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FORECASTING PHENOMENA OF COMING OF DEBRIS FLOW AND THEIR
EXPERIMENTAL CONFIRMATION
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ABSTRACT

In our way of the researches of debris flow disasters in the fields, we often met
eyewitnesses who could live through the debris flows by noticing the forecasting
phenomena of them. For example, the sudden decrease of the water level of a torrent
during heavy rainfall will be explained as the break down or leach out of a landslide
dam which had dammed up temporary the torrent after the collapse of a slope, and
subsequent generation of a debris flow. These forecasting phenomena were not sufficientlv
discussed hitherto.

In this paper, the authors, after having examined the past debris flows in the field
and in the preceeding studies, have executed three series of experiments to confirm the
forecasting phenomena. By the execution of the experiments, the author have investigated
the forecasting phenomena and are convinced of utilizing these phenomena for the
warning and/or the evacuation from the debris flow disaster.

INTRODUCTION

In case of the debris flow disaster occurred in Kake-Town in Hiroshima Prefecture
in 1988, common forecasting phenomena were noticed and they gave people several
hints for assuming the coming of debris flow (Hiroshima Kake Lions Club,1988; Tonoga
Welfare Club in Kake Town, 1991). One of them was the change of water level, such as
decrease or dissipation of torrent water even during aheavy rainfall. Thus, in five
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minutes or in few hours, water level suddenly rose up and without delay, the debris flow
came to the residential area. In the morning of December 6th in 1996 at a tributary of
River Himekawa, Nagano Prefecture in the central Japan, a debris flow occurred, a
comment of a witness on a TV news said that there was an unusual descend of the depth
of the water of a torrent.

The change of water level can be explained with the process of the formation
and the destruction of a natural dam which has temporary dammed up the torrent by the
collapsed materials of a slope (Taniguchi and Takahashi, 1988; Taniyama and Mizuyama,
1988). There is an another mechanism which can also be assumed, debris flow itself
could disturb the water flow and produce abrupt waves, as a result, the sudden rise of
water level would be formed.

As for the another forecasting phenomena, such as unusual noises, vibrations,
smells, silences, etc. were also reported (Hiroshima Kake Lions Club,1988; Tonoga
Welfare Club in Kake Town, 1991).

The authors have executed three series of experiments using channels and a
water slider in order to investigate the mechanism and the characteristics of water flow
fluctuations just before the coming of a debris flow.

1. EXPERIMENTS-1 TO SEE HOW THE HYDRAULIC PARAMETERS
BEHAVE

A straight rectangular acryl open channel (width:15cm, height:20cm, length:5m)
was used. Conditions of the experiment are indicated in Table 1. The experiments
were executed according to the following procedures; 1) the steady flow was
instantaneously shut off and restarted. The authors have measured the velocity and the
height of the negative and positive surges caused by shutting off and subsequent restarting
the flow respectively, and have calculated the Froude number of the positive surges. 2)
sediments were put into the channel, subsequently the flow will be interrupted temporary
and restarted afterwards. The author have also measured the velocity and the height of
surges as well and observed the changes of water surface profile. The conditions of cut
off flow and the charges of sediments are shown in table 2 and table 3.

Table 1 Inclination of the channel and water discharge

Inclination of the channel Water discharge
0.00 (degree) 511.8 (cm’/sec)
0.00 827.8
3.00 613.6
3.00 1188.8
4.57 4623
457 1354.3
5.85 12218
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Table 2 Interruption time of the flow
instantaneous 1 2 5 (sec)

Table 3 Sediment weight
290 580 870 1160 (g)

In order to measure the height of the surges, the authors have employ a servo
controled wave height meter at 1.5m point from the lower end of the channel. In use of
this instrument, the authors could record the fluctuation of the flow depth, in other
words, the whole form of the surge. Figurel(1) shows the common and whole process
of water level change. The sudden decrease of the water level due to the negative surge
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comes first and a rapid raise of the flow by the positive surge follows. Figure 1(2)
shows the fluctuation of the water level when the sediments were put into the channel.
Due to the sediments put into the channel, the signs of the water levei change became
too vague to distinguish.

1.1 Results, discussion and conclusion

The negative surge which comes first can be clearly distinguished in any conditions.
While the positive surge transforms according to the differences of the inclination of the
channel as well as that of the water discharge;when the inclination of the channel is
gentle and the discharge is not too much, the positive surges have the shape of solitary
waves with its sharp peak, and on the contrary when the inclination of the channel
increases, the forms of the positive surge becomes as the continuous ridges of the
mountains, and furthe more, the rise of the positive surges becomes difficult to distinguish,
because the intensities of the fluctuation of the changes of the flow become comparable
to the magnitude of the turbulent components of the flow.

