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Abstract : For the purpose of developing automatic water discharge measurement system, authors conducted
experimental measurements in two different flow fields with several devices, such as 1) non-contact current
meter with electromagnetic wave for measuring water velocity at water surface, 2) Acoustic Doppler Current
Profiler (ADCP) traverse measurement for measuring the velocity index, 3) the echo sounder fixed on H-type
steel for monitoring the river-bed fluctuations, and 4) the ADCP traverse measurement mounted on a
tethered boat for bathymetry measurement as well as for verification purposes. In this study, authors
examined the observational results of flood events obtained in actual river with verifying the observed values
as well as explain about the hydraulic phenomena observed by the several instrumentations at the river
channel, which involve considerable amounts of the riverbed deformation. Finally authors discuss about the

possibility of the automatic water discharge measurement system based on the observed results.
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1. Introduction without any hydraulic assumption. Secondly, the fixed

. . type measurements, which are usually automatic
Water discharge measurements in river, as well as P ’ Y

storage of the observed values, are very fundamental measurement without human labors, can be listed as
non-contact current meter with erector-magnetic? 2,
Particle Image Velocimetry (PIV) and Space-Time

Image Velocimetry (STIV) with video images®?,

in terms of designing the river-infrastructure, such as
levee, dam, and etc. For conducting the measurement,

the current meter incorporating with a depth sounder
Horizontal-Acoustic  Doppler ~ Current  Profiler

(H-ADCP)?, and etc. Especially concerning about the

non-contact current meter as well as technique with

has been employed in many countries, especially in
continental rivers. In the case of Japan, float-type

measurements, which established in 1940s, have

employed since then, because character of Japanese video images, there was a skepticism whether those

rivers is highly unsteadiness, loose boundary, and, instruments measure speed of water or speed of

above all, rough water surface. Recently, many devices surface  ripples ~ generated by many different

have developed with different principles, such as disturbance -mcludmg wind, R.ecently it hziis conﬁrm.ed
that those instruments obtain appropriate velocity
values based on direct comparison with ADCP979,
Anyhow, it has been acknowledged that they could

measure water-velocity as operational purposes at

acoustic, video 1mages, erector-magnetic, and etc.
Those are classified as fixedmon-fixed type
measurements. Firstly, representative of the non-fixed
type measurements is acoustic Doppler devices with a
profiling technique loaded on boats, which are the

only tool capable of water discharge measurement

points wherever assigned by each device. As for

considering about the water discharge values using



the fixed type water velocity measurements,
additional information such as water depth, as well as
an index velocity are still necessary to be taken into

account.

The river-bed elevation changing during flooding is
unlikely monitored, though few have been reported,
such as 1) Echo sounder or ADCP mounted on the
boat with traversal measurement, 2) the ground
penetrated radar? and 3) Ring methods'?. As for the
first one, not many active changing of river-bed have
been observed, probably active river-bed changing as
well as rough water surface occurs simultaneously,
since depth measurements with acoustic type
mounted on the boat in such as water surface
condition have not conducted because of danger as
well as difficulty. Therefore, not many observational
results have been reported. As for the second one, not
many observational results introduced even after
Costa et al. 2000, probably because of less availability
of instrumentation. For the third one, many
important results were introduced; though it has
characteristics of measuring only minimum bed
elevation, instead of timely change.

The velocity index is the correction coefficient to
estimate depth averaged water velocity from velocity
at Water Surface. Polatel 2006 investigated about the
velocity indices with velocity measurement with PIV
technique in the experimental flume as well as with
LES with different shape of roughness!?. The study
reported that the velocity indices vary between 0.659
and 0.910 in smooth bed, as well as between 0.850
and 0.908 in roughed river bed. On the other hand,
Yorozuya et al. 2010a focused attention to variation of
the index incorporated with non-dimensional shear
stress based on traverse measurements using ADCP
in actual field. The study indicates that the index
varies widely in the different section, though it merges
to 0.85 when water stage rises with observed range of
non-dimensional shear stress in between 0.2 and 1.0.
In addition, Muste et al. 2008 mentioned that the
velocity index of 0.85 is widely accepted in hydraulic
community?. As similar methodology, Nihei and
Kimizu 2008 introduced DIEX method®. With
computational technique, this method interpolates
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and extrapolates un-measured values in vertical as
well as cross sectional direction. Estimating the values
in vertical direction is a sort of determination of the
velocity index. This method has characteristics of
employing constant roughness as well as river bed
elevation.

