HERTR A=W Sl B B 192

FERS S e AR BRI, HRHEGUREE, do pp. 83~62, 1077,
© Morse, P.M: Queucs, Inventories and Maintenance, John Wiley & Sons. Inc., New York.
1058,

Saaty, T.L: Mathematical Methods of Operations Research, McGraw-Hill Book Co., Inc..
New York, p.361. 1959.
¢+ Gulf Publishing Company: Port Engincering per brum. Book Publishing Division. Houston,
pip. 245 ~255, 1976.
BRI KU G AR 8, 2 L o <=, pp. 40~47, 10981.
aty. T.L:Elements of Queuemg Theory. McGraw-Hill Book Co., Inc New, York, 1961.

Hillier. F.S. and Lierberman, G.J.: Introduction to Operations Research, Holden-day, Inc..
San Francisco, pp.400~449, 1980.
Borins, S.F.:Pricing Policy and the Optimum timing of Transport Investments, Journal of
Trasport Economic & Policy, Vol. No.2, May, 1981.
)i Dan Shieerson: Investment in Port Systems, Journal of Transport Economics & Policy, Vol.
No.3, Sep., 1981.
P.I. Collier: Simulation as an aid to the study of a Port as a System. the 3rd International
Symposium on Ship Operation Automation, 1979.
J. . Jones, W.R.Blunden: Ship turn-around time at the Port of Bang-kok, ASCE, Journal of
the Waterways and Harbours Divisions 94 (WW 2), 135-48, 1963.
DU R - AR B, Wl BB S BEL HARRIA SRS, 6TER, 8)), 1932
T R 2 'l’m“’“’%i’) Ktk o HER, Hﬁiﬁ?ﬁ@‘»@ﬁfﬁ)‘(:ﬁiy AR, 10]], 1975,
o1 LYON AbSOCI\IL‘S INC. ﬁfﬂ.]u,;}#?;@ M ERFRILEME ST, SRR, 1081,

i - 'ﬁ’(ﬁfxﬁi ,‘V el bRy Wi, ﬁ@lfqm‘;m' Gk, ORR, 1982,
£ i, &, pp. 1~95, 1981.
Wrmw, f it A%, pp.352~379, 1980,
ARG, A8, 1981
DRLERY, fhoceh. A0., pp.597~634, 1981.
Il HER ﬂi’*fﬁiﬁl). S8EE, 1J], 19824%

lﬂfkﬁf o
Ayl ,Ei'fr' ;
SN NS ERUIR (3 Al




184

s

wWHe] EYrtEel B M

H & &

A Study on the Tidal Characteristics
of the Nakdongpo Estuary

Jun Sunghang

..................................................... (E *)...
Abstract
1. B B

2. WAfnme B
2.1 FARSHR
2.2 FAREK
2.3 @RS FE
3. AMSHY ik
3.1 G.H. Darwindl] %3t Bwe #AMOH Hik
4. W D HEB GRS
4.1 BREH
4.2 By RS
4.3 71k W Bl =& BiRIEAME
4.4 Frg R WEERS S
4.4.1 BIRFEHE
4.4.2 WSl mILRTY HH:
4.4.3 WHe HURGE etk

5. # W
BEIRR

............................................................................................................................



Al AR TRl BARE R ]

Co
<y

Abstract

In ti s paper. we have investigated the tidal charac-

teristics ¢ the Nakdongpo estuary. We have carried out t-
he analysis of harmonic constant with the use of the rec-
orded dat. on tidal level at the Gadeog Do tide station a-
nd ana: zed the flow velocity data obtained by ourselves at
two points in the Nakdongpo estuary. In addition, we have

analyzed the variation of the mean-sea level.

