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SOME CHARACTERISTICS OF TIDES AT NAGOYA HARBOUR
AND NEAR AKASHI RIVER

By Haruo HicucH1 and Shigehisa NAKAMURA

Synopsis

The disasters at coasts are caused not only transient phenomena, i. e., storm surge and
tsunami, but also by local scour and deposit by steady coastal currents and by artificial
change of coastal line.

This study has been carried out to obtain some fundamental data of them, i. e., this study
is on coastal flow and the related phenomena at Nagoya Harbour and the coast near Akashi
River. At the two regions, coastal flow consists mainly of tidal currents. Bottom frictions and
eddy viscosities are calculated and derived from the data of tidal observations at the regions,

which seem to show some characteristics associated with tidal currents.
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Fig. 1. Topograyhy and coast near the mouth of Akashi River.
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Fig. 2. Predicted sea levels of Kobe and Himej-Shikama, and predicted
tidal currents at Akashi Strait.
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Fig. 3. Location of stations near coast and the mouth of Akashi River where tidal
observations were carried out. Each of the stations encircled has ordinal
indices respectively.
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Fig. 4. Examples of vertical profile of tidal currents and averaged current directions.
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Fig. 5. Schema

of float which was used

for tracing tidal locus. Numericals are
length in cm respectively.
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Fig. 7. Locatian of the new breakwater at
Nagoya Harbour, in which the main
opening and the sub-opening of the
breakwater are marked by M and S
respectively.
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Fig. 9. Records of sea levels at the Meteorological
Tower Station of Nagoya Harbour when the
tidal observations were carried out.
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The data of wind were obtained at the height of 17 m above
low water level,
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Fig. 12. Profiles of tidal currents in two cross sections of the openings of the breakwater.
a) main opening and b) sub opening, in which the cases of ebb tide and flood
tide are shown respectively. The profiles are at the time when the maximum
velocities are found in two cross sections of the openings. The numerical indices
on the contours are tidal current velocities in knot.
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Table 1. Bottom frictions and critical friction velocities
Station D(erﬁt)h Date Time Bo(tégr:e%i[;gi)on Direction ( C:‘I::/ES) ( crﬁ? $ M, est. ((rfrg%
h m
1 37 Apr. 16 1040 1.64 164° 1.5 1.28 0.14
2 33 11.00 4.04 272 1.7 2.01 0.35
3 25 11.14 6.50 92 15 2.55 0.26
4 35 11.21 0.27 146 1.6 0.52 0.55
5 32 15.30 12.82 130 1.7 3.58 0.35
6 2.6 1541 6.66 171 1.7 2.58 045
22 37 Apr. 17 11.10 0.15 313 1.5 0.39 0.26
23 42 11.25 511 300 1.7 2.26 0.45
24 3.6 11.30 5.76 262 1.7 0.24 0.50
25 4.0 11.31 331 285 1.6 1.82 0.30
28 24 16.45 1.99 295 14 141 0.25
29 33 16.54 6.35 45 17 2.52 0.36
31 32 17.20 4.09 0 1.7 0.64 0.35
32 25 17.29 331 260 15 1.82 0.25
41 2.8 Apr. 18 1640 24.50 0 1.7 495 0.36
42 34 16.45 13.99 0 1.7 3.74 0.36
43 3.7 16.54 2.56 106 1.7 1.60 0.40
44 29 17.00 0.64 120 1.7 0.80 0.36
45 31 17.10 1.54 122 1.7 1.24 0.55
48 25 17.23 1.35 110 1.6 1.16 0.25
49 25 17.27 5.02 150 1.5 224 0.14
50 35 17.30 751 125 15 274 0.24

uy : friction velocity defined by u«=+/7/p,
and My est.: estimated mean diameter of sediments.

— 0 —

%y, ¢ critical friction velocity,
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Table 2. Coefficients of vertical eddy viscosity near and the coast of Akashi River.

