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Abstract

Dams are structures that, despite environmental impacts, are built primarily to provide
water and energy. The failure of the dam creates a huge current that follows the flood in
the downstream areas. For this reason, determining the characteristics of the dam failure
current, including the depth of flow and the speed of wave propagation, is of great
importance. In this study, the simultaneous effect of the geometric shape of the reservoir
on the plan and slope of the sidewall of the reservoir on the pattern and how the flood
wave caused by the failure of the dam was performed in a three-dimensional numerical
modeling using Flow3D software. For this purpose, four different reservoir shapes were
used in the plan, including a wide, trapezoidal, L-shaped and long reservoir with sidewall
slopes of 30, 45, 60 and 90 °, taking into account the downstream dry bed. The results of
three-dimensional numerical modeling showed that in all studied reservoirs, by
decreasing the lateral slope of the reservoir wall, water level fluctuations increased due to
the formation of two negative waves that spread on the slope of the reservoir wall and
reached the central line of the reservoirs. Moreover, the effect of the geometric shape of
wide and trapezoidal reservoirs on the flow characteristics due to dam failure was greater
than the effect of reducing the slope of the sidewall of these reservoirs. While in long and
L-shaped reservoirs, reducing the slope of the sidewall of these tanks has a great effect on
the flow characteristics due to dam failure.
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V- Q Numerical Study of Flood Characteristics Caused by Dam

Introduction

Dams are important structures built primarily for
water and energy supply. The dam break creates
a catastrophic flow leading to flooding in
downstream. Despite all efforts to improve the
safety of dams, dam break can occur due to
insufficiency of overflow, earthquake and defect
of the foundation and other factors. The current
flows caused by the dam failure can cause
serious damage to urban, residential areas or
agricultural lands downstream of the dam. Due to
the high cost of modeling complex phenomena in
the laboratory, numerical simulations have
received a lot of attention in this field today.
According to literature review in the field of dam
failure, assessing the simultaneous effect of the
geometric shape of the reservoirs and the slope
of its side wall on the flow characteristics due to
the failure of the dam has not been
comprehensively studied. For this reason,
determination of the characteristics of the dam
break, including the depth of flow and the
velocity of wave propagation, is important. In
this study, the simultaneous effects of the
geometric shape of the reservoir on the plan and
the slope of the sidewall of the reservoir on the
characteristics of flows due to dam break were
investigated.

Materials and Methods

In this study, according to the existing
conditions, the boundary condition of the wall
for the upstream end of the channel, channel
floor and walls, the boundary condition of
symmetry for the free surface of the fluid and at
the intersecting boundaries of the two solution
networks, the boundary condition of the outflow
stream for the downstream outlet. The same
boundary conditions were applied for acceptable
comparison. Also, in order to provide equal
initial conditions in the simulations and the
possibility of logical comparison, the volume of
water available in all cases was the same and
equal to 0.714 m3, the lower bed of the dry valve
and the slope of the floor in all cases were
considered horizontal. 3D numerical modeling
was performed using the Flow3D software. Four
different reservoir shapes, namely wide reservoir,
trapezoidal reservoir, L-shaped reservoir, and
long reservoir with sidewall slopes of 30, 45, 60
and 90° were used regarding the dry bed
downstream. Mesh sizes 0.01, 0.03, 0.05, and 0.1
m were applied to the model to analyze the mesh
size sensitivity of the numerical model. Besides
the mesh size sensitivity analysis, the sensitivity
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analysis of the model to turbulence models was
also performed. Through applying each of the
mesh sizes, the water level changes at two points
G2 (inside the tank) and point G7 (inside the
downstream canal) were compared with the
laboratory values in the canal with a long tank
with zero floor slope (horizontal bed). In order to
quantitatively compare the results of the
numerical model with laboratory values, two
criteria of relative error percentage (E%) and root
mean square error (RMSE) were used.
Obviously, the lower the E% and RMSE values,
the more accurate the numerical model and the
lower the error than the laboratory values. In
addition to the sensitivity analysis of the mesh
size model, the sensitivity analysis of the model
to turbulence models was also performed.

Results

According to the results, in reservoirs with wide
and trapezoid geometry, due to the geometric
shape, cross-waves are formed in the channel
connected to these reservoirs and cause severe
fluctuations in the water level of different parts
of the downstream channel. In all the cases
studied in this research, after opening the valve, a
sharp drop in water level occurs in the form of
steps at point G2, and then decreases in a
consecutive time decreasing Comparison of
water level at G2 point and in the studied
reservoirs shows that the highest water level
level occurred between all reservoirs and in all
lateral slopes for G2 point and in wide reservoir.
While in long and L-shaped reservoirs, much
fewer fluctuations occur due to the reservoir and
the downstream channel alignment. In all studied
reservoirs, water level fluctuations increased in
different parts of the downstream channel and
points inside the reservoir, decreasing the lateral
slope of the reservoir wall. The effect of
fluctuations on the water level caused by this
factor in different parts of the downstream
channel connected to long and L-shaped
reservoirs is more than wide and trapezoidal
reservoirs. However, the geometric shape of the
reservoirs is a factor influencing the fluctuations
in wide and trapezoidal reservoirs. In addition,
variations in the in-depth velocity profiles at
different downstream channel points connected
to different reservoirs with different lateral
slopes showed that with decreasing the slope of
the sidewall of the reservoirs, the average
velocity increased at the downstream points of
the gate. It reached its maximum value at an
angle of 30° to the reservoir's sidewall. Finally,
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changes in the flow hydrograph at the gate
location showed that the flow rate decreases with
decreasing angle of the reservoir sidewall in wide
and trapezoidal reservoirs; however, the flow rate
increases in long and L-shaped reservoirs.