Typical items of the characteristics we have found are;
(1) The principal harmonic constants and non-harmonic c-
onstants are shown in table 2.
(2) Tide in this area shows the semidiurnal inequality.
(3) The mean-sea level is shown to be depressed at rate
of about 1 em to the rise of 1 mbar of the atmosphe-
ric pressure.
C4) (i) At K, point,
The E-W component of the veloc:ty reveals the n-
ature of progressive waves.
The N-S component reveals the nature of statio-
nary waves.
(ii) At K, point,
The E-W component shows the characteristics of

progressive waves toswmckgﬂﬁ-
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Abstract

In ti s paper, we have investigated the tidal charac-

teristics ¢! the Nakdongpo estuary. We have carried out t-
he analysis of harmonic constant with the use of the rec-
orded dat. on tidal level at the Gadeog Do tide station a-
nd ana: zed the flow velocity data obtained by ourselves at
two points in the Nakdongpo estuary. In addition, we have

analyzed the variation of the mean-sea level.

Typical items of the characteristies we have found are;
(1) The principal harmonic constants and non-harmonic c-
onstants are shown in table 2.
(2) Tide in this area shows the semidiurnal inequality.
(3) The mean-sea level is shown to be depressed at rate
of about ] em to the rise of | mbar of the atmosphe-
ric pressure.
(4) (i) At K, point,
The E-W component of the velocity reveals the n-
ature of progressive waves.
The N-S component reveals the nature of statio-
nary waves.
(it) At K; point,
The E-W component shows the characteristics of

progressive waves tosmwcngﬁ-

The N-S component shows a weak hint of station-
ary waves.
(5) At K, point, S-component is predominant due to the flow of river.

At K3 point,E-component is predominant due to the Tsushima current.
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2. MY ER

2.1 BRSM

Mye AN SE FCKR), ACKB) ¥ 459 o
Brx SgAd sUEe AYHe Hust: 2L "golz. o
Ao, KB AR solSE Sed 2L EAY 4o 1 W
@A Aade

as?p+XC,(I,e)-(2t, 8, h, pv )

T=3-F @0 { +azp TC(T,e) m(t 8 hp.y .0

+(1-3sin?p)*3Co(l,e)s(s,h,p,vE)
- (1)

474 & #e, M % Ex A4 ¥ % AT KEE, R
¥ De ¥ %A ¥ ‘%34 2| F-4tel g FHERE, o= AT
8 W|AKY MEE Jehdo

s B FHEE, te AUH4A, he ] FHRE, pe

9o EHAY FHFEE dehded o8 AR o Pk

rlo

A #HIe EEIH.
I, ¢, ve 98HEY AXAAxC A¢ €24 F 18.6 W9
Bz wststed HIEL diwks] FHord l1uzde A dAs

g dotx FH.
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Table 1. Principal Tidal Harmonic Constants.

Sum-} Speed Period in ]
Names of Partial Tides (rtrilggflees per Coefficient
bol solar hour)| solar hours

Semidiurnal Component

M; |Principal lunar 28.98410 12.42 0.45426
S, |Principal solar 30.00000 12.00 0.21137
N. |Larger lunar elliptic 28.43973 12.66 0.08796
K, |Lunisolar semidiurnal 30.08214 11.97 0.05752
Diurnal Component
K, {Lunisolar diurnal 15.04107 23.93 0.26522
O, |Principal lunar diurnal 13.94304 25.82 0.18856
P: | Principal solar diurnal 14.95893 24.07 0.08775
Q; | Larger lunar elliptic 13.39867 26.87 0.03651
S: | Meteorlogical diurnai 15.00000 24.09
Over Tide
M, | Lunar 14 57.96821 6.21
Ss | Solar 14 60.00000 6.00
M; | Lunar /6 115.93642 4.14
Campound Tide
MS, | (M.+ S2) 58.98410 6.0l
2MS.| (M, - S2) 27.96821 12.81
2MN:| (M - N2) 29.52848 12.19
_ZSMz (S¢-M) 31.01590 11.59
Long-period Component
Mf | Lunar fortnightly 1.09803 327.86 0.07827
Mm | Lunar monthly 0.54437 661.30 0.04136
Ssa | Selar semiannual 0.08214 4382.76 0.03643
Sa | Solar annual 0.04107 8765.52

+ G.H.Darwin (1907) : Scientific Papers, vol.l.p.20-21,

Cambridge University Press.
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Azke] wetd AY WA ¥ JduA FEE uz Fod (1) 4
<

7 = G,+EG,+Cros(Vv+u) (2)

