www.czasopisma.pan.pl P N www.journals.pan.pl

N
~

P@ N JOURNAL OF WATER AND LAND DEVELOPMENT n,
. s e-ISSN 2083-4535 ITP-PIB

Polish Academy of Sciences (PAN) Institute of Technology and Life Sciences — National Research Institute (ITP - PIB)

JOURNAL OF WATER AND LAND DEVELOPMENT
DOI: 10.24425/jwld.2022.140796
2022, No. 53 (IV-VI): 187-191

Comparison of lateral spillway and morning glory spillway
performance in flood control

| Made Sukerta” & @, Tzu-Chia Chen? @), Jonni Mardizal®, Salih Mahmood Salih® @,
Isnaini Zulkarnain® @, Md Zahidul Islam® @), Mohammed Sabeeh Majeed” @),
Ahmed Baseem Mahdi® @, Dhameer Ali Mutlak® @, Surendar Aravindhan'®

Y Universitas Mahasaraswati Denpasar, Agriculture and Business Faculty, JL. Kamboja 11A, Denpasar, Bali, 80361, Indonesia
2 Ming Chi University of Technology, Department of Industrial Engineering and Management, New Taipei City, Taiwan
3 Universitas Negeri Padang, Faculty of Engineering, Padang, Indonesia
4 University of Anbar, Upper Euphrates Basin Developing Center, Ramadi, Iraq

3 Universitas Muhammadiyah Kalimantan Timur, Faculty of Science and Technology,
Department of Civil Engineering, Samarinda, Indonesia

9 International Islamic University Malaysia, Ahmad Ibrahim Kulliyyah of Laws, Civil Law Department, Kuala Lumpur, Malaysia
7 Al-Manara College for Medical Sciences, Maysan, Iraq
8 Al-Mustagbal University College, Anesthesia Techniques Department, Babylon, Iraq
9 Al-Nisour University College, Radiology and Sonar Techniques Department, Baghdad, Iraq

19 saveetha University, Department of Pharmocology, Chennai, India

RECEIVED 22.08.2021 ACCEPTED 06.12.2021 AVAILABLE ONLINE 29.06.2022

Abstract: With the emergence of climate change and the increasing human intervention in the global climate,
floods have affected different parts of the world. In practice, floods are the most terrible natural disaster in the world,
both in terms of casualties and financial losses. To reduce the adverse effects of this phenomenon, it is necessary to use
structural and non-structural methods of flood risk management. One of the structural methods of flood control is to
allocate a certain part of reservoir dams to flood control. In order to safely exit the flood from the dam reservoir, the
spillway structure should be used. One of the important issues in designing a spillway structure is reducing its
construction costs. In order to safely exit the flood with a specified return period from the dam reservoir, as the length
of the spillway decreases, the height of the water blade on the spillway increases. In other words, decreasing the spillway
length increases the height of the dam and its construction and design costs. In this study, the design and comparison
of the performance of two glory spillways and lateral spillways have been considered. The results showed that for
a given length for the drain edge of both types of spillways, the height of the water blade on the glory spillway is always
higher than the lateral spillway. For example, when a 10,000-year-old flood occurs, it is about 8 m.
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INTRODUCTION

The phenomenon of climate change in many parts of the world is
manifested in the form of a sharp decrease in precipitation and in
some other regions in the form of destructive and threatening
floods [AFsHAR et al. 2021; Mousa 2018; Nourant et al. 2020].

Such climate change, along with population growth, will
pose serious challenges to water, food, and environmental
security worldwide [PaHL-WosTL 2019]. Obviously, without
a thorough and expert study of the destructive effects of this
phenomenon, irreparable consequences will occur [PIELKE, DOWN-
TON 2000].

Flood is, in fact, an increase in the height of the river water
and the channel and the water coming out of it and occupying
part of the plains along the river [ALEXANDER et al. 2018; YAvARI
et al. 2022]. Tt can cause damage to buildings and public facilities
by flooding the area and cause human and livestock losses [Marv1
2020]. Flood occurs when the soil and plants cannot absorb
rainfall, and as a result, the river’s natural channel does not have
the traction of the runoff.

