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ABSTRACT: A stable channel is one in which channel dimensions of slope, width, and depth remain bal-
anced with equilibrium condition between input and output sediment discharge and erosion and sedimentation
of channel beds and banks. In the analytical method of stable channel design, stable channel slopes and depths
with given channel widths are determined by satisfying the condition that the upstream incoming sediment
rate is equal to the sediment transport rate at the design channel. Therefore, the most sensitive parameter when
designing a stable channel is the choice of a sediment transport equation applied for the channel design. The
Stable Channel Analysis and Design (SCAD) program has been developed for the better option of various
sediment transport equations and for calculation of a unique solution considering design constraints such as
fixed width and depth as well as various solutions for stable channel condition with a wide range. The study
reach of Naesung Stream in Korea has been selected for this study. The Naesung Stream is a tributary of
Nakdong River and mostly sand bed. The stable channel analysis and design for the study section has been
performed using the SCAD program with different sediment transport equations for sensitivity analysis and

design constraints.

1 INTRODUCTION

River restoration and maintenance projects for allu-
vial channels with movable beds and banks require
equilibrium geometries to minimize channel defor-
mation by erosion and sedimentation. Stable channel
design for cross-sectional geometry and slope of al-
luvial channels is a key to reducing the cost of river
maintenance and management after projects. A sta-
ble channel is one in which channel dimensions of
slope, width, and depth remain balanced between
erosion and sedimentation of channel beds and
banks, input and output sediment discharge (Grif-
fiths, 1983). To solve the three components of width,
depth, and slope, three independent equations are re-
quired. Design width may be determined using the
analytical method and hydraulic geometry equation
(Garcaia, 2008). The three components of width,
depth, and slope, channel width could sometimes be
constrained by limitations and design width could be
fixed for stable channel design. Depth and slope
should be determined using analytical techniques
which are based on physical laws and limited empir-
icism. The engineer could select any appropriate
flow resistance and sediment transport relations for
two equations to provide a unique solution for three

dependent variables. Using the width from a hydrau-
lic geometry predictor, from a reference reach, or
from a given constrainer, a unique slope and depth
are determined. Copeland’s method (1994) is com-
monly used for stable channel design and is imple-
mented. However, despite the most sensitive varia-
ble when designing, the sediment transport capacity
for the design channel is calculated by restrictive
equation (Jang et al., 2015). Therefore, the stable
channel analysis which can apply various sediment
transport equations is required to design. The objec-
tives of this study are to calculate of stable channel
for three different streams using the SCAD (Stable
Channel analysis & Design) developed for apply
various sediment transport equations and to compare
the dimensions of stable channels by Korea Institute
of Civil Engineering and Building Technology
(KICT). The study reaches has been selected
Naesung stream in Korea. The Naesung Stream is
sand bed channel. The results produced by this study
would be used as a basis for developing the evaluat-
ing procedure to determine the stable channel geom-
etry.



2  GENERAL STABLE CHANNEL DESIGN

A stable channel is one in which channel dimensions
of slope, width, and depth remain balanced with
equilibrium condition between input and output sed-
iment discharge and erosion and sedimentation of
channel beds and banks (Fig. 1). In the analytical
method of stable channel design, stable channel
slopes and depths with given channel widths are de-
termined by satisfying the condition that the up-
stream incoming sediment rate is equal to the sedi-
ment transport rate at the design channel. Therefore,
the most sensitive parameter when designing a stable
channel is the choice of a sediment transport equa-
tion applied for the channel design. Methods for cal-
culating a stable channel section have been proposed
by a number of researchers. Of the various analytical
methods, Copeland’s method (1994) is the most
widely used method of stable channel evaluation and
design for alluvial channels. This method is similar
to Abou-Seida and Saleh’s method (1987). Of the
three unknown values, two unknown values are first
calculated. Then an engineer (or designer) selects a
solution with the third value, which is the most ap-
propriate for design and geometry constraints. Un-
like other methods, the SCAD provides a number of
final solutions rather than a single solution, and it al-
so gives a solution with the minimum stream power.
Copeland’s method (1994) is an analytical method
based on an empirical equation for stable width. The
Stable Channel Analysis and Design (SCAD) pro-
gram has been developed for the better option of
various sediment transport equations and for calcula-
tion of a unique solution considering design con-
straints such as fixed width and depth as well as var-
ious solutions for stable channel condition with a
wide range. Stable depth and slope for the channel
base width, determined by the empirical equation,
are calculated using the sediment transport equation
and flow depth prediction of Brownlie (1981). In
this study, more equations are adopted to calculate
sediment capacity during stable channel design, and
stable channel calculation can be performed by addi-
tionally selecting Ackers and White (1973)’s, Enge-
lund and Hansen (1967)’s, Yang (1979)’s and Mey-
er-Peter and miiller (1948)’s equations (Jang et al.,
2015).

