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4. On the Growth of a Salt Wedge in the Ishikari River

By Hisao FukusuiMa, Masakazu KASHIWAMURA,
Isao Yakuwa and Susumu TAKAHASHI

(Department of Applied Physics, Faculty of Engineering, Hokkaido University)

When salt water invades upstream from a river mouth due to a density difference,
there are three different types according to the degree of turbulent mixing between
fresh water and salt water. In the type of invasion of the Ishikari River, the effect of
mixing is usually negligible and salt water lies beneath fresh water generally with a
shape of a wedge. The layer of salt water thus formed is called a ‘salt wedge’. In a
stationary state, the length of a salt wedge is understood as a function of a discharge
of the river. Stationary problems of a salt wedge including this problem have been
investigated theoretically and experimentally by many research workers. Concerning to
a non-stationary state, however, there are few investigations because of the difficulty of
a theoretical treatment and a field observation.

In August 1958 the present authors conducted an observation of a salt wedge which
was driven out by flood water from the river mouth for a few days. The salt wedge
made a gradual growth upstream as the discharge of fresh water decreased. The front
of the salt wedge was clearly determined by the method of measuring the electrical
conductivity of water with a kohlrausch’s bridge. As a result of these observations, it
was noticed that there exist two steps in the curve of the relation between the length
of the wedge and time as shown in Fig. 3. The purpose of this report is to clarify the
mechanism of showing these two steps existing in the progressive salt wedge in the
Ishikari River. As the longitudinal profile of the river bed was examined, it was found
that there are two large hollows on the river bed inside the mouth. It is assumed that,
when the salt wedge flows down into each hollow, the velocity of the front can be com-
puted in the manner already suggested by T. von Kérmén for an ideal fluid. When the
wedge progresses up on the positive bed slope, on the other hand, it is also assumed that
the velocity of the wedge front can be determined by the rising rate of the surface of
salt water accumulated in each hollow and the slope of the river bed.

Since the calculated results thus obtainable are in good agreement with the observed
ones, it is concluded that those two hollows caused the mechanism of showing the two
steps as the salt wedge progresses upstream the Ishikari River.



