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Derivation of Downstream Hydraulic Geometry Equations for Alluvial Rivers

O|BA* - Pierre Y. Julien**
Lee, Jong-Seok - Pierre Y. Julien

Abstract

This study analyzed downstream hydraulic geometry equations for alluvial channels using the flow rate, flow resis-
tance, secondary motion, and particle mobility. The data set used to test these equations consists of 1,485 measurements:
1,125 field measurements for calibration and verification, 360 field and laboratory measurements for validation. The data
set covers a wide range of rivers including meandering and braiding rivers with sand-bed, gravel-bed, and cobble-bed sub-
strate. The regression equations define bankfull conditions for five dependent variables as a function of three independent
variables. The calculated downstream hydraulic geometry from these equations is in excellent agreement with the field
and laboratory measurements of channel width, average flow depth, mean flow velocity, channel slope, and Shields
parameter. These equations can be used to predict the downstream hydraulic geometry of sand-bed to cobble-bed chan-
nels with a range of channel width 1B<1,100 m, flow depth 0.1y20 m, flow velocity 0.1&J<8 m/s, channel slope
0.00001<5<0.02, and Shields parameter 0.0@1<20, respectively.

Keywords : secondary flow, meandering rivers, stable channels, particle mobility, downstream hydraulic geometry, bank-

full discharge
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Fig. 1. Definition of Alluvial Meandering Channel
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Table 1. Verification and Validation Data Range

Notation Veriﬁ(cla{igg) data . Validation data (360)
J Field(309) Laboratory(51)
B (m) 1.44~1,097 2.32~610 0.220~2.44
y (m) 0.04~16 0.10~13 0.005~0.244
U (m/s) 0.02~7.1 0.04~4.26 0.110~0.86
Q (m3s) 0.0478~26,560 0.1370~11,546 0.0002~0.227
S(-) 0.00001~0.081 0.000044~0.0508 0.00023~0.0172
Dso (mm) 0.01~945 0.02~343 0.011~2.30
T, () 0.00092~35.5 0.00093~12.7 0.01337~5.89

Table 2. Downstream Hydraulic Geometry Equations for Stable Channel

Hydraulic Auth Derivation Verification
utnor

geometry Equation Eq. No. R Equation Eq. No. R
Channel LEE | B=3.004@° 420D, 00025701539 | (10a) 0.8268 | B,=0.870B, (10pb) | 0.8707
width (m) JW | W= 1.33Q0444 0115022 (10a) W,= 15223\, | (10b) | 0.7719
Flow LEE | y=0.2013)0 3369 0-0251570.0605 (11a) 0.8574 | yp=0.923%m, (11b) 0.9250
depth (m) JW | h=0.2Q030175017 (11a) ho= 0.7742y, (11b) | 0.8050
Flow velocity | LEE | U=2.9968°1%%Dgy" "5 2429 (12a) | 05351 |U,=0.8943), | (12b) | 0.8941
(m/s) JW | V=3.76Q02% 005039 (12a) V= 0.6506/, (12b) | 0.8745
Channel LEE | S=4.9819) 03465y, 0.9669 (13a) | 09151 | $=0.902%, (130) | 0.9263
slope JW | S=12.60&°8d2 03,102 (13a) $=1.310%, (13b") 0.8568
Shields LEE | 7. =0.0900°%Dg0 09127 | (14a) | 0.9588 | T:p=0.958%-y | (14b) | 0.9599
parameter JW | 19 =0.121Q %% 0888 (14a’) Tep = 0.314T4, | (14b) 0.9340
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Table 3. Validation Range in Field Data (309 measurements)

Parameter Sand§<2 mm; 45) Gravel (2 Dsp<64 mm; 138) Cobble (64 maDsg 126)
B (m) 3.62~610 2.32~594 4~104
y (m) 0.15~13.28 0.11~8.84 0.10~3.13
U (m/s) 0.10~2.93 0.04~3.32 0.26~4.26
Q (ns) 0.5377~10,222 0.40~11,546 0.1370~650
S () 0.000044~0.00275 0.0001~0.026 0.0003~0.0508
Dso (mm) 0.02~1.44 2~63 64~343
T+ () 0.04242~12.75 0.00093~2.08 0.00176~0.15
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