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Abstract

Acoustic Doppler Current Profilers (ADCPs) have capability to concurrently capitalize three-dimensional velocity vector and bathymetry
with highly efficient and rapid manner, and thereby enabling ADCPs to document the hydrodynamic and morphologic data in very high spatial
and temporal resolution better than other contemporary instruments. However, ADCPs are also limited in terms of the inevitable unmeasured
regions near bottom, surface, and edges of a given cross—section. The velocity in those unmeasured regions are usually extrapolated or assumed
for calculating flow discharge, which definitely affects the accuracy in the discharge assessment. This study aimed at scrutinizing a conventional
extrapolation method (i.e., the 1/6 power law) for estimating the unmeasured regions to figure out the accuracy in ADCP discharge measure—
ments. For the comparative analysis, we collected spatially dense velocity data using ADV as well as stationary ADCP in a real-scale straight
river channel, and applied the 1/6 power law for testing its applicability in conjunction with the logarithmic law which is another representative
velocity law. As results, the logarithmic law fitted better with actual velocity measurement than the 1/6 power law. In particular, the 1/6 power
law showed a tendency to underestimate the velocity in the near surface region and overestimate in the near bottom region. This finding
indicated that the 1/6 power law could be unsatisfactory to follow actual flow regime, thus that resulted discharge estimates in both unmeasured
top and bottom region can give rise to discharge bias. Therefore, the logarithmic law should be considered as an alternative especially for
the stationary ADCP discharge measurement. In addition, it was found that ADCP should be operated in at least more than 0.6 m of water
depth in the left and right edges for better estimate edge discharges. In the future, similar comparative analysis might be required for the
moving boat ADCP discharge measurement method, which has been more widely used in the field.

Keywords : stationary ADCP measurement, discharge accuracy, unmeasured region, velocity profile extrapolation
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Fig. 12. Extrapolation Results of Vertical Velocity Distribution for ADV and ADCP
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Fig. 12. Extrapolation Results of Vertical Velocity Distribution for ADV and ADCP (continued)
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Table 1. ADCP Discharge Estimation Results (Region I)

ADCP
Zone Segment AI,?V 1/6 power law Log law
number (m’/s) Discharge | Difference Error Discharge | Difference Error
(m?/s) (m’/s) (%) (m’/s) (m*/s) (%)
7 0.013 0.012 -0.0005 -4.2 0.012 -0.0008 -6.2
8 0.028 0.027 -0.0005 -2.0 0.027 -0.0012 -4.2
9 0.026 0.025 -0.0009 -3.3 0.027 0.0006 2.2
10 0.025 0.024 -0.0007 -2.8 0.026 0.0016 6.2
11 0.026 0.023 -0.0028 -10.8 0.025 -0.0014 -54
12 0.027 0.025 -0.0017 -6.2 0.026 -0.0007 -2.5
13 0.029 0.026 -0.0030 -10.5 0.027 -0.0012 -4.3
I 14 0.030 0.027 -0.0030 -10.0 0.029 -0.0010 -3.2
15 0.031 0.028 -0.0026 -8.2 0.029 -0.0019 -6.1
16 0.031 0.028 -0.0023 -7.6 0.029 -0.0012 -3.9
17 0.029 0.029 0.0003 1.0 0.029 0.0007 2.4
18 0.029 0.028 -0.0005 -1.9 0.028 -0.0003 -1.0
19 0.027 0.026 -0.0010 -3.6 0.028 0.0009 35
20 0.026 0.024 -0.0016 -6.3 0.024 -0.0015 -5.6
21 0.012 0.012 -0.0006 -4.8 0.012 -0.0007 -55
Average - -0.0014 -54 - -0.0005 -2.2
Table 2. ADCP Discharge Measurement Results (Region 1)
Zone Segment i clhenise (el Difference (m*/s) Error (%)
number ADV ADCP
7 0.030 0.029 -0.0010 -3.2
8 0.079 0.077 -0.0019 -2.4
9 0.076 0.078 0.0018 2.4
10 0.078 0.080 0.0019 24
11 0.074 0.070 -0.0046 -6.1
12 0.081 0.080 -0.0013 -1.6
13 0.091 0.085 -0.0058 -6.4
1I 14 0.095 0.090 -0.0055 -5.7
15 0.091 0.088 -0.0032 -3.5
16 0.090 0.088 -0.0016 -1.7
17 0.086 0.092 0.0057 6.6
18 0.086 0.089 0.0025 2.9
19 0.082 0.080 -0.0022 -2.7
20 0.058 0.057 -0.0009 -15
21 0.024 0.023 -0.0008 -3.3
Average -0.0011 -1.6
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Table 3. ADCP Discharge Estimation Results (Region Il1)

