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Study on Surface Runoff (Part 3)
——Effects of Storage of Rice Fields and Channel Density——
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and
Katsushige Masukura, Kenichi Sasaki

Public Works Research Institute, Japan

Abstract

This is the third report of the study on surface runoff at the experimental
plots. The previous reports dealt with the condition of occurrence of surface runoff
and increase of runoff ratios with increase of rainfall intensities at the pervious
experimental plots. This report summarizes the results of surface runoff at two
impervious experimental plots set in the rainfall simulator of the National Research
Center for Disaster Prevention. These experiments aimed at making clear the
runoff processes under storage elfects of rice fields and effects of channel density
on the paved plot.

The rice field is an important productive area in Japan. It has a high capacity
of retardation of surface runoff. But the recent improvement of rice crop
management does not allow long and deep inundation in rice fields. Moreover,
residential lands have been rapidly replacing rice fields, especially in suburbs
of big cities. It is stressed that adequate drainage systems must be designed in such
areas. Runcff characteristics of rice fields were studied by means of the model
formed by sandy loam as illustrated in Fig. 1. The step-wave rainfall, which is
produced by the rainfall simulator, induces such a discharge hydrograph as in Fig. 2.
The rising time, which is defined as the time from the beginning of the hydrograph

to the steady state, is found to be about 2 hours though the area of the experimental
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plot is only 880 m®. This fact indicates that a rice field has a large retardation
effect. Two types of inundation are observed in Figs. 3 and 4. Other interesting
phenomena are revealed, namely the movements of the rainfall area produce
different patterns of hydrographs as shown in Figs. 5 and 6, dependent on the
direction, and the successive pulsative rainfall produces wavy hydrographs as in
Fig. 7.

Channel density remarkably increases with the development of drainage systems
both in rural and urban areas. While the channel density is important to runoff
process in a natural basin, it is also one of the main factors of change of runoff
in an urbanizing basin. It is said that dense channel networks bring forth higher
peak discharges and their earlier occurrences during storm periods. The experiment
has been conducted on the experimental plot paved by mortar as illustrated in
Fig. 8 in order to avoid the effect of infiltration into the ground. The rising
hydrographs made by various rainfall intensities are compared with each other
in Fig. 9 in which the lower curves indicate ratios of runoffs to those of the
steady state. The rising times observed in all cases of the experiment are plotted
in Fig. 10. The four curves in this figure were oftained by Manning’s formula.
It is clear that the rising time is dependent upon both rainfall intensity and
channel density. Fig. 12 shows discharge hydrographs caused by impulsive rainfalls.
The occurrence and the height of the peak are affected by channel density, and
the peak height is compared with the value calculated by the rational formula
by using the obsered time of concentration. It has been also noticed by experience
that inundation retards the peak. Fig. 13 shows this fact, that is to say, the heavier
rainfall induces the longer rising time in the case of inundation.

This project was carrisd out as one of the cooperative researches with the
Public Works Research Institute.
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Fig. 1 Plan of the experimental plot for storage effects ol rice fields.
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Fig. 2 An Example of discharge hydrograph of rice fields by a step-wave rainfall.
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Fig. 4 Hydrograph in the case of inundation caused by the heavy rainfall.
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