuszifiveag
nsznuewandandeilsiiinainnisevediitglunza  lauwdsnsAwimeaniu 3

VNIANAN AR

(1) anwuzraAnUIIINYEHY (Nearshore wave characteristics)
(2) n1swewIRznawdetly (Coastal sediment transport)
(3) niafmLEzLaTNIINURNEI8HY (Coastal erosion and deposition)

B9 INNANIATWIMIUANIAAT T HAnwusAlfewwiAw  Aewnlunisha
ATwIun R wiAInssudneledelaiantsnfiszuensananinlsegredas: wdu
R s ] [=7 vdl A o o a =
nsAwIamsndsunAtalnlulafiesdaclddayafuniananisiinszilunaan
(2) sldlumsAawisalunanm (1) Uusn
nguuazanyigwialdlunisdiuan wianseandeanisAiwineneg
o = s 1] J
fiseazBenmine (U

NMSATHIUANEUEYBIAAUUIIINY8ElS (Nearshore wave characteristics)

wdsnnsfiusunndoyaaniwadiuan dnwuztesiomzia uazdnuuztas
prnaueneiiuds msUszaaauafiieadiuadn Ao madwInmILianARwAaNS
WANG? w%’auﬁv’wuﬁumﬁuﬂﬁu (Wave crest) nasviniuuwazaeils o uSnfindwin
msuands  isfeldlunisAmanuSnamainisimesuasnsiuongeds  Tnelu
nsAnwinstitazldnquirdufiifondn “lnear wave theory” vfiilasannnisAuan
maedsidwildinegunsnats Tasianizdmsunisdwanfiendy  “Aiudn”
(Short-wave) L TuIBASANHGINEBgluszAuRBansUlY  uaznsAnATwanTaigennn
wly

\arausnvamzadniadaniiinlndusiuneeils dnwnzyesrin idw A
gIAA%  TiAMnIaeaens waznszuainiifineinadn  Aezudsuuuasaaluiion
nazuImmTAsuuUaIAnvuzTaeAin (Wave transformation) Fausznaumae n1sides
WUPEIAAK NITRNIMZEIAAY uazmsasioutasadn sanfenszuiwnsirdausines
aamddifiaunt  nszummsmariaanseiesAwnlaRaenguiuasmanninie
FuNaRNERSE0IAAY (Wave mechanics) WATHEITUITENINZLEA9
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ANWMSFANY BDIRAUIMNSIARDUNLASAAUARTUNUIABIANT  dIHI90
= L”R " - s « 1 ar J
aSunalamIBAINFNRRS AN T AT

o o o
S MSIAdSUNYDIA[U

ann1snsipfawhtasAinlmiamasaiianaatwianiias (Mid slope)
L J o - et a1l
Teanatulpe Berkhoff [1976] HANNTNAWEIN

0 [CC a¢) (CC a‘é) +o ~—£¢ =0 (EB-1)
ox &x ) oy oy C

e x, y  ATIEzINUARIIBY ¥y UATWN® x NAIRINNR
Clx,y) Aamnnadindu(Wave Celerity) Fannlaain

C(x,y) = =

k
o AaANNILBINNEBIAEY (Angular Wave Frequency) enlmain
2r

g=—
T

k Ao ABIAILATEBIAAYK (Wave Number) Z9HAMNENA®S IwgU
= kg tanh(kh)
RaATUYDIAAW( Wave Period)

~

C AaRNITINGNEaIAAK(Group Velocity) Fanalaain

_ oo
£ ok
#(x,y) Aaveriduii3anit “Complex Velocity Potential”
g Aaarnaisadiasanawinliunaseaclan

(x,y) fapnudnuasiieniiin (x,y)

gm3uA gx,y) dMIURRULUL “Linear Wave” a1aiianisinguilorisu

L Tadannin

¢ =ae” (E8-2)
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¥ lAen

]
=

Wa  a(x,y) AeWeriduzasuanwdgnzosmdu (Wave Amplitude Function) #a

gH(x,_v)
20 .
H(x,y) Aampnngenasain(Wave Height)fifinm (x, y)

a =

s(x,y) AaWendusnanaaasniu(Wave Phase Function)

dunuAn @(x, y) 2nduns E8-1 adluannis £8-2 NazlAruduinsin

;1: g;‘f + ‘2; 24 (Cég )[Va.v(cq, b+ k2 =[vs* =0 (E8-3)
n3o azle9n

v{a*cC,Vs) =0 (E8-4)
Wa v AanisnssvirneRdremaniiisenit “Gradient”

dmIuAHINdwIaaNazaIAin N30 s(x,y) HAIHANAWSI
Vs =|Vs|cosd +|Vs|sing (E8-5)
WWa 7 uag 7 A LNEEIHIAIMIIEYaIRAN I IWLWILAK X WA y AINEIAU

NITANMIBIAANINARKEINITOAIWIM LAIINAANNTTA N8 Snell Falmun

sind  sind,

(E8-6)
C c,
o o o o ¥ = ‘4 YRV
Wa G, AedwrnuGimesrdnlmindn Helanduingin
T
C, =&
2T
g, AaynfiAAuANUIENNITIIAULNLE19E
6  FAenufisunialag
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) ' o i o ar ) & o )
dWAANINGIAEY H ANNE (x, y) 197 aziueugorasadwluingn (H, )

uasdnuszAnd 2 52 An k, uaz k, lmeRAANgIRAREIHITOMlRRAN

H =kik,H, (E8-7)

o o v & i a4 v ¥ & . . ]
Wa  k, Ae dWdssdndnisiafaufighguiin (Shoaling Coefficient) Bamn

i"' *llﬂ’Z
k., = |

h (1 + %] tan{kh)

o L & ~ ot . ; “
k, Ap dnuszdndnisaziawndu (Refraction Coefficient) Famlsann

{cosé’ﬂ }”2
kR =
cosé

o o o a » v & | a o4 o
Hardwadawid 1 lndnelan1nan  AIANKILLHIINEITHABKARLIAH
& “ w1 oa d a ' g o a wooa o o
NINTW AunsARIIgUIIUAEENIT “Surf Zone” FamAuazdvsiiARufiaintugs uaz
Iufigaaduiszuandauiaseinaadnganiriiansatanin  annrsdnwdeayalu

FWINLAZNITIASIEAEMgwinuIkewlarosnsuanslzesrdn azAnde
H, =0.78h (E8-8)

L&

[

H, =0.142L, tanh[ 2;@} (£8-9)

C‘ oy 9 P L™ o s "J‘
nTanlaned1ofs Komar Wwa Gaughan [1972] TAiananITNENAwSIwa

H, =k'g"*(TH?) (E8-10)

] t

A HALYANU 0.39

Ao A1ANUSEANE LS
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doyadunuaynsanad

