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Simultaneous observation of flood flow and bed load velocity by using a boat-mounted ADCP and the 
Real Time Kinematic Global Positioning System (RTK-GPS) was carried out in several rivers. Depth-
averaged velocity, bed-load velocity and shear velocity data measured by stationary and moving 
observation were compared to examine the practical observation method of flood discharge and bed-load. 
Coefficient of variation CV of measured data were used to evaluate the measurement accuracy of depth-
averaged velocity and bed-load velocity. These results indicate that more practical observation routine is 
the combination with stationary and moving observation.  

 Key Words: Acoustic Doppler Current Profiler, Bed load velocity, Shear velocity

 

ADCP
ADCP

BT
Rennie 1)

2) Rennie

 
Ramooz 3) ADCP BT

 
ADCP BT

 
4) ADCP RTK-GPS

2 4

ADCP
ADCP RTK-GPS

10

 
Jamieson 5)

CV
 

Jamieson 5)

- 61 -



CV 

 
 
 

 

1 10 15

ADCP

 

10

0.5m/s

5m

( )

 

 

 

2011 7

20 6 20 12 40 6

2012 9 17 12 30 18 30

2 7 ( Pt.1 4

Pt.2 3 ) 2013 10 25 16 10

17 40 2

Jamieson 5)

CV
CV

 

CV (1)

 
 

d50(mm) 

 

(cm) 

 
 

 
 (cm/s) (cm/s) 

 

 20 455 1/1500 260 13 0.052 

(pt.1) 8 520 1/800 280 40 1.23 

(pt.2) 8 320 1/800 260 53 2.17 

 8 285 1/2800 230 45 1.56 

- 62 -



ADCP RTK-GPS

3

ADCP  

CV

30

 

CV
0.02~0.04

2m/s 2 4%

15

 

CV
CV

CV 20~30

Jamieson 5)

CV 0.4 0.8

0

100

200

300

400

500

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0.18

0.2

0 200 400 600 800 1000 1200

D
ep

th
-a

ve
ra

ge
d 

V
eo

ci
ty

 (c
m

/s
)

C
oe

ffi
ce

nt
 o

f v
ar

ia
tio

n,
 C

V

Time(sec)

Hiji River-CV Shimanto River-CV

Niyodo River(pt1)-CV Niyodo River(pt2)-CV

Hiji River-Mean Shimanto River-Mean

Niyodo River(pt1)-Mean Niyodo River(pt2)-Mean

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

0 200 400 600 800 1000 1200

B
ed

-lo
ad

 V
el

oc
ity

 (m
/s

)

C
oe

ffi
ci

en
t o

f v
ar

ia
tio

n,
 C

V

Time(sec)

Niyodo River(pt1)-Mean Niyodo River(pt1)-CV
Niyodo River(pt2)-CV Shimanto River-CV
Shimanto River-Mean Hiji River-Mean
Niyodo River(pt2)-Mean 1

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

0 200 400 600 800 1000 1200

S
he

ar
 V

el
oc

ity
 (m

/s
)

C
oe

ffi
ci

en
t o

f v
ar

ia
tio

n,
 C

V

Time(sec)

Hiji River-CV Shimanto River-CV

Niyodo River(pt1)-CV Niyodo River(pt2)-CV

Hiji River-Mean Shimanto River-Mean

Niyodo River(pt1)-Mean Niyodo River(pt2)-Mean

0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

0.16

0 5 10 15 20 25 30

Co
ef

fic
ie

nt
 o

f v
ar

ia
tio

n,
 C

V

Time(sec)

Hiji River
Shimanto River
Niyodo River(pt1)
Niyodo River(pt2)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 5 10 15 20 25 30
Co

ef
fic

ie
nt

 o
f v

ar
ia

tio
n,

 C
V

Time(sec)

Hiji River
Shimanto River
Niyodo River(pt1)
Niyodo River(pt2)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

0 5 10 15 20 25 30

Co
ef

fic
ie

nt
 o

f v
ar

ia
tio

n,
 C

V

Time(sec)

Hiji River
Shimanto River
Niyodo River(pt1)
Niyodo River(pt2)