Idealistically, the automatic system supposed to be
the system without human labor. In the case of the
water discharge measurement, the water velocity, the
velocity index, and the water depth are prerequisite
information. As explained in previous paragraph, only
velocity measurement is already acknowledged as the
automatic system. In addition, the monitoring as well
as estimating of bathymetry in a whole section are
still not fully developed. Therefore, the authors do not
intend to show the comprehensive conclusion in this
paper; rather, we will introduce the technique
currently developed through the observational results,
a limitation usage, and accuracies of the system. In
this study, authors have set up and conducted flood
discharge measurement with the instruments, such
as 1) non-contact current meter with electromagnetic
type for measuring water velocity at water surface, 2)
ADCP traverse measurement for measuring the
velocity index, 3) the echo sounder fixed on H-type
steel for monitoring the river-bed fluctuations, and 4)
the ADCP traverse measurement mounted on a
tethered boat for bathymetry measurement as well as
for verification purposes.

To apply the technique of an automatic water
discharge system in nationwide, probably four
different types need to be considered, such as 1) high
energy water flow with very active river bed
fluctuation, 2) water flow involving bedload with
slight river bed fluctuation 3) mild flow with few river
bed fluctuation, and 4) flow with tidal influences
sometimes involving salt wedge. The current study
mainly focus on first and second types of flow, since
the non-contact current meter has a strength points
when velocity is very high, as well as even when water
surface condition is very rough. The weak points are
that the non-contact current meter cannot measure
the velocity when water velocity is less than 0.5m/s.
Moreover, the measurement of the flow with tidal



influences has difficulty since the wvelocity index
cannot be determined easily. From this regard, the
third and fourth flow types require other
instrumentation from different principal, e.g.,
Horizontal ADCP. Since this project focuses on the
non-contact current meter, this study discuss about
the flow of first and second types. In this project, two
different flow sections were selected, such as Tone
river with mild slope as well as Fuji river with very
steep.

Finally as one of the outputs of this project, the
authors proposed a technical guide line to assist river
engineers to apply the system.

2. Methodology
2.1 Site specification in two different channel
characteristic

To develop the automatic water discharge system,
this project prepared two different channel
characteristic, such as a middle reach of Tone river, as
well upper reach of Fuji river. The observational site of
Tone River has a bed slope of about 1/4,000, bed
material of 1 mm with dso, and a maximum flow
capacity of 20,000m3/s. This section had a compound
channel with a 300m long floodplain and a 300m long
main channel.

On the other hand, the observational site of Fuji
river has river characteristics, such as a bed slope of
about 1/200, bed material between 30 and 210mm,
and a river width of about 250m including a main
channel of 120m as well as a flood plain of 130m. At
upstream of this site, many mountains with slope
failure locate, as well as Sabo works have conducted
inside of this catchment area. Because of sediment
supplies, as well as steep bed slope, frequent river bed
elevation change is recognized.

2.2 Non-contact current meter

With a same principal, there are two types of
non-contact current meter, such as a horn antenna as
well as a parabola antenna, which uses the Doppler
effect to identify the surface water velocity with
electromagnetic wave. One with a horn antenna is a
portable type with specification of 24.15Ghz as well as
a half power angle of about 12 degree. Similarly, one
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with a parabola antenna is a fixed type with
specification of 10.525Ghz as well as a half power
angle of about 10 degree. In the section of Tone River,
seven sensors out of ten of the fixed type are located in
the main channel. On the other hand, the section of
Fuji River has eight cross sections in total width of
120m in the water-flow section. Single non-contact
current meter with a portable type was employed
observing frequency of 1Hz in 5 minutes. Thereafter
the observation is conducted continuously at another
section, until it measured at eight different points
within one hour. Using those data, timely interpolated
values were employed for determining value at an
assigned time. In the current study, 8 section were
setup to monitor the water flow velocity facing to
downstream side.

Other two different characteristic need to be
mentioned for operational purposes. Firstly, the
system with the parabola include an automatic data
transfer system after averaging data and outputting
in every 10minutes. On the other hand, the system
with the horn antenna outputs raw data with
different time interval by the user's choice. Secondary,
because of those two different types about outputting,
the case with the parabola sometimes includes error
data, which cannot be easily determined the reason.
In this case, few data modification is required before
obtained discharge value. On the other hand, error
data with the horn antenna can be neglected with
conducting high frequent measurement.

