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Numerical Analysis of River Bed Change Due to Reservoir Failure
Using CCHE1D Model

ABSTRACT

This study presents the analysis of flood and bed deformation caused by reservoir failure. The CCHEI1D is used to simulate 1D
non-uniform, non-equilibrium sediment transport and bed deformation. The CCHE1D deals with the adaptation length for non-
equilibrium sediment, classified sediment particle for non-uniform sediment and mixing layer for the exchange with the sediment
moving with the flow. The model is applied to Ha!Ha! river basin where was experienced reservoir failure in 1996 to analyze
non-uniform and non-equilibrium sediment transport. The calculations are compared with morphological bed changes of pre- and
post-flood. In addition, model sensitivity to main parameters involving adaptation length (L ;), non-equilibrium coefficient (as), mixing
layer thickness (&;,) and porosity (p’) is analyzed. The results indicates that thalweg change is the most sensitive to non-equilibrium
coefficient (a;) among those parameters in the study area.
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Fig. 1. Bed Material Sorting Mode (Wu and Vieira, 2002)
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Table 1. Sediment Transport Capacity Formula in CCHE1D

Name Formula
G,= Zk]pkak “)
SEDTRA module
C., is total sediment capacity in parts per million by weight (ppmw); (&, is sediment transport capacity of the k-th size
class in ppmw, and p, is percentage of k-th size of sediment.
132 1 2.2
S | — 0.0053[(”—) - 1] ©)
PV (/= 1)gd} T
1.74
0000262 [(i— 1) v ] (6)
eV (/7= 1)gd; T ) Y
Wu, Wang and Jia
q,, and g, are transport capacities of the k-th size class of the bed load and suspended load per unit channel width
(m?/s), respectively; p,. is percentage of the k-th size class of bed material; » and n are Manning/s coefficient for the
bed and grain roughness of the bed, respectively; 7 is total shear stress; 7, is shear stress on the bed; U is average
velocity; w,,, is setting velocity.
E, =1 "
Gy = c(gT—l) %)
Modified Acker and White | 7 = v o @®)
odified Acker an ite R €
Ik Sy 1)gd, ) [ V32l0g(10h/d,) }
UL is shear stress; ¢, is correction factor; d, is mean diameter of the k-th size class; A4, C, m and n are coefficient.
6, =01(e,7,)""%, &, =g/ [py /(L. /= Dgd | ©
Modified Engelund and
Hansen [ is friction factor; ¢, is dimensionless sediment transport rate; g, is bed material load transport rate; 7., is
dimensionless bed shear stress; d,. is diameter of k-th size class of bed material; ¢, is correction factor.
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Table 3. BSS (Brier Skill Score) for Change in Variables
Sediment Transport Capacity Variables BSS (Brier Skill Score)
L,(1000) | Z,,(200) L, ,(100) L,,(10) (1)
Adaptation length for bed load 4 - . - u
0.31278 0.30827 0.32222 0.32222 0.32222
Non-equilibrium coef. for ,(0.001) ,(0.005) ,(0.01) a,(0.1) o, (1.0)
SED - suspended load 0.10263 0.30827 0.47880 0.36265 0.22573
A module 5,000 | 5,005 | 4,01 ,(05) 5,(10)
Mixing layer thickness
0.19949 0.30117 0.29963 0.30827 0.29603
. p'(0.20) p'(0.25) p'(0.30) p'(0.35) p'(0.40)
Porosity
0.23921 0.23064 0.25831 0.22131 0.28341
L,(1000) | Z,,(200) L, ,(100) L,,(10) L,(1)
Adaptation length for bed load u . . L u
0.75246 0.73975 0.72679 0.72679 0.72679
Non-equilibrium coef. for ,(0.001) ,(0.005) ,(0.01) a,(0.1) o, (1.0)
Wu, Wang and Jia suspended load 0.21833 0.73975 0.38229 -0.94590 -1.21440
5,,(0.01) 9,,(0.05) 9,,(0.1) 9,(0.5) 4,(1.0)
Mixing layer thickness
0.23136 0.69003 0.75416 0.73975 0.69876
. p'(0.20) 2'(0.25) p'(0.30) p'(0.35) p'(0.40)
Porosity
0.66157 0.70979 0.72866 0.73920 0.73297
L,(1000) | Z,,(200) L, ,(100) L,,(10) L,(1)
Adaptation length for bed load 4 - . L u
0.37700 0.32203 0.31675 0.31675 0.31675
Non-equilibrium coef. for ,(0.001) ,(0.005) ,(0.01) o, (0.1) o, (1.0)
) ) suspended load 0.06067 0.32203 0.55942 0.53738 0.44529
Modified Ackers and White 5,000 | 5,005 | 5,00 5,05 | 5,00
Mixing layer thickness
0.18929 0.32729 0.32475 0.32203 0.36767
. p'(0.20) 2'(0.25) p'(0.30) p'(0.35) p'(0.40)
Porosity
0.22094 0.27282 0.25822 0.28537 0.30349
L,,(1000) | Z,,(200) L, ,(100) L,,(10) L,(1)
Adaptation length for bed load u . L 0 L
-0.87701 -1.0424 -0.90773 -0.87715 -0.87707
Non-equilibrium coef. for ,(0.001) ,(0.005) ,(0.01) o, (0.1) o, (1.0)
Modified Engelund and suspended load 0.47790 -1.04240 -2.50354 -7.25207 -8.36374
Hansen 5,,(0.01) 9,,(0.05) 9,,(0.1) 9,(0.5) 9,(1.0)
Mixing layer thickness
0.14409 -0.335 -0.6503 -1.0424 -0.9801
. p'(0.20) p'(0.25) p'(0.30) p'(0.35) p'(0.40)
Porosity
-0.15206 -0.20456 -0.38281 -0.52561 -0.83343
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