. |Depth | Height above u /B . |Depth | Height above u 7
Station|" 19" cea bed (m) |(cm/s) Station "1y | sea bed (m) |(cm/s)
. i 13 28 | 24 14 | 11
fo 8 150 o} 6 10
ds 7 25 65 5 10
' 20 ’ 20
0.3 5 5 0.3 3
02 6 5 30 43 33 25 400
01 5 23 | 17
6 | 26 16 | 20 13 | 18 %0
‘ ) 150 ’ 0
1.1 | 14 1.8 | 18
06 | 13 25 08 | 13 250
o# 7 60 oé 13 0
‘ 10 ) 30
0.2 6 03 | 16
02 | 10 30
23 | 42 32 | 16
650
22 | 29 43 | 37 27 | 35
300 350
12 | 23 1.7 | 28
25 100
07 | 22 07 | 26
05 | 18 40 04 | 22 60
’ 10 ) 20
03 | 17 02 | 20
25
02 | 12
5
01 | 11

7= ands/SAds

85, Fig. 15 B0 5 LRk T/2 ZBREIC & - T 7. OEREZ(LE Fig. 17 iLRd. COXTI 7.
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Fig. 18. Relations between 7, and 7 at the openings Fig. 19.
of the breakwater of Nagoya Harbour.

Relations between # and 7, near
the mouth of Akashi River.
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River mouth
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Fig. 23. Schematic profile of tidal estuary, which is a modification of the
mouth of Akashi River. Quantity of water which flows in or out
across the river mouth during flood or ebb tide is represented by

the hatched area for a constant width of the river.
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Table 3. Tidal flow across the mouth of Akashi River.

No. Date | UULIE L mve G | T(D)
1 Feb. 11 1.50 67500 155 220
2 Feb. 4 0.36 7200 0.16 0.23 12
3 Feb. 18 0.30 13500 031 043
4 veb. 18 0.30 13500 061 0386 6

Fig. 24.

Section- A
A0 A
Vertical cross sections

Horizontal scale near the mouth of Akashi

0 50™ River. A—A’ and B—B’
correspond to those found
Section- B in Fig. 20.

AN o

8 0

NORRTHD, 2Ofind Table 3 (A ZL5ICHIRD/PEV, ZOTEBBARNNCEHOICET 5
ML & ZKOTEEEF DA LD SN, LS OWE TR OMHLICHERL, X 5IKHA)IIEESR
DOREROLEIMORAEDORRERE S 2 TRIELZEATVOEEEZ SN 5,

1. % £

4 B MR IR O s L A I ORI B 2WIRBROMREABIT LT, SE¥0L) SiH
HEMPNBETHAH Do

1) BEFEEOBAREIRICEO TRIEDOBEESHIXNEDH D 5 0 II—BRNAALRTH, Hdin
N8B E, FEBROEOEL TRAABERIC S, EOEL OREOEESAB LUMMKICE b
SEAFORED—HE UTHRHEESR L EZ NS,

2) WEAEE B BIRM O IR I S U TR BIICE L2 DRIBIIAE 42 dyne/cm? T
bb, NBBEBBEREOMEIT 2 X10GEOERICEL L TN 3, To@fiEsBAEAOND E
x OAGNFEOHEDBEEEIIIHK 245 dyne/cm? TH 5, KE, A%, BEMEREICLI-TS
FORE BRI B,

3) TEEREEMAEIIBHEIREE DI TI3 R RIN 122 LId B TIZ /80, Kk 800 C.G.S. D% & 5,
AN OSBRI DN TII AR 102 CG.S. DiEAE & 5, FDEESFIFEOEALFABER TH s, T
7oHARNE OAHE I B 2K FREHG RIS 10 C.G.S. D% & %,

