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Analytical study on the tide propagation characteristics

in tidal rivers
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Lee, Jae Hyung Kim, Gyung Soo

Abstract
For investigation of the interaction of tide and river flow, the derived equations are
solved analytically using the approximation method of perturbation, The convective inertia
and nonlinear bottom friction terms are included in the derivations, The harmonic analysis
is applied to decompose the complicated interaction of the freshwater discharge with
various constituents of tide into its individual interaction with each constituent, In this
study, four main constituents(M2,52,K1,01) are included, The relations of dimensionless
parameters of the tide, especially the dimensionless damping modulus, are then determined
for each solution. The results show that analytical solution of dimensionless damping mod-
ulus underestimates the measured value obtained from harmonic analysis. Results of water
level obtained by applying the analytical model to a tidal reach of the Keum River in the

years 1981 and 1982 show very good agreement with those obtained from the harmonic anal-
ysis,
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Table 4.2 Damping Modurus of Four ¥ain Const tuents
Tide | Period uo 1o/co | # H/ko #/ko* #/ko
Month/yr{(n/sec) (Kz-1)

(n {2) (3) (4) (5) )] (7 (8)
M2 5/1981 | .288 037 0114 .6296] 0.6347 | 0.7338]
M2 6/1981 | .453 .058 .0161 | 0.8891] 0.8772 | 0.8721
M2 7/1981 | ,937 121 0439 2.4243l 2.2216 1 2.2713
M2 8/1981 | .815 105 .0341 1.8831& 1.7832 | 1.6623
M2 | 9/1981 .887 (114 ,0395 | 2.18137 2.0729 | 2.0431
M2 5/1982 | .525 .068 0187 | 1.0327| 0.9877 | 0.9435
M2 6/1982 | .391 .050 0142 | 0.78421 0.7712 | 0.8087
M2 7/1982 | .379 .049 0138 | 0.7621; 0.7322 | 0.7865
M2 8/1982 | .656 .084 .0245 | 1,3530f 1.2561 | 1.1422
M2 9/1982 | .515 .066 .0183 | 1.01067 1.0012 | 0.9526
S2 5/1981 | .288 .037 .0119 | 0.6349| 0.6411 | 0,7372
S2 6/1981 | .453 .058 .0167 | 0.8910f 0.8663 | 0.8654
S2 7/1981 | .937 121 L0452 | 2.4116( 2.2776 | 2.3637
S2 8/1981 | .815 105 L0352 | 1,878l 1.7662 | 1,6423
S2 9/1981 | .887 114 0408 | 2.1768] 2.0534 | 2.,0150
S2 5/1982 | .525 .068 ,0184 | 1.0351| 1.0265 | 1.9767
S2 6/1982 | .391 .050 | 0147 | 0.7843% 0.7532 | 0.7984]
S2 7/1982 | .379 .049 .0144 | 0.76831 0.7436 | 0,7930;
S2 8/1982 | .656 .084 0254 | 1.3552] 1.2867 | 1.1673
S2 9/1982 | .515 .066 ,0190 | 1.0137| 0.9816 | 0.9394
K1 5/1981 | .288 037 ,0082 | 0.8726] 0.8324 | 1,0445
K1 6/1981 | .453 .058 .0121 | 1.2876] 1.2461 | 1.2708
K1 7/1981 937 .121 ,0373 | 3.9694) 3.7891 | 4.2421|
K1 8/1981 | .815 105 0281 | 2.9903| 2.7566 2,6004f
K1 9/1981 | .887 (114 | .0332 | 3.53301 3.4220 | 3.5646:
K1 5/1982 | .525 068 | .0143 | 1.5218! 11,4877 | 1.4250|
K1 6/1982 | .391 .050 .0104 | 1.1067] 0.9981 | 1.1299]
K1 7/1982 | .379 .049 .0102 | 1.0855) 1.0655 | 1.1666]
K1 8/1982 | .656 .084 L0184 | 2.06451 2.0422 { 1.8534]
K1 | 9/1982 | .515 .066 ,0139 ; 1.4792] 1.3889 1,3598l
01 | 5/1981 | .288 .037 .0080 | 0.9184] 0.9084 | 1,0829]
01 | 6/1981 | .453 058 .0118 | 1.35461 1.3246 { 1.3190:
01 | 7/1981 | .937 121 0376 | 4.3164 4.1159 | 4.9528|
01 871981 | .815 . 105 0281 + 3.2258| 3.1157 3.0829‘
01 9/1981 | .887 L114 ,0333 | 3.8227| 3.6898 [ 4.0471
01 5/1982 | .525 .068 .0140 | 1.6072{ 1.5093 1,4397|
(631 6/1982 | .391 .050 0102 | 1.1709| 1.1503 | 1.2144
01 7/1982 | .379 .049 .0098 ¢ 1.1365( 1.1168 { 1,1953
01 8/1982 | .656 .084 .0192 | 2.2041 2.189] | 1.9871
01| 9/1982 | .515 .066 L0137 | 1.5727| 1.4893 | 1.4261

(6) From Observed Tides ,

(7) From Analytical Solutions, the Nonlinear Friction (Eq. 3.33)

(8) From Exponential Regression Fitting

L3 st ush kel e A(3.26)7 (3.20)ZHH, u/e.

