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On the Tidal Transport and Exchange of Sea
Water in Seto (Straits) and Approaches

Hideaki NAXATA and Toshiyuki HIRANO
(Ocean Research Institute, University of Tokyo, Tokyo)

Abstract

This paper deals with the problem of the exchange of sea water due to the tidal mixing
in seto (straits) and approaches of Seto Inland Sea, which has much effects on the transport

and distribution of fish eggs and larvae.

Mekari-Seto, ITkuchi-Suiro and Kurushima Strait

(Nishi-Suido), which communicate Aki-Nada with Bingo-Nada and Hiuchi-Nada in the central
part of Seto Inland Sea, were chosen as the study area.

Using the volume of tidal mixing area where current drogues were dispersed, (V), and the
volume of tidal transport during a half tidal period, (Vo), the rate of tidal exchange, r=
(V—=V0)/V, was obtained in these straits respectively. The values of the rate () were larger
in Mekari-Seto and Ikuchi-Suiro rather than in Kurushima Strait where the value of tidal

transport was the largest of these straits.

The volume of tidal exchange (Vo) in Mekari-

Seto was nearly five,times as large as the volume in Kurushima Strait at the flood tide.
Therefore, it was considered that the amount of tidal exchange between Aki-Nada and
Hiuchi-Nada through Kurushima Strait was not so large.

In addition, estimation of average concentration of materials, such as fine sand and mud,
drained continuously into the Strait was carried out using a box model of tidal mixing.
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Fig. 1. General status of the current

central part of Seto Inland Sea. Numericals
indicate the volume of tidal transport (X 10°m?).
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Geographical factors.

Width

Area of cross

Maximum velocity ~ Volume of tidal

(m) section of tidal current transport

e (X 10'm? (m/sec) (X 10°m®)

Mekari-Seto 280 3.15 1.75 6.06

Ikuchi-Suiro 520 0.68 0.95 9.71

Kurushima Strait 1050 3.25 3.20 11.35
(Nishi-Suido)
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Fig. 2. Schematic explanation of the tidal
exchange of sea water.
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Fig. 3-1. Loci of current drogues released at the
Mekari-Seto, Nov. 14, 1974, 8:30-11:50, and
the tidal mixing area estimated by them
(flood Ttide).
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Fig. 3-2. Loci of current drogues released at the
Mekari-Seto, Nov. 13, 1974, 13:50-15:10, and
the tidal mixing area estimated by them
(ebb tide).
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Fig. 4. Loci of current drogues released at the
Tkuchi-Suiro, Nov. 15, 1974, 15:28-16:50 (ebb
tide) and Nov. 16, 1974, 9:55-13:00 (flood tide).
The bold lines show the division of tidal mix-
ing area estimated by them.
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Fig. 5. Loci of current drogues released at the
Kurushima Strait, Nov. 30, 1974, 15:00-16:30
(ebb tide), and Dec. 1, 1974, 9:29-10:50 (flood

tide). The bold lines show the division of
tidal mixing area estimated by them.
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Table 2. Estimated volume of tidal transport and tidal exchange of sea water.

V(X 10°m?) Vo(X 10°m?) r rVo(X10°m®)

. flood 13.17 6.60 0.50 3.30

Mekari-Seto ebb 6.36 5.00 0.20 1.02

s Qs flood 3.02 0.68 0.77 0.52

Ikuchi-Suiro ebb 1.16 0.65 0.44 0.29

Kurushima Strait flood 10.66 9.93 0.07 0.70

(Nishi-Suido) ebb 13.44 9.93 0.26 2.58

flood 26.85 17.21 0.36 6.20

Total ebb 20.96 15.67 0.26 3.92

V' : Volume of tidal mixing area 7: ratio of tidal exchange

Vo Volume of tidal transport rVo: Volume of tidal exchange
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Table 3. Estimated value of horizontal
diffusion coefficient (K).

K(x10%cm?/sec)
. flood 5.08
Mekari-Seto ebb 1,21
Tkuchi-Suiro flood e
Kurushima Strait  flood 1.51
(Nishi-Suido) ebb 5.62
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Table 4. Ratio of the flux and average concent-
ration of materials discharged in Mekari-Seto
and Kurushima Strait to the value in Ikuchi-

Suiro.
Flux S E
Mekari-Seto 8.5 0.12 0.21
Tkuchi-Suiro 1 1 1
Kurushima Strait 16.1 0.06 0.25

(Nishi-Suido)
S: (Amount of materials discharged)/Flux
E: Average concentration at low water
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