Confidence
Band

Slope

Erosion

Sedimentation

Y

Width
Width at minimum
slope and stream power

Figure 1. Analytic Channel Design for Stable Depth and Slope
(Soar and Thorne, 2001)

3 DEVELOPENT ALGORITHMS FOR SCAD
PROGRAM

Copeland’s method (1994) is the most widely used
method of stable channel design. Critically,
Copeland’s method (1994) for stable channel design
is limited because only Brownlie (1981)’s equation
can be applied for calculating sediment capacity
(C"), whereas the SCAD program developed so that
various sediment transport equations can be applied.
Both Copeland’s method (1994) and the program
developed in this study determine stable width using
an empirical formula, and then the solutions for sta-
ble depth and slope are derived using a trial and er-
ror method. The process of calculation for stable
channel section can be broadly divided into channel
geometry calculation, flow regime analysis, and sed-
iment capacity calculation (Fig. 2). First, when the
three unknown values are not yet determined, the
design width is calculated using a regime equation

of W =2.0,/Q, suggested by USACE (1994). The
stable depth and width are calculated by inputting a
channel-forming discharge (Q.), a specific gravity of
sediment (G), a particle size distribution of bed ma-
terials (dgy4, dsg, and dyg), a valley slope (S, ), and
a bank slope (Sg), with the assumptions that the arbi-
trary initial depth (D) is 1/2 of the stable width and
that the valley slope is equal to the initial stable
slope. When the channel section is determined, the
upper regime and lower regime for channel-forming
discharge or bankfull discharge can be judged. For
the determined flow regime, the roughness coeffi-
cient (n) is calculated, and then the sediment capaci-
ty (C") is calculated by selecting a sediment transport
equation, which is appropriate for a target river,
from among Ackers and White (1973)’s, Brownlie
(1981)’s, Engelund and Hansen (1967)’s, and Yang
(1979)’s equations. Figure 1 shows the algorithm for
the overall calculation. The calculation is performed
until the sediment capacity (C"), which has been cal-



culated through the above process, equals the incom-
ing sediment from the upstream reach (C), by reas-
suming depth and slope, and then final solutions are
derived. The overall calculation process provides a
total of 21 solutions by varying the width by +10%
from the regime width.

In addition, there may be geographical constraints
on the determination of channel width or depth dur-
ing the practical performance of a river restoration
project. Therefore, when the width (W) cannot be

considered as a design parameter, the channel width
is input as a fixed value. The calculation of stable
depth and slope is repeated until the incoming sedi-
ment from the upstream channel is equal to the sed-
iment capacity of the stable channel section. In con-
trast, when the depth (D) needs to be fixed, the
stable width (W) and slope are determined. Three
algorithms are applied to develop the SCAD pro-
gram (Jang et al., 2015).
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Figure 2. Algorithm for Stable Channel Design Calculation (Jang et al., 2015)