- 63 -



CV
 

180

30 200

CV
600

180

3 CV

ADCP

ADCP

ADCP

3 20

20

5sec 180sec80sec20sec

0

1

2

3

4

5

0 100 200 300 400

de
pt

h
(m

)

velocity (cm/s)

riverbed

0

1

2

3

4

5

0 100 200 300 400
de

pt
h

(m
)

velocity (cm/s)

velocity
bed-load velocity
shear velocity

riverbed

depth-averaged velocity

0

1

2

3

4

5

0 100 200 300 400

de
pt

h
(m

)

velocity (cm/s)

riverbedriverbed riverbed riverbed

velocity
bed-load velocity
shear velocity
depth-averaged 
velocity

0

1

2

3

4

5

0 200 400

de
pt

h
(m

)

velocity (cm/s)

riverbed

0

1

2

3

4

0 100 200 300

de
pt

h
(m

)

velocity (cm/s)

riverbed

0

1

2

3

4

0 100 200 300

de
pt

h
(m

)

velocity (cm/s)

riverbed

0

1

2

3

4

0 100 200 300

de
pt

h
(m

)

velocity (cm/s)

riverbed

0

1

2

3

4

0 100 200 300

de
pt

h
(m

)

velocity (cm/s)

riverbedriverbed riverbed riverbed riverbed

velocity
bed-load velocity
shear velocity
depth-averaged 
velocity

5sec 180sec80sec20sec

0

1

2

3

4

5

6

0 100 200 300 400

de
pt

h
(m

)

velocity (cm/s)

riverbed

0

1

2

3

4

5

6

0 100 200 300 400

de
pt

h
(m

)

velocity (cm/s)

riverbed

0

1

2

3

4

5

6

0 100 200 300 400

de
pt

h
(m

)

velocity (cm/s)

riverbed

0

1

2

3

4

5

6

0 100 200 300 400

de
pt

h
(m

)

velocity (cm/s)

riverbed

velocity
bed-load velocity
shear velocity
depth-averaged 
velocity

riverbedriverbedriverbedriverbed

5sec 180sec80sec20sec

- 64 -



 

CV
 15

20~30 CV

CV
CV

  

 

 

2011

6:00~6:13( 5.37m) 2012 9

11:55~12:13( 9.63m)

 

ADCP

1.4 0.3m/s

10m (20 )

 

3m/s

0.05 0.10

0.02 0.04

CV 2

 

11:55~12:13 ADCP 0.7

0.2m/s

10m

(30 )  

CV
CV

CV
40%

 

 

0

60

120

180

240

300

360

0

0.4

0.8

1.2

1.6

2

2.4

0 50 100 150 200 250 300 350 400 450 500

ve
lo

ci
ty

, S
D

(c
m

/s
)

CV
(C

oe
ff

ic
ie

nt
 o

f v
ar

ia
ti

on
)

distance from the left bank(m)

CV

velocity

SD

-2

1

4

7

10

13

16
Be

d 
le

ve
l&

W
at

er
 le

ve
l(m

)

bed level

water level

Distance form the left bank(m)

360

300

240

180

120

60

0

V
el

oc
ity

, 
S

td
.(

cm
/s

)

0

3

6

9

12

15

18
Be

d 
le

ve
l&

W
at

er
 le

ve
l(m

)
2.4

2

1.6

1.2

0.8

0.4

0

16

13

10

7

4

1

-2

B
ed

 le
ve

l &
 W

at
er

 le
ve

l (
T

.P
.m

)

C
V

(C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n)

bed level

water level

Bed level

Water level

CV

Velocity

Std.

0          50       100      150       200      250       300      350       400       450      500

0

0.1

0.2

0.3

0.4

0.5

0.6

0

0.4

0.8

1.2

1.6

2

2.4

0 50 100 150 200 250 300 350 400 450 500

be
dl

oa
d 

ve
lo

ci
ty

, S
D

(c
m

/s
)

CV
(C

oe
ff

ic
ie

nt
 o

f v
ar

ia
ti

on
)

distance from the left bank(m)

CV
bedload velocity
SD

-2

1

4

7

10

13

16

Be
d 

le
ve

l&
W

at
er

 le
ve

l(m
)

bed level

water level

0.6

0.5

0.4

0.3

0.2

0.1

0

B
e
d
-l

o
a
d
 V

e
lo

ci
ty

, 
S

td
.(

cm
/s

)

Distance form the left bank(m)

0

3

6

9

12

15

18

Be
d 

le
ve

l&
W

at
er

 le
ve

l(m
)

2.4

2

1.6

1.2

0.8

0.4

0

16

13

10

7

4

1

-2

B
e
d
 le

ve
l &

 W
a
te

r 
le

ve
l (

T
.P

.m
)

C
V

(C
o
e
ff

ic
ie

n
t o

f V
a
ri
a
tio

n
) bed level

water level

CV
Bed-load Velocity
Std.