ANATSTLTUSTE B0 1lIN 1WA NEIYAIAEY WANIINENNTST ES-8, EB-9 UaY
E8-10 Wa7 Hfnnateannis aNNITNANISIECENINATE R208719L8%

— §NANT789 Le Mehaute WAz Koh [1967] HATNEHARETN

-~1/4

H, =0.76H0(%J m'’ (E8-11)

0

~ ANN15289 Goda [1970] HAMNANWKE I

0

H, =0.17L, 1—exp{—1.5z}£—h(l+15m)“ ) (E8-12)

- ANN19E89 Weggel [1972] HATINANAWS T

hh,

H, = b (E8-13)
ab
1+ —
gT"
o a = 43.75|1- ]

wer L, AoAwemzasnAulwingn
m  ABAIHAIATUNDINGLE
h, Boanudnsani o ARiAfwLAns,
H, Famiugerasniu o qafinduuans
[, AaAnuenIAGu o Qﬂﬁﬂg%lmﬂﬁ’l
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[Wsunsumranmumasfidanld Ao RCPWAVE Model (Regional Coastal Process
Wave Model) Folddm3u AAntila “Linear Wave” Fomurznlag nsuvm1sgiezas
aLHanT (Department of the Army, U.S. Army Corps of Engineers) nsATwIneEYlne
nswdasannisnsirdawiisasniuiiaglusisas "Partial Differential Equations” il
“Finite Differential Equations” ud’uftqymilasnszuwn1enie “Numerical Solution”
Tusunsumsawinillgsunswmmsnagasaiios waneinazldsunisigavinaiuna
n1snaasdluiaslfuiBn1s (Laboratory experiments) Wa2 69lA3UN1IATVADLLINATS
Tdemadenulasenismiomziasuiaingnnatoure  noludszmasiadnuas uazln
UszmAdgiu deviunislalusunsn RCP WAVE Model Tumsansminsuduisiinge
Gy’
TunsAwnsuysiidedld (nput Data) Ustnausae 2 dau Ae
é’mﬂiqmﬁ 1 Wnandnuusidasnisasidmn fedsznause
o FIWINUATIWIATEINGA (Grids) firmun
o szFUTiRBINsATATWIN (8% HaTaIkITR-Yinae)
o Swmnsdl (Cases) rosRdufidosnisezdtwine wiondasdoulaza

NSEIA199 1w ANNGILATAIULBIARY NuaBIAaRlwEAN
e NITAIVANTIRUEAING (Output)

: e | . | - o A L oww o
Tusunsn RCP WAVE Model T#sumIasiagaud i lasinnisdanfuaifinaassuwissd juRnis mdildmasaadoudioy

+

a uou oY - ‘ N o .
nanTiATziiudayantdninmiTaluawn lrsawizlasimssuinlnagnaielasenis uu Duck Pier (1 Norh Carotina),
. o g oo o o =
Homer Spiit (71 Alaska) wana % Sofinmaldluwdszimadng Snanae u UssinAgyu UssinABuiiie UszinAiv uas
Uszmadulailide

dmivludsznalne Tasawmzluiuimaldgeisdnlng ﬁﬁ[ﬂwn'nﬁﬁmwi:qnﬁ'mwmnw RCP Wave Model lun13
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AN ive l“’;a\t “Coastal Erosion on East Coast of the Southern Peninsular” Md. Anisul Hug, 1990 (AIT Research)
Trsemsdnuide L‘ﬁJEN “Application of RCP WAVE for Morphological Computation”, Tucng T.N. 1993 (AIT Research)
Ingtwug 1B “Control of Coastal Erosion near Sonkhla Deep-sea Port” Payom Rattanamanee, 1995 (AIT Research)

18



E-74 doyaieiuaynsAaas

e d. = ar ot o v ;Y 1
pIudagan 2 (Uuaiuuszasanvuz)HUszinATaINaImeLa Tsiun

o ANINANZEIWINzLaRABRYAARENA9TRINIA (Grids) 619 1)

cr i ] i e o d LY o [}

AniludiwinasnisazAwinna Falsznauseniauwin 50 x 98 lpeusas
dosdoedusufindendniaanwin 100.0x100.0 AT5INAT LazlANIAUALTALNK X
Wuunwhiaeainiugieds dmunk y  asUwunuinawiwiuzieds souanisd E8.1°

vo o a o o X
1%?1'131]3331']5&151151ﬂﬂﬂulﬂtﬂa%'lﬂﬂﬂﬂﬂ"l‘iﬂ‘izﬂ']ﬁl'!.i% 3 N9E A

(1) damzafuaIunus1ell (Annual representative wave) NITAUUIMELA

d. é s 1 i 1 sl J
wde (MSL) Z9azlAAALUSA1I] A%

- ATNGIREY = 0.766 LNRT
- AUBB9AAR = 5543 U
- lufirn o = 23.141 poFn
~ AdSurdszAutn - 0.00 MRS

d ar -3 e ;‘
(2) d@nmrraumIunusisld (Annuat representative wave) FEAUNIMZLA

:; - w1 At ] (=2 - J
LAY FITM (High Water Level) TAaFU6197 Wnsoi

- AINGIARW = 0.766 \HAT
- ATUZBIAEY = 5543 WM
- luhens a = 23.141 29fN
- Asuudszsusin = 0.750 @S

J s e o d
(3) am'wnaumLmu'lmi'mqgusqumzmaamaﬂﬂm (Representative

d‘ at °IJ cl' $ ol s 1 B J’
NE-Wave) fiszaunmziaaiie (ML) fazlamtauyssnen aod

- ANHGIAEG = 1.140 wmT
- AUYBIARY = 6.84 W
- lufieng a = 200 89
- AiuudszAutn = 000  wes

1 -

AMRILUIIN 4 A1 Al AIAIHGIRRK  ANATUIBIRAY TIFMNY (@) uaz
ATUTUUASEAURD 1avInnsimsIzinIswaN IRz Na UAITIMIATAIUNUARWT
WHNZAN Zesiseasdenlwiadanaly

