/—J J. Korea Water Resour. Assoc. Vol. 54, No. 12 (2021), pp. 1305-1316 pISSN 1226-6280
@ doi: 10.3741/JKWRA.2021.54.12.1305 eISSN 2287-6138

Development of empirical formula for imbalanced transverse dispersion
coefficient data set using SMOTE

Lee, Sunmi® - Yoon, Taewon® - Park, Inhwan*

"Master Course, Department of Civil Engineering, Seoul National University of Science and Technology, Seoul, Korea
®Undergarduate Student, Department of Civil Engineering, Seoul National University of Science and Technology, Seoul, Korea
“Assistant Professor, Department of Civil Engineering, Seoul National University of Science and Technology, Seoul, Korea

Paper number: 21-104
Received: 26 October 2021; Revised: 22 November 2021; Accepted: 25 November 2021

Abstract

In this study, a new empirical formula for 2D transverse dispersion coefficient was developed using the results of previous tracer test
studies, and the performance of the formula was evaluated. Since many tracer test studies have been conducted under the conditions
where the width-to-depth ratio is less than 50, the existing empirical formulas developed using these imbalanced tracer test results have
limitations in applying to rivers with a width-to-depth ratio greater than 50. Therefore, in order to develop an empirical formula for
transverse dispersion coefficient using the imbalanced tracer test data, the Synthetic Minority Oversampling TEchnique (SMOTE) was
used to oversample new data representing the properties of the existing tracer test data. The hydraulic data and the transverse dispersion
coefficients in conditions of width-to-depth ratio greater than 50 were oversampled using the SMOTE. The reliability of the oversampled
data was evaluated using the ROC (Receiver Operating Characteristic) curve. The empirical formula of transverse dispersion coefficient
was developed including the oversampled data, and the performance of the results were compared with the empirical formulas suggested
in previous studies using R>. From the comparison results, the value of R* was 0.81 for the range of W/H < 50 and 0.92 for 50 < W/H,
which were improved accuracy compared to the previous studies.
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Fig. 1. Flow chart of the research method for estimating transverse dispersion coefficient using SMOTE
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Table 1. Empirical formulas for transverse dispersion coefficient using
tracer test results
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Fig. 2. Relations between the dimensionless transverse dispersion
coefficient and the hydraulic parameters
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Appendix 1. Summary of tracer test results for estimation of transverse dispersion coefficients