Bed level

Water level

0          50       100      150       200      250       300      350       400       450      500

0

60

120

180

240

300

360

0

0.4

0.8

1.2

1.6

2

2.4

0 50 100 150 200 250 300 350 400

ve
lo

ci
ty

,S
D

(c
m

/s
)

CV
(c

oe
ff

ic
ie

nt
 o

f v
ar

ia
ti

on

distance from the left bank(m)

CV

velocity

SD

bed level

water level

0

3

6

9

12

15

18

Be
d 

le
ve

l&
W

at
er

 le
ve

l(m
)

CV

Velocity

Std.

Bed level

Water level

Distance form the left bank(m)
0              50           100          150           200           250          300          350          400

360

300

240

180

120

60

0

2.4

2

1.6

1.2

0.8

0.4

0

18

15

12

9

6

3

0

B
ed

 le
ve

l &
 W

at
er

 le
ve

l (
T

.P
.m

)

C
V

(C
oe

ff
ic

ie
nt

 o
f V

ar
ia

tio
n)

V
el

oc
ity

, 
S

td
.(

cm
/s

)

0

0.1

0.2

0.3

0.4

0.5

0.6

0

0.4

0.8

1.2

1.6

2

2.4

0 50 100 150 200 250 300 350 400

be
dl

oa
d 

ve
lo

ci
ty

,S
D

(c
m

/s
)

CV
(c

oe
ff

ic
ie

nt
 o

f v
ar

ia
ti

on
)

distance from the left bank(m)

CV
bedload velocity
SD

0

3

6

9

12

15

18

B
ed

 le
ve

l&
W

at
er

 le
ve

l(
m

)

bed level

water level

0.6

0.5

0.4

0.3

0.2

0.1

0

B
e

d
-l
o
a

d
 V

e
lo

ci
ty

, 
S

td
.(

cm
/s

)

Distance form the left bank(m)

0

3

6

9

12

15

18

Be
d 

le
ve

l&
W

at
er

 le
ve

l(m
)

2.4

2

1.6

1.2

0.8

0.4

0

18

15

12

9

6

3

0

B
e
d
 le

ve
l &

 W
a
te

r 
le

ve
l (

T
.P

.m
)

C
V

(C
o
e
ff

ic
ie

n
t o

f 
V

a
ri
a
tio

n
)

bed level

water level

CV
Bed-load Velocity
Std.

Bed level

Water level

0              50           100          150           200           250          300          350          400

- 65 -



 

 

3 4

5~10%

 

 

ADCP

1 1

300m

0.5m/s 30

1

2 3

 

 

 

 

ADCP

CV
 

1) 
2.5m/s 5%

15

5 10%

 

2) 0.4

1

CV
20~30

 

3) ADCP

180

 

4) 

 

 

( C) ADCP

( 23560614) 25

( 25-1212-010)

 

1) Rennie, C.D., et al: Measurement of bed load velocity using an 

Acoustic Doppler Current Profiler, J. Hyd. Eng., Vol. 128, No. 5, 

2002.  

2) 
ADCP

54 pp.1063-1098 2010  

3) Ramooz, R., and Rennie, C. D. Laboratory measurement of 

bedload with an ADCP, United States Geological Survey Scientific 

Investigations Rep. 2010-5091, Reston, VA 

4) 
ADCP RTK-GPS

 Vol.70, No.4, I_631-I_636, 2014. 

5) E. C. Jamieson, C. D. Rennie, R. B. Jacobson, R. D.  Townsend : 

Evaluation of ADCP Apparent Bed Load Velocity in a Large Sand-

Bed River -Moving versus Stationary Boat Conditions-, Vol.137, 

No.9, pp.1064-1071, 2011  

- 66 -