4,31 Ayely
4. 184 e vl Zo] R BF
$2ET 53 % Z2HF7)e WEL Ol
oz BadA Ay stAsle 3.2.249 A
A5 3712 ASE A T ¢ Aok @A, 7
9 sje ted o] AL

71 = =Sox + a, exp(-#x)cos(ot - kx)

(4.12)

+ constant

o ¥el A, S,=Mu, o]},

9} gM/eo2 A & £ Ut}

oq71Ae BAle A8 ol@As Mo} AF oo},
olg A¥mtd AuipAA e FEAM NG &
Aot mesojof s 2gA goB WA
2 HyHez E4 f17] el A ML
2(2.13) B8 w1 x8 TF2 AR
BBE, .2 HERE olg3td A 7
of B Mg YASHA BI=8 ¢ 5 Uk £ &
FAN FAHAA #HFQ Tt FFAA uy,
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Ippen(1966)] 4/(3.26) 2.2 %8 Ay AALA
A% waAt vuy Fne ted Vo
2) WAFE(09 S,)

Moveerved = 6.016(Muneiyicas

£ 0.7)70 6%
FEAF = 0.90
h) BYFE(K, T 0,)
Mevvarves = 14310M0aaiy i e

(4.13)
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oA = 0.9
4.3.2 v]dY ofF
v Y ka2 RE e o2 wo
7 = =Sex + a, exp(—#x)cos(at - kx)

+ constant (4.15)

7oA, S,=—u,2/(C%h.)

o] #le A(4.12)9} EL2 Feloin oA O
Afe YRFZEEH G582, 148e 72y
B 249 7ldE v, & AT AL
¥ Manningd) ZE=AS9 HFge 0.028°0

~1.242
+0.7) (4.14) FFVAAMY FFF4HL h,=6.15n0t+, 28
Table 4.3 Linear Frictional Coefficient
Tide | Period a, U, Uymex N ' 'S
Vonth/yr! (@) [(o/sec)| (m/sec)| x 10°%! x 10°% | x 10°%
(1) (2) (3) (4) (5) (6) (7) (8)
N2 5/1981 2.073 288 | 2.6i6 1.376 1.678 3.3027
M2 | 6/1981 .105 453 | 2.656 1.298 | 3.155 3.4082
M2 7/1981 2.153 937 | 2.717 980 4.577 3.9294
M2 8/1981 2.190 .815 | 2.763 1.113 2.007 3.6912
M2 9/1981 2.181 887 | 2.752 1.048 | 4.346 3.8035
M2 5/1982 | 2.126 525 | 2.683 1.269 | 4.313 3.4493
M2 6/1982 2.115 .391 | 2.669 1.345 3.449 3.3437
M2 7/1982 2.164 .379 | 2.731 1.389 2.562 3.2858
N2 | 8/1982 | 2.181 656 | 2.752 1.223 | 3.754 3.5169
M2 | 9/1982 | 2.161 515 | 2,727 1.302 | 4.886 3.4026
S2 | 5/1981 0.75 .288 .946 374 | 3.562 | 5.6735
S2 | 6/1981 0.768 .453 .969 210 | 7.788 | 6.5003
S2 7/1981 0.776 .937 L979 | -.478 | 22.746 [20.6991
S2 | 8/1981 0.816 815 1 1.030 | -.375 | 19.360 |15.1374
S2 | 9/1981 0.80 .887 .009 613 | 25.371 |44.6645
S2 5/1982 0.749 525 945 059 | 12.615 7.5445
S2 6/1982 0.742 391 .936 . 266 6.827 6.1893
S2 7/1982 0.773 .379 955 294 5.194 6.0458
S2 3/1982 0.826 L656 | 1.042 -.096 | 15,131 9,1007
S2 9/1982 0.786 515 .992 130 8.460 7.0104
K1 5/1981 0.310 ,288 .39 -.114 1.839 2.7791
K1 6/1981 0.325 453 410 -.227 3.525 3.6263
K1 7/1981 0.327 937 (413 | -.503 | 10.893 110.7625
K1 8/1981 0.351 815 .443 | -.419 ) 8.488 | 6.9238
K1 9.1981 0.334 .887 421 ~-.469 9.191 8.8315
K1 5/1982 | 0.315 .525 J397 | -.260 | 4.382 | 3.9671
K1 6/1982 | 0.296 .391 373 | -.198 | 2.893 3.3679
K1 7/1982 0.324 379 409 | -.193 | 2.865 | 3.3267
K1 8/1982 | 0.339 .656 .428 [ -.328 | 5.083 48868
K1 9/1982 | 0.326 515 411 -.255 | 4,381 3.9118
01 5/1981 0.223 .288 281 1 - 146 | 4.552 2.9799
01 6/1981 0.273 .453 344 -.224 3.519 3.5979
01 7/1981 0.242 .937 J305 | -.534 | 12.690 13.3127
01 8/1981 0.254 815 .320 -.448 7.586 7.9268
01 9/1981 0.252 .887 J318 | -.496 | 8.207 (10.3057
0] 5/1982 0.229 525 .289 -.269 4.931 4.0702
01 6/1982 0.296 .391 373 -.198 3.056 3.3679
01 7/1982 0.251 379 317 -.188 2.932 3.2864
01 8/1982 | 0.242 .656 J305 | -.348 | 5.586 5.2340
01 9/1982 0,257 515 .324 -.259 4.414 3.9559
Note: (5) at river mouth x=0, (6) from analytical

solution, (7) observed according to Ippen(1966),
(8) from geometric regression fitting
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