2.3 River-bed monitoring system

River-bed elevation change was monitored by two
echo sounders fixed with oblique angle on H-type
steels located on middle of water flow. The echo
sounders have specification of 200 kHz, with time
interval of 0.2 seconds. 10 seconds measurement was
conducted with every 10 minutes, and saved as one
single value after averaging them. The beam of echo
sounder should be located high enough to illuminate
the spot which is outside of wake flow generated by
the H-type steel itself; at the same time, it should be
low enough to frequent measurement, since
measurements cannot start unless a transducer sinks
to the water. Therefore, the location of the echo



sounders should be carefully decided considering
designing the magnitude of flooding. For this set up,
the targeted discharge is about 1 time in a year for the
echo sounders in the main channel. Also, in this study,
river-bed elevation change was located upstream side
of bridge.
2.4 Determination of velocity index as automatic
system

To convert surface velocity to averaged vertical
velocity, float coefficient is usually applied. In the case
of an automatic measurement system, velocities at
certain depth are measured. For example, non-contact
current meters or PIV/STIV always measure velocity
at water surface. On the other hand, H-ADCP takes
measurements at varying points depending on water
stage. To be used for any type of devices, velocity index
a, instead of float coefficient, needs to be introduced.
In this paper, the authors derived a starting from the

logarithmic law as follows:

uz) _ ’1(|n[zj+ A (1)
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where u(z) is velocity at the water depth of z, u~ is
shear velocity, k (= 0.4) is the von Karman constant,
ks is Nikuradse’s sand roughness and Ar (=8.5) when
the bottom is rough enough. When Eq. (1) is applied to
an actual river, ks and Ar include some uncertainty
since those parameters are determined in the flat bed
condition. Instead of relying on an uncertain
assumption, the authors modified Eq. (1) by using

measurable values as follows:

uz) _ 1"{2}% @
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where h i1s water depth, B is relative water depth

*

ranging between O and 1, and U is velocity
measured by a device. When B is equal to 1, U is
velocity at water surface. Eq. (2) is composed of
measured values except k. Even if k changes with
unsteady flow condition, k = 0.4 is used since the
variance is small enough!?. After integrating Eq. (2)
from river bed to water depth and dividing it by Uss,
then a correction coefficient will appear as:
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where U is averaged vertical velocity, I is free surface
slope. As the equation shows, the velocity index can be
determined once velocities at a certain point as well as
free surface slope are measured. Even if Eq. (3) is
considered as reasonable, a should be compared with
the actual velocity distribution for verification
purposes, since a technique for free surface slope
measurement in actual rivers has not completely
established  yet.
measurement and Eq.(3) will be discussed in the

Comparison between ADCP

following section.

In this paper, the next equation was also derived for
future use,

u, _U_ (1+|n/3)m
a (1—a)~ k @)

Basically, this equation is similar to Chezy’s
equation, though the shape of its coefficient term is
different. The paper uses this term to apply a.
2.5 Estimation of velocity index from ADCP
measurement

The velocity index can be determined by actual
velocity measurement by ADCP. Firstly the
logarithmic velocity profile with Eq.(1) is determined
by observed velocity value in vertical direction
applying the least square method to find u*, ks, and
Ar assuming k is constant. Secondary, assuming that
velocity distribution at upper part follows the
logarithmic profile, the velocity at upper unmeasured
zone extrapolated. Similarly, assuming velocity
distribution at lower part of water depth followed the
power low, the velocity at bottom unmeasured zone
extrapolated as well. Finally, ratio of mean velocity
taken an vertical  including
observed/estimated velocity and extrapolated velocity

averaging in

at water surface, the velocity index can be determined.
For the future use, the estimated velocity at water
surface will be used to compare the velocity obtained
by non-contact current meter.
2.6 Measurement of true discharge

ADCP measurements mounted on the tethered
ADCP plat form was proposed by Michel et al. 200313,
However, it was not easy to apply them in a



mountainous area (e.g, most of Japanese rivers)
because of rough water-surface vibration; therefore, a
research group including authors have developed
water discharge measurement system with ADCP,
which 1is capable enough even in a severe
measurement condition. Based on the knowledge as
well as technique, authors conducted ADCP
measurement with RTK-GPS, and a high speed river
boat!¥. The Work Horse ADCP with 1,200 kHz by
Teledyne RD instruments were employed with
commands showing in Tablel. Additionally, ADCP

measurements were conducted in downstream side

from bridge.
Table 1 Commands of ADCP
Bottom truck BM5: 5
Pings for Bottom BM3: 3
Pings for Water WP3: 3
Type of band WBO: Broad band
Distance for first blank WS25: 25 cm
Mode of measurement | WM12: high speed mode
Number of layer WN40: 40
Thickness of layer WS25: 25 cm

