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Abstract

Data for measuring the flow rate of streams are used as important basic data for the development and maintenance
of water resources, and many experts are conducting research to make more accurate measurements. Especially, in
Korea, monsoon rains and heavy rains are concentrated in summer due to the nature of the climate, so floods occur
frequently. Therefore, it is necessary to measure the flow rate most accurately during a flood to predict and prevent
flooding. Thus, the U.S. Geological Survey (USGS) introduces 1, 2, 3 point method using a flow meter as one way to
measure the average flow rate. However, it is difficult to calculate the average flow rate with the existing 1, 2, 3 point
method alone.This paper proposes a new 1, 2, 3 point method formula, which is more accurate, utilizing one
probabilistic entropy concept. This is considered to be a highly empirical study that can supplement the limitations of
existing measurement methods. Data and Flume data were used in the number of holesman to demonstrate the utility
of the proposed formula. As a result of the analysis, in the case of Flume Data, the existing USGS 1 point method
compared to the measured value was 7.6% on average, 8.6% on the 2 point method, and 8.1% on the 3 point
method. In the case of Coleman Data, the 1 point method showed an average error rate of 5%, the 2 point method
5.6% and the 3 point method 5.3%. On the other hand, the proposed formula using the concept of entropy reduced
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the error rate by about 60% compared to the existing method, with the Flume Data averaging 4.7% for the 1 point
method, 5.7% for the 2 point method, and 5.2% for the 3 point method. In addition, Coleman Data showed an
average error of 2.5% in the 1 point method, 3.1% in the 2 point method, and 2.8% in the 3 point method, reducing
the error rate by about 50% compared to the existing method. This study can calculate the average flow rate more
accurately than the existing 1, 2, 3 point method, which can be useful in many ways, including future river disaster

management, design and administration.
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Table 1. Calculation of Average Velocity by Water Depth
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No. of Water Depth Range Observation Spot A Velocity (V)

Measurement Point (m) (from the water surface) verage velocity

1 0706 V= Vosn

2 0.6 1.0 0.2D, 0.8D V=0.5(Vyop+ Vosp)

3 1.0< 0.2D, 0.6D, 0.8D V=025V, p+2Vi e+ Vosp)

from water surface 0.3m _
5 6.0< 0.2D, 0.6D, 0.8D, V=01VS+3V,,,+2V,sp+3Vsp+ Vy)
from water bed 0.3m

F)D 5, S HORERE 0.3m, B 1 M2 RE 0.3m
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Table 2. Variation of Average Velocity Occurrence Point According
to Entropy Coefficient M

Entropy parameter M %

1 0.460

2 0.425

5 0.373

0.368

13 0.368

20 0.368
et 2 ARAL ol shde uR S 4]
A (6)& 28k, M| gho] 5 o1dd B¢ y/D=0.368
o DA g 7P 2l Herstel /129 199 547

Z

4 y/D=04 9 Agstg e, 24H T} 3 Ho a5
E y/D=02, y/D=089] H&-L W5l y/D=0.184,
y/D=0.752 2491} 38 o2 ALstg(Table 3).
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2.3.1 Flume Data
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Table 3. New Point Velocity Measurement Point

No. of Measurement Spot of Suggested Point
Measurement Existing Point Velocity Measurement
Point Velocity Spot
1 a— Y—036
D 0.4 D 0.368
2 Yo Y- Y _oga1sa L=
D 0.2, D 0.8 D 0.184, D 0.750
Yo Y Y18 Y=
; D 0.2, D 0.4, D 0.184, D 0.368,
Y _ e
D 0.8 D 0.750
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ZeF vlas) & A, ASg diFl 7129 1S 4.9%~
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A28 Jebgtt vhde), lERn g -85 Aot
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ool 4 A A FrelS AgstArt. thio] do]  31%~9.1%9 AEE Hef, oAgw vlusird &
Sand 0.19mm - 8 foot - RUN 31
USGS [ Proposed Eq.
y/d u Point Method 12 + Measured
1 2 3 1 2 3 1 y = 0.00368x50927 ~
0184 | 137 1.36) 136 o | a8 3
0.2 140 1.40| 140 ’ .
0368 | 157 1.56 156| | 306 0
0.4 160 | 160 1.60 04 b
0.75 1.80 179) 179 .
0.8 182 182 182 gz e
Umean | 152 | 160 161 1.60] 156/ 158/ 157 0 e
Rate of error(%) | 4.86] 5.80] 533 253 3.67] 3.10 0 05 1 1.5 2
u
USGS [ Proposed Eq. Sand 0.19mm - 8 foot — RUN 5
y/d u Point Method 120 —
1 2 3 1 2 3 1 ¥ = 0.00433x39%3 'Y
0184 | 144 143 143 % = 09589
0.2 147 147| 147 08 .
0368 | 170 1.69 1.69 Z o6 o
0.4 174 | 174 174
075 | 202 201] 201 04 =
08 2.05 2,05 2.05 02 o
Unmen | 157 | 174 176 175 169 172 171 0 oo
0 05 1 15 2 25
Rate of error(%) | 11.0] 12.6] 11.8] 82| 10.0] 9.07 "