Structural and non-structural methods are used for flood
protection [CHAN et al. 2019]. Structural methods of flood
management are a subset of flood management that includes the
structure’s role and operation [YE et al. 2020]. Many of these
methods have a history of several thousand years. Structural
methods of flood control include reservoir dams, flood dams,
delay tanks, route improvement, and flood diversion [ANGELAKIS
et al. 2020]. The advantage of a reservoir dam is the storage of
a large volume of the flood and its gradual discharge, but their
construction cost is higher [ArLawi et al. 2018]. But delayed
dams have a quick effect on flood control.

Building dams can prevent flood damage; therefore,
sufficient studies should be done in this field, and proper
planning should prevent the loss of life and property. In addition
to the loss of life, the destruction of residential houses, as well as
the antiquities of cities, are among the damages caused by severe
floods [BALASBANEH et al. 2019]. Reconstruction and repair of
cities after the flood require a very high cost (many of them are
irreparable) that is not comparable to the budget needed to build
the dams. Therefore, it is better to avoid spending a lot of money
on reconstruction by spending money on the construction of
principled dams. In fact, the cost of building dams is an
investment in this area.

Reservoir dams are often multi-purpose and are used for
purposes such as irrigation, drinking water supply, electricity
generation, flood control, and recreational purposes [MEIfSNER
et al. 2018]. The purpose of a flood control tank is to store part of
the flood flow in order to reduce its maximum discharge. If river
floods have seasonal characteristics, the efficiency of multi-
purpose tanks to reduce flood peaks is significantly increased.
Ideally, the reservoir is located just above the protected area, and
its operation is done in order to reduce the maximum flood to the
downstream safe passage capacity. The stored flood is released
gradually depending on the time of its occurrence, or if the end of
the flood season is near, it will be saved for irrigation and
electricity generation. If there is a middle area after the dam and
the protected area, the purpose of flood management of the
reservoir will be to minimise flooding in the protected area that.
In this case, floods at the dam site will not necessarily be minimal.
If river floods have seasonal characteristics, the efficiency of

multi-purpose tanks to reduce flood peaks is significantly
increased.

These flow control structures (reservoir dams) are designed
to protect areas with floods with a certain return period [AnmAD,
SmMoNovic 2000]. By studying past floods and using statistical
science, engineers estimate the probability of floods with different
dimensions [MasiNa et al. 2015]. The level of safety provided by
dams is determined based on economic considerations, the
inclinations of the respective communities, environmental im-
pacts, and other factors. Engineers can design structures to ensure
a high level of safety [Trrova et al. 2017]. Communities usually
choose a lower level of safety. This is due to the considerable initial
cost. To pass excess water from upstream to downstream of dams,
a structure called a spillway is used. Dam spillway is one of the key
members of the dam, and the failure of many dams has been
attributed to the inadequacy of their spillway. Dam safety is
directly and closely related to spillway capacity adequacy. Most of
the dam failure occurs due to the passage of water over their
canopy. The safe operation of spillways under abnormal condi-
tions is an important factor in the safety of dams. According to
reports published by the International Commission on Large
Dams (ICOLD), about 0.33 dam failures stem from spillway
inadequacy [ICOLD 1964]. As a result, due to the sensitivity of the
operation, the spillway must be selected as a strong, reliable, and
high-efficiency structure that can be ready for operation at any
time. In general, flood selection is the basis of reservoir dam
spillway design, and their design criteria are one of the most
important issues in dam construction and play a major role in
reducing the risk of flooding of cities or lands upstream of
reservoir dams. In short, dam spillways can be classified according
to these cases: 1) to have or not to have a valve, 2) build it inside
the dam or outside it. Spillways that are usually made outside the
dam body are: 1) anterior spillway (straight), 2) lateral spillway,
3) glory spillway, 4) siphon spillway, 5) stair spillway.

One of the main components of the glory spillway and the
lateral spillway is the edge of the overflow. By increasing the
length of the edge of the overflows, flood control is easier and
more floods can be controlled. However, it should be noted that
this increase in length can increase the cost of spillway
construction. On the other hand, for a given flood, the smaller
length of the overflow edge, the height of the water blade
increases on the edge of the overflow drain. This increase will be
accompanied by an increase in the volume of control of the dam
and an increase in the construction costs of the dam. Therefore,
the main purpose of this study is to compare the performance of
two glory spillways and lateral spillways for different overflow
edge lengths. In addition, the performance of these spillways
underflows with different return periods will be examined. The
results of this study can help reservoir dam designers in selecting
the appropriate spillway.