2 L ast ¥ J
nmadszaanalaglusunsy RCPWAVE Modet Tadaasusaraluit

& ' a M . o 1 v ] ar ' - &
* duduaningslug £8.1 Amsnnewdaldiimansieiaing Soldrfuanaeiune udbifiuasonsiiaseilunipeuani
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o Wavmsfwinmndeulansdi 1 IneldArantizainiaunusnela
ssfuRIMzIaaEE WUIANNGIRARLANAINATUIEHIM 0.60-0.80 INAT ASZAUMIAN
Usanoi 0.80-1.20 RS Sevieaingnelafissssinn 26-75 ms Tigaiuw
dundnu (Wave Crest) ﬁmuﬁ'uummﬂﬁa (unu ) UszHm 4.0 BeA

o ariimsdmamndanlonsdi 2 Teeldeantizatusunuseds
inflassAuinzamEs 0.75 wes  wulimngeRanuanaaliwananeiunsdlusn
winin TagAnngIAdweanmfiAsEIN  0.70-0.90 tuAs  fissAudaUsnAan
Uszanoi 1.00-1.40 s Bevinseangretlalszana 25-100 wns figaiuwduain
(Wave crest) ﬁmuﬁ'uummaﬂo {(wnw y ) Uszniu 4.5 89A

o ilavinsinnuandeulansdi 3 laglddanizaiudrgausgunsin
sondedld Aszduimnaais wulanagerdsuansaianntwin 1.20-1.50
R fszauiiusndinuszuaa 0.75-2.50 s fevinenntneiadsziin 50-400
\NAT NYARLMIAATY (Wave crest) nyaAuuwizails (unw y ) Uszanm 3.5 a9dn
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2. NIINANIRZNBUYIUES (Coastal sediment transport rate)

Tt = 1

UadenieassndnAnaiAanasn muqNmiuJﬁﬂuuﬂaaﬁnum:uaomaﬂo

(Beach morphology) uazmuqugﬂl,tuuaam'rsﬁ’mﬂ"lm%am‘iﬁunuummﬂﬂq )
NIWANTAEnEUEIEiy Bednwartasniswaninznangistorandsldiiiv 2 wuu fa
A INANIFZABUATNLWIIWIWAUT B (Longshore sediment transport) WAZNITWAWI
pnauluuwIRIR INAUBEE (Cross-shore sediment transport)

USRI I8N INANI A NEUATHLWITWIAAUBIBH 09 FuAUTU AT IR ARLAS
Huﬁﬂﬁunsxwuummaﬁa dmdumawawimznavdethuszani souvedaelsdu
2 dm Ao MIWANIRzNEUATNUWIE oA (Gross longshore transport) WAz
nﬁﬁ'ﬂwm:naumaﬁofwﬁ (Net longshore transport)

ASWANIRENEWATNUWIE BHe N (Q.) #a HATINTBINTISIATDUEY
aznaugieilimonznawitadaualunmerniia (0,) wazlunwdredia (Q,) dimwuw
manfumeielaq ArmuslutdonafifRenswn  aunisuansAadNRuEzaInIIHn

A O, RB
g_)_u = er + Ql‘.l (E8—14)

nswawImznawaneiagnd (Q,) As wasszesdiuimnsiRiewteaznaw
geilAfinaneluneendte (Q,) Audsiimmsiewiaznanlundedia (Q,) Hw
wwamsanAvEgiala ] Afmuwalnd10IaARISUY aNNISUERIAINENRUEYBINTS

wWIE Q, Ao
0, =0, -0, (EB-15)

fmaﬁalﬂm‘as:qﬂ%mmm‘sﬁ’mwm:nau fonldviie “Usnmsmznausonits
vagan” BeAnuiaasramsedild Aa ATUSAToneaTISENdY “Actual Volume”
fsrnuSnnsrasdasinesznitafianediluing (Sassann 40% gaauupene
nan) luueassenaldniae “iminosinznaansonhenar” Aflaesagiugunag

“LSIRanWILIAT” Aeazunueae £, Fanilegin

I, =(p, - p)ga'Q (E8-18)



SoyafierTudynsmans

= i

Wa o, AD AIAIERWILWKIBINSTE (mass density of sand)

£ AB ATAINAWILKWZEINN (mass density of water)

1

g Ao ANusaiissnawinlindlsaaelan

4 A feTdmssnI s HRstaamsgAaUSHIRSInNR = 0.6

AmSuUsaimntsRaRieznanluuwassandudiete  (Cross-shore/On-
offshore sediment transport) (JwdudsAzzUsnY mﬂﬁafngnm:nauﬁunu‘lﬁ’gﬁu
n3ogreiniuezgniniaziveamely #reggniazasadnamiiniladendnlunisaiu
qué’nwm:ﬁaem‘sﬁ’mwm:nauﬁﬁm{ rmRHgIRALAzAUTBIA ARz uiRIuAY
Fnwazraismaavsalndmetl

dn3unisAnvinansenudonsdsslunadeil aglivinnisAiwunatiiosen
nawANTIRznewlwuwIssaniugneils eitiasenlunsieaineaSeezfinasuniunis
wawasznawlsannionsssnn Taslawizlunsdfigeiesirgnialiaesaluuuadice
amAuwwIgieds  USananisAmaznievuonezgnuiuldansalaemassinafies
Tuaamznisadonuin ludrnfindnaniuus nduarlontuunilindonsrenisiawiin
ns1uavgnzLa aziAnualvunigoiinesiingiuan (Shoreline recession) MasaINgy
pAnANWLIIRARARADE ) Wanniansenduiuwaiuanuntlednass  (Shoreline
advance) ns:ummilﬁm{m:tﬁm%rumguﬁ'auaehwiatﬂao

e MSAMUIUMIHANIATNIVAINUNIYIBES  (Computation of longshore

transport rate)

38N WINNTRANIAZNEuANNRWEEHoRina1e3E  wei3Eld et ouns
wae Aamsanwnlagldndnmses “ngufmslnazamascuain (Theory of wave
energy flux) TnasAnAnTsInan wIBIn S0 THIBIREUA v IBAINNEN IR AUNTOA
mizonsinandonu (P) lufismenindendizasaiiv Tagdr P wilsRinans
ANWUS
1

?:EC’::Epg'H Cg (E8_17)

lnafidn £ Aa AINSIIWAQREFAINUIBAIMNENIRAY uatiHoRawARaWALEN

myedaviguss mia o AuLwIAIRINAUEEEs 32 lARAINITIVAaLIRTBINAIITWAD
' v o &
HWILAIINENIAAINUITEED Aot
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ﬂayﬁlﬂ&“JHUﬂ'J{TliFﬂﬂ'ﬁi

?cosa':—éng C,cosa (E8-18)

wazaIn1sonnadAlsznaulwuwIswIwiunieile (Longshore component) (6

70
= ) 1 :
F, = Pcosasina =—pgH C cosasina
8

] (E8-19)

=L eH C sin2a
1678 S

ANUWINARARNIIWANGY (Breaking line) ann1stinsvuszildeugyulniiiv

! (E8-20)

P, =— pgH;C,sin2a,
16
lunsdnndugnanyflWluadugia “Linear wave” frAAuiARauiluamni

J [ Al 1 ] d. [- a. l'} o *
A azlaAanudinguadn (C,) fassunmanuiiendu (C) wiies il

L T = [/
ﬁNﬂ"ITﬂ']\!El%LTIEEH‘[VﬂNLIJ%

1 1. s
P, =E,QQH,;Csm2a,, (E8-21)

o H, Ao ANugIniu n JAUANGY (Breaking height of wave)
a, A yaifrmsRdwkandanszyiItuLwIRIR NI 8l
C, A Fl'J’lNL%’J?laaﬂ?i'u"?;ﬁ;‘ﬂumﬂﬁ"J (Wave speed at the breaking point)
C #o ANEIAAUARATAT (Local wave speed) Bamnlaain

r 2
C = ﬁ tanh[ %}

2
latAn 4. I uaz T @a A1ANangaaniinig,

ATTHYVIAAK LLa:ﬁ'mﬁmﬂﬁuﬁqum

Foyanlngiraunlaainnisiuinnisnisduasizvaiuwaindayaan

AnuaRIAINgIRaulugUraseMNgINBEIRasAaw (Significant Wave Heights: H.)