No. River (nI/:/) (;[) (ml{s) (rr[1//;s) (:r;) W/H | UU | 8 |D/HU Reference
1 Mississippi River 1778 | 3.90 | 130 | 0.080 | - |45.59 1627 | 1.18 | 0.69 Bansal (1970)
2 Missouri River 2060 | 278 | 174 | 0073 | - | 74.10 | 23.87 | 1.26 | 0.60
3 Missouri River 183.0 | 274 | 175 | 0.074 | - | 66.79 | 23.65 | 1.60 | 0.60 Yotsukura et al. (1970)
4 Missouri River 183.0 | 274 | 1.74 | 0.073 | - | 66.79 | 23.87 | 1.10 | 051
5 Atrisco Feeder Canal 183 | 067 | 067 |0.062| - |2731]1081| 1.00 | 0.22
6 Bow River 104.0 | 1.00 | 1.05 [ 0139 - [104.00] 7.56 | 1.10 | 061 | Yotsukuraand Cobb (1972)
7 South River 183 | 040 | 0.18 | 0.040 | - [45.75| 448 | 1.00 | 029
8 Atrisco Feder Canal 183 | 0.67 | 0.66 | 0.061 | - |2731]1082] 1.00 | 025
9 Atrisco Feder Canal 183 | 0.68 | 0.63 | 0.063 | - |2691|10.00| 1.00 | 0.24 ,
- Fischer (1973)
10 Atrisco Feder Canal 183 | 067 | 067 |0.062| - |27.31|1081| 1.00 | 022
11 | Bernardo Conveyance Canal | 20.0 | 0.70 | 1.25 | 0.062 - 28.57 | 20.16 | 1.00 0.30
12 Waal River 2660 | 470 | 0.82 | 0.057 | - |56.60 | 1444 | 1.08 | 029
13 jssel River 69.5 | 400 | 0.97 | 0.076 | 1923 | 17.38 | 12.78 | 2.01 | 0.51 | Holley and Abraham (1973)
14 Waal River 266.0 | 525 | 1.06 | 0.074 | - |50.67 | 1436 | 1.04 | 036
15 Missouri River 210.0 | 5.49 1.47 | 0.106 - 38.25 | 13.87 | 1.15 0.59
16 Missouri River 2040 | 554 | 150 | 0.107 | - | 3682|1402 1.15 | 028 | Fhemann ng 4Ke“erhals
17 Missouri River 2010 | 413 | 128 [0.092 | - [4867 1391 1.15 | 067 (1974)
18 Lesser Salve River 43.0 | 280 | 0.65 | 0050 | - |1536|13.00 | 2.00 | 034 | Beltaosand Day (1978)
19 Missouri River 2140 | 1.99 | 139 |0.074 | 792 [107.54] 1878 | 2.10 | 0.81
20 Missouri River 2140 | 294 | 1.58 | 0.074 | 792 | 7279 | 2135 | 2.10 | 0.74 Sayre (1979)
21 Missouri River 214.0 | 2.94 1.58 | 0.074 | 792 | 72.79 | 21.35 | 2.10 0.69
2 Athavasca River 3200 | 2.05 | 0.86 | 0.079 | - |156.10] 1090 | 1.20 | 0.41
23 Athavasca River 373.0 | 220 | 095 | 0.056 | - |169.55] 17.00 | 1.20 | 0.75 Beltaos (1980)
24 Athavasca River 2520 | 1.90 | 049 |0.052| - [132.63] 942 | 120 | 042
25 Grand River 592 | 0.51 | 035 | 0.069 | 310 |116.08]| 5.07 | 1.10 0.26 | Lau and Krishnappan (1981)
26 Isere River 70.0 | 2.25 | 1.40 | 0.059 | 1612 | 31.11 | 2357 | 125 | 0.50 | Holley and Nerat (1983)
27 | Cheongmi Creek (C-Expt 1) | 44.5 | 048 | 034 | 0.063 | 397 | 9271 | 537 | 1.13 | 0.24
28 Sum River (S-Expt 1) 540 | 069 | 034 | 0.047 | 381 | 7826 | 731 | 1.66 | 0.46
29 Sum River (S-Expt 3) 540 | 068 | 031 | 0.046 |36242]79.41 | 671 | 1.03 | 030
. Seo et al. (2006)
30 | Hongcheon River (H-Exptl) | 58.6 | 0.55 | 0.54 | 0.040 | 437.5 | 106.55| 13.43 | 2.38 | 0.64
31 | Hongcheon River (H-Expt2) | 69.9 | 1.10 | 0.21 | 0.057 | 559 | 63.55 | 3.69 | 1.40 0.23
32 | Hongcheon River (H-Expt3) | 67.0 | 0.97 | 0.20 | 0.053 | 355 | 69.07 | 3.75 | 1.54 0.32
33 | Daegok Creek (DG-R1) | 12.0 | 0.45 | 0.17 | 0.019 | 8803 | 26.67 | 895 | 1.03 | 0.32
34 |  Daepo Creek (DP-R1) 920 | 043 | 0.65 | 0.061 | 308.4 | 21.40 | 10.66 | 1.03 | 0.53
35 Gam Creek (GA-R1) 24.80 | 045 | 0.64 | 0.066 | 919.1 | 55.11 | 9.70 | 1.05 | 0.45
36 Gam Creek (GA-R2) 23.00 | 025 | 050 | 0.051 | 919.1 | 92.00 | 9.80 | 1.05 | 0.75
37 Gam Creek (GA-R3) 4500 | 036 | 0.56 | 0.060 | 824.9 [125.00] 933 | 1.15 | 0.96 Seo et al. (2016)
38 Gam Creek (GA-R4) 33.50 | 030 | 0.53 | 0.055 | 316.7 |[111.67] 9.64 | 1.13 | 043
39 Han Creek (HA-R1) 1690 | 0.50 | 023 | 0.042 [1133.9]33.80 | 548 | 128 | 0.41
40 | Miho Creek (MH-R1) | 42.50 | 1.27 | 027 | 0.030 | 221.3 | 33.47 | 9.00 | 1.55 | 0.69
41 Miho Creek (MH-R2) | 31.00 | 0.49 | 0.40 | 0.048 | 345.6 | 6327 | 833 | 1.54 | 0.58
4 R101 0.10 | 1.00 | 030 |0.020| - | 0.10 | 15.00] 1.32 | 0.70
43 RI151 0.15 | 1.01 | 020 |0.013| - | 0.15 |1539] 132 | 046
44 R152 0.15 | 1.01 | 040 |0.027| - | 0.15 | 1482 132 | 0.19
45 R211 021 | 1.01 | 014 |0010| - | 021 |1430] 132 | 0.19
46 R212 021 | 1.01 | 029 [0019| - [o021 [1505] 132 | 017
47 R213 021 | 1.01 | 043 [0.029] - | 021 | 1479 132 | 020 Back et al. (2005)
48 N301 030 | 099 | 0.10 | 0.006 | - | 030 | 1667 | 132 | 0.17
49 N302 030 | 099 | 020 |0.013| - | 030 |1539] 132 | 0.16
50 N303 030 | 099 | 030 |0.014| - | 030 |2143] 132 | 021
51 R402 040 | 1.00 | 015 | 0011 | - | 040 | 13.64] 132 | 0.16
52 AMC 315-R1 551 | 047 | 057 | 0060 | - |11.72] 950 | 1.50 | 0.18 .
53 AMC 317-R1 587 | 052 | 043 | 0.040 | - |11.29]1075] 1.70 | 033 Shin et al. (2020)