]

e

o ¥l & F dA=ES. #Hed A ExE GG Coaw(v+u)
= E4sd viu=0Us uE, viu=180°Udd AEA b,

2dd, o4 o BL BN MPBAA 59 Acjmz) g
daselAE 243 1 2% dAsAR AEH 4L DA

dobd om AP AA EAE AZod deldE 2x9 Al
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Zojop @ 24 EA( Phase lag)olsh Y=t oAE Kz 4
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VZ} +29 #@uE(7)E
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2 3A444.
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2 u¥e & 4 AA f=. 474 K, H: Z R2gdA9
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)
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5
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2.3 BTy RE

FH +449 MEE S} ol £ 4+ Yo




wAmS MR BA AR 193

p=H <as (0ot - (o) + ZHicas(B§ t-(5)

=B, » snot + Co +sinmot +ZHios (njt-&;)
(wk, Bo =Ho *oste, Co = Ho = snlo )

d714 H & (v Tt £24 A7 (AFH Ha4) s HE

2z 9 Jl3z FAEHIH.
E & #EHY SA4 ok EEwe Sdeold A E X
W ol olm AAHY Ez v gleeg XIHEHY  =9d4

L

+ stz A47srlz o

PE ®¥, T.& Fit ££29 F72 stz (6)4

s, t, sinh, t
E Fslz t=odA t =P-T, 7t7 A &34
IPIL s n, t-dt
B pr, + sHI — 0 A L D
= 2 o (niz’nOZ) N 1
+ sinli | (7)
PT,

{ n +sinn.t o dt

o

Co . no ni .
= = PT. + THi (_nl—sToz—)— [m(—no"‘zxp‘ Ci)
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2EL A=z AH4E ts4el AAS AT

Hoe (™t = P 9o (¥ nt)at (9)
Sin ° sin

He =5’%:l I.,PT° 7 @0, t-dt)? +
C PP g osnn teded2 ) (10)
- . not' dt
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I”'sinnot'dt

2 He 23447 THAH.
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9
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atgol weh b2l R

(a) 19#WEs7l 1 PHRBRERY 21 A

M, 32E& 348 2a 13 THSFA=0,.966137 ¥Rt =
e2 F29 ARy AFHIA(SEe F2A) 14 M Ex4
(CA" ¥2A) 144 43¢%x ¢ 4 A, z2Hn  SE
24%& 1.932274 CB¢ & M, X9 28 4A%¥d. 23y S
BES] 14B%E CEee 13.525918 BF, SES 158+« CRY 14.49205
B 7} 5] HFFAY 14 Bl 158E 2F M $EdAe U
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249 g Ao Wt FFHFAY dEHa 2AHYg Azl o
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(b) 132A7 13FeFAEE & A+
K225 38 2d 13FHIA+E 1.00274 x4 7} 5
22 (a)9 A$S el SAY 1AE CAY 14, SA49 24€
CAY 246 A7gd. 22 SAY 182 Al CAY 182.49563
Adolez CAY 1846 7 A7$ud SA9 1834+« CAlY 183.50142
A & CAY 1848 73 7%
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grol  Ex A AR #@HE ASd e ExAd Adgs: F
Az A& AT A

ool ol A A Fxel wWF 1EZFUAY Bzsuo HFa
B7h 24 ook, olme i (W), (DA sl A B3
8 azse FEY 23t T .

aed S Wyel A g wAe 2o As] W x4 %
25 7l Aol obvet 7 E£x A9 30w AFH 30%F 4olo

dAE TR oelw.  @ed ool WE wAel L.

oy Bx 7t p=H-am(nt- ()8 FEA = He 510 A 5
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HeokA 2 TAZY 1 ExAe skd,
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: L t+3
= I Hew (at-0)at
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a2 EHERE ( Augmenting factor)w) g 2Ed. 4 AdAd &
4 g% a¥ pel AP, g EE AMHd AT ¥IA
+& JEed AHolo.

ek, STl &3k Si, S. Ss, e 9 ¥x9 FFAFE 24
3 1oz o

dze nAge BEI.  (13) Ao g3 A4dH=
3}

hlacy

2

4 9%

g Z4 44 1.00286 | 1.01152 1.0617 1.04720 | 1.11072 | 1.20920
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4. HY 3 WEBHER ST