2.7 Determination of water discharge

Table 2 Cases of measurement system

method velocity velocity index River bed
Case 1 Raw constant(0.85) constant
Case 1# Modified constant(0.85) constant
Case 2 Raw and modified constant(0.85) update
Case 3 Raw and modified updated by ADCP updata

To compare different ways of determining water
discharge, traverse measurement with ADCP, as well
as three different methods were compared as
summarized in Table 2. The discharges in the each
section were calculated by multiplying velocity from
non-contact current meters, the velocity index, and
water depth; then, discharge in each sections were
summed for obtaining total discharge. In the table,
each term indicates as follows: “raw” for velocity
obtained is employed the values obtained by
non-contact current meters; “constant (0.85)" for
velocity index is constant value: "measured by ADCP"
for velocity index is employed the values obtained at

previous ADCP measurements; “constant” for river

E.25 BABHREBARMNEBEERICET SHE

bed employed bathymetry survey before flooding,
while “update” employed the bathymetry which was

obtained at previous ADCP measurements.

3. Results

To illustrate general ideas of the current study as
well as observational section, flow pattern, and etc,
Fig.1 indicates one of examples of observational
results, such as velocity distribution, river bed
elevation, and location of bridge pier and echo
sounders. The horizontal, vertical, secondary vertical
axes indicate distance from the left river bank in m,
water velocity in cm/s, and elevation for riverbed and
water surface in m, respectively. Among the marks in
this figure, the filled circles are for WS velocities
converted by the ADCP

vertical-dotted lines for section boarders with section

measurements;

number from 1 to 8 triangles for section averaged
values of the filled circles; open-circles for WS
velocities measured with non-

contact current meters; diamonds for locations of the
echo sounder, such as B1 and B2; BP for locations and
width of the bridge pier; solid curve for river bed
obtained by the ADCP measurements; a broken line
for river bed surveyed few years ago; and a dotted line
for water surface elevation.

As this figure indicates, the velocity distributions
(filled circles) were widely and locally distributed with
affecting by the bridge piers, as well as by local
turbulence. Especially, flow behind bridge pier is
concaved, though concaved parts is not exactly located
at that of bridge pier. This can be explained as the
flow in this river section has few angles from left to
right. Therefore, not only location of the concave by
the wake flow, but also location of sediment deposition
also occurred at the same place. As comparison
between triangles as well as open-circles indicates,
both of them are not so exactly identical but few
difference within acceptable range, though few
sections might has slight difference. For example,
left/right most section; section 1 and 8, have edge of
flood flow. Since velocity distributes widely in the
section with local geometry, representativeness of the

point measurement of open-circle in the section is not
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easy to satisfy. Fortunately, the value at section 8 is
appropriate, since almost no flow was acknowledged
around area of 120m because of another bridge pier.
In addition, open-circle in the section 4 is also different
compared with triangle, possibly observation period is
different in an unsteady wake flow from the bridge
pier. For obtaining the discharge values for both
unmeasured area, the information of original riverbed
with broken line is used to determine the area of
stream. Firstly a point of contact is determined with
the dashed line and the broken line; thereafter, the
straight line links in between the point of contact and
the edge of the river bed obtained by ADCP. The area
among those three lines is determined as the area of
stream. Representative velocity at this area is defined
by multiplying 0.707 to observed values at right/left
most edge. Thereafter, discharge can be determined??.

One of the most significant characteristics of the
current study is an active vibration of river bed
elevation, which is generally acknowledged in
mountainous are. Here, the Fig.2 shows timely
change of riverbed elevation observed by Echo
sounder at observatory of B1 and B2 indicated in Fig.
1, water surface elevation at left bank and observatory
B1, and timing of traverse measurement with ADCP.
During this observation, two flood waves passed
through the section. As Fig.2 shows, water surface
elevation started to increase at 6:00 of first day, it
reached at the first peak around 21:00 with increasing
about 2.5m in water depth. After water surface
elevation decreases till 118.0m, next peak came with
shightly less discharge compared with first peak. The
water discharges are about 1,000m3/s and 800 m3/s
for the first and second peaks, respectably. The
monitoring of the river-bed elevation by observ.B1l
started after WS elevation increased about 117.7m,
while observ.B2 started about 118.5m. At depression
time between two flood peaks, the transducer of
observ.B2 quit monitoring, since WS elevation is too
low. Thereafter, it started monitoring again after
increasing of water depth.

