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Abstract: This research aims to investigate the flow characteristics with the end sill addition at the first and
second points in the flow along the spillway channel. The research location is the Bagong Dam in the Bagong River,
Trenggalek Regency, East Java Province, Indonesia. Bagong River is in the Ngrowo-Ngasinan Sub-watershed, a
sub-watershed of the Brantas Watershed. The Bagong River contributes to heavy floods, so the flood control fully
fulfilled the flood requirements in Trenggalek City and surrounding areas. The methodology consists of data
collection of daily rainfall, analysis of the design rainfall using frequency analysis, analysis of the hourly rainfall
distribution, analysis of the efficient rainfall, and analysis of the flood hydrograph as input to computational fluid
dynamics (CFD). The result is a design alternative for determining the two end sill points used to determine the flow
pattern and recommend energy dissipators in the Bagong Dam.

Keywords: end sill, spillway, Bagong Dam.
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1. Introduction compatibility of ecosystems and increased the

the reciprocal relationship between natural resources A\ €ffort to sustain the ecosystem is the construction of

and humans in the watershed along with all activities, ~ dams. A dam is an infrastructure building holding
so it has materialized the sustainability and water resources that can be utilized by the local

8 © 2024 by the authors. This article is an open access article distributed under the terms and conditions of the Creative Commons

Attribution (CC-BY) license (http://creativecommons.org/licenses/by/4.0/).
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population. In addition, it is useful for supporting the
increase in socio-economic status [1] by fulfilling food
self-sufficiency [2], irrigation, conservation efforts [3],
hydro-electrical power, flood control, tourism, and
others [4]. One of them is the development of the
Bagong Dam in Sumurup and Sengon Vvillages,
Bendungan district, Trenggalek Regency, East Java
province, which was written in the President Rule of
Indonesian Republic No 3, 2016 about the
implementation acceleration of the national strategy
project.

The spillway is functioned for flowing flood water
that causes an increase in the water level in the dam. It
is important to avoid over-topping [5]. Based on the
design of 2023, there are hydraulic jumps downstream
of the stilling basin because the condition of the
channel to the original river directly hits the river wall,
so adding an end sill is a solution, so it does not grind
the river wall. Additionally, an end sill in the spillway
downstream of the Bagong Dam requires further
research on the water flow in the spillway until the
original river. The end sill can be added alternatively
by simulating the spillway channel as an energy
dissipator so that there is no hydraulic jump. The
occurrence of a super-critic flow and hydraulic jump
becomes the trigger for scouring that can cause
building collapse [6]. The operation of the main
spillway function adds a safety factor to the discharge
capacity of flood discharge under emergency
conditions and cannot be operated for reservoir
optimization [7].

The Bagong Dam is designed in the Bagong River
and is located in the Trenggalek Regency. Bagong
River is a river in the Ngrowo Sub-Watershed in
Ngasinan and is a sub-watershed in the Brantas
Watershed. The Bagong River contributes to many
floods, so the flood control of Ngrowo-Ngasinan-Parit
Agung-Parit Raya has not completely fulfilled the flood
requirements in Trenggalek City and surrounding areas.
A dam is a water resource infrastructure with very high
risk [8-9]. If it fails, one of them is the development of
a spillway, which has a very high risk when it
experiences a water jump [7, 10] that can cause the
collapse of a building.

The spillway type of the Bagong Dam is
overflowing, and the elevation of the spillway is +325
m. The flood discharge of QPMF is 589 m®/s, and the
flood discharge of Qrout PMF is 567 m®s. The
overflow to the spillway is big enough, with a
“damping” pool type of USBR Type III with a width of
30 m and length of 15 m. One of the aspects to be
considered in dam design is the hydraulic condition of
the spillway [11], so it is necessary to analyze the water
flow from the spillway to the original river.

