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Three dimensional and two dimensional experiments were conducted in the present research to investigate the
changes of scour pattern due to hydraulic (overtopping height) and geometric (levee height overtopping width)
parameter variation.

In the present study, gully scours created along the levee slopes of two rivers (Omotogawa and Sakarigawa Rivers) in
Iwate Prefecture and three rivers (Nanakitagawa, New Kitakamigawa and Abukumagawa Rivers) in Miyagi Prefecture
were investigated. These gully scours were created by the 2011 Great East Japan Tsunami. The energy head during
levee overtopping for each location was calculated from the overtopping flow information obtained from post tsunami
surveys.

From the 3D experimental analysis of downstream scour profiles, it has been observed that five distinct types of scour
pattern were created for different hydraulic and geometric parameters.

For overtopping width (7,,,) to levee height (4,,,) ratio of 2 to 6.7, single scour hole (‘Type 1-S’) was formed for
overtopping height (d,,,) to levee height (/,,,) ratio of 0.1 to 0.4, while for W, ,/A,.= 6 to 8, double scour holes were
created in the transverse direction (perpendicular to the overflow direction) when d,, /A= 0.25 to 0.4 (‘Type 2-DT’).
In case of W, /M= 3.3 to 6.7, double scour holes appeared along the longitudinal direction (along the overflow
direction) with d, /A= 0.5 to 0.83 (‘Type 3-DL’). For comparatively higher W, ./l (6 to 13.3), multiple scour
holes were created along transverse direction (‘Type 4-MT’) for d,,../fpm= 0.1 to 0.2. For W, /By =10 to 13.3,
multiple scour holes were created both in the transverse and longitudinal directions (‘Type 5-MTDL’) when d, ./} u=
0.33 to 0.83. The formation of five types of scour patterns differed because of three dominant flow mechanisms which
are back water effect along the levee slope, periodic deflection of hydraulic jump in the transverse direction and periodic
deflection of hydraulic jump along the longitudinal direction.

Among them back water effect played an important role for the formation of multiple strip flow, which created ‘Type
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4-MT’ scour pattern. Periodic deflection of hydraulic jump along transverse direction acted as the dominant factor
for creating double scour holes along transverse direction, forming ‘Type 2-DT’ scour pattern. Periodic deflection of
hydraulic jump along longitudinal direction played as the vital factor for creating double scour holes along longitudinal
direction (‘Type 3-DL’). Due to the combined effect of periodic deflection in transverse and longitudinal directions,
multiple scour holes were created along both directions forming ‘Type 5-MTDL".

From the relation between non-dimensional energy head and non-dimensional overtopping width considering Froude
number, occurrence of different types of scour pattern was described. Moreover from the relation of non-dimensional
maximum scour depth with nondimensional maximum scour length, vulnerability of the levee structure was analyzed in
the present research. It was observed that ‘Type 2-DT’ is vulnerable for the levee structure,while ‘Type 3-DL’ and ‘Type
5-MTDL’ affect both the levee structure and the valuable property at the downstream of the levee.

From the comparison between 2D and 3D scour data, it was observed that for 3D experimental results larger scour
depth and shorter scour length were created compared to 2D experiments. This might be due to overtopping flow
dispersion and concentrated flow in the middle section in case of 3D experiments. From this result, it is evident that for
levee design 3D experimental analysis is very important as 2D cases tend to under-predict the scour depth which is one
of the most important parameters for the levee stability.

The gully scour analyses from field investigation clarified that gully scour dimensions were greatly dominated by two
important phenomena: i) overflow type (free overflow or submerged overflow), and ii) soil texture at the scoured region.
In cases of flow from land side to riverside, due to the submergence effect on the riverside, the average non-dimensional
energy head required to create the same scour width was found to be 2.1 times greater than that at the landside where
flow is from riverside to landside. When previous research data was included, average non-dimensional gully scour
width for high-erodible soil was found to be 1.5 and 3.8 times higher than the value for medium-erodible and low-
erodible types of soil, respectively. The results of this study on a real scale could be utilized to obtain the overtopping
flow height for post tsunami analysis. The results can also be used in levee design where gully scouring caused by

overtopping of tsunami flow direction is critical for levee stability.
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