When the sediments are put into the channel, regardless of the amount of the
sediment, the instantaneous disturbances of the flow surface are submitted downstream
and it comes first, and the subsequent rises of the water level become gentle in contrast
with the flow of a pure water.

When the interruption time is longer, and when the volume of the sediment put
into the channel is bigger, or in the natural condition, when the collapsed sediment is
bigger, then the effect of the interruption of the flow will certainly be transmitted down
stream. It was recognized on the recorded chart that the slight disturbance made by the
first block of the collapsed sediment was preserved and transmitted down stream with
the negative surge.

1) Velocity of the surges

Figure 2(1) shows the relation between the interruption time of the flow and the
velocity of the surge. In all series of experiments, the velocity of negative surges are
always faster than positive surges regardless of the duration of the interruption. The
steeper the inclination of the channel becomes and the more the amount of the water
discharge increases, the positive surges show the increasing tendencies, while the
negative surge keeps constant velocity, and at Sseconds' interruption, the value of positive
surges and the negative surges become of the same level.

As indicated in Figure 1(2), the shapes of the surges in the case when the
sediments are putinto the channel differ from those of pure water and have a configuration
of the continuous ridges. Figure 2(2) shows the relation between the velocity of the
surges and the amount of sediment put into the channel. The negative surges are constant
as well as in case of a pure water, while the positive surges show slightly decreasing
tendencies as the amount of sediments increases .

Thus, in case of the positive surges, it was recognized that the pure water and the
sediment laden flow will behave oppositely, while the negative surge keeps constant
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velocity.
2) Froude number

Figure 3(1) shows the relation between the Froude number and the interruption
time in case of a pure water, and Figure 3(2) shows the relation of the Froude number
and the amount of the sediments. Froude number having been calculated using the
velocity of the positive surges and the peak height of the surges, in case of the pure
water, Froude numbers of the pure water show exponentially decreasing tendencies and
in case of the sediment laden flow, Froude numbers also decreases as the amount of
sediment increases, Regardless of the case of the inclination of zero degree, other
conditions of the inclination of the experimental channel and the flow discharge, the
more sediments are included in the flow, the less the Froude number becomes. Thus, the
duration of the interruption of the flow has the similar meaning with the amounts of
sediments put into the channel. In other words, the dimension of the sediments of the
collapsed slope and/or of the subsequently damming up the torrent would be estimated
by the values of the Froude number.

2. EXPERIMENT-2 USING A WATER SLIDER

The authors have then used a water slider, which was installed in a swimming
pool. In this case, a person was regarded as a debris flow. The dimensions of the water
sliders and the velocity of flowing water were follows: The length:27.7m, the height;
3.7m and the mean slope inclination was 7.7 degrees and the mean velocity of the
flowing water was 3.2 m/sec.

Firstly, at a time when a person began to flow down from the top of the water
slider, a VTR was started to record the change of flow simultaneously at the bottom of
the slider. In flowing down, the person intended to rotate or slow down himself to
produce some flowing variations. If any changes of water flow could be recognized, the
authors have measured the time lag of the arrival of the person from the fluctuation of
the water flow and recorded the pattern of the flow changes.

2.1 RESULTS AND DISCUSSION

When a person entered the top of the water slider, the abrupt waves occuerred
only by entering the flow, subsequently the disturbance was transmitted downwards. In
a while, the steady state became dominat again. But when he began to move in the
slider, another abrupt waves were newly formed and transmitted downwards. Figure 4
represents the relation of the time lag:T from the beginning of the changes of the water
level to the coming of the person at the end of the water slider and the velocity of the
person(= debris flow). As aresult, the time lag:T could be expressed by the equation (1)
below using parameters V|, V, and L. Here, V|,V and L denote the flow velocity of
the person, the velocity of the water flow and the length of the water slider respectively.

T=L/VLNV, =1 -V IV,) LIV, =+ o (1)
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This equation means that the time lag becomes larger as the water path:L is longer and
the flow velocity of the person should be less than the water velocity due to the
condition T>0. There were anumber of uncertain water level changes which accompanied
the flowing person, and they had the values of time lag distributing between zero and
one second. In Figure 4, for the simplicity, the time lag of the uncertain water level
changes (marked "(O") were plotted as zero. There were also some data plotted in the
zone of the velocity faster than 3.2 m/sec. The authors have assumed that this was the
case as when a person was flowing down very fast on a water film and pushing the
flowing water. As a result, the change of a water level which was transmitted earlier
than the arrival of a person was generated. According to the considerations of the
relationship between the flow velocity of a person and the time lag, the equation (1)
seems to be reasonable and have a good accordance.
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Figure 4 The relationship between the water level change as the forecasting
phenomenon and the flow velocity of a person as a debris flow material

3. EXPERIMENTS WITH TWO TYPES OF STRAIGHT OPEN CHANNELS

The authors have finally executed the experiments with two types of straight
open channels to investigate the effect of the channel form and of the flowing materials.
The first was made of plastic and the second was made of bamboo. Each channel had
same dimension; the length was 5.3 m and the width was about 10 cm. The inclination
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of the channel was set up to be about 7 degrees and about 11 degrees. The plastic
channel had a smooth bottom, while the bamboo channel had some joints, which had
been artificially cut and shaved, though it was not perfectly flattened. Therefore, the
joints in the bamboo channel were the obstacles when the debris flow materials flowed
down.