As for observ.B1, sediment deposition continued till
the peak of flooding. After peak discharge pass, river
bed elevation decreased about 1m with vibrating
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Fig. 4. Comparison of the WS velocity between ADCP

and non-contact current meter

within the similar range till the WS elevation
decrease. Starting at 12:00 of 2nd day, sediment
deposition  continues  resulting about  50cm
accumulation in next 12 hours with decreasing of
water depth. After next flood came, it shows similar
trend with the first one; thereafter, it came back to the
initial level. As for observ.B2, the relation between WS
and riverbed elevation shows similar trend with that
of observ.l. Slightly different characteristic is that
magnitude of vibration of river bed obtained by B2 is
higher than Bl. Common characteristic for both of
them is that minimum river bed height appears not at
the peak of water surface elevation but after few
hours. Authors expected that area of flow section have
simple-increasing function with WS elevation, such as
degradations/aggradations corresponding  with
increasing/decreasing of water discharge; however,
actual phenomenon in this case was not so simple, e.g.,
bed forms was developed and pass though the
observational section.

Previous figures describes about river bed
fluctuation at the two points. In this paragraph, cross
sectional changes of riverbed obtained by ADCP
traverse measurements are discusses with Fig.3,
whose horizontal axis shows distance from left bank,
and vertical axis shows river bed elevation. A dashed
line is a result of a cross sectional survey before
flooding, while solid lines are results obtained by
ADCP, whose timings are in between obser.4 and
obser.5 indicated in Fig. 2. Also, location of observatory
B1 and B2 as well as two bridge piers are illustrated

in this figure.



Fig.3 indicates two sections in this water flow
divided by bridge pier. As for the left side water flow,
river bed fluctuations during flooding are in between a
slip whose width has about 0.5m. On the other hand,
the fluctuations are within a slip of about 1.5m for the
right side channel. It should be noted that the size of
the two slips are almost same as the magnitude of bed
form height in Fig.2. Unfortunately, it is not easy to
discuss more about river bed fluctuations from both
observational results, since observation sections for
both of them are separated about 40m. However, still
it is very valuable that the magnitude of the river-bed
fluctuations were affirmed from both different
observational results.

As Fig.1 indicates one of the results, Fig.4 is whole
sets of observational results in the current study.
Horizontal and vertical axis indicates the WS velocity
values obtaiend by non-contact current meter, as well
as one estimated by ADCP, respectively. Numbers as
caption from 1 to 8 indicates the section number
explained in Fig.1. As it shows, overall, those values
are almost identical, though slightly different values
can be acknowledged. As already explained previously
in Fig.1, three section; 1, 4 and 8, might show some
differences because of local velocity distribution. As a
matter of fact, values of non-contact current meter at
section 1 and 8 is slightly higher than that of ADCP;
though, values of section 4 fortunately are not so
inappropriate. If magnitude of flood increase, size of
seciton 1 and 8 increase. In that case, other
observational points should be supplimented. Other
than those sections, authors could couclude that the
non-contact current meter is accurate enough to
obtain representative WS velocity value. As another
steps for water discharge measurement, velocity index
should be discuss to obtaine depth averaged velocity.

Fig.5 and 6 indicate velocity index in horizontal axis,
as well as non-dimensional shear stress.
Non-dimensional shear stress was estimated using
shear velocity obtained by ADCP as slope of
logarithmic profile, as well as averaged sediment size
as dso = Imm and 30mm which are reported by the
river management office of Tone river and Fuji river,

respectively.
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Fig. 5 in the case of Tone river shows two correction
coefficients a. The open circles indicate a estimated by
ADCP, while the squares indicate a estimated by
Eq.(3). Fig.,5 shows comparison of shear velocities
from ADCP and free surface slope. The shear
velocities on the horizontal axis were calculated based
on the logarithmic profile. There were three groups in
each a, whose groups can be classified as a different
flooding case. As the a from ADCP indicates, they
scattered from 0.75 to 0.88 when the discharge was
small, while they group together as the discharge
increased; finally, it converged to 0.85. On the other
hand, the a by Eq.(3) decreased with increase in
non-dimensional shear stress. Even though the o from
Eq.(3) looks promising compared with those in other
studies!®, the authors let the discussion postpone to
further study, since types of bed forms during each

observation are not clear.
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Fig. 7. Time series of river bed elevation, WS elevation, WS velocity, velocity index obtained by ADCP, discharge
with velocity index of 0.85 and that by ADCP at section 2

As the Fig. 6 shows, the scattered values are located
more when x-axis are smaller. As x-axis becomes
larger, range of scattering becomes narrower, as well
as deviation of the velocity index becomes smaller. The
mostly populated area in this figure is in between 0.8
and 0.9 for velocity index when x-axis is in between
0.0 and 0.1. The secondly most populated area is
around 0.8 when y-axis is in between 0.1 and 0.2. As
the x-axis increases, it merges to about 0.75 with few
populations. Compared with other study, such as
Costa et al. 2000, Yorozuya et al. 2010, and Polatel
2006, the number of the current study is slightly
different. Detail discussion will be followed in next
paragraph.