MATERIALS AND METHODS

STUDY AREA AND DATA

This study compares the design of the Bili-Bili dam spillways
(including lateral and glory spillways), located in Indonesia
(5.2667° S, 119.500° E), is considered for different lengths of the
overflow. The normal level of the dam is 1315 m. According to

© 2022. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)



www.czasopisma.pan.pl P
Y

| Made Sukerta et al.

N www.journals.pan.pl

189

studies, the maximum flood discharge with a return period of
10,000 years, 1000 years, and is 2500, 1300, and 700 m>s™,
respectively.

GLORY SPILLWAY

The glory spillway was introduced in 1930 and proved to be
economical, provided that the diversion tunnel can be used as the
horizontal channel of this spillway. For narrow sections and rocky
riverbeds, tunnels are usually used to divert river water. After the
construction of the dam, the water diversion tunnel will be
completely closed or connects to the spillway to transmit floods.
In the glory spillway, the continuation of the inlet crown profile
may be circular or part of a circle.

The structure of this dam spillway consists of three main
parts, which are: 1) reservoir, 2) a vertical duct with a 90-degree
elbow, and 3) an almost horizontal tunnel. To have atmospheric
pressure along the entire length of the spillway, in order to
prevent cavitation damage, the air is supplied through the
aeration duct at the conversion point between the vertical duct
and the horizontal tunnel. It is also necessary to have a non-
submersible (free) flow in the spillway to be safe during floods.
There is free surface flow in all parts of the spillway from the
reservoir to the energy dissipating structure. Therefore, the
hydraulic capacity of the vertical duct and the horizontal tunnel is
more than the capacity of the catchment structure.

Glory spillway is commonly used for dams with low to
medium design discharges (with a maximum value of about
1000 m*s™'). The use of this spillway is recommended in
a situation where the probability of an earthquake is low. The
horizontal spillway can be connected to an existing diversion duct,
or the amount of floating material is not significant, there is also
no space to build a direct spillway and geological conditions are
suitable in terms of structural leakage. Such a structure is prone to
creating rotational currents at its inlet, which should be prevented
by choosing a suitable position for the horizontal duct, in
accordance with the topography of the reservoir and the axis of the
dam. Because of its resemblance to a glory flower, which is in the
shape of a cup, this type of spillway is also called a glory spillway.

The relations used to route the flood with a certain return
period from the glory spillway are as follows:

Qa = 0.552-Coq Lo Hog " (1)
L, = 27R, (2)
where: Cp, = spillway discharge coefficient when flowing

maximum through the overflow edge of the spillway, L, = overflow
edge length (m), Hy, = the height of the water blade on the edge
of the overflow drain (m), Q, = maximum discharge overflow
edge (m*s™"), R, = glory spillway radius (m).

As you can see in Equation (1), Cy, is required to calculate
the maximum discharge rate. The value of C,, is available in the
ICOLD [1964].

LATERAL SPILLWAY

The lateral spillway is a common structure used to spillway
a stream. The axis of the lateral channel consists of a direct spillway
and a duct whose axis is parallel to the crown of the spillway, while

the downstream channel axis is a standard spillway perpendicular
to the spillway crown. The lateral spillway is made separately from
the dam structure, and the discharge passing through it is passed
through the downstream valley to the downstream. In contrast,
a direct spillway is usually installed in the dam structure. The lateral
spillway was successfully used in the Hoover Dam in the United
States in the late 1930s. Using this spillway is convenient in areas
where direct spillway is not practical, such as earthen dams, or
when another position next to the dam makes better and easier
communication with the relaxation area. If the length of the
spillway canopy perpendicular to the river axis does not correspond
to flood transmission, a lateral spillway may be used. The specific
discharge of this spillway with a crown length of more than 100 m
is usually limited to 10 m>s™".