The experiments were executed as follows; (1) Under the condition of a steady
water flow, the debris flow materials were supplied. The materials were block of solid
soap, a snow hall of the diameter about 10 cm and a block of konnjak. The konnjak is
the paste of the arum root and boiled paste is used for food in Japan. Each material was
flowed down from the top of the channel. (2) At the end of the channel, the water flow
was recorded by a VTR and the water pressure was measured simultaneously by a
pressure sensor.

3.1 RESULTS AND DISCUSSION

The relationship between the flow velocity and the time lag was plotted in
Figure 5. By the experiments in the bamboo channel with a solid soap and a snowball,
the changes of the water level could be seen in both inclination conditions, while in the
experiment with a block of konnjak, no changes of water level in both cases of inclination
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were observed. In case of a solid soap, only in the bamboo channel, the changes of the
water level were observed which could be considered as a kind of forecasting phenomenon.
The solid soap was stiff and whenever it passed through the joints of the bamboo
channel, it clattered, jolted and disturbed the steady flow. When a snowball sometimes
stopped at the joints of the bamboo channel, the average flow velocity became very
small and subsequently, in this case, the change of a water level could be a forecasting
phenomenon. In a plastic channel, the authors have recognized the water level change
only in case of a snowball.

Thus, the authors could find that the equation (1) was appropriate in the experiments
with a solid soap and a snow ball. Therefore, the smaller the velocity of the debris flow
material was, the longer the time lag became.

In the case of a block of konnjak, the changes of the water level and the water
pressure did not appear at the end of the channel. The tendency depended on neither the
inclination nor the velocity. The authors thought that a block of konnjak was very soft
and elastic and when it passed through the joints of the bamboo channel, it could flow
very smoothly downwards without disturbing the steady flow.

As for the changes of the water pressure when any material came to the end of
the channel, only a snowball could be measured with the pressure sensor, while in the
case of a block of konnjak or a solid soap, the pressure change was too small to be
measured.

In case of asnowball, the change of the water level and the water pressure were
clearly observed in the bamboo channel and in the plastic channel. A snowball was
porous and flowed absorbing water, and also it sometimes stopped in the channel
blocking the water flow, and then the water level decreased remarkably. Therefore, it
was very effective on the change of the water level and the water pressure whether the
motion of the debris flow material was smooth or awkward along the channel.

CONCLUDING REMARKS

The first series experiments were executed in a condition of relatively gentle
inclination. In a natural torrent, there appears a steep and a gentle portion alternatively.
In this meaning, the results of authors' first experiment will be useful. The interruption
time was proved to have the function correspond to the amount of the sediment. The
forecasting phenomenon which was recognized in the first series of the experiments is
that the first turbulence produced by putting sediments into the channel will be transmitted
down stream. In the conditions when the discharge of water is abundant and when the
inclination of the channel is set steeper, the forecasting signs may be submerged and
becomes difficult to find out in the flow. In case when the discharge is not abundant,
and the adequate location to watch the forecasting phenomena are carefully selected at
the construction site, they will be useful for the warning and/or the evacuation from the
attack of debris flow.

The requisite conditions for the water level change as the forecasting phenomenon
of the coming of debris flow revealed by the subsequent experiments are summarized as
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follows;

(1) When the velocity of debris flow is smaller than that of steady water flow: In case of
a long and winding channel, the flowing paths of the debris flow and the steady water
flow are not the same. In the case that the debris flow materials are locally caught by
torrent bank or at narrow portion, and the velocity becomes smaller.

(2) When the debris flow itself has a violent motion, it can disturb the steady water
flow: In case that the relief of the channel is very rough and rugged or that the change of
the curvature is frequently, the steady water flow can be easily disturbed.

(3) When the debris flow itself has a high velocity, it will push the steady water flow
from behind:

In the conditions of (1) and (2), the longer the distance between the generating
place of the abrupt waves and the exit point of the torrent is, the earlier the forecasting
phenomenon can be recognized. The authors have convinced that the expected time lag
of the coming of debris flow from the forecasting phenomenon could be assumed, when
the place of the change in curvature, channel width or channel ruggedness would be
previously investigated. However, in the condition of (3), the time lag might be very
short. If only the torrent path were almost straight and the roughness of the bed were
smooth, this condition would be satisfied.
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