Fadwmanngeiaansoasinanlfunsdadwnlalasse wazdinanunuaiadiu

ANN9E9A NN A7
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B, = H}C,y sin2a, (£8-22)

\ia A7 P, 1 UuwAMi3endn “Longshore Flux Energy Factor”

ANNI589N1TTNwIBUS NN TRANIRENawA NIz e Heie sl diwann Ae
aNN1INSWANARZNawIaualng CERC’ 84 (Coastal Engineering Research Center)
LAZENANINITWANIRENEWEEY Hanson [1991] lun1sAnwinansznubawindons
sudenldBintsAminilsiaualay CERC'84 WMoikiinsa naun1sNswaANIRZNawaa
Hanson [1991] fidnUssAninaneffispeAwan nedefiAnAfion 2 qaﬁm:ﬁaaﬁwmi
As9aouRuRlAsInnIT IRl naRwIN

LS ENSAMMIMATRANENAN  LRIINNTSANYINUIRANTTATWINT LT
AN danAdDIRwABUENIANIN

o HNNITATTWANIRZNAUAINUUIBIWE 98D CERC’84
ANATSEBINSATWINUS HIUNISAANIALNDUATNUWITNEE 289 CERC'84 Aa

. H,) = (2.03*10°)( f,)(Hoﬁ Fa,) (E8-23)

srldanzasUiunsnngasnsnawmtugnuiAimasiognamiled nia

O =169,300( f,)(HO,)éF(ao) (£8-24)

v a & - 1 &4 a
azlaAnreSunsTanamznowtugnuiAfinassadIa IMitIAaw

Wa £ Aa Adasaweonafizesniaiinrdwdiaun i

AOUTHILAGUNINKA
H, @A ARINgeaduiananauh i
@, Ao yuiduwAlwInEnaRUN i nIzvinAuuwInieie

Wasenfirnesasedneinidnildnnnsiuindayariunianisdaaed
zTa:dﬂﬂﬁ‘mnnauﬁna:uﬂmmﬁﬂﬂuﬁﬁmwﬁmﬁ'nfu iy Araziuaanidennia (NE)
frRzTuaan (E) 1wsn ﬁoﬁguﬁ'iudﬁﬁguﬁ'uF-i'ugm:ﬁam?}uﬁhLagsﬁmm:ﬁu Fovin
ARG F(a,) Hefins a, wildaan
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Fla,) = (cos a'o)% *sin(2a,) (E8-25)

RIRUAMIUTNTzNINTANIINANLE 9 niedanale 9 arwrsontlaluguzes
1 o a o v &
Aadalaenssuimmsiuiings fad

IF =2 j cosao)[;) sin(ao)dao

23]
9

= (—ﬁj(cosa, —cosaz)(z)
9
savuAade Flg, ) mldain

8 \{cose, - cosa, )GJ

Fla,) =(_5) (a, —“2{@]

F/4

(E8-26)

lnafegs o asdatunuwmgAynluniig “aean”
s MsAamMINANIREnauAIHLIT el aeiEvas CERC'84

v a S o o o a ar o ]
LL‘WJTJBﬂﬁ'IEIE]\?USL'JmW%YI[Fﬁ\‘]ﬂ'ﬁﬂ HANWUINSLEIUHIT AR EIUANIR LA UD -

v o

Aemziuaandeels iyndufimnielneadayuszinm 50 st douanslugd E8.2

e ArsAMIMM Flg,)

Avas Fla,) Auaaeluannis E8-26 aansamtldanawiauasiAng
anoyuiinsouAgNiiAn ananiifilunistuiindayanan  wanisdwind  Flg,)
Touanslunisns €8.1

o NIAUIMUAT

dmiua £ FadwAnavdmanaizesnafinrdudisud i ansa
Awinldndayanin A1 £ dmdunmsAiwindinunmsianieznewied duan
Tugns1e E8.2 dwAn £ dmiunisAiwmimdTinamaianiaznautateeiian
Tsuamalunianwan €9
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dauAnnd “nn 2 Sw” 1w laests mdwSagafivanefie nisAnauase
souvnszezfiFagausull me:t‘%’aqmnnﬁauﬁsﬁ'wmwﬁuﬂwmm 2-4 Alawms
o winsszydnimwindelidmiuAansssdniionaduiunsuiuniwismsas

ﬁadﬂ%’ﬁmwmnw “monitor” Aeiansi9aaulszENEAINNITHIN
(InUszifiuzasnisannanssnuiuindas) waINALAIMHANIATAITARRANTENY
) Tuudn

LHMNTFNWIRZNawE8EY welflumsuszifiunansznuiowindonnig
menw aduielanogy E8.2 n1sAwInUsznausie 4 dumau Foi

Ausaui 1 N1FIIUTINTDYAAN WIS ILATAN YL T8I BINLLA
AURBUT 2 N1TTIVTINTOYARRUANUAAMAN WUSDIRTNA
AW 3 NITILATITATAYANITRANIRENE WA

gumauil 4 n1saUnanisAusntazyszifiunadlsl

[ COASTAL SEDIMENT STUDY ]

Present Condltlons II. Requwed Data ll. Data Analysis II.-
By CERC'B4 [ LongshouSodlment J

[ dirment Trans. Ph ] b [Smtisﬂc Wave Data ] Teanss -a
s

‘...

