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Prediction of Travel Time and Longitudinal Dispersion for Water Pollutant by
Using Unit Concentration Response Function

A4 /AL E NN s
Kim, Soo Jun / Kim, Hung Soo / Kim, Byung Sik / Seoh, Byung Ha

Abstract

This study suggests the use of a simple method, called the unit concentration response
function(UCRF) for predicting travel time and dispersion of pollutants with the minimum information
of study area instead of numerical models which are widely used in the previous studies. However,
the numerical models require time-consuming, tedious effort, and many data sets. So we derive the
UCRF using some components such as travel time, peak concentration, and passage time of pollutant
etc. We use the regression equation for the estimations of components which were developed from
the investigations of many river basins in USA. This study used the regression equaiton for the
UCREF to the accident of Dichloromethane leak into the Nakdong River occurred on June 30, 1994 and
applied the UCRF for the predictions of travel time and dispersion. The predictions were compared
with the results by QUALZE model.

The results by the regression equaion and QUALZE model had a good agreement between
observed and simulated concentrations. Therefore, the regression equation for the UCRF which can
simply estimate travel time and concentration of pollutants showed its applicability for the ungaged
basin.

keywords : unit concentration response function, travel time, longitudinal dispersion, QUALZE
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Fig. 3. Application Results of the Regression Equation and Triangle Unit Response Functions
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Table 2. The Superposition of

Response Function(example: Changnyung)

Ak 0 1 P 3 4 5 6 7 55 (ug/L)
27 15.1 - - - - - - - 15.05
28 30.1 75 - - - - - - 37.63
29 452 151 75 - - - - - 67.73
30 454 22.6 151 5.6 - - - 88.68
31 387 227 226 11.3 11.3 - - - 106.55
32 32 19.3 227 16.9 226 4.5 - - 118.05
33 25.3 16 19.3 17 339 9 3.8 124.29
34 18.6 12.6 16 145 34.1 135 75 19 118.7
35 11.8 9.3 12.6 12 29 13.6 11.3 38 103.44
36 51 59 9.3 95 24 11.6 114 56 824
37 - 2.6 59 7 19 96 9.7 5.7 59.34
38 - - 26 44 13.9 76 8 48 41.34
39 - - - 19 89 56 6.3 4 26.69
40 - - - - 38 3.6 46 3.2 15.2
41 - - - - - 15 3 23 6.82
42 - - - - - - 1.3 15 2.76
43 - - - - - - - 06 0.64
A7l wh2 FE&e didte] AIZhd A A e AEE Amlel] ©)2= 79%km T3t diElA Eldd FAE S
A48 F Table 29 2ol AAwsiedss 74 5 nelsted 6709 Tow TASAG Z FRE oA
o 1AZ ZAow Az BEAAT 232 A 239 38 98 Ades TeE Wren, /)
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Table 3. Simulated Pollutant Loads at Locations(Unit, kq)

&AM hour) 0 1 2 3 4 5 6 7
g4 330 165 165 124 248 99 82 41
oA 189 9% 9% 71 142 57 47 24
Rl 155 78 78 58 117 47 39 19
A 36 18 18 14 27 11 9 5

Table 4. The Superposition of Gaussian Distribution(example: Changnyung)

ARk 0 1 2 3 4 5 6 7 EEpgl)
32 0.04 - - - - - - - 0.04
33 0.29 0.02 - - - - - - 0.31
34 1.42 0.15 0.02 - - - - - ' 1.59
35 5.22 0.71 0.15 0.02 - - - - 6.09
36 14.34 2.61 0.71 0.11 0.03 - - - 17.80
37 29.53 7.18 2.61 0.53 0.22 0.01 - - 40.08
38 45.54 14.78 7.18 1.95 1.07 0.09 0.01 - 70.62
39 52.62 22.80 14.78 5.37 391 0.43 0.07 0.01 100.00
40 45.54 26.35 22.80 11.06 10.76 157 0.35 0.04 11847
41 29.53 22.80 26.35 17.05 22.16 4.31 1.30 0.18 123.68
42 14.34 14.78 22.80 19.70 34.18 8.87 3.58 0.65 118.91
43 5.22 7.18 1478 17.05 39.50 13.68 7.37 1.79 106.57
44 1.42 2.61 718 11.06 34.18 15.81 11.37 3.68 87.31
45 0.29 0.71 2.61 5.37 22.16 13.68 13.14 5.68 63.65
46 0.04 0.15 0.71 195 10.76 3.87 11.37 6.57 40.42
47 - 0.02 0.15 0.53 3.91 4.31 7.37 5.68 21.98
48 - - 0.02 0.11 1.07 1.57 3.58 3.68 10.03
49 - - - 0.02 0.22 0.43 1.30 1.79 3.75
50 - - - - 0.03 0.09 0.35 0.65 1.13
51 - - - - - 0.01 0.07 0.18 0.26
52 - - - - - - 0.01 0.04 0.05
53 - - - - - - - 0.01 0.01
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Table 5. Parameter Values by Sensitivity Analysis

A4 o) 7 Ay 2 A ZHhr) A5 E % (ug/L)
Ki(s™) 5.0x10° 23 226.06
. K2(s™ 1.0x10° 22 238.15
oA 2 2=}
2EATA D(m%/s) 60 22 225,92
a(s™) 1.0x107° 22 252.25
Ki(s ") 50x10° 41 99.93
-1 -6
A K2(2 ) 1.0x10 41 12367
D(m%s) 40 41 117.88
a(s™ 1.0x107° 41 123.67
Kl(s™) 1.0x107° 44 3325
. K2(s™) 1.0x1077 44 80.90
FAH LR
" . D(m¥/s) 20 44 84.77
a(s™ 1.0x10°® 44 78.34
Ki(s™ 5.0x107 59 13.46
-1 -6
R K2(§ ) 5.0x10 61 20.18
D(m?%s) 20 61 23.43
as™ 1.0x107° 61 23.17
150 — A
120 R + TEX
| — %2y
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X
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A7k (hour) AlZF (hour)
Fig. 5. The Concentration, In Hour(Dalsung) Fig. 6. The Concentration, In Hour(Changnyung)
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Fig. 7. The Concentration, In Hour(Hapchun)

Fig. 8. The Concentration, In Hour(Chilseo)
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