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Stable Channel Analysis and Design for the Abandoned Channel Restoration
Site of Cheongmi Stream using Regime Theory
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Ji, Un - Julien, Pierre Y. - Kang, Joon Gu - Yeo, Hong Koo

Abstract

River restoration or rehabilitation should be conducted in a way to maximize the channel stability with natural river configuration
close to the equilibrium condition considering divers aspects of fluvial hydraulics, erosion and sedimentation, fluvial geomorphol-
ogy, and ecological environment and to minimize the maintenance work. Therefore, the channel stability evaluation for present con-
dition based on the equilibrium channel concept should be preceded for the river restoration project. Methods for equilibrium
channel theory have generally been developed following either analytical regime theory or empirical regime theory. The main pur-
pose of this paper is to evaluate the stability of present channel condition for the section of abandoned channel restoration in Cheon-
gmi Stream using the Stable channel Analytical Model (SAM) and equilibrium hydraulic geometry equations. The results of
analytical and empirical regime theories should provide fundamental and essential information to design the stable channel geom-
etry. As a calculation result of Copeland's method for the study reach, the equilibrium channel has a narrower channel width, deeper
water depth, and more gentle slope than the present channel geometry. As results of equilibrium hydraulic geometry equations, pre-
dicted equilibrium widths are less than the channel width in the field. It is represented that the current bed slope must be gentle to
reach the equilibrium condition according to the results of Julien and Wargadalam method.

Keywords : river restoration, abandoned channel restoration, stable channel analytical model, regime theory, Copeland
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Fig. 1 Abandoned channel restoration site of Cheongmi Stream
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Fig. 2 Abandoned channel section of Cheongmi Stream
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Fig. 3 Particle size distribution in Cheongmi Sream (Cross-
Section No. 16)
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Fig. 4 Analytic channel design for stable depth and slope
(Soar and Thorne, 2001)
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Table 1. Ranges of variables used in the Brownlie's flow
resistance (1981, 1983) and sediment transport
equations for the Copeland method of stable
channel design in sand river (Soar and Thorne,

2001)
Variable Range
Slope, S 0.000003 to 0.037
Discharge, O 0.003 to 19992 m’/s

0.088 to 2.8 mm
0.025t0 17.07 m

Median particle size of bed material, ds
Hydraulic radius, R

Temperature 0 to 63°C
Width-to-depth ratio, W/D >4
Geometric standard deviation of bed <5

particle sizes, o
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Table 2. Stable channel dimensions calculated using the SAM program

Bottom Width Depth Top Width Energy Hyd Raidus Velosity Froude Bed
(m) (m) (m) Slope (m) (m/s) Number Regime
7.92 7.61 42.93 0.000912 421 2.53 0.29 Lower
16.15 6.90 47.89 0.000688 435 2.21 0.27 Lower
24.08 6.20 52.60 0.000617 430 2.05 0.26 Lower
32.00 5.58 57.67 0.000589 4.16 1.95 0.26 Lower
39.93 5.05 63.16 0.000579 3.98 1.87 0.27 Lower
43.70 4.83 65.92 0.000580 3.90 1.84 0.27 Lower
48.16 4.59 69.27 0.000580 3.77 1.81 0.27 Lower
56.08 422 75.49 0.000587 3.59 1.76 0.27 Lower
64.01 3.90 81.95 0.000598 3.40 1.71 0.28 Lower
71.93 3.63 88.63 0.000609 3.23 1.67 0.28 Lower
80.16 3.39 95.75 0.000623 3.06 1.64 0.28 Lower
88.09 3.18 102.72 0.000637 291 1.61 0.29 Lower
96.01 3.00 109.81 0.000651 2.78 1.58 0.29 Lower
103.94 2.85 117.05 0.000665 2.66 1.55 0.29 Lower
112.17 2.70 124.59 0.000680 2.54 1.53 0.30 Lower
120.09 2.57 131.91 0.000694 243 1.5 0.30 Lower
128.02 2.46 139.34 0.000709 234 1.48 0.30 Lower
135.94 2.36 146.80 0.000723 225 1.46 0.30 Lower
144.17 2.26 154.57 0.000737 2.17 1.45 0.31 Lower
152.10 2.17 162.08 0.000751 2.09 1.43 0.31 Lower
160.02 2.09 169.63 0.000762 2.02 1.41 0.31 Lower
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Fig. 5 Stable channel width and slope in SAM
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Fig. 7 Hydraulic characteristics of the bankfull discharge
condition for Cheongmi Stream
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Table 3. Equilibrium widths using downstream hydraulic geometry equations in Cheongmi Steam

Bankfull Discharge | Predicted Width Description
(m’s) (m) P
Julien and Wargadalam (1995) 488 143.9 Using the hydraulic depth of cross-section No.16+4
Simons and Albertson (1963) 488 112.9 Assuming that the wetted perimeter equals to the channel width
Lacey (from Wargadalam 1993) 488 106.7 Assuming that the wetted perimeter equals to the channel width
Klaassen and Vermeer(1988) 488 428.2 Using the data in Bangladesh only
HEC-RAS (Present Condition) 488 158.6 Using the channel width of cross-section No.16+4
1000 Asfe ek BAN AT S ge A 24 7B
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Fig. 8 Comparison of a Actual width with equilibrium
equations and measured width in cheongmi Stream
(2008)
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Table 4. Equilibrium slope using the SAM model and Julien and Wargadalam(1995) equation for Cheongmi Stream

Bankfull Discharge | Predicted Slope Description
(m3/s) or Present Slope P
SAM X o) Az} 488 0.00058 Result with minimum stream power condition based
ZE8 4 ’ on the cross section of No.16+4
Julien and Wargadalam (1995) 488 0.00040 Using the hydraulic depth and energy slope of
cross-section No.16+4
Present Field Condition 488 0.00073 Hec-Ras Data
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