4.1 FF=s

+ WA &Y BERM ZAHAAEE MEE BREFIA 1981
d o104 149458 19824 94 3047 mfA 7 #AEZg  2F o),
ZARRZF ALy T Fuss # HOEESBEE)Y. 3. 44

A5 19824

(RN

94 28¢4H 3047 HFRFH K, ¥ Ksol
A 7z 25 Aol AH s Azes A2F AEE o] 349 o
#& - f434-lE TSURUMISEIKI 9 (M. #%- %48 o
skl o}

4.2 M Z3IEA

1981W 10¥ 19¥s 1982w 9% 30479 1wdze o
A #EFF BEAEE (10, AD A ity =y 23 g A&
s B2 Foh. M, of A A ol o] HoH &
FxBRATE TEY AT gl FH2e Ao, 282 A& 1982
o 1% 19y A FxE 23 284 A A4z ¥ f3AE

W mshe] e, )
14

Py EMmE (M. H.W. 1) = m/ 298
FHEHBEEBE (M. L.W.I) = /298 +6% 124

K#EH ( Spring Rise )=2 (Hm+Hs) +H’ +H.

N H (Neap Rise ) =2Hm+H'+H

¥ ¥ ( Mean Sea Level, M.S.L.) = M,+ S, +K, + O,
K ##% ( Spring Range, Sp.R.) 2 M.+ S2)
/#§ 2 ( Neap Range, Np.RJ) 2 (M, - S2)
BEm#E ( Highest, H. W) A, + (Hm+ Hs+H’ +H, )
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Table 2. Principal Harmonic Constants and Non-Harmonic

Constants (I)

Year 1981 1981 1981 1982
onth
10 11 12 1
Com- Semi- | Phase | Semi-| Phase | Semi - |Phase | Semi- | Phase
pon- Symbol
ent range | angle | range| angle | range |angle | range |angle
cm ° cm ° cm ° cm o
M; | Hn | Km 54.7 | 239.4 | 55.9 | 238.8 | 56.1 | 241.3 58.1 236.2
) cm ° cm ° cm ° cm o
| Sz | Hs Ks %.3 | 262.4 | 2.1 | 263.5 | 25.9 | 267.2 28.0 262.1
]
- cm ° cm ° cm ° cm °
A |K.|H"|K" 7.2 | %62.4 | 7.1 | 263.5| 7.0 [267.2 7.6 | 262.1
o
o cm ° cm ° om ° em °
o |K;y |H |K’ 8.0 | 159.2 7.6 | 155.6 | 6.8 | 159.5 7.5 147.9
"g‘ cm y cm ° cm ° cm °
g | P Hp | Kp 2.7 | 159.2 2.5 | 155.6 | 2.3 | 159.5 2.5 147.9
a cm ° cm ° cm ° cm °
o, |H |K 4.5 | 142.1 5.2 | 132.8 | 4.0 | 141.7 4.5 121.9
_ h m s h m s h m s h ﬁ
M.HW.I. 8 15 19 8 14 04 8 19 14 8 08 41
h m s h m s h m g8 h m s
M.L.W.I. 14 27 19 14 26 04 | 14 31 14 14 20 41
w om cm cm om
% | Spring Rise 174.5 176.8 174.8 184.2
<
': cm cm cm om
2 | Neap Rise 121.9 124.6 123.0 128.2
o R
© om om om ocm .
o | M.S.L. 93.5 94.8 92.8 98.1
[}
(=] cm com cm om
§ | Spring Range 162.0 164.0 164.0 172.2
]
o cm cm cm cm
& | Neap Range 56.8 59.6 60.4 60.2
=]
z cm cm cm cm
Highest HW. 194.8 187.4 178.3 183.7
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Table 2. Principal Harmonic Constants and Non-Harmonic
Constants (II)
Year 1982 1982 1982 1982
Jon
- 2 3 4 5
Com- | Semi- [Phase |Semi- |Phase |Semi- {Phase|Semi-|Phase
pon- |Symbol
ent range |angle |range |angle |range |angle| range|angle
cm ¢ cm cm v cm e
o Mz | Hn | Km 60.5 | 230.4 59.2 | 236.3 | 59.9 | 241.0% 60.3 ] 241.3
= ;
« cm em o cm o om o
~|S, | Hs | Ks 23.4 | 266.2 | 26.9 | 270.7 | 21.9 | 271.1| 23.7 ] 255.3
rs]
o - ) -
o cm cm ¢ cm ° om ‘
©|K, | H" | K~ 6.4 | 266.2 7.3 | 270.7 5.0 | 271.1 6.4 | 255.3
bt cm ° cm > cm ° cm °
= |K: | H | K’ 6.4 | 134.4 8.7 | 149.4 6.9 | 143.5 8.2 162.1
Q
E em $ cim ° cm ° om <
< P, { Hp | Kp 2.1 | 134.4 2.9 | 149.4 2.3 | 143.5 2.7 1 152.1
. cm 2 cm > cm o om °
O, | H | Ko 4.5 | 121.5 3.5 1 131.2 5.1 | 129.8 5.3 | 141.0
h m s h m s h m s h m s
M.H.W.I. 7 56 41 8 08 54 8 18 37 8 19 14
m s h m s h m s h m s
M.LW.I. 14 08 41 14 20 54 14 30 37 14 31 14
2 _ ’ em em cm em
= Spring Rise 178.7 184.4 175.6 181.5
-~
@ ) cm cm cm cm
g Neap Rise 131.9 130.6 131.8 134.1
&)
cm cm cm cm
° | M.S.L. 94.8 98.3 93.8 97.5
=
g . em cm em cm
= | Spring Range 167.8 172.2 163.6 168.0
<
ﬂl:: cm cm cm em
e | Neap Range 74.2 64.6 76.0 73,2
(o]
Z . cm cm cm cm
Highest H.W. 178.3 183.2 185.8 194.4
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Table 2. Principal Harmonic Constants and Non-Harmonic

