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Abstract : Until 2016, before discussions on the restoration of brackish water of the Nakdong River Estuary started in earnest, the downstream water
level was predicted using the data of existing tide level observatories (Busan and Gadeokdo) several kilometers away from the estuary. However, it was
not easy to carry out the prediction due to the difference in tide level and phase. Therefore, this study was conducted to estimate tide prediction more
accurately through tidal harmonic analysis using the measured water level affected by the tides in the offShore waters adjacent to the Nakdong River
Estuary. As a research method, the storage status of observation data according to the period and abnormal data were checked at 10-minute intervals
in the offshore sea area near the Nakdong River Estuary bank, and the observed and predicted tides were measured using TASK2000 (Tidal Analysis
Software Kit) Package, a tidal harmonic analysis program. Regression analysis based on one-to-one comparison showed that the correlation between the
two components was high correlation coefficient 0.9334. In predicting the tides for the current year, if possible, more accurate data can be obtained by
harmonically analyzing one-year tide observation data from the previous year and performing tide prediction using the obtained harmonic constant. Based
on this method, the predicted tide for 2022 was generated and it is being used in the calculation of seawater inflow for the restoration of brackish water

of the Nakdong River Estuary.
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Table 1. Tide observation overview

A < 95k
=3 20204, 2021 27+
Al Ao ALgH

Obs Position

Item | Point (WGS-84) Obs term reference
. 35°°06° 097 N | 2020. 1. 1 ~ | K-water
Tide | NDG | 1000 567 557 E | 2021, 12. 31 | (2015)

regulation - regulation
gate(2EA) Main gate(6EA)

gate(2EA)

47.5m
main gate front view regulation gate front view

Fig. 1. Downstream water level gauge installation and gate location.
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Fig. 2. Flowchart of the research.
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Table 2. Calculation formula for the main 4 major tidal constituent

characteristics and non-harmonic constant

harmonic Constant angular cycle harmonic
VCEOClty () constant sign
sign Component Tide (/hI') semi-range | phase lag
Principal Lunar
M2| e e | 2898 1242 Hm | Km
Principal Solar
2| e e | 3000|1200 Hs Ks
Principal Lunar
o e 1394 |2582| Ho | Ko
K1 Mixed Tide 15.04 23.93 H' K
non-harmonic constant formula
Mean High Water Interval Km/29
Mean Low Water Interval Km/29 + 6h 12m
Approximate Highest High Water 2(Hmt+Hs+Ho+H')
High Water Ordinary Spring Tide 2(Hm+Hs)+Ho+H'
High Water Ordinary Mean Tide 2Hm+Hs+Ho+H'
High Water Orinay Neap Tide 2Hm+Ho+H'
Mean Sea Level Hm+Hs+Ho+H'
Low Water Ordinary Neap Tide 2Hs+Ho+H'
Low Water Ordinary Mean Tide Hs+Hot+H'
Low Water Ordinary Spring Tide Hot+H'
Spring Range 2(Hm+Hs)
Mean Range 2Hm
Neap Range 2(Hm-Hs)
Tide Factor (Hot+H'Y/(Hm+Hs)

=7 -

e S ST A #3548 2020, 20219 AFs
M zxshEdlE AAslh

A} 5= TASK PackageS AH&-3ho] =4
ZA 3= Table 4, Table 59 2t}
‘H o 44%} dolEl 45 20202 52,7047 0],

et

ol
ol
2
[0
N
jz
ﬁ—‘

N3

i

HE
0]

[\

S
—_ N
S =
F{E m j?_h

i A7 ZHA 202083 202192 AR
M7} xkom L A2 2020 Q0 &9l #A=
< 3664 0] 7] wjEoltt.
TASK Packageol| A= ARFA o2 13 #5909 A 5T
AT T8 W-F(major constituents)= 6371(33 13l
Sh7bA] st e = 9l
Fu /e 1

190]

Ky

)‘1
[}

NEN = 55 BERE, 119 25
A Agol= doEx 87H, TREE 277N F 3N RS
e 4 Sl
Table 32 F8 4t Z3< AZ 3} x| Zbolt},

Table 3. Four major harmonic constants

Year Classification M2 S2 K1 Ol rate
semi- | 46 77em | 22.19em | 6.51cm | 3.44cm | 47.16%
2020 range
phase lag | 245.3° | 279.1° | 163.0° | 129.1°
Semi- | 49 55em | 22.45em | 6.83cm | 3.56cm | 52.58%
2021 range
phase lag | 244.6° | 280.3° | 161.2° | 130.9°
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Table 4. Results of tidal harmonic analysis in 2020