Fig. 1. Flume Data (1966) Analysis Result for Run 31 & 5
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Sand 0.19mm - 8 foot — RUN 32
USGS [ Proposed Eq.
y/d u Point Method 2 Measured
1 2 3 1 2 3 1 y = 0.0024x6:6586 ™
0184 | 192 191 191 08 R? = 09921 ¢
0.2 1.95 1.95) 1.95 . Iy
0.368 213 212 212 X 06 p=
04 216 | 216 2.16 04 .
0.75 237 236/ 2.36 o
0.8 240 240 2.40 i Ty
Unnean 203 | 216| 217| 217| 212 2.14] 213 0 ol
Rate of error(%) | 6.23] 6.79] 6.51] 442| 5.15] 4.79 0 05 1 15 2 25
u
USGS [ Proposed Eq. Sand 0.19mm - 8 foot - RUN 8
y/d u Point Method 1.2 R
1 2 3 1 2 3 1 ¥ = 0.0033x54409 °
0184 | 210 2.08| 208 2 = 09281
0.2 213 213| 213 08 .
0368 | 2.36 234 234 Zos
0.4 240 | 240 240 = ¢
075 | 267 2.65| 2.65 0 y
0.8 2.70 2.70] 2.70 02 -
Umen | 218 | 240| 241| 240| 2.34| 2.36| 2.35 0 . Lk
0 05 1 15 2 25
Rate of error(%) | 10.1| 10.8| 10.4| 7.58| 8.53| 8.06 i

Fig. 2. Flume Data (1966) Analysis Result for Run 32 & 8
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USGS [ Proposed Eq. RUN 1
y/d u Point Method T, S o
1 2 3 1 2 3 0.8 | - y=05178x8011° ..
0.184 0.88 0.87 | 0.87 R? = 0.9858 .
0.2 0.89 0.89 | 0.89 06
0.368 | 096 0.95 095 || X ¢
0.4 097 | 097 0.97 04 °
0.75 1.05 104 | 1.04 02 ¥
0.8 1.06 1.06 | 1.06 o®
Unen | 093 | 097 | 097 | 097 | 095 | 095 | 095 0 0 55 o7 m ° =5 : Ts
Rate of error(%) | 4.06 | 445 | 426 | 191 | 243 | 217 "
USGS [ Proposed Eq. RUN 5
y/d u Point Method L rve— e
1 | 2 | 3] 1] 2| 3 g | Y= 0TSz °,
0.184 | 085 0.84 | 0.84 R? = 09771 N
0.2 0.86 0.86 | 0.86 L 06 .
0.368 0.94 0.93 093 || X
04 | 095 | 095 095 04 *
0.75 104 103 | 1.03 02 s
0.8 1.05 1.05 | 1.05 o’
Unen | 091 | 095 | 095 | 095 | 093 | 093 | 093 0 0 o 04 06 . 08 . 12
Rate of error(%) | 455 | 509 | 482 | 217 | 2.87 | 2.53 ‘ ’ N ’ '

