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Experimental Study on Optimization of Flow Concentration Time Parameter in Mountainous Watershed
PENG Qing’e, ZHAO Minghui, SHI Xuewei, HUANG Er '
(State Key Lab. of Hydraulics and Mountain River Eng., Sichuan Univ., Chengdu 610065, China)
Abstract: The flood response process under heavy rains is extremely complicated due to steep slopes and variable vegetation coverage in moun-
tainous area and the runoff convergence time in the slope has become a key parameter in flood process simulation. The most widely used flow
concentration time formula at present is 7 = 1000004 g 03 where T'is the flow concentration time, L is the slope length, # is the roughness, i
is the effective rainfall intensity and S is the slope. The current studies generallyly use a constant index of rainfall intensity to character-
ize runoff convergence time while few study considers the slope and vegetation abundance effects. In this work we conducted a series
of indoor experiments to study overland flow concentration under different slopes and vegetation coverage conditions. In addition, the
variation rules of runoff convergence time parameters are analyzed as well. The results show that the fitting value of rain intensity in-
dex represented for the impact of rain intensity on confluence time is about —0.40 on the 45° and 30° slope, which is consistent with
frequently-used results of previous research. However, when it comes to the 15 © and 5 ° slopes, the fitting values of rain intensity in-
dex turn into —0.30 and —0.25 respectively, which is slightly larger than that used in the common approaches. The further investiga-
tion under conditions with vegetation suggests that rain intensity index changes obviously with the existence of vegetation: while on
slopes of 45°, 30°and 15°, the average fitting value of rain intensity index falls to —0.63 when vegetation coverage is 50% or above,
significantly less than the theoretical value of —0.4; the mean value of rain intensity index in 20% coverage is about —0.37, almost the
same as that in vegetation-free situation. In addition, rain intensity index under 5° slope condition for different vegetation coverage is

relatively stable at values between —0.30 and —0.25.
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Tab. 1 Statistics of confluence time of different vegetation coverage on 45 degree slope

¥ 38 /(mm-min ")

BEE
3.52 3.70 3.81 5.57 5.58 6.14 6.78 7.00 7.17
100%% 57 245.0 235.5 218.0 189.0 175.5 161.0 158.5 145.0 140.5
80%H 7 232.0 210.5 198.5 173.5 169.0 151.0 148.5 136.0 128.5
50% 7 220.0 202.5 190.0 165.5 160.0 146.5 140.0 131.0 126.0
20% 7 155.5 150.5 145.0 142.0 137.5 130.0 125.5 120.0 115.0
TH 147.5 138.5 130.0 125.5 121.0 115.5 110.0 105.5 100.0

<2 30 EAREWESE AR ES T
Tab. 2 Statistics of confluence time of different vegetation coverage on 30 degree slope
S
9 3#/(mm - min ")

BEE
3.39 3.45 3.53 5.15 5.38 5.61 6.58 6.99 7.17
100%5 37 254.5 248.0 240.0 208.5 192.0 185.5 162.5 151.0 145.5
80%H 7 240.5 232.5 210.0 185.5 179.5 168.0 158.0 142.5 136.0
50%%i {7 230.0 216.0 202.5 173.0 169.5 158.0 142.5 135.0 130.0
20%%5 7 168.5 157.0 149.5 138.0 132.0 129.0 120.5 115.5 105.0
THL 156.0 143.0 138.5 130.0 125.0 121.0 118.5 110.5 102.0
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Tab.3 Statistics of confluence time of different vegetation coverage on 15 degree slope
S
Y 9%/(mm-min ")

BEE
3.52 3.56 3.70 5.86 6.26 6.29 6.38 6.82 7.04
100%% 57 268.5 252.0 246.0 210.5 193.0 183.5 178.5 175.0 165.5
80%H 7 2525 240.0 220.5 195.5 185.0 180.5 171.0 163.0 155.0
50% J7 200.5 220.0 175.5 163.0 172.0 150.5 146.5 135.5 130.0
20%%5 7 155.5 158.0 145.5 140.0 136.0 130.0 123.5 125.0 109.5

T 147.5 145.0 132.5 128.5 128.0 122.0 120.0 118.0 105.5
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Tab.4 Statistics of confluence time of different vegetation coverage on 5 degree slope

Y 9%/(mm-min ")

Hii

2.01 2.16 2.18 3.71 3.78 4.09 4.15 4.71 4.74

100% 5 282.0 278.5 275.0 245.5 238.5 230.0 225.5 220.0 218.5
80% [ 275.5 268.0 260.0 235.5 230.0 220.5 215.5 210.0 200.0
50%5E 5 260.0 250.5 235.5 225.0 220.5 213.0 200.5 190.0 185.5
20%3 f7 170.5 162.0 158.5 150.0 142.5 140.0 135.5 130.0 125.5
ToH R 154.5 150.0 145.0 140.0 135.0 130.5 125.5 120.0 118.5
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Tab.5 Determination of moderate intensity index of overland flow time formula

ik NN A [EEEE R B/iE
HAK bz T = CA022[035 ~0.35 EREE
% [ Melesse!!) T = [0:6,06/04503 ~0.40 JHEAH
; S ae[14] _ o _ noLo, " = = e
[ERCES e Toyy=——= S ;m=0.6 —0.40 18 52 fH
¢ 0; le
fEEARN T =KI“1S%2C%3p% L% aZ#%3%K6 ST R AR
6 ARREAFERERETFHBRE R T B S B I 172 A ek B 2% , AT 5 38006 B
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