The lateral dam spillway may join the downstream river
through a water transfer tunnel or rapid water. So far, many
lateral spillways have been made in the world. It should be noted
that this type of spillway is suitable for low and medium
discharges. Also, this type of spillway is used in areas where the
valley is narrow, and there is no suitable width to build a direct
spillway. Problems such as forces due to water impact to the bed
and as a result there is a lot of scours in arched dams and
topographic conditions are suitable for the lateral spillway. It is
not possible to build a spillway on the dam body, like an earthen
dam. Also, lateral spillways are usually not made with valves, and
when adjusting the tank alignment, a cylindrical valve is often the
best choice. The cross-sectional area of the lateral canals is
considered rectangular or trapezoidal to reduce the cost of
drilling in large dams [Turts 1956].

The relationship used to route floods with a definite return
period from the lateral spillway is similar to Equation (1). Note
that in this overflow the values of L, and C,, are different from
the glory overflow.

Figure 1 shows the diagrams needed to calculate Co, for
lateral overflow.
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Fig. 1. Discharge coefficients for vertical-faced ogee crest; source:
ICOLD [1964]

RESULTS AND DISCUSSION

The purpose of this section is to evaluate and compare the
performance of lateral and glory spillways for the length of
specific overflow edges during floods with different return
periods. As previously mentioned, according to studies, the
maximum flood discharge with a return period of 10,000 years,
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1000 years, and 100 years are 2500, 1300, and 700 m3s7!,
respectively. Also, the height of the upstream outcrop of both
spillways is 4 m. Given the available information, Equations
(1)-(3) have been calculated as Table 1, to determine the outflow
from the lateral spillway and the glory spillway for the length of
the different overflow edges.

Table 1. Different year-old flood routing for a lateral spillway and
a glory spillway

Lateral spillway Glory spillway
L | Heo | Lo | R | Hm

10,000-year-old flood routing, Q; = 2500 m3.s7!

50 8.31 50 7.96 16.84

60 7.31 60 9.55 13.34

70 6.57 70 11.15 7.92

80 6.00 80 12.74 6.46
1000-year-old flood routing, Q; = 1300 m>:s™"

50 5.30 50 7.96 7.45

60 4.69 60 9.55 5.11

70 4.22 70 11.15 4.36

80 3.85 80 12.74 3.88

100-year flood routing, Q; = 700 m>s™"

50 3.48 50 7.96 3.68

60 3.08 60 9.55 3.14

70 2.77 70 11.15 2.77

80 2.54 80 12.74 2.52

Source: own study.

As you can see in Table 1, for both glory spillway and lateral
spillway, as the return flood design period increases, the height of
the water blade on the overflow edge of the spillway also
increases. It also seems that for both types of spillways, the slope
of water blade height changes increases with increasing design
flood return period (Fig. 2). According to Figure 2, which shows

1
° —@— T=10000 yr
16 1 —@— T=1000 yr
14 4 T=100yr
12 T=10000 yr
ceee@eee T=1000 yr
’E‘10 T @ T=100 yr

40 50 60 70 80 90
L (m)

Fig. 2. Design results for lateral spillway (solid lines) and glory spillway
(dotted lines); source: own study

a better representation of the values in Table 1, the height of the
water blade on the edge of the glory spillway is always higher than
the lateral spillway. However, it seems that with increasing design
discharge (increasing flood return period), the performance of
both glory and lateral spillways becomes closer to each other
[FaTTOR, BACCHIEGA 2009].

CONCLUSIONS

Floods are one of the most important and destructive natural
phenomena and hazards in the world, which is the most
destructive one among all accidents and natural disasters.
Therefore, flood management is one of the most important
measures in any region. Flood protection measures are divided
into two categories: structural and non-structural. One of the
methods of flood management and control structures is the use of
reservoir dams (flood storage in the reservoir and reduction of
flood peak). In order to prevent the destruction of the dam
against floods, a spillway drainage structure is always needed.
Glory spillway and lateral spillway are two different types of
spillways used in reservoir dams. The purpose of this study is to
compare the performance of these two spillways. The results
showed that for a given length for the overflow edge of both types
of spillways, the height of the water blade on the glory spillway is
always higher than the lateral spillway. Also, the slope of w ater
blade height changes increases with increasing flood return
period. This means that when designing spillways for longer
return periods, the cost of constructing a regular dam with an
increasing slope can increase. This study’s results can help
designers analyse the performance of two types of lateral spillway
and glory spillway.
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