Bololnlale|ala|sajlala||s|n| || x
EX| X | S| |C|| S |S|P | B |WB|g|s|x|0|3| W
BB S| ¥~ N | T || ®|w S| e
8
elegipglelglolglglelglelrlgg o x|y
sl R I |2 S|SB Q|| ||| x
Tl Eo | S|loloc|loo| ool o s DD
o RN R R N R R R R AR A RN A R R = A RN RN =R R ==
e HE|lc|lc|s S|S|o|o|s|s|s S| |s| S
|/
)
<.
Huo|[lY |||l X 003N
L@SO.O.O.O.O.O.O.O.OO.O.O.O.O.O.
B/m c|lo|c|lo|loc|c|lc|loc|oc|lc|loc|c|c|loc|o
[ A
Q
A
<
S~ | TR ||| TR0~ 5D
Clo|lS = |d|d|G|gs|B|S|d|R|0|HS|C|
EX|d || =l || |@|d|&S |0l |=|>|&|F|&
E — — | —
AR
Tleglelmlalnlwlolm|lwlalalx Izl
R RO IS IS T o B I S I S N ' B (N T N T '} X || X |
Ol oo | S| =S |loc|locjlo|ldlw w82 D
prmO.O.O.O.O.O.O.O.O.O.O.O.O.O.O.O.
glEC|e|e|e|s|S|e|S|e|e|e|s|s|s eS|
A
©
—
)
I
FEo|l|lelgelYnle|lelale|x|le|w|=|Q|x
~|l = | | | = | | === || =[] =] |-
.mSmO.O.O.O.O.O.O.O.O.O.O.O.O.O.O.
» Eloc|c|lc|lc|lc|c|loc|lc|lc|s|g|oc|lac|loc|o
Z
()
> S|~ |o|lw|lv|lm|lm|lo|ln|lvrxlolo|lw
>~ S|l 4| ol |l 9|l | A | 4|l 4|l ||| N| D
g S|s|lalslalale|lelalalie|les|les|laels
A/m c|loc|lc|lo|loc|c|lc|lo|c|loc|lc|c|loc|loc|o
5
=R =0
em <
& ~|l ol 7| ||| B]|lOo|~|0| || =T
A & <
2
S =

w7 F A4 = AR AR 7R e 9

7F A AR el

R
=

A= Qlal &
A o2 A A7) wtolth 5 I+

o

o)
g
s

i

oA ADCP f4: 34 Aap7h 254 27 $457)

Pl vehuhe

AV

o

Zo = Hol ADCPY

=]
=

o] ¥ck 1 A3 1/6 =W

{91

= 1
TE Fole

REEE

Nr
4r

o} weba ADCPe]

b Aoz ek

5|

A A

[e)
o=

w

g

38% %

ok
=k

o=

Z]
&

7h Ao 48

@ =

ol o

K

53 MY 22X o|AHZ FHel ADCP

T
i
H
_S_ﬁ
Ay ,Ul B
M o o
NI
aw o T+
Aoy o
ﬁ ol
o I
= o B
= of
= zn
X oo
T g0 A
oF iy =
~ B o
0 ) o
o=
= Ak
Mo
WO
T T
RN
%o N T
W g
wo of

ADCP#] 7|7

el

Nr

]

o
0

X

O

X
Nr

[e)
Al e

al

Avlugich 7 A% vAZ Gge] #

Ay

o] Tables 4 and 58} 2]

il
I

M5t
R Uigs ot

BEKERBEMNE

562



Table 4. ADCP Discharge Measurement Results with Respect to the Segments (1/6 power law)

SiEEEn il e ) Difference (m’/s) Error (%)
number ADV ADCP
7 0.052 0.055 0.0033 6.3
3 0.117 0.124 0.0067 5.7
9 0.112 0.124 0.0119 10.6
10 0.110 0.118 0.0075 6.8
11 0.115 0.116 0.0004 0.3
12 0.119 0.124 0.0046 39
13 0.131 0.130 -0.0012 -0.9
14 0.136 0.136 0.0003 0.2
15 0.136 0.142 0.0064 4.7
16 0.135 0.143 0.0083 6.2
17 0.122 0.137 0.0148 12.1
18 0.122 0.132 0.0104 85
19 0.118 0.124 0.0050 43
20 0.104 0.107 0.0036 35
21 0.046 0.049 0.0029 6.3
Absolute averaged error 0.0058 54
Table 5. ADCP Discharge Measurement Results with Respect to the Segments (Log law)
SigEmenl Bischamein/s) Difference (m%/s) Error (%)
number ADV ADCP
7 0.052 0.055 0.0034 6.5
8 0.117 0.124 0.0065 55
9 0.112 0.118 0.0065 5.8
10 0.110 0.112 0.0022 2.0
11 0.115 0.110 -0.0059 -5.1
12 0.119 0.120 0.0005 04
13 0.131 0.124 -0.0071 -54
14 0.136 0.130 -0.0061 -45
15 0.136 0.138 0.0024 1.8
16 0.135 0.138 0.0026 19
17 0.122 0.134 0.0126 10.3
18 0.122 0.130 0.0084 6.9
19 0.118 0.118 -0.0004 -0.3
20 0.104 0.105 0.0013 1.3
21 0.046 0.048 0.0025 54
Absolute averaged error 0.0046 4.2
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Table 6. Edge Discharge Error at Each Case
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