: 3
L[emngco..msmwm ] G (remocmm ) Q=l69?300(ﬁXHm)2 Fla,)

= L) :
Yearly Basis

BAN NAI RAl

BAN TALING CHUN

U EB.2 unun1sAnuInIsWanIaznawgiale
vinaiuadedu dunaasus dandadenan
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nuudaihmanisAwinuiinumsianaznawtredeila luldluns
Uszifinnan1smuiswindsanianianin souaaelugy £8.3

Propagation of Annual Representative Wave /

s

300 m -Cofferdam f Br»éaku{g

* & th*it

DEPOSITION Q
Longshore Sediment Motion

EROSION

""""

\\\\\

a,, =23.14°

Tne st Q=719,000 m'/y

sU E8.3 mswanlaainnisdnuilisnuniswaniaznantiaide
waldlwnisusziluuamanudandan

nsAIwmInUSamswawnznowgelly  lavinlagldanniseas CEre’ 84°
FedornInannisfieansuiuessuninaty  dun158ena121AINNITIATIZARMNAD
n1InedmInssHnnUIzng snvesalauntsRgaiveninuadlalwiesu fvanisuas
FayANIAAWIN Fainlunnsinuiafensafiuilaifianndnduasfiazdoeiinig
RIIAUSHIMAITR NP N W BE '

msAsIedaUNanIIATWIluEuRaR Data analysis (35U E8.2) WaUssdin
auiiafarasAusanmunswawRznawneilianavinlalaenisidieudieunanls
annsneaden Auasldanslusianwnisinsmiessdsanssamet Tuudow
Tndtaeeiulasenis

A1979 E8.1 a'§1.luamsﬁnmﬂ%mmnﬂsﬁmwﬂm:naumaﬁa vinavnSedngn
sozan (Foaglalnaaniuiilasonisannin [ae de siva (1994)°  TasbawSeu
WieuiuAfldannisdnuluadedd

LIINHANISANYBeY de Silva (1094) uasHan1sANWIASE axfiAnIaRawT
ArnewdIeie e anaAeiuwne walagawIINLERzERIY Ban1sAmIMIRa WA
Usmmniswanmznangieiesiel (Annual longshore sediment transport) figonAdng

* CERC = Coastal Engineering Research Cernter

* de Silva, M. S., “Siltation of Fishery Harbors and Coastal Erosion in Southem Thailand,” MEng Thesis, AIT, Bangkok, 1994.
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AWNIN AMUSHIUNIINRANIRZNaWIBRINUANA 1A WY  (TRYWLIAEIINANWMLYDIH Y
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dounsviansagaanuIiunITau I ananan Nﬂ')']NLLG]ﬂG]'NﬂUW%‘(IIF]‘Nﬂ"I‘i Wiklay

A1579 E8.1  ulBguifisimuiniuniswaninznausietlagnisnaiasu (Net Longshore Sediment
o w - ) v = I
Transport) FILARINNENTSANYINGY de Silva (1994) fUKANITANWIATIN

MUIE © NUAARLIAS

No Month HAYINAISANY fiAN19 HEIINMIANYT fiAN19
Y84 de Silva (1994) Al
1 January 191,027  ToNW 174,100  To NW
2 February 103,582 ToNW 162,000 To NW
3 March 99,235 ToNWw 150,400 To NW
4 April ‘; -1,892 To SE 74,900 To NW
5  May ; -133 To SE 21,400 To NW
6 June | 1661 To NW 3 2,300 To NW
7 July 4,193 ToSE | _ 5,580 To SE
8  August | -549 ToSE | 4,900 To NW
9  September -5,292 To SE 13,000 To NW
10 October -386 To SE i 21,200 To NW
11 November 92,550 To NwW - 4,000 To SE
12 December 132,836 To NW a 105,400 To NW
Annual Sediment 608,446 To NW ’ 720,000 To NW

wonanlaiU3sufsuA S ansiean IRz nawn el U 89N+ 5358879 1
wdr  gAnwdilMusudsunsildnnnisAmanisdssulasguinsesasileiy
Awilasonnsau Aledeasasieduwudy # 3 Trsoms sniudadaldinuanisinw
waznisUssinaanszmuiowindanluadell  wrezfanugndosuazimsnzasinseaud
ganuls

aily nInseiaUmunznantrelinirawin  IRafiesRsesauAaia
damesnanisinulaelduuuitsamendaras Dwdaeirilaen vemilasnsfies
Ussifindruuustagefildianaiuguiiedls  sxdasiinisianozwianningeniv
ATTHENIRE quﬁqmﬁnﬁuumnﬁa Aeaneg Wwaafeniwiu wiang Aunisie
USamnsRanRznauwkaznIzuai ety wanzfazsiduemiselwdednannniafies
Fndmnitsrssnisdnuaioyssiwnansemuiondasduil snvelaRersufinuds
31 ANN15289 CERC’ 84 (Tuann1sii lAsuntsigaiuda
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BAN NAI RAI

BAN TALING CHUN
~ ESE

BAN BO CHON

o y a =
sU E8.4 anwuzmastadiusinuinilasinig

U = ] J :;d
A191 E8.2 A1 Fla,) Infianieeng 9 gasiuifnud

Direction Effective Segment (deg) F (afo)

NW -90.00 -70.00 -0.2278
NNW -70.00 -47.50 -0.7342
N -47.50 -25.00 -0.8774
NNE -25.00 -2.50 -0.4446
NE1 -2.50 0.00 -0.0436
NE2 0.00 20.00 0.3326
ENE 20.00 42.50 0.8278
E 42.50 65.00 0.8142

ESE

65.00 90.00 0.2934
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o mMsAMnaUTInumMIRawIRzNausieids O

AUSinansiawesnaweiinelussaedeon  vinaemealng
aeilsnaeudilasinns Inagusouaselumae E8.4 uaz A191e E8.5 Baudmelugy
nsmanawInznowgeilinosy £8.5

' a ar v a o 1 a L da
A1979 E8.4  uamaRUsnunswanisznandiedessUlufiAn1nng g uSiumnwnaned

ANNaEUT  VINIRFIBAN

DIRECTION | HO(M) | F(%) | F(A) | Q(M*/YEAR) | | DIRECTION HO(M) | F{x)} | F(A) | Q(M’/YEAR)
NW 0.00 | 0.000(-0.228 0.00 NE 0.25 | 1.383] 0.333 291.82
NNW 0.25 | 0.188 -0734 -87.66 0.75 | 1.355§ 0.333 4,455.28