Fig. 7 shows time series of water surface elevation
as well as river bed elevation averaged the observed
values in the section 2 obtained by ADCP, WS velocity
obtained by the non-contact current meter, discharges
within the section, and velocity index. As Fig.1
indicates, the section 2 is one of downstream section
from the river bed monitoring Bl. Similar with the
bed elevation change, the velocity index was
estimated with averaging the observed values in the
section 2 obtained by ADCP. The discharge with 0.85
obtained by applying the velocity index of 0.85 for
obtaining the averaged velocity from the WS velocity
by the non-contact current meter, the water depth
obtained by the WS elevation as well as the river bed
elevation, while the discharge with ADCP index
applies the wvelocity index obtained by ADCP

observation.

Fig. 7 indicates that, starting from 18:00 of 2nd day,
as water surface increase, firstly the WS velocity
increase until 6:00 of 3rd day, secondary it start to
fluctuate with range about 25cm until 13:00 of 3rd day,
and finally it continuously decreases. On the other
hand, river bed elevation changes in this section
shows similar trend with obser.B1 indicated in Fig.2,
in terms of the shape as well as the magnitude of sand
wave. Correspondence between the WS velocity and
the riverbed elevation implies that sand wave
generated at the bottom of river bed affects to the WS
velocity, though WS elevation does not show any
similarity, since they are located at the river bank.
The velocity index has number in between 0.75 and
0.85 when bed form does not exist. When bed form
generated between 6:00 and 15:00 of 3rd day, the
velocity index vibrates between 1.1 and 0.73. Those
numbers with the bed from are slightly larger than
other study. For example, Polatel (2006) conducted
experimental studies as well as numerical
computation with different types of roughness. In this
study, she obtained the velocity index between 0.85
and 0.908 on roughened bed. On the other hand, Hino
and Miyanaga (1977) shows the vertical velocity
distribution at the different location of sand wave; e.g.,
trough, crest and in between!?. They shows that
velocity distribution at the crest 1s almost vertical or
sometimes overshooting type which indicates the

velocity index around 1.0, while that at the trough is
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widely distributed including the reverse flow which
has possibility of the velocity index of less than 0.8.
Correspondingly, two discharges are directly related to
differences of velocity index; for example, they are not
much different when the velocity indices are around
0.85, while 24% and 16% difference occurs when the
velocity index is 1.13 and 0.73, respectively.

Fig. 8 indicates the variables obtained at section 7
which is downstream of oberv.2 with the same format
and contents of Fig.7. As Fig. 8 indicates, the riverbed
vibration in this section is more severe compared with
Fig.7 but somehow similar with the results of the
river bed monitoring B2 in Fig. 2 in terms of shape of
wave as well as magnitude of wave height. Actually,
both of them have deposition toward the peak of the
WS elevation, and higher oscillation during recession
phase within the range of 1.5m. In addition, the WS
velocity show similar trend with those in Fig.6, but
more dynamically vibrate with corresponding to the
river bed fluctuation. On the other hand, most of the
velocity indices in between 18:00 of 2nd day and 23:00
of 3rd day idles around 0.85 within the range of +0.05.
Once generation of the bed forms starts, the velocity
index correspondingly vibrates.

Fig.9 shows time series of water discharges and
water surface elevation, as well as relative error. The
horizontal axis indicates time in hours starting at
12:00 of the first day ending 24:00 of the third day, the
vertical axis of left side indicates discharges/relative
error, as well as the water surface elevation. Three
discharges explained in Table2, as well as ADCP
measurements were conducted at the timing where
those dots plotted. Assuming the discharge of case3 is
true value, relative errors were calculated for case 1 as
error(1,3), as well as for case 2 as error(2,3). Those
errors are multiplied by 1,000 showing % with
multiplying 10 in the left vertical axis (e.g., 100 in this
figure means 10%). As they indicate, measurements
started above normal stage of discharge with a
magnitude of about 300 m3/s. After one ADCP
measurement was conducted, the river bed elevation
was incorporated for all cases in table 2.