In 2021, a physical model test was conducted in the
Laboratory of Applied Hydraulics, Department of
Water Resources, Faculty of Engineering, and
University of Brawijaya-Malang. The result is as

follows: Q1.01 years until Q200 years in launcher
channel |, the flow depth has been equal; however,
between Q1000 years until QPMF, the flow depth is
less equal upstream of launcher channel I. Therefore,
this study is an alternative by adding an end sill in
several sections of the spillway channel to obtain a
uniform flow [12-13]. This research investigates the
flow characteristics in addition to the end sill at the first
and second points in the flow along the spillway
channel.

2. Materials and Methods

2.1. Design Flood

Table 1 shows the discharge values of the inflow
and outflow at the spillway based on the Model Test
Report (2021).

Table 1 Design floods of inflow and outflow (based on the model
test 2021) (The authors)

Return Review design Hd  Elevated water
period (year) 2019 (m) level (m)
Q inflow Q Qutflow
(m’s)  (ms)
1.01 78.77 52.86 0.94 325.94
2 131.58 112.66 150 326.50
5 163.66 143.81 1.74 326.74
10 182.39 162.18 1.87 326.87
25 203.92 183.04 2.01 327.01
50 218.68  197.60 2.10 327.10
100 236.33  214.76 221 327.21
200 245.60  223.96 2.27 327.27
1000 274.26 251.93 244 327.44
Y PMF 300.65  277.49 2.58 327.58
PMF 599.48 572.02 4,02 329.02
2.2. Spillway

Each reservoir has a certain water storage capacity.
If the water storage experiences full of water, the
reservoir surface will increase, and the water will
overflow through the dam peak. To avoid this
problem, there is a need for a structure so that water
can flow downstream [14]. Therefore, a spillway is
needed to flow the water. The spillway structure can be
separated from the dam body.

Spillway structures have a definition that is a
hydraulic structure that is built for flowing floods
through a dam without endangering the dam safety.
There are many types of spillway structures, which are
controlled or uncontrolled. The two types of structures
if built can adapt to the field conditions. The controlled
spillway channel is completed with a gate that can be
raised or lowered in accordance with the reservoir
operation pattern during a flood. When the reservoir
water level is full of it will be the same as the spillway
crest level.

2.3. Flow Capacity through Spillway
Reservoir flood routing is based on the continuity

equation as follow [15-16]:
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where I, - inflow at the beginning of Dt; I, - inflow at
the end of Dt; O; - outflow at the beginning of Dt; O, -
outflow at the end of Dt; S; - storage at the beginning
of Dt; S, - storage at the end of Dt; Dt - period of flood
routing (3.600 a).

I; and I, are known from the inflow hydrograph to
the reservoir if the routing period has been determined.
S; is the reservoir storage at the beginning of the
routing period, which is measured from the data of the
production facility (crest of spillway). However, an
overflow-type spillway is one of the components at
approach channel that is made for further improving
the regulation and enlarging the water discharge
through the spillway. Fig. 1 shows the reservoir flood
routing through the spillway.

evati )
I Blevition Elevation (m)

(m) crast spillysey

Volume .
L (calculate from crest spillway)
Storage Capacity Curve

I Bottom Reservoir
> At

Storags Volume (100%)

Fig. 1 Reservoir routing through a spillway [4]

To determine the discharge through the spillway,
the formulation is [17]:

Q=C.L. H* (6)
where Q - discharge through the spillway (m%s), C -
overflow coefficient (m*°/s), L - effective width of the
spillway (m), H - total of water pressure head over the
spillway (including water velocity head at approach
channel) (m).

The overflow coefficient at the spillway, generally
between 2.0 and 2.2, is influenced by several routes as
follows: water depth in the spillway upstream, slope at
the spillway upstream, and water head over the
spillway.