NO | NAME | SPEED(/hr) | H(m) G(deg) NO | NAME | SPEED(/hr) H(m) G(deg)
1 70 0.000000 0.1489 0 33 MKS2 29.066242 0.0174 282.478
2 SA 0.041069 0.1854 137.195 34 LAM2 29.455625 0.0078 134.32
3 SSA 0.082137 0.0879 287.119 35 L2 29.528479 0.003 284.903
4 MM 0.544375 0.0255 184.448 36 T 29.958933 0.0204 289.97
5 MSF 1.015896 0.0286 163.683 37 s2 30.000000 02219 279.123
6 MF 1.098033 0.0303 37.177 38 R2 30.041067 0.0132 181.825
7 2Q1 12.854286 | 0.0016 200.301 39 K2 30.082137 0.0632 277.239
8 SIG1 12927140 | 0.0023 98.679 40 MSN2 30.544375 0.0026 343.616
9 Q1 13.398661 0.0043 101.169 41 KJ2 30.626512 0.007 108.119
10 ROIL 13471515 0.0004 181.446 i) 2SM2 31.015896 0.0026 8.437
11 o1 13.943036 | 0.0344 129.096 43 MO3 42.927140 0.0051 129.573
12 MP1 14.025173 0.0006 102.61 44 M3 43.476156 0.0151 348.922
13 Ml 14.492052 0.0026 139.638 45 SO3 43.943036 0.0061 93.109
14 CHII 14.569548 0.002 73.933 46 MK3 44.025173 0.0061 101.024
15 PIl 14.917865 0.0015 19.129 47 SK3 45.041069 0.0063 157.467
16 Pl 14.958931 0.0228 164.373 48 MN4 57.423834 0.0092 216,014
17 sl 15.000000 | 0.0078 78.848 49 M4 57.968208 0.0183 243.557
18 Kl 15.041069 0.0651 163.023 50 SN4 58.439730 0.0023 266.334
19 PSII 15.082135 0.0033 167.724 51 MS4 58.984104 0.0089 281.269
20 PHII 15123206 | 0.0024 240.03 52 MK4 59.066242 0.0032 242.308
21 THI 15512590 | 0.0002 35.654 53 s4 60.000000 0.0027 302.852
2 hj| 15.585443 0.0053 196.501 54 SK4 60.082137 0.0016 260.115
23 sol 16.056964 0.004 246.408 55 2MN6 86.407938 0.0015 354.608
24 001 16.139102 0.0035 203.715 56 M6 86.952313 0.0019 2.384
25 0Q2 27.341697 0.0036 355.661 57 MSN6 87.423834 0.0018 25338
26 MNS2 27423834 | 0.0085 205.207 58 2MS6 87.968208 0.0032 60.273
27 2N2 27.895355 0.0125 235.486 59 2MK6 88.050346 0.0012 55.183
28 MU2 27.968208 0.0308 224.948 60 2SM6 88.984104 0.0011 92.362
29 N2 28439730 | 0.1003 233.831 61 MSK6 89.066242 0.0008 89.74
30 NU2 28.512583 0.0181 226.251 62 MA2 28.943036 0.0171 253.213
31 oP2 28.901967 0.0148 283.402 63 MB2 29.025173 0.0226 200.074
32 M2 28.984104 | 0.4677 245.299
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Table 5. Results of tidal harmonic analysis in 2021

NO | NAME |SPEED(/hr)|  H(m) G(deg) NO | NAME | SPEED(/hr) |  H(m) G(deg)
1 70 0.000000 0.1193 0 33 MKS2 | 29.066242 0.0063 309.583
2 SA 0.041069 0.1807 136.578 34 LAM2 | 29455625 0.003 194.485
3 SSA 0.082137 0.0462 303.332 35 L2 29.528479 0.0094 255.1
4 MM 0.544375 0.0037 186.424 36 T 29.958933 0.0174 282.559
5 MSF 1.015896 0.0169 49.516 37 s2 30.000000 |  0.2245 280.272
6 MF 1.098033 0.0162 225.851 38 R2 30.041067 0.0041 187.684
7 2Q1 12.854286 |  0.0006 65.82 39 K2 30.082137 0.0661 273.514
8 SIG1 12927140 |  0.0013 220.244 40 MSN2 | 30.544375 0.0008 270.453
9 Q1 13398661 |  0.0045 114.387 41 KJ2 30.626512 0.0028 131.862
10 ROIL 13471515 | 0.0011 19.553 i) 2SM2 31.015896 |  0.0052 74.714
11 o1 13.943036 |  0.0356 130.964 43 MO3 42927140 | 0.0076 114.455
12 MP1 14.025173 | 0.0011 64.663 44 M3 43476156 |  0.0172 345.612
13 Ml 14492052 | 0.0026 132.184 45 SO3 43943036 |  0.0047 99.811
14 CHII 14.569548 | 0.0009 139.752 46 MK3 44.025173 0.0051 108.293
15 PIl 14917865 |  0.0008 159.268 47 SK3 45.041069 0.0073 144.105
16 Pl 14.958931 |  0.0228 164.386 48 MN4 57423834 | 0.0078 220.572
17 Sl 15.000000 |  0.0078 87.701 49 M4 57.968208 0.0186 243.9
18 Kl 15.041069 |  0.0683 161.206 50 SN4 58439730 |  0.0023 246.977
19 PSII 15.082135 |  0.0041 198.327 51 MS4 58.984104 |  0.0084 285.644
20 PHII 15.123206 |  0.0018 199.679 52 MK4 59.066242 0.0042 256.848
21 THI 15512590 |  0.0028 165.943 53 sS4 60.000000 |  0.0018 315.728
2 hj| 15585443 | 0.0042 190.693 54 SK4 60.082137 0.0019 320.704
23 sol 16056964 | 0.0017 252.802 55 2MN6 | 86.407938 0.0013 337.644
24 001 16.139102 |  0.0015 195.644 56 M6 86.952313 0.0029 359.238
25 0Q2 27.341697 0.001 266.639 57 MSN6 | 87.423834 |  0.0009 32417
26 MNS2 | 27.423834 |  0.0099 215.141 58 2MS6 | 87.968208 0.0034 61.848
27 2N2 27.895355 |  0.0176 236.045 59 2MK6 | 88.050346 |  0.0012 57.041
28 MU2 | 27.968208 |  0.0231 227.702 60 2SM6 | 88984104 |  0.0012 106.631
29 N2 28439730 |  0.0975 235.145 61 MSK6 | 89.066242 0.0012 93.67
30 NU2 28512583 | 0.0152 232.736 62 MA2 28943036 |  0.0052 253227
31 oP2 28901967 |  0.0009 257.802 63 MB2 29.025173 0.0146 214.877
32 M2 28984104 | 04725 244.637
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