0.75 | 0.060|-0.734 -434.81 125 | 2.570] 0.333 30,305.96
1.25 | 0.125|-0.734 -3,267.01 1.75 | 0.185]| 0.333 5,070.34
‘N |ozs | oso0|-0877]  -sss9al| | 225 o023l 0333 1.160.70
0.75 | 0.251|-0.877 -2,177.65 275 | 0.009| 0.333 724.40
1.25 | 0.348|-0.877| -10,826.48 325 (| 0011 0.333 1,466.55
0.75 | 0.973,-0.445 ~4,275.80 0.75 | 2.242| 0.828 18,349.43
1.25 | 1.172|-0.445| -18,481.06 1.25 | 7.341| 0.B28] 215,491.63
1.75 | 0.026|-0.445 -938.53 1.75 | 0.742| 0.828 50,479.53
2.25 { 0.011]-0.445 -781.86 2.25 | 0.046| 0.828 5,822.68
275 | 0.011|-0.445 -1,291.22 2.75 1 0.000( 0.828 0.00
NE | 025 | 1.383/-0.044|  -3826|| € |o025| 2398 0814 1.238.79
0.75 | 1.355|-0.044 -584.08 0.75 | 3.066{ 0.814 24,683.82
1.25 | 2.570|-0.044 -3,973.05 1.25 |11.120! 0.814| 321,054.67
1.75 | 0.185]|-0.044 -664.71 l 1.75 | 1.169| 0.814 78,294.22
2.25 | 0.023|-0.044 -153.35 2.25 | 0.014| 0814 1,789.69
2.75 | 0.009|-0.044 -94.97 ESE 0.25 | 4.706| 0.293 875.75
3.25 | 0.011|-0.044 -192.28 0.75 | 1.988| 0.293 5,766.79
Longshore Sed. Trans. to South -49,013.66| |Longshore Sed. Trans. to North 768,365.89

Conclusion: (1) Gross Longshore Sediment Transpart = 817,379.55 m’ /year
(2) Net Longshore Sediment Transport (Northward)= 719,352.23 m®/year
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No Month To North To South Gross Net Remark
(m’/month) (m®/month) {m*/month) (m’®/month)

1 January 181,433.72 7,305.89 188,739.61 174,127.83 To NW
2 February 163,548.83 1,588.54 165,137.37 161,860.29 To NW
3 March 152,487.09 2,065.77 154,552.25 150,421.82 To NW
4 April 80,933.34 6,053.82 B86,987.16 74,879.52 To NW
5 May 29,650.22 8,251.87 37,902.09 21.398.34 To Nw
6 June 2.660.73 384.58 3,045.31 2,276.16 To Nw
7 July 1,833.60 7,413.93 8,247.53 - 5,5680.33 To SE
8 August 5,279.47 383.97 5,663.44 4,895.50 To NW
9 September 18,667.02 6.682.29 26,349.31 12,984.73 To NW
10 October 25,282.11 4,066.22 29,358.23 21,2265.78 To Nw
11 November 17,841.37 21,854.52 39,685.89 -4,013.14 To SE
12 December 124,970.00 19,578.93 144,548.93 105,391.06 To NW

SUM 805,697.39 85,629.72 891,227.17 719,967.66 To NW

Longshore Transport(cm)
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INTRODUCTION

BBMT (Thailand) Co., Ltd. (BBMT) have commissicned BMT Marine Information Systems
Ltd. (BMT) to conduct a modelling study of the dispersion of sediment disturbed during the
laying of a pipeline in Songkhla Bay off the east coast of Thailand. The pipeline is to be laid
in the proximity of several sensitive sites and therefore an indication of the extent of
disturbed sediment transport and deposition is required. The method of pipe-laying varies
along the pipeline and results in different quantities of sediment being disturbed at different
locations.

Three different locations along the pipeline were of interest, two were chosen due to their
proximity to vulnerable coral outcrops, the third was at a point during a pipe-laying phase
where most material would be disturbed. The BMT PROTLUS model was used to model
dispersion of sediment disturbed at each of the three locations to give an indication of
deposition during a typical day of pipe-laying. This was then used to predict deposition along
the length of the pipeline.

This report presents in detail, an overview of the data collation and processing, description of
the modet used, definition of model input data, full results from the model and discussion of
the mode! outputs. Model results are provided in graphical formats.

MODEL DATA

BBMT have provided specific information regarding the proposed pipeline-laying
programme. The method of laying the pipeline will vary along its length and therefore so
will the amount of material that is disturbed. For location A, which is located near the coast
at the beginning of the pipeline, the sediment will be removed using a grab and placed into a
barge. As the grab is lifted through the water column some material will be lost, and it is this
that will be modelled. For location B, which is further offshore and along the pipeline to the
north-east of location A, the pipe will be laid by jetting the seabed to create a trench into
which the pipe will be laid. This method disturbs considerably larger volumes than that at
location A. For location C which is even further along the pipeline to the east of location B,
the pipeline will be dropped onto the seabed creating a small disturbance of seabed sediment
as the pipeline hits the seabed.

Location A was chosen to be a point on the pipeline in shallow water close to the coral
outcrop Ko Kham, Location B was chosen to be at a point on the pipeline where jetting
would be used, and Location C was chosen to be at a point on the pipeline close to the coral
outcrop Ko Losin.

Approximate positions of model locations;
Location A: 701000E, 773200N

Location B: 7440060E, 792000N
Location C: 834000E, 800500N
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2.1

2.1.1

A map showing the planned pipeline route, and location of these modelling scenarios is
shown in Figure E9.1.

For each location, BBMT provided data on the volumes of sediment disturbed, durations of
disturbance, sediment particle size distributions and densities.

Particle size distributions for locations A, B and C are given in Figure E9.2. The sediment
settling velocities were derived analytically from these size distributions and densities, using
well-established theories developed by Dyer (1986} and Sleath (1984), detailed in Bryden &
Carles (1998).

The data for each location is given in Table E9.1.

Environmental Input Data

Water Depth and Eddy Diffusivity Coefficients

The water depth was considered uniform in the area of the discharge and was set to 10 m at
location A, 20 m at location B and 50 m at location C. Sediment was released at the sea
surface to represent a worst case scenario.

Average diffusivities of 0.025 m’/s in the vertical direction and 0.25 m%/s in the horizontal
direction (Copeland, 1996) were used in the modelling.

Hydrodynamics

The model uses three-dimensional information to drive the advection and dispersion of
discharges. Tidal currents in the Songkhla Bay area are semi-diurnal in nature, and there is
also significant, seasonally varying, residual currents.

Measured Current Meter Data

Current meter data was supplied by BBMT at three depths through the shallow water column
(up to 8 m). This data had been recorded between 12:00, 20™ August — 14:00, 24" August
1999, at a location close to the shore, near the modelled Location A. It was not possible to
filter this data in order to obtain the residual and tidal components, as the time series was too
short. The tidal currents could therefore not be analysed to produce tidal constituents for re-
prediction. The meter data was therefore used as a reference to validate and scale the current
data used in the model.
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Figure E9.1 Map showing planned pipeline route, and location of the modelling scenarios
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Table E9.1 Modei input data for each location

Location Position Volume disturbance rate Water depth
(m*/day) (m)
A 701000 E, 773200 N 46! 10
B 744000 E, 792000 N 4,500 20
C 834000 E, 800500 N 24 50

Hydrodvnamic Model Data

The data used in the model was obtained from two sources. The first of these was from the
Thai government’s national data collection programme; Seawatch. Buoys at seven locations
have collected oceanographic and meteorological data cver several years, providing speed
and direction of surface currents and wind. The Songkhla buoy, located at approximately
7.27° N, 101.144° E during 1993 and 1994 was located close to a section of the proposed
pipeline route (near Location B). Although the data set is extensive, it should be noted that it
is not continuous, and the location of the buoy varies slightly over time. '

This data was filtered to separate the tidal and residual current components, after
interpolating over any gaps in the data. The tidal currents were then analysed to obtain tidal
constituents and these were used to predict tidal currents during the two principal monsoon
seasons. The average residual component for each season was also determined.