For the case 2 and 3, another river bed by next
ADCP observation is updated. After first four ADCP
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measurements, no ADCP observation was conducted,
which means that no information was updated. After
18:00 of 2nd day, 2 times in 1 hour measurement was
conducted.

As Fig9 indicates, discharge value obtained by
ADCP and case 3 are almost identical. Very few
different occurs because of differences between WS
velocities indicated in Fig.2, as well as treatments of
the unmeasured zone; otherwise, we could consider
that the case 3 is accurate enough. Concerning about
the second flood, all three cases of discharges have
common characteristic. The curves of discharge are
smooth during rising stage, they started to be zigzag,
and keep as it is with being less amplitude as times
goes by. Those trends are very similar with the
fluctuation of river bed in Fig.2. On the other hand,
time series of relative error; error(1,3), indicates that
about 0 to 10%, as well as few over 15% appears,
while error(2,3) indicates about 0 to 5% with few over
5%.

Fig.10 shows time series of discharge and water
surface elevation, as well as discharge results by
ADCP measurement. As it indicates, measurements
started from the normal stage of discharge with a
magnitude of about 300 m3/s. Around 250 hours, as
water surface increased, discharge reached more than
500 m?¥s. Another flooding started from 312 hours,
and then reached the maximum discharge of around
2,000 m?¥s at 336 hours. Almost all the discharge
measurement systems detected a similar volume of
discharge, though several different aspects need to be
mentioned as follows. Case 1 has many undesired
spikes because of some measurement errors. Also, a
20% less discharge was observed at the maximum
peak. On the other hand, Case 1# indicates
improvements in terms of eliminating spikes through
modification based on Eq.(4). At the maximum peak, a
15% less discharge was observed, which 1s 5% better
than Case 1. Case 2 shows the most accurate trend
compared with the ADCP measurements. Though
small spikes are still present, the peak discharge is
only 5% difference.



4. Guide line proposed by this project
Based on the knowledge explained in this paper as

well as other knowledge from previous study, the
project proposed the a technical guide line to assist
river engineers to apply the system. Here in this
paragraph, the authors would like to introduce the
guide line with showing the list of content.
0 of fixed type
measurement

(1-1) Introduction

(1-2) Types of fixed type water velocity measurement

Overview water  velocity

(1-3) Characteristics of fixed type water velocity
measurement

(1-4) Overview of the water discharge measurement
system with fixed type water velocity measurement

(1-5)  Verification of the

measurement system with fixed type water velocity

water  discharge
measurement
(1-6) Periodical field survey of bathymetry
(1-7) Estimation of the velocity index
(1-8) Modification of wind effect
(1-9) Arrangement of observatory
(2) Radio non-contact current meter
(2-1) Selection of observational points
(2-2) Selection of observational section
(2-3) Water discharge measurement
(2-3-1) Determination of water discharge value
(2-3-2) Accuracy verification of water discharge
(2-4) Quality assurance of water discharge value
(2-5) Management of observed value

(2-6) Maintenance of observatory

5. Conclusions and Discussion

In this paper, authors discussed about possibility of
the automatic water discharge measurements with
three different components, such as water velocity,
velocity index, and river bed. In this study, authors
examined the observational results of flood events
obtained in actual river with verifying the observed
values as well as explain about the hydraulic
phenomena observed by the several instrumentations.
Firstly, the water velocity obtained by non-contact
current meter was assured that the measurement

was accurate enough as shown in Fig.4. Additionally,
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correspondences between the bed form and WS
velocity with non-contact current meter were
recognized as shown in Fig.6 and 7. Secondary, the
velocity index obtained by ADCP indicated values in
between 0.7 and 1.0 as shown in Fig.5, which is
slightly different from previous study. For the further
understanding, the velocity index incorporated with
bed form was described as shown in Fig.6 and 7
indicating that the vertical velocity distribution were
mainly affected by local geometry. Thirdly, river bed
elevation observed by ADCP as well as the echo
sounders indicate very active river bed fluctuation as
well as movement of bed form with amplitude of
about 0.5m in the left side of water course, as well as
1.5m in the right side as shown in Fig.2 and 3. Finally,
authors compared three different methods for
obtaining the water discharge value as indicated in
Table 2 with employing the above knowledge. Among
those three, major sources of error were related to the
river bed elevation as shown in Fig.8. Authors would
like to be solved this problem with combining the
numerical simulation and the river bed monitoring in
the future. However in current study, author's
proposal to the automatic system is employing the
ADCP traverse measurements among the automatic
measurement instruments, though authors do not
satisfy yet; since the ADCP measurement is not
automatic system. Before conclude this paper, authors
would like to keep discussing about the velocity index
as well as water discharge measurement system in
the following two paragraphs.