2.4. Water Level Profile

2.4.1. Spillway

By using the continuity equation, the analysis of the
water level profile at the spillway with Froude: L <
10m can be solved using the formula [11]:

Vz:\/29(Z+Ho _Yz) (7

where VZ - velocity at point Z (m/s), YZ - water depth
at point Z (m), Z - height of the review point under the
spillway elevation (m), HO - design energy head over
the spillway (m), FZ - Froude number at point Z. Fig. 2
shows a sketch of the overflow spillway.

hz —— Vz

Fig. 2 Sketch of the overflow spillway [2]

2.4.2. Chute Way

In designing the chute way, it must meet the
following requirements: 1) The overflow water from
the approach channel flows fluently without hydraulic
obstacles; 2) The chute way construction is sturdy and
stable enough to store all loads; and 3) The
construction cost should be as economical as possible.

To meet these requirements, there is needed to
attend to the following: 1) The cross section of the
chute way as the benchmark is made as rectangular
shape; and 2) the channel bed slope works in such a
way so that there is not appear the cavitation symptom
that breaks the channel bed surface, and the pulsating
that is generated will be able to give a negative effect
on the stability of the chute way flow. Fig. 3 presents
the flow scheme in the chute way.

€3] Al 2)
- —

Energy Line l

Fig. 3 Scheme of the flow in the chute way [7]

The analysis of water level profile at the chute way
can be approached with the formula of energy
conservation in flow (Bernoulli formulation) as follows
[9, 71



Satriyawan et al. Flow Characteristics due to End Sill Addition in the Flow along the Spillway Channel, Vol. 51 No. 6 June 2024

103

z1+dl+hvl=2z2+d2+hv2+hL+he 8)
where z - elevation of the channel bed in a long field
(m); d - water depth in the long field (m); hv - velocity
head in the long field (m); hL - pressure head loss
between two determinant long fields due to pulsating

(m), which is expressed with:
_2.2
h, =Sfal =g MV
L 1 S¢ = 473 9)
where he - water head loss due to cross-sectional
change (m)

(10)

where g - gravitational force (m/s?)

Pulsating flow is a hydraulic phenomenon that must
be considered in the chute way structure. If it happens,
it will cause uneven flow, so the hydrodynamics power
that happened endangers the stability of the
construction. In addition, as the reason for the
unevenness of the flow, the flow velocity at the chute
way foot is uneven decreasing the effectiveness of
damping.

In a long chute way, there is an instability danger in
the flow that is mentioned as a slug/pulsating flow. If
the long channel is more than 30 m, it must be
controlled by calculating numbers of Vendernikov (V)
and Montuoris (M).

Number of Vendernikov (V) [15]:

_2bv (11)
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- gllLcos®
where b - channel bed width (m); v - flow velocity
(m/s); g - gravitation (= 9.81 m/s®); P - wet perimeter
(m); d - hydraulic depth (m); | - mean slope of energy
gradient (= tan ©); © - angle of energy gradient; L -
channel length (m).

The analysis value of the two equations is then
plotted in the graphic to determine whether or not the
pulsating flow. Fig. 4 presents the pulsating flow
criteria.
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Fig. 4 Pulsating flow criteria (USBR 1978) [10]

2.4.3. Stilling Basin

To muffle the flow after passing the chute way,
damping is needed so that the flow enters the approach
channel downstream and returns into sub-critical
condition. However, the choice of stilling basin type is
based on the Froude number. Fig. 5 presents the design
of the stilling basin and jump type.

Fig. 5 Design of stilling basin and jump types [11] o

2.5. Process of Physical Model

2.5.1. Preparation of the Spillway Structure in a Model
Test

The preparation and development of spillway is
started on the second until third week. The process of
structure building takes about 7-8 weeks. The
documentation is presented in Fig. 6.

2.6. Study Location and Methodology
The study site of the Bagong Dam is in the Bagong
River and is administratively part of Bendungan

District, Trengglalek Regency, East Java Province
(Figs. 7 and 8).