Fig. 3. Coleman Data(1981) Analysis Result for Run 1 & 5
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USGS [ Proposed Eq. RUN 15
y/d u Point Method T (. Messured .
1 2 3 1 2 3 08 22::05;(7)3;“”” °.
0.184 0.82 0.81| 0.81 .
0.2 0.84 084 | 0.84 < 06 )
0.368 | 094 0.93 093| | X o4
0.4 0.95 0.95 0.95
075 | 108 107| 107 02 o
08 | 109 1.09] 109 . R
Umen | 091 | 095| 096| 096| 093] 0.94| 093 0 02 04 06 08 12
Rate of error(%) | 5.50| 641| 596 | 2.74| 3.85| 3.29 u
USGS { Proposed Eq. 15 RUN 19
y/d u Point Method “+ Measured
1] 2] 3] 1] 2]3 1] domers 5
0.184 | 081 0.80| 0.80 08 5
0.2 083 0.83] 083 .
0368 | 093 092 092| | %06 S
0.4 095 | 0.95 0.95 04
0.75 1.07 1.06 | 1.06 0 : .
0.8 1.09 1.09| 1.09 s
Unmean 090 | 095| 096| 095| 0.92| 0.93| 0.93 00 02 04 I)AG 08 12
Rate of error(%) | 5.55| 6.53| 6.04| 2.71| 3.90| 331 i
Fig. 4. Coleman Data(1981) Analysis Result for Run 15 & 19
2.4.1 Flume Data ghHe] JERZ ] JHd-S &85 APl A5 iy
Flume glo]e] A% 24 Z7h Table 49t gool, 4z HAM¥E Bt 25% 2HWE 3.1% 3UUE B 2.8%
Z E] 7129] USGS 1HHe B 7.6%, 24We 8.6%, — 2AE 2ol 71E PHRH oA o 60%3 % &d
3L 81%9 eA&g et e Ao HEE.
Table 4. Comparison of USGS, Proposed, Observed — Flume Data
Order USGS Method Proposed Method Observed
1 2 3 1 2 3 (Um)
1 1.34 1.35 1.34 1.29 1.30 1.30 1.25
2 1.31 1.32 1.32 1.26 1.27 1.27 1.21
3 2.90 291 291 2.86 2.86 2.86 2.79
4 3.45 3.47 3.46 3.39 3.40 3.40 3.29
5 3.44 3.56 3.50 3.31 3.43 3.37 3.10
6 3.89 393 391 3.80 3.83 3.82 3.61
7 1.97 1.97 1.97 1.92 1.93 1.93 1.94
8 3.32 3.38 3.35 3.21 3.27 3.24 2.87
9 2.18 2.22 2.20 2.10 2.14 2.12 2.04
10 2.01 2.04 2.02 1.94 1.97 1.95 1.87
11 2.09 2.10 2.09 2.05 2.05 2.05 2.06
12 4.25 4.28 4.26 4.16 4.19 4.17 391
13 3.29 3.31 3.30 3.23 3.24 3.24 3.08
14 2.75 2.79 2.77 2.67 2.71 2.69 2.58
15 1.14 1.14 1.14 1.10 1.10 1.10 1.08
16 1.20 1.20 1.20 1.16 1.16 1.16 1.14
17 1.52 1.53 1.53 1.48 1.49 1.49 1.46
18 1.73 1.73 1.73 1.69 1.69 1.69 1.58
19 1.98 1.98 1.98 1.94 1.94 1.94 1.91
20 2.11 2.15 2.13 2.03 2.07 2.05 1.73
Average 2.39 2.42 241 2.33 2.35 2.34 2.23
Rate (ﬁ,’/fy)ermr 7.55 8.63 8.09 470 5.67 5.18 0.00
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Table 5. Comparison of USGS, Proposed, Observed — Coleman Data
Order USGS Method Proposed Method Observed
1 2 3 1 2 3 (Um)
1 0.97 0.97 0.97 0.95 0.95 0.95 0.93
2 0.96 0.97 0.96 0.94 0.95 0.95 0.93
3 0.95 0.96 0.96 0.93 0.94 0.94 0.91
4 0.95 0.96 0.96 0.93 0.94 0.94 0.91
5 0.95 0.95 0.95 0.93 0.93 0.93 0.91
6 0.95 0.95 0.95 0.92 0.93 0.93 0.90
7 0.95 0.96 0.95 0.93 0.93 0.93 0.91