The second source used was BMT’s existing current database for the Gulf of Thailand, taken
from Mouchel’s (1997) numerical model. This provides tidal surface currents, on a 2.5 km
grid close to the coast, and on a 50 km grid in the open ocean. Residual currents are also
provided, but these are on the 50km grid throughout the Gulf.

For each of the proposed model locations, the tidal and residual current components from
both sources were validated against each other, against the current meter data provided by
BBMT, and against the UK Admiralty Pilot (1982) for the region. The best combination of
data was used for each locatior.

The resolution of residual currents from BMT's existing database is rather coarse, and it was
thought this would not be representative of the current regime at the coastal locations of A
and B. However, it was felt suitable for use at Location C, in the open waters of ihe Gulf.

The tidal component derived from the Songkhla buoy, which was close to location B, was
not adequate for use at the other two locations, A and C, which were both over 50 km away.

Therefore, at Location A, BMT’s existing tidal database was used together with the
Songkhla buoy residual component, although this was scaled down, as the location was so
close to the shore.

At Location B, the tidal and residual components derived from the Songkhla buoy data were
used, and at Location C, BMT’s existing current database was used for both the tidal and
residual components.
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3,

3.1

DISPERSION MODELLING

The dispersion of sediment disturbed at each location was modelied using the BMT
PROTEUS model. A full description of the model is given in below. The total sediment
volume at each location was represented by 30,000 random particles. The model was run for
one day of sediment disturbance in each case and then allowed to run for sufficient extra
time to allow all the sediment to settle. This was to provide an indication of the extent of
sediment deposition over a typical day of pipe-laying. For locations A and B, the modei was
run for both NE and SW monsoons, for location C it was run for SW monsoon only.

The model’s particle tracking computational time step was set at 90 seconds. During
discharge periods, particles were released every 15 minutes. The horizontal grid of the model
had a cell size of 20 m x 20 m. The quantity of sediment deposited on the seabed during the
disturbance was determined by computing the number of deposited particles in each 20 m x
20 m cell. The volume of each particle was determined from the total discharge volume; the
combined volume of the particles in the grid cell was divided by the cell area (in this case
400 m?) to give the average thickness over the area. As this gives an average thickness, it
should be noted that there will be areas that have a larger and smaller thickness of deposited
material within the cell. In some cases, the average thickness may even be less than the
minimum particle size.

THE PROTEUS MODEL

The Pollution Risk Offshore Technical Evaluation System (PROTEUS) has been developed
by BMT to predict the fate and impact of discharged drilling mud, cuttings and produced
waters in the marine environment. [t is based on a discrete particle representation concept
which considers the physical. geo-chemical and biological mechanisms from which the fate
and impact of drilling discharges can be predicted.

Development of PROTEUS has been sponsored by a consortium of oit companies and the
UK Government under the ‘Managing Impacts on the Marine Environment’ (MIME)
programme. The model is based on research conducted at world-leading institutions in the
fields of dispersion physics, geochemistry and ecotoxicology. PROTEUS’s core models are
being used on a consultancy basis and in this study, the drill mud and cuttings physical
dispersion model has been used.

. Theory

The drilling mud and cuttings model uses a particle-tracking approach. The discharge is
represented by the release of a discrete number of particles during each time step of the
model simulation. Each particle has an individual size and density, determined by the model
from input density distribution data. The model is provided with hydrodynamic data which 1s
used in the simulation of particle advection and dispersicn in three dimensions. The
particles’ size and density are used to determine the settling characteristics of the mud and
cuttings.
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(1) Particle advection

The model can consider advection of particles by tidal and wind-induced currents. As well
as advecting the particles, current shear through the water column acts to disperse particles.
Current shear is calculated by the model using well-established equations described by van
Veen, and as quoted in Bowden (1965), (see also van Dam and Louwersheir (1992)).

(2) Particle diffusion

Turbulent diffusion processes (in this case dispersion processes other than current shearing)
are simulated using a random walk technique. At each time step, J7, individual particles are
subject to a three dimensional random displacement, & . The scale of displacement in each
dimension at each time step is determined by the following equation:

dF =~2E07

where £ is the diffusivity coeflicient.

The direction in which particles move s determined using a random number generator
subroutine based on Schrage’s algorithm (Bratley er al, 1983). The random seeds used in
Schrage’s aleorithim are altered at each time step.

(3) Particle settling

In theory, particle settling is a function of a few quantifiable parameters, such as particle
density, particle size and water density. The rate at which particles settie is termed the
settling velocity. The distribution of particle sizes and densities within the discharged mud
and cuttings is used to determine the distribution of particle settling velocities within the
discharged material. At each model time step when discharge is occurring, the model
releases a set of particles with a range of settling velocities in proportion to this distribution.

However, the settling of material in seawater is more complex than this theoretical approach.
Experimental observations suggest that the mud dispersion is actually subject to very
complicated flow phenomena which can make calculation of settling velocities more
diificult. For instance, as discharge particle concentration increases, inter-particle collisions
occur more frequently and cause enhanced flocculation and aggregation. This enhanced
aggregation of particles may accelerate the descent of mud and cuttings discharges.
Therefore, the settling speed is often multiplied by an acceleration factor, F, which is given
by the following empirical formula:

F=0013.C*

where C is the local concentration of the fine particles. & takes an empirical value of
approximately 1.3. The factor is restricted to values between 1 and 100 according to Bowers
and Goldenblatt {1978) and Brandsma ef af (1992).

Where water-based muds (WBM}) are discharged it is assumed that separation of the mud
from the cuttings will occur fairly readily upon contact with the sea-water, and aggregation
will be minimal. In this case the acceleration factor F, is not included. If synthetic oil-based
muds (SOBM) are discharged, it is assumed that the they will not disaggregate, and will
therefore remain attached to the cuttings particles, settling at the same velocity as the
cuttings to which they are attached.
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(4) Boundary Conditions

Mud and cuttings particles are assumed stationary once they reach the seabed. Re-suspension
can be considered only when information on erosion and sedimentation mechanisms at the
seabed including critical hydrodynamic shear stresses around the discharge areais known.
Thus, particle re-suspension is not considered in this study.