The topography is dominant of hills, with slopes
ranging from moderate to less steep. The hills are
aligned in an elongated river line with depths varying
from 100 to 500 m. The river width surrounded design
as is between 5-15 m with the river basin is “V” shape
and the cliff slope in the right and left is between 15°
and 60°. The width of the top side span of the river
basin in the as location is between 100-300 m. Fig. 7
presents the map of the study area, and Fig. 8 presents
the map of the spillway in the Bagong Dam.



104

—

17" March 2021, stackig of main biIding
s

--ﬁh— P

)

; (SR T
26" March 2021, excavation on the location of the stilling
basin

1% April 2021, " roach channel 11

7™ April 2021, placemnt of R at connection of approach channels I-11 and

5™ April, 2021, placement of approach channel 111 -1



Satriyawan et al. Flow Characteristics due to End Sill Addition in the Flow along the Spillway Channel, Vol. 51 No. 6 June 2024
105

8™ April 2021, Installation of the chute way wall 9™ April 2021, excavation of the downstream area for river contour

N

21 April 2021, deve opment of river contours 23" April 2021, Installation of barrier block at stilling basin

Fig. 6 Preparation of model test (The authors)
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Fig. 7 Map of the Bagong Dam location [19]
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Fig. 8 Spillway map of Bagong Dam (The authors, 2022)

The research methodology consists of 1) collecting
data on daily rainfall; 2) analyzing the design rainfall
using frequency analysis; 3) to analyze distribution of
hourly rainfall; 4) to analyze effective rainfall; 5) to
analyze hydrograph of design flood as the input to the
computational fluid dynamics (CFD).

3. Results and Discussion

3.1. Plan Design

This physical model is based on the results of the
plan design with an undistorted scale of 1:50. The test
results are due to the flow discharge: Qi.oiyears Qoyear:
QSyear, QlOyean Q25yean QSOyeara QlOOyeara QZOOyean QlOOOyeara
Qosemr, and Qpyir. After evaluating the design flood
with the original design condition, it can be concluded
as presented in Table 2.

Table 2 Velocity recapitulation in upstream approach channel original design (The authors)

No. Designflood V,(m/s) Conditional, V<4 m/s Elevated water level (m) Freeboard head to the peak dam (m)

1 Qo1 0.971 Fulfill 326.000 4.000

2 Qatn 0.971 Fulfill 326.550 3.450

3 Qstn 0.971 Fulfill 326.800 3.200

4 Quoth 0.971 Fulfill 326.900 3.100

5 Qasih 1.373 Fulfill 327.050 2.950

6 Qsoth 1.373 Fulfill 327.100 2.900

7 Quo0th 1.373 Fulfill 327.200 2.800

8 Qa00th 1.373 Fulfill 327.275 2.725

9 Q1000th 1.373 Fulfill 327.450 2.550

10 Qospve 1.373 Fulfill 327.600 2.400

11 Qpmr 1.844 Fulfill 329.050 0.950

Based on the data in the table above, it can be No. Design Velocity Hwater Froude Flow type

concluded that design flood Q 1 g1yesr Until Qpyr, Which flod  (m/dt)  (m) number
is evaluated and has met the requirement of the velocity 1(1) 82:;” i gggg ) )

boundary, and the freeboard is also safe for all
discharge conditions [18]. However, the measurement
of flow hydraulics in the stilling basin was carried out
at the center of 3 measurement points (sections 47-49).
Table 3 shows the results of the hydraulic condition
measurement at the center of ‘damping’ pool.

Table 3 Recapitulation of the flow condition in a stilling basin
(original design) (The authors)

No. Design Velocity Hwater Froude  Flow type
flood (m/dt) (m) number
1 Quoun 2441 2.900 0.454 Sub-critic
2 Qath 4.188 4.144 0.643 Sub-critic
3 Qsth 5.990 4.450 0.909 Sub-critic
4 Quoth 6.294 4.639 0.936 Sub-critic
5 Qasth - 5.050 - -
6 Qsoth - 5.100 - -
7 Q1o0th - 5.156 - -
8 Qa200th - 5.125 - -
9 Quoooth - 5.247 - -

The stilling basin effectively muffled water from the
chute way. On the flow discharge Q 1 01year Until Quoyear,
there was a sub-critic flow; however, during the flow
discharge Qgsyear UNtil Qpwir, the flow that happened
could not be analyzed because it could not be measured
due to the air bubble that entered the Pitot tube
measurement tool. The observation of the flow
hydraulic conditions in the downstream approach
channel was carried out at 5 sections, started from
downstream ‘damping’ pool (Sections 50-54).

