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Analysis of Longitudinal Dispersion Coefficient :
Part 1. Comparative Study of Existing Equations for Dispersion Coefficient
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Abstract

Existing equations for dispersion coefficient are analyzed in depth to select proper dispersion coefficient
which can represent dispersion characteristics of natural streams. Several equations are tested with mea-
sured data which were collected in 26 streams in the United States. Findings of this study are as follows.
Elder’s equation should not be used to estimate dispersion coefficient of the one—dimensional dispersion
model because it underestimates significantly. McQuivey and Keefer’s equation is overestimating, whereas
Magazine et al’s equation is underestimating. However, Iwasa and Aya's equation predicts relatively well.
Fischer’s equation is generally overestimating. Liu’s equation predicts quite well. The performance of Liu’s
equation is the best of all especially in terms of accuracy. However, Liu’s equation is generally overestimat-
ing In case of large river because the square of channel width is included in the equation. Therefore, it is
recommended not to use Liu’s equation in case of large rivers, especially rivers of which channel width is
larger than 200m.
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Table 1. Classification of Dispersion Coefficient Equations
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Iwasa9} Aya (1991)

K/RU = 75.86(0.4U/U.) ! &2
K/dU. = 2.0(W/d)'®

Investigator Equation Channel Condition
2-Parameter Equation
Taylor (1954) K = 10.1rU. Circular Pipe
Elder (1959) K = 5.93dU. 2-D Open—Channel
Parker (1961) K = 14.3R¥*(2gS)V* Open—Channel
Glover (1964) K = 500-800RU. Natural Stream
3—Parameter Equation
McQuivey 9} Keefer (1974) K = 0.058Ud/S Natural Stream

Natural Stream
Open—Channel &
Natural Stream

4—Parameter Equation
Fischer (1975)
Liu (1977)
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Natural Stream

Natural Stream
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Table 2. Summary of Hydraulic and Derspersion Data Measured at 26 Streams in the United States

. . Shear Dispersion
Natural Streams Width Depth Velocity Slope Velocity Coefficient Reference
W(m) d(m) U(m/s) S U (m/s) K(m/s)
Antietam Creek, MD 12.80 0.30 0.42 0.00095 0.057 17.50 Nordin & Sabol(1974)
24.08 0.98 0.59 0.00135 0.098 101.50
11.89 0.66 0.43 0.00095 0.085 20.90
21.03 0.48 0.62 0.,00100 0.069 25.90
Monocacy River, MD 48.70 0.55 0.26 0.00050 0.052 37.80
92.96 0.71 0.16 0.00045 0.046 41.40
51.21 0.65 0.62 0.00040 0.044 29.60
97.54 1.15 0.32 0.00045 0.058 119.80
40.54 0.41 0.23 0.00045 0.040 66.50
Conococheague Creek, MD 42.21 0.69 0.23 0.00060 0.064 40.80
49.68 0.41 0.15 0.00060 0.081 29.30
42.98 1.13 0.63 0.00060 0.081 53.30
Chattahoochee River, MD 75.59 1.95 0.74 0.00072 0.138 88.90
91.90 2.44 0.52 0.00037 0.094 166.90
Salt Creek, NE 32.00 0.50 0.24 0.00033 0.038 52,20
Difficult Run, VA 14.48 0.31 0.25 0.00127 0.062 1.90
Bear Creek, CO 13.72 0.85 1.29 0.02720 0.553 2.90
Little Pincy Creek, MD 15.85 0.22 0.39 0.00130 0.053 7.10
Bayou Anacoco, LA 17.53 0.45 0.32 0.00054 0.024 5.80
Comite River, LA 15.70 0.23 0.36 0.00058 0.039 69.00
Bayou Bartholomew, LA 33.38 1.40 0.20 0.00007 0.031 54.70
Anmite River, LA 21.34 0.52 0.54 0.00048 0.027 501.40
Tickfau River, LA 14.94 0.59 0.27 0.00117 0.080 10.30
Tangipahoa River, LA 31.39 0.81 0.48 0.00061 0.072 45.10
29.87 0.40 0.34 0.00069 0.020 44.00
Red River, LA 253.59 1.62 0.61 0.00007 0.032 143.80
161.54 3.96 0.29 0.00009 0.060 130.50
152.40 3.66 0.45 0.00009 0.057 227.60
155.14 1.74 0.47 0.00008 0.036 177.70
Sabine River, LA 116.43 1.65 0.58 0.00014 0.054 131.30
160.32 2.32 1.06 0.00013 0.054 308.90
Sabine River, TX 14.17 0.50 0.13 0.00029 0.037 12.80
12.19 0.51 0.23 0.00018 0.030 14,70
21.34 0.93 0.36 0.00013 0.035 24.20
Mississippi River, LA 711.20 19.94 0.56 0.00001 0.041 237.20
Mississippi River, MO 533.40 4.94 1.05 0.00012 0.069 457.70
537.38 8.90 1.51 0.00012 0.097 374.10
Wind/Bighorn River, WY 44,20 1.37 0.99 0.00150 0.142 184.60
85.34 2.38 1.74 0.00100 0.153 464.60
Copper Creek, VA 16.66 0.49 0.20 0.00135 0.080 16.84 |Godfrey & Frederick
Clinch River, VA 48.46 1.16 0.21 0.00085 0.069 14.76 (1970)
Copper Creek, VA 18.29 0.38 0.15 0.00332 0.116 20.71
Powell River, TN 36.78 0.87 0.13 0.00032 0.054 15.50
Clinch River, VA 28.65 0.61 0.35 0.00039 0.069 10.70
Copper Creek, VA 19.61 0.84 0.49 0.00132 0.101 20.82
Clinch River, VA 57.91 2.45 0.75 0.00041 0.104 40.49
Coachella Canal, CA 24.69 1.58 0.66 0.00010 0.041 5.92
Clinch River, VA 53.24 2.41 0.66 0.00043 0.107 36.93
Copper Creek, VA 16.76 0.47 0.24 0.00135 0.080 24.62
Missouri River, IA 180.59 3.28 1.62 0.00020 0.078 1486.45 Yotsukura et al.(1970)
Bayou Anacoco, LA 25.91 0.94 0.34 0.00049 0.067 32.52 McQuivey & Keefer
36.58 0.91 0.40 0.00050 0.067 39.48 (1974)
Naoksack River, WA 64.01 0.76 0.67 0.00963 0.268 34.84
Wind/Bighorn River, WY 59.44 1.10 0.88 0.00131 0.119 41.81
68.58 2.16 1.556 0.00133 0.168 162.58
John Day River, OR 24.99 0.58 1.01 0.00346 0.140 13.94
34.14 2.47 0.82 0.00134 0.180 65.03
Yadkin River, NC 70.10 2.35 0.43 0.00044 0.101 111.48
71.63 3.84 0.76 0.00044 0.128 260.13
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Table 3. Accuracy of Selected Dispersion Coefficient Equations

Dispersion Coefficient Equation Accuracy(%)
Elder (1959) 00.0
McQuivey & Keefer (1974) 42.4
Fischer (1975) 37.3
Liu (1977) 67.8
Magazine et al. (1988) 20.3
Iwasa & Aya (1991) 54.5
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