A symmetric reflection boundary condition is applied to particles which reach the sea
surface. This boundary condition usually applies to fine particles which reach the surface
through the random walk process.

o Model Qutput

The model predicts the deposition pattern of particles on the seabed. The number of particles
per unit area is calculated and particle volume information is then used to determine the

seabcd thickness of drilling discharge.

4. RESULTS

As mentioned in the previous section, the mode! was run for 1 day to evaluate the extent of
sediment disturbed in a typical day of pipe-laying. This could then be used to approximate
the extent of sediment disturbed over the length of the pipeline.

Figures E7.8 to E7.12 show the results of the dispersion modelling. The plots illustrate the
predicted seabed deposition pattern of disturbed sediment that has settled, displayed as
contours of sediment thickness on the seabed. In order to show the extent of sediment
deposition, the minimum contour band has been set to a value smaller than the majority of
sediment sizes.

Figures E9.8 and E9.9 show the seabed thickness deposition of re-settled sediment from
Location A during the SW and NE monsoons respectively. Disturbed material settles over an
area of approximately 1000 m x 400 m (to a thickness of 0.01 mm) with a maximum
thickness of 786mm and 798 mm at the point of the disturbance during SW and NE
monsoons respectively. During the SW monsoon sediment is carried to the north-west of the
pipeline, and during the NE monsoon it is carried to south-east but to a lesser extent making
thicknesses greater and the deposition area smaliler. At thicknesses of 0.0 mm, material is
deposited sparsely, the bulk being deposited around the Imm contour.
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Figures E9.10 and E9.11 show the seabed thickness deposition of re-settled sediment from
Location B during the SW and NE monsoons respectively. Disturbed material settles over an
area of approximately 1600m x 200m (to a thickness of Imm) with a maximum thickness of
2158mm and 2483mm at the point of the disturbance during SW and NE monsoons
respectively. During the SW monsoon sediment is carried to the north of the pipeline, and
during the NE monsoon it is carried to south but to a lesser extent making thicknesses greater
and the deposition area smaller. At thicknesses of i.nm, material is deposited sparsely, the
bulk being deposited around the 10 mm contour.

Figure E9.12 shows the seabed thickness deposition of re-settled sediment from Location C
during the SW monsoon. Disturbed material settles to the north of the pipeline over an area
of approximately 10.5 km x 2.5 m (to a thickness of 0.00005mm} with a maximum thickness
of 0.02 mm at the point of the disturbance. From the plot of sediment particle sizes for
location C, shown in Figure E9.2 (c), it can be seen that the minimum particle size for is
approximately 0.00lmm. Therefore the minimum thickness contour of 0.0005mm is
unrealistic, but is shown in order to indicate the sparseness of particles reaching these
extents.

Figures E9.13 to E9.15 show the extent of deposition along the pipeline in the vicimity of
each location obtained by extending the minimum thickness contour. Figure E9.13 shows the
extent of sediment deposited during both monsoon seasons to a thickness of 0.01mm (shown
in red) and Imm (shown in gold) for location A. It can be seen that Ko Kham lies well
outside these extents.

Figure E9.14 shows the extent of sediment deposition during both monscon seasons to a
thickness of 0.01mm for location B. It can be seen that although the volumes disturbed
during the jetting phase at {ocation B are much greater than for that of locations A and C,
disturbed sediment does not settle near any vulnerable areas.

Figure E9.15 shows the extent of sediment deposition during SW monsoon to a thickness of
0.00005 mm (the 0.01 mm thickness contour lies approximately 500 m north of the pipeline,
and therefore could not be shown clearly at this scale). Although Ko Losin is contained
within the deposition area. material is deposited very sparsely at this peint to thicknesses of
0.00025mm, where the minimum sediment size at location C as shown in Figure E9.2 (¢) is
approximately 0.001mm.

It should be noted that the model did not consider the affects of re-suspension of the
disturbed sediment after deposition. This is extremely difficult to predict, especially at
Location A, where the affect of wash or breaking waves is likely to occur. However,
a gualitative assessment of the likelihood of re-suspension has been undertaken at each
location, using the critical erosion velocities for different sediment types, as quoted by
Heathershaw, Sternberg [1972] and Raudkivi [1990], and subsequently described by
Copeland [1996]. Current shear velocities were calculated 1m above the seabed at each
location, using the 1/7h power law. It was assumed that at Locations A and B, the sediment
ranged from fine to coarse sand, and at C it was predominantly clay and fine silt.

At all three locations, owing to the fairly weak currents (maximum of 0.2 nvs (A), 0.24 m/s
(B} and 0.5 m/s (C)), it is extremely unlikely that re-suspension will occur. There may be
some exceptions, especially at iocation A where the shallower water may lead to increased
wave activity {which is not considered in the critical shear velocity studies), but these are not
likely to be significant.
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Figure E9.13 Plot showing the extent of deposited sediment to a thickness of 1 mm (Gold)
and 0.01 mm (Red) during both monsoon seasons at location A
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Figure E9.
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CONCLUSION

BMT have conducted a modelling study of the dispersion of sediment disturbed during the
laying of a pipeline in Songkhla Bay off the east coast of Thailand. Three different locations
were modelled due to their proximity to vulnerable sites and different volum >~ of sediment
disturbed. The conclusions of this study are as follows:

(1) At location A disturbed sediment settled over an area of approximately 1000m
x 400 m (to a thickness of 0.01 mm) with a maximum thickness of 786 mm and 798 mm at
the point of the disturbance during SW and NE monsoons respectively. During the SW
monsoon sediment was carried to the north-west of the pipeline, and during the NE monscon
it was carried to south-east. At the extents of the deposition area furthest away from the
disturbance point, material was distributed very sparsely and did not reach the coral outcrop
Ko Kham.

(2) At location B disturbed sediment settled over an area of approximately 1600m
x 200 m (to a thickness of Imm) with a maximum thickness of 2158 mm and 2485 mm at the
point of the disturbance during SW and NE monsoons respectively. During the SW monsoon
sediment was carried to the north of the pipeline, and during the NE monsoon it was carried
to south. Although the volumes disturbed during this phase of pipe-laving were much
greater. settled sediment did not reach any vulnerable areas.

(3) At location C disturbed sediment settled to the north of the pipeline over an
area of approximately 10.5 km x 2.5 m (to a thickness of 0.00005 mm) with a maximum
thickness of 0.02 mm at the point of the disturbance. Although Ko Losin was contained
within the deposition area, material was deposited very sparsely at this point to thicknesses
of (.00025 mm, where the minimum sediment size at location C was 0.001 mm.

(4) Although re-suspension was not modelled, a qualitative assessment was
undertaken at each location, and it is considered that re-suspension is unlikely to occur under
normal conditions.
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