4  APPLICATION FOR STABLE CHANNEL
DESIGN IN THE NAESUNG STREAM

4.1 Study reach of the Naesung stream

The Naesung Stream is a tributary of Nakdong River
in South Korea. The basin area based on Naesung
Station is 1,814.7 km?, and the annual mean precip-
itation is 1,245 mm. The bankfull discharge of the
study reach was determined using the HEC-RAS
(Hydrologic Engineering Center River Analysis Sys-
tem) simulation data, and it was used as the refer-
ence discharge for stable channel calculation (i.e.,
channel-forming discharge).
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Figure 3. Study Reach of Naesung Stream

4.2 Calculation conditions for SCAD

The bed slope for stable channel analysis and design
of the study reach was 0.00145. The roughness coef-
ficient of the target section was calculated as 0.06
through the water surface level verification based on
the observed stage and backwater calculation, and
the roughness coefficient of the bank was also as-
sumed to be 0.06. The particle size distribution data
of bed materials observed by KICT (2014) was used.
The bed materials of the target section were the me-
dian particle size was 5.85 mm. The side slope of the
bank in the upstream channel where sediment is
supplied was 498 ppm and the side slope of the bank
for the stable channel design section was also set to
0.303.

In this study, to provide more options for engineers
and researchers to use Copeland’s method, SCAD
additional selected sediment transport equations for
sand and gravel bed channels have been developed.
The users can select one to several sediment
transport equations by considering the applicability
of the sediment transport equation before using the
program. The applicability of Ackers and White

(1973)'s, Engelund and Hansen (1967)'s, Yang
(1979)'s, Brownlie (1981)'s and Meyer-Peter and
miiller (1948)’s sediment transport equations for the
study reach of Naesung Stream was confirmed and
five equations were applied to perform the sensitivi-
ty analysis.

5 STABLE CHANNEL ANALYSIS IN THE
NAESUNG STREAM

The SCAD program developed by KICT was used to
analyze the current geometric condition at the
Naesung Stream. Fiver different sediment transport
equations are applied in the program to calculate the
stable channel section with width, depth, and slope.
Also, the stable channel results calculated using var-
ious sediment transport equations were compared
with the current section of the Naesung Stream, as
shown in Figure 4 and Figure 5. The Ackers and
White (1973) equation was except to compare be-
cause it calculated abnormal result.

The analysis results indicated that Brownlie (1981)'s
equation, the predicted slope was steeper than the
slope of the current section (0.00145) and the slope
predicted using Yang (1979)’s equation was the
mildest at the same base width and slope. According
to Engelund and Hansen (1967)'s and Meyer-Peter
and miiller (1948)’s equations, the current section is
stable slope and base width (Fig. 4).
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Figure 4. Relation between stable slope and base width com-
parison of Stable Channel Design with Currents Section

The analyzed stable slope and depth relation results
of the Naesung Stream using various sediment
transport equations indicated that the current section
had deeper depth and milder bed slope compared to
the stable channel prediction results. The analysis
results indicated that Brownlie (1981)'s and Enge-
lund and Hansen (1967)'s equations, the predicted
slope was steeper than the slope of the current sec-
tion (0.00145) and the slope predicted using Yang
(1979)’s and Meyer-Peter and miiller (1948)’s equa-
tions were the mildest at the same base width and
slope.
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Figure 2. Relation between stable slope and depth comparison
of Stable Channel Design with Currents Section

6 CONCLUSION

The study results of relation between stable slope
and base width indicated that current section is sta-
ble slope and base width by Engelund and Hansen
(1967)'s and Meyer-Peter and Miiller (1948)’s equa-
tions. In case of relation between stable slope and
depth, Brownlie (1981)'s and Engelund and Hansen
(1967)'s equations indicated that the current section
has shallower depth and Yang (1979)’s and Meyer-
Peter and Miiller (1948)’s equations indicated that
the current section has deeper depth compared to the
stable channel prediction by SCAD program. It
could be represented in relation to the formation of
sandbar around the current section in the Naesung
Stream.

Stable channel geometries of width, depth, and slope
predicted for three case studies in Korea had a wide
range of results by different sediment transport equa-
tions. It is concluded that the uncertainty and sensi-
tivity of stable channel design depending on sedi-
ment transport equations should be examined and
considered for practical implementation.
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