Constants ()

Year 1982 1982 1982 1982
Month|
6 7 8 9
Com- Semi - | Phase |Semi- |Phase Semi- |Phase | Semi-|Phase
pon- | Symbol
ent range | angle [range |angle [range |angle | range| angle
cm ° cm ° om ° cm °
M; Hn| Km 55.6 247.4 55.0 230.7 | 54.0 240.0 | 54.0 249.3
a om ° cm ° cm ° cm °
8|S, |Hs | Ks| 23.5 | 271.5 | 27.9 | 248.1| 23.7 | 265.5| 25.1 | 269.2
-
: cm ° cm ° cm ° cm °
8 K, H’ K” 6.4 271.5 7.6 248.1 6.4 265.5 6.8 269.2
o cm ° om ° om ° cm °
- | K1 H' K’ 7.3 150.9 7.5 148.0 7.5 154.9 9.1 160.8
q .
g cm o cm ° om ° cm °
E P, Hp Kp 2.6 150.9 2.5 148.0 2.5 154.9 3.0 160.8
£ cm Q cm ° cm ° cm °
0, H, K 4.5 137.5 4.6 115.8 4.2 119.9 3.0 139.9
h m s h m s h m s h m 8
M.HW.I. 8 31 52 7 57 19 8 16 33 8 35 48
h m s h m s m 8 h m 8
M.LW.I. 14 43 52 14 09 19 14 28 33 14 47 48
® . cm cm cm cm
- Spring Rise 170.0 177.9 167.1 170.3
g . cm cm cm cm
@ | Neap Rise 123.0 122.1 119.7 120.1
(=]
&) cm cm cm cm
© M.S.L. 90.9 95 89.4 91.2
8 . cm cm cm cm
é Spring Range 158.2 165.8 155.4 158.2
a; cm cm’ om cm
é Neap Range 64.2 54.2 60.6 57.8
cm com cm cm
Highest HW. 191.1 199.0 197.8 201.1
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4.3 S[EEAL =& BMEED
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Figure 3 Averaged Monthly variation of Mean Sea
Leval versus Atmospheric Pressure
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