To determine the velocity index in the automatic
system, Yorozuya et al (2010) introduced a theoretical
method combined with observational results, based on
two assumptions. Firstly, shear velocity obtained by
water depth as well as water surface slope is identical
with that obtained by logarithmic law. Actually, u* of
the logarithmic profile can be considered as parameter
to determine the vertical velocity distribution, e.g.,
when u* = 0, vertical distribution is constant;
therefore, the velocity index is unit. Similarly, as u- is
larger incorporating with Ar and ks, vertical velocity
distribute wider as well; therefore, the velocity index

has some number, though usually 0.85 is applied in
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Table 3. Summary of each discharge value

Case | Strengths weaknesses Error
-very simple, and easy to apply. L. .
1 y Simp yioaply *many assumptions involves possibly from 0 to 20%
-already operated
*No need to use expensive instruments . .
2 *Human labors are required possibly from 0 to 10%
(only depth sounder could be enough)
- Expensive in terms of human labor as
3 *Most accurate . . very less
well as instrumentation
Table 3. Optimum method of automatic water discharge measurement with different flow types
flow type comments

1) high energy water flow with very
active river bed fluctuation

non-contact current meter for WS velocity as well as river bed monitoring is
necessary; Case 2 in Table3 is most suitable. ADCP measurement may not be
able to conduct. Automatic riverbed monitoring system may be helpful.

2) water flow involving bedload with
slight river bed fluctuation

non-contact current meter for WS velocity, updating of index velocity as well as
river bed monitoring is necessary; Case 3 in Table3 is most suitable. ADCP
measurement most likely is able to conduct.

3) mild flow with few river bed
fluctuation

non-contact current meter can be applied for WS velocity; Case 1 in Table3 is
most suitable. ADCP measurement should be conducted for determining velocity
index before regular operation

4) flow with tidal influences
sometimes involving salt wedge

velocity index should be examined as function of tidal effect. WS velocity might
not be suitable as representative velocity measurements

hydraulics communityd. Second assumption is related
to the size of hydraulics phenomena. As for the shear
velocity of water depth/slope, scale of the shear
velocity is determined in this few hundred meters. On
the other hand, the shear velocity of the logarithmic
profile has the scale of several meters. Therefore, the
second assumption in this discussion is that two shear
velocities in different scale should be identical. In the
case of the channel section involving the several
different bed forms, the second assumption cannot be
conserved, since vertical velocity profile is more
sensitively determined by the local bed form.
Therefore, the method by Yorozuya et al (2010) has
little difficulty to apply it in such as channel
characteristic. Actually, as Fig.6 and 7 indicated, the
velocity index varies corresponding to riverbed
elevation change. In this case, the determination of
the velocity index as an automatic discharge system
cannot be easily constructed. River bed monitoring
system might be one of the indicator, since 1) it can
indicates a relative location at the bed form as well as

2) vertical velocity distribution can be estimated as
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the function of the relative location. As the first
estimation, the experimental study, e.g., Polatel 2006
should be studied. Thereafter, field
measured data by ADCP measurement should be

carefully

accumulated, and compared to both the experimental
and field studies.

Table 3 shows strengths/weaknesses as well as
accuracy of each automatic discharge measurement
system, explained in Table 2. As it shows, Case 1 is
already developed as automatic system, though still it
includes considerable amounts of errors. Case 3 is
most accurate, though it requires high cost in terms of
labor as well as instrumentation. On the other hand,
Case 2 is in between other two methods, which still
requires the human labor; though the cost for the
Instrumentation is much less, since echo sounder can
be alternative to ADCP. Concerning about a selection
of those three different methods, river administrator
need to understand the channel characteristic under
their management compensating with their budget
and required accuracy. For example, suppose their

channel involve considerable amount of river-bed



deformation, Case 2 or case 3 should be selected. If the
ADCP measurement involves some difficulty or error
of 10% can be acceptable, then Case 2 with echo
sounder should be selected. On the other hand,
suppose their channel has no bed-deformation but
complex flow field, e.g.,, flow affected by tide, the
vertical velocity distribution should be carefully
investigated; therefore, Case 1 should be selected.
Table 4 indicates an optimum method of automatic
water discharge measurement concerning about
different flow types. The discussion only about first

and second flow is output of current study.
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