8 0.94 0.95 0.94 0.92 0.92 0.92 0.89
9 0.94 0.95 0.94 0.92 0.93 0.92 0.90
10 0.95 0.96 0.95 0.93 0.94 0.93 0.90
11 0.96 0.97 0.97 0.94 0.95 0.94 0.92
12 0.94 0.94 0.94 0.91 0.92 0.92 0.89
13 0.95 0.95 0.95 0.92 0.93 0.93 0.90
14 0.96 0.95 0.96 0.93 0.92 0.93 0.90
15 0.94 0.95 0.95 0.94 0.93 0.93 0.91
16 0.95 0.96 0.95 0.91 0.93 0.92 0.90
17 0.96 0.95 0.95 0.92 0.94 0.93 0.90
18 0.94 0.95 0.95 0.93 0.93 0.92 0.89
19 0.95 0.95 0.95 0.94 0.93 0.93 0.90
20 0.96 0.95 0.95 0.91 0.92 0.92 0.90
Average 0.95 0.96 0.95 0.93 0.93 0.93 0.91
Rate (;f))e“or 5.01 5.55 5.27 2.45 3.09 2.77 0.00
2.4.2 Coleman Data 2%t A= o7 ety a4 9 BEEE Q6
Coleman o8] A &4Z4y= Table 59 Zom, OHAZIAIE sk fir&S ZHictalE A&l S4s1]
A= el 7120 USGS 17d¥We BF 5%, 2dwe T W olEwel Aok
5.6%. 3E9L 53%9] 9242 Ut uhHo] dlE 2719 digte g 2 A= SEEA JdERET 74
21 fde sect Fotae A=z b 1AWe B S &gste] 719 SHAE BT £ Qe AFHo= o]
2.5%, 24HMe 3.1%, 389 WA 28%°] 9IS Ho, §o] tHgt {4 A4S Altstden o Coleman
7120 B Rt 032 oF 50%AE £ 4 9 Ao (19812} Flume(1966) &A=l A-goto] A|F2A9] B-&
2 Uepde} A& Y45
24 A1} Flume DataJ A%, AS3k v 7129 USGS
3 7:|J_'—I' oj _T'_il' 1AM ot 7.6%, 274HLS 8.6%, 3HdHLS 8.1%%3°
- = = Coleman Data®] A<, 114343 Bt 5%, 2L 5.6%, 3
6]-149,] ogE =2 ]’E—‘Z /\1]__9:]94 7H1:ﬂ. o] OX] 3]-5(4 ;é—lhﬂg 53%—4 QZ]'EE ]’]-EP/\AI:E} ]ﬂ-‘ﬂoﬂ, ?‘_]_Eil—]—] 7H§
v e mre = oTE = s e T o hasl Aorale o] Ao A=z} thu] 1AW
o] 23 V]2 AEa o]fEM We HHslEo] B S &85k A|9HA2 Flume Data®] 7%, A=3E oiv] 139
o Aslel Zguore AAEHY] old) dne Ad Zojg. o ow 47% 28U 5.7%, 3HUS 5.2%2 et 71E
o=/ 1 o L.E: o 94 H}]ﬂ EHH] —?_;—q_o_g_ oF 6OC7;HE ZO]_I:_ 7:[ OE L]_ﬂ_\/]-
E3], $uets 713 B4 A8 Hrket 3971 A ° o m o o “
T35 A0 o] X Ao
FHo] g47h Wdel wAE. uebq §48 aFsin o Coloman Dans) Bed IS B 2.5%,
_ 24HE 3.1%, 3AHLE Wi 2.8%2 3= Ho|, 7|E9]
oty ol SA] Bt HEstal A&StHAE A=A N ‘ZHL o
g 9o Zxo] Masth T} @A 9 2y o8 MY LAED oF 0%HE Fole slom HE.
A1 T o = o = . o
. = R - upeta] 2 A Adte] ootd 7|9 139, 239 3"
FAROE §% SAHA77E 4710 SHoljoketal A% N "
) WETE AotAl(6)o] 7HHEIHA Bt A4 9l WAQ
7HA] Aol HE o3 A miEolEtA AA AR X e s
29 AT 4 9le Aoz Wuyth AUl o]k g
oiE ofd& 7[&E9 14, 24 EE 3o o2 et E eeE T oM v = T
_I =
S A8tz okv gl AAolth Es| AZE5 Qo of7t Al sk AA, &9, 55 Addiy dEe] 5 A4
= 1o o M 270 = HO6 =T g u o a W =717 0 oFs]
Z4dlgtd =40 Z ojgj Qo] 9oL F o Aoz Alg H ] ol Bt §-85HA 8ot FrHA o s tefil
q- o3 ]—;do] 7].1] o] 1’4—01:;]— 1];7\-1 E 4] 0] Hﬂ- é}ﬂ %ﬂlf% %5} 7\'”?_&]94 Zl%@‘ﬂ "/FZ{)]E%O] -‘Q_S_@_}
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