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ABSTRACT

Continuous and accurate instrument of river water usage is needed for sustainable river water management. Although the instrument
methods applicable to each point of use of river water are different, more precise direct instrument methods are required at the point of major
open channel. Users of river water should select appropriate direct instrument methods to measure usage, but there is a lack of standards and
verification research. In this study, the H-Q rating curve method, ultrasonic method, and microwave method were applied directly to the test
basin in the upper basin of Mangyeong river, and the accuracy of measurement data was evaluated by comparing absolute error between
discharge data calculated by instrument method. When comparing the calculated discharge of point units, the ultrasonic method showed the
best results of the actual measurement. Through continuous instrument, the sum of the daily and monthly units was compared, and the
ultrasonic and microwave methods were shown to be highly accurate. Based on the results of this study, it is hoped that the appropriate direct
measurement method can be selected according to the importance of the river water use facility, considering that the ultrasonic method and
the microwave method are relatively costly compared to the water level-flow relationship method.
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Fig. 1. Target location and instrument application
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Table 1. Results of measured discharge at target location

Instrument Date Water level Ar(za Measured}discharge Measuring equipment
No. (m) (m°) (m’/s)
1 2017-02-10 11:00 0.29 3.27 1.20 ADV
2 2017-03-10 09:10 0.32 3.66 1.63 ADV
3 2017-06-10 09:50 0.71 8.72 8.40 ADCP
4 2017-08-01 15:00 0.62 7.55 5.99 ADV
5 2017-10-20 10:40 0.33 3.79 1.14 ADV
6 2017-11-10 09:00 0.34 3.92 1.34 ADV
7 2018-02-08 12:50 0.26 2.88 1.11 ADV
8 2018-04-23 16:00 0.50 6.00 5.46 ADCP
9 2018-08-02 06:20 0.80 9.89 9.75 ADCP
10 2018-10-25 13:50 0.29 3.27 1.24 ADV
11 2018-12-20 10:00 0.52 6.26 5.51 ADV
12 2019-03-13 11:00 0.37 431 2.15 ADV
13 2019-06-20 13:50 0.80 9.89 12.04 ADCP
14 2019-06-26 10:30 0.83 10.28 11.98 ADCP
15 2019-07-03 15:10 0.72 8.85 8.57 ADCP
16 2019-07-24 13:40 0.69 8.46 8.35 ADCP
17 2019-09-25 08:50 0.34 3.92 1.79 ADV
18 2020-04-16 17:30 0.27 3.01 1.30 ADV
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Table 2. Index velocities and mean velocities

Instrument No. Index velocity for V-ADCP Index velocity for MWSCM Mean velocity

(m/s) (m/s) (m/s)

1 0.573 - 0.367
2 0.668 - 0.445
3 1.205 - 0.963
4 1.121 - 0.793
5 0.479 - 0.301
6 0.534 - 0.342
7 0.597 - 0.385
8 1.093 - 0.910
9 1.245 - 0.986
10 0.582 - 0.379
11 1.161 - 0.880
12 0.748 - 0.499
13 1.287 1.343 1.217
14 1.258 1.329 1.165
15 1.062 1.139 0.968
16 1.263 1.206 0.987
17 0.651 0.760 0.457
18 0.589 0.597 0.432
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Table 3. Comparison of point units by instument method

Water level Measured H-Q V-ADCP MWSCM
Instrument No. (m) Discharge  Discharge  Absolute Discharge ~ Absolute Discharge  Absolute
(m’/s) (m'/s) error (%) (m’/s) error (%) (m’/s) error (%)
1 0.29 1.20 1.21 0.82% 1.24 3.30% - -
2 0.32 1.63 1.54 5.46% 1.65 1.20% - -
5 0.33 1.14 1.66 45.46% 1.16 1.80% - -
Low 6 0.34 1.34 1.78 32.75% 1.37 2.20% - -
water 7 0.26 1.11 0.91 17.91% 1.14 2.70% - -
level 10 0.29 1.24 1.21 2.43% 1.26 1.60% - -
12 0.37 2.15 2.16 0.49% 2.20 2.30% - -
17 0.34 1.79 1.78 0.62% 1.72 3.90% 2.12 18.40%
18 0.27 1.30 1.01 22.54% 1.18 9.20% 1.09 16.20%
Average - 14.28% - 3.13% - 17.30%
3 0.71 8.40 8.29 1.30% 8.76 4.30% - -
4 0.62 5.99 6.37 6.36% 6.87 14.70% - -
8 0.50 5.46 4.13 24.32% 5.27 3.50% - -
High - 9 0.80 9.75 10.40 6.71% 10.38 6.50% - -
water 11 0.52 5.51 4.48 18.72% 5.98 8.50% - -
level 13 0.80 12.04 10.40 13.59% 10.84 10.00% 11.65 3.20%
v 14 0.83 11.98 11.15 6.93% 10.94 8.70% 11.95 0.30%
15 0.72 8.57 8.52 0.63% 7.47 12.80% 8.45 1.40%
16 0.69 8.35 7.85 6.03% 9.04 8.30% 8.70 4.20%
Average - 9.40% - 8.59% - 2.28%
Total average - 11.84% - 5.86% - 7.28%
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Fig. 2. Comparison of discharge data by instrument method
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Table 4. Comparison of daily units by instrument method

Instrument Date H-Q V-ADCP MWSCM

No. (YYYY-MM-DD)  Discharge (m®) Absolute error (%)  Discharge (m’) Discharge (m*)  Absolute error (%)

13 2019-06-20 899,062 5.75% 953,901 1,023,306 7.28%

14 2019-06-26 957,039 1.84% 939,706 1,028,596 9.46%

15 2019-07-03 735,247 15.69% 635,520 723,216 13.80%

16 2019-07-24 646,555 13.29% 745,690 730,940 1.98%

17 2019-09-25 153,693 1.54% 151,362 155,392 2.66%

18 2020-04-16 82,635 13.62% 95,666 91,294 4.57%

Average - 8.62% - - 6.62%

Total 3,474,231 1.35% 3,521,845 3,752,744 6.56%

ASEHE Fbelo] T s AR vl e RSl dee] ASE S 2eubEE Ve
o2 drgoto] S9l-fraga Al At 2 Hlastglet. 139 E 18971 67]0] A AIE717191 2019 6 E4
20203 4G7HA] F 11779] A5 E L] APFr-2 Table 59} Fig. 33} o] Aot

Table 5. Comparison of monthly units by instument method

Date H-Q V-ADCP MWSCM
(YYYY-MM) Discharge (m®)  Absolute error (%) Discharge (m”®) Discharge (m®)  Absolute error (%)
2019-06 26,086,078 13.68% 30,220,090 28,658,132 5.17%
2019-07 19,795,151 6.30% 21,126,093 19,420,738 8.07%
2019-08 22,176,454 18.81% 27,314,416 27,851,178 1.97%
2019-09 7,260,905 19.39% 9,007,867 8,582,586 4.72%
2019-10 3,631,703 3.64% 3,768,882 3,134,291 16.84%
2019-11 3,072,682 6.18% 3,274,946 3,215,875 1.80%
2019-12 3,558,881 13.71% 4,124,416 4,014,348 2.67%
2020-01 3,079,439 12.51% 3,519,669 3,501,694 0.51%
2020-02 2,635,820 11.86% 2,990,353 3,125,647 4.52%
2020-03 2,788,397 5.56% 2,952,710 3,321,681 12.50%
2020-04 4,791,011 9.71% 5,305,989 5,580,778 5.18%
Average - 11.03% - - 5.81%

Total 98,876,521 12.96% 113,605,431 110,406,948 2.82%
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