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Abstract: The travel time of flash floods along mountain streams is mainly governed by reach-average velocity,
rather than by the point velocity of the locations of interest. Reach-average velocity is influenced by various factors
such as stream geometry, streambed materials, and the hydraulic roughness of streams. In this study, the reach-average
velocity in mountain streams was measured for storm periods using rhodamine dye tracing. The point cloud data
obtained from a LiDAR survey was used to extract the average hydraulic roughness height, such as R, R, .., a

R_. The size distribution of the streambed materials (Dso, Dgs) was also considered in the estimation of the roughness
height. The field experiments revealed that the reach-average velocities had a significant relationship with flow
discharges (v = 0.5499Q"%% ), with an R* value of 0.77. The root mean square error in the roughness height of the
R -based estimation (0.45) was lower than those of the other estimations (0.47-1.04). Among the parameters for
roughness height estimation, the R, -based roughness height was the most reliable and suitable for developing the

reach-average velocity equation for estimating the travel time of flood waves in mountain streams.

Key words: dye tracing, rhodamine, reach-average velocity, roughness height, dimensionless analysis
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Figure 1. Schematic diagram of dye tracer method
(Kilpatrick and Cobb, 1985).
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Figure 3. Time-concentration curve of rhodamine
in a downstream.
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Table 1. Results of field measurement on stream reaches.

Distance Travel  Discharge Velocity Slope
(m) time (s) (m*/s) (m/s) (m/m)
126.2 262.4 1.09 0.48 0.04
102.2 180.5 1.09 0.57 0.04
84.4 88.6 1.09 0.96 0.05
82.6 193.5 1.13 0.43 0.03
113.2 887.7 0.09 0.13 0.07
113.2 245.4 0.54 0.46 0.07
164.8 251.6 0.94 0.66 0.05
422 102.3 0.67 0.42 0.07
32.0 74.0 0.67 0.43 0.04
51.8 152.1 0.54 0.34 0.06
30.4 108.2 0.54 0.28 0.02
12
g 9
= y = 0.5499x"5"%
§ y R2=0.7747 o
2
%04 z oo
£ 0
0.2
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0.0 02 0.4 06 08 1.0 12
. 3
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Figure 4. Reach-average velocity and discharge relationship.
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Figure 6. Surface roughness at reach CS 1 derived from LiDAR.
(The blue line represents the average line)
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Table 2. Results of surface roughness estimation.
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Table 3. Surface roughness height with distance.

No R, Rax R,
CS 1 0.093 0.767 0.390
CS 2 0.517 2.885 2.000
CS 3 0.583 3.697 2.482
CS 4 2.229 2.022 0.888
CS 5 0.220 1.469 0.866
CS 6 0.384 2.722 1.900
CS 7 0.385 2278 1.730
CS 8 0.449 3.610 2.446
CS 9 1.416 2.538 1.514
Average 0.585 2.394 1.480
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Figure 7. Dimensionless relationship between discharge and
reach-average velocity with roughness height.

Distance R, Bax R,
126.2 0.20 1.05 0.90
102.2 0.16 0.89 0.75
84.4 0.16 0.86 0.74
82.6 0.24 1.39 1.20
113.2 0.19 1.01 0.84
113.2 0.19 1.01 0.84
164.8 0.18 0.91 0.76
42.2 0.32 1.84 1.51
32.0 0.34 1.91 1.56
51.8 0.29 1.68 1.40
30.4 0.29 1.67 1.40

Table 4. Reach-average velocity and discharge equations with
roughness height.

Roughness height Estimated model RMSE
R, v =128 0.45
R ax v = 2.66¢"% 0.59
R, v =251d% 0.61
Dy, v =1.04¢"% 1.04
Dy, v =1.32¢"% 0.47
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Figure 8. Relationship between observed velocity and
predicted velocity.
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