Conclusion

The numerical 3D modeling indicated that in all
studied reservoirs with reducing the lateral slope
of the reservoir wall, water level fluctuations
caused by the formation of two negative waves
spread on the slope of the reservoir wall were
increased at the central line of the congested
reservoirs. Additionally, the effect of the
geometric shape of wide and trapezoidal
reservoirs on the flow characteristics of dam
break was more than the effect of reducing the
slope of the sidewall of these reservoirs;
however, in long and L-shaped reservoirs,
reduction of the slope of the sidewall of these
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reservoirs  significantly affected the flow
characteristics of the dam break. The changes in
velocity profiles in depth at different points of
the downstream channel connected to different
tanks with different lateral slopes showed that
with decreasing slope of the side wall of the
tanks, the average flow velocity at the
downstream points of the valve increased and at
an angle of 30 ° to the side wall of the tank
reaches to its maximum value.

Data Availability
The supporting data can be sent by e-mail upon
request to the responsible author.
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Table 1 Dimensions and size of reservoirs geometry
regarding to the slope of different side walls

Geometry Reservoir
. side slope W(m) L(m)
of Reservoir N
) (w
30 34 0.66
. 45 2.8 0.74
Wide 60 2.46 0.8
90 2 0.89
30 2,51 1.18
. 45 2.07 1.38
Trapezoidal 60 179 155
90 1.5 1.79
30 1.9 1.48
Long 45 1.31 1.96
60 0.97 241
90 0.51 3.5
30 1.86 1.35
L shape 45 1.71 1.63
60 1.62 1.88
90 15 2.5
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Table 2 Cartesian coordinate of the study points in the
reservoirs and downstream channel connected to it

Gauge X (m) y (m)
Gl -0.5 0
G2 -0.1 0
G3 0.1 0
G4 0.8 0
Gb5 1.0 0
G6 1.2 0
G7 3.0 0
G8 55 0
G9 8.0 0
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Fig. 1 Schematic of the dimensions, model size and
geometry of cross sections of the reservoirs and the
downstream channel with the slope of the different
reservoir walls: a) wide, b) Trapezoidal, c) L-shaped,
d) long, e) flume cross section, and f) reservoir cross
section
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Table 3 Quantitative comparison of 3D numerical model results with experimental values regarding to different
mesh sizes and turbulence models

Turbulence model

Mesh size (m)

K-w RNG K-e 0.01
0.0052 0.0054 0.0055 0.0054
49 5.4 6.3 5.4
0.0028 0.0027 0.0022 0.0028
4.7 5.7 3.6 5.7

0.03 0.05 0.1 Point
00059  0.0121 0.0166 = RMSE G2
6.9 12.5 13.7 E%
0.0028 0.0047 0.0061 RMSE G7
5.5 9.5 10.2 E%

0.45 (L

all

b ol ghaw Ol s o5 b bS oot 3 -7 Jsis
4z ;0 (A1G2 alads 4o doy ,0 Cawd il Sis s 392
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Fig. 2 Effect of the side slope of the reservoir on
water level variations considering the dry bed
downstream of the gate at point G2: a) wide reservoir
and b) long reservoir
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Table 4 Percentage of the water level difference
between the values of the analytical Ritter solution
and the results of the 3D numerical model for

reservoirs with a different slope of the reservoir
sidewall at points G2 and G4

Geometr Reservoir
Y side slope G2 G4
of Reservoir
()
. 30 42 17
Wide 90 34 14
. 30 41 18
Trapezoidal 90 o4 8
Lon 30 44 19
g 90 5 3
30 41 16
L shape 90 6 3

30 OPe GOLS o,lgo calizes slacds gl v Jore o 00l g e diion (20 dslie -0 Jgux

Table 5: Comparison of the maximum predicted discharge by the 3D numerical model and empirical relations in
long and wide reservoirs at the dam site with a different slope of the reservoir sidewall

3D Numerical Simulation

Maximum
Wide Reservoir (°) Long Reservoir (°) Discharge Relation Reference
mé/s
90 60 45 30 90 60 45° (mss)
MacDonald
_ 0412 and Langridge-
0.69 Qp =1.154ty hy) Monopolis
0.166 0.165 0.156 0.153 0.119 0.143 0.152 0.161 (1984)
047 Singh and
1.51 Q, =1.776(,, )" Snorrason
(1984)
0.45 Q, =0.763Y,,h)**  Costa (1985)
} . Froehlich
0176 Q, =0607 0.295, 1.24
0166 0165 0.56 0153 0.119 0143 0152 0.161 V0o ) (1996)
0.119 =k(%, ) 8 Ag Pilotti et al.
' AOJgh0 Ao 27 (2010)
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