4) HANEOTRENNIRELNE L, HOTREERBEE THEEBbN 5,

BRAE ¥ & T A EERIIBEES LA OMEOERBIC BT 2B & HR S ICBRBEN. Chikon
TRHIASKUHREDOEND 2 LBhbi b,



456

v RARBIEFTRRTHE 85 (#.40. 3)

i 3

COMFEEZTT R HD, AHETHBEOLLVEEEE—ZRICODSRBOEEH b T, $7-
BRI ZRE L TOROEREH 5 SEERREI OV EEBH TR B ICEL RBOEEHOD
To FBRMERAICEOTRAATHRFABRBEIREOH £, WAHOAEREN 1T, X SICAH
RETTHDLLHI>THHEE L INUED - PR EROMBLBITE, H ERKBT B LOEMEN
KH1: oM XMATOHERIC O L LBHOBEH ST,

D
2)

3)
4)

5)

6)
()]

8)

9)
10)
11)
12)
13)
14)
15)
16)
17)
18)

19)

20)
21)

g % x #®

MEHEAB KRGS © WANERBRETICE S 5ERES KOAORAERES, 1964. p. 205
Per Bruun : Long shore currents and long shore troughs, Jour. Geophys. Res., 68-4, 1963, pp.
1065-1078.

MOMAA - hATEA | ZHBEOERBANCOVT, HABKHEFER No.7, 1964, pp.410-419,
MO - SHE=  AHBESOMIKICET 2 KBERRRIL, FASMERFER No. 6, 1963,
pp. 346-364.

BRI « B - EARER - KPEIER : FABOKEENERIC OV T, H10EEATEHE
HAHEE, 1963, pp. 80-85.

EPREREIS 1 MRS ¢ )%, 1959, pp. 86-92.

Lesser, R.M. : Some observations of the velocity profile near the floor, Trans. A.G.U., 32-2,
1951, pp. 207-211.

Bowden, K.F. and L.A. Fairbairn : A determination of the frictional forces in a tidal current,
Proc. Roy. Soc. A, 214, 1952, pp. 371-392.

Charnock, H.: Tidal friction from currents near the sea bed, Geophys. J. Roy. Astro. Soc.,
2, 1959, pp. 215-221.

AR  KEARE, WASTERBUITI, 193, pp. 106-100.

TREA  BAPBOBARMNCONT, TARZELHRE No. 98, 1963, pp. 1-9.

BEE—  BRRBHRICET 2ERNHR, EARELHRE No. 41, 1956, pp. 1-21.

Agnew, R.: Estuarine currents and tidal streams, Proc. 7th Conf. Coastal. Eng., Vol. 2,
1960, pp. 510-535.

Bowden, K.F. and L. A. Fairbairn : Measurements of turbulent fluctuations and Reynolds
stress in a tidal current, Proc. Roy. Soc. A, 1956, pp. 422-438.

HRRTEA : BIIRIREE LI OMIMICHE S 5 BIEEE S L ORERESEERICONT, SUEEET
FIEHFIE, 1964, pp. 94-97.

Bowden, K.F. : Observations of turbuleuce near the sea bed in a tidal current, Quat. J. Roy.
Met. Soc., 81, 1955, pp. 640-642.

Bowden, K.F. and M. R. Howe, : Observations of turbulence in a tidal current, Jour. Fluid
Mech., 17-2, 1963, pp. 271-284.

Kent, RE. and D.W. Pritchard, : A test of mixing length theories in a coastal plain estuary,
Jour. Mar. Res., 18-1, 1962, pp. 62-72.

#K—Hp : On the mechanics of flow in a wide alluvial river, ¥ H RFVEFI BRI,
1, 1939.

TRE : 24 FNV 77 9vaillD0T, B1EERTYRERESHRE, 1954, pp. 45-52.
TRE : Estuary OKEICONT, %2 [@MRTFHIESMIRE, 1955, pp. 41-48,



BO, hH - EREESJCHANEFOREICED 28RO, ZORHIKDNT 457

22) Valembois, J. et A. Daubert : The calculation of currents in the Caroute Canal between the
Etang de Berre and the Mediterranean Sea, Jour. LA.H.R., 1-1, 1963, pp. 20-25.

23) Arthur, R.S.: The equations of continuity for seawater and river water in estuaries, Jour.
Mar. Res., 22-2, 1964, pp. 197-201.