3.2. Design Change

Based on the analysis of the model test with the
original design, there is change by changing from the
original design at the wall part of the approach channel
and downstream slope of the spillway, which is hoped,
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will  produce observations as well as even approach channel.

measurements flow. Fig. 9 presents the wall of
Mercu spillway downstream

EL.325.00
EL.323.96

EL.320.15

Condition of the original' design at Harold curve dam The condition of serial 1 at the spillway downstream
spillway (Harold curve) changes the slope. At 2.87 m from the
spillway crest and downstream, the slope was changed to
1:1.666. The beginning of slope is at an elevation of
+323.96, and the ending of slope (beginning chute way I)
is at +320.15.

Original design Serial 1
Fig. 9 Wall of the approach channel (Own study; the authors)

3.3. Model Test of Design Change approach channel.
Table 4 summarizes the velocity in the upstream

Table 4 Velocity recapitulation in upstream approach channel (The authors)

No. Designflood V (m/s) Conditional, V<4 m/s Elevated water level (m) Freeboard to the dam peak (m)
1 Q1,01year 0.971 Fulfill 326.025 3.975
2 Qayears 0.971 Fulfill 326.550 3.450
3 Qsyears 0.971 Fulfill 326.808 3.192
4 Q1oyears 0.971 Fulfill 326.833 3.167
5 Q2syears 0.971 Fulfill 327.025 2.975
6 Qsoyears 0.971 Fulfill 327.100 2.900
7 Q100years 0.971 Fulfill 327.200 2.800
8 Q200vears 1.373 Fulfill 327.250 2.750
9 QlOOOvears 1.239 Fulfill 327.392 2.608
10 Qospmr 1.681 Fulfill 327.517 2.483
11 Opwe 2.801  Fulfill 328.917 1.083

=z
©

Based on the table above, it can be concluded that Design ~ Velocity Hair  Froude  The type of
the design flood Q 1 01yesr UNtil Qpye that is evaluated flood (m/s) (m) number _flow

has met the velocity boundary requirement, and the 1 Quoner LI31 2825 0223 Sub-critic
. . .. 2 Qayears 1.226 3.807  0.207 Sub-critic

freeboard is also safe under all discharge conditions. 3 Qspens 1.294 4092  0.209 Sub-critic
There is less difference in the water level head change 4 Quovears 1.252 4308 0.197 Sub-critic
caused by the change in the left and right sides of the 5 Qumyeas 1474 4705  0.223 Sub-critic
approach channel wall. Table 5 presents a ? 85°V‘*afs 12?8 i'ggg 8'558 gﬂgg:gi
recapitulation of the flow conditions in the upstream 8 O 1337 4948 0195  Sub-critic
channel Serial-1. 9 Quo00years ~ 1.697 5.352  0.236 Sub-critic
10 Qoseme 1740 5471 0240  Sub-critic

Table 5 Recapitulation of flow conditions in upstream channel 11 Qewr 2.896 8.473 0318 Sub-critic

Serial-1 (The authors)

No. Design  Velocity Hair Froude The type of Based on the above table, the type of flow at test
flood (m/s) (m) number  flow




108

discharge Qi o1year Until Qpme is sub-critic. The stilling
basin from ‘damping’ pool and the meeting with the
actual river water level head (TWL) had good effects
on the flow conditions in the escape channel.

4. Conclusion

Based on the analysis result and model test, we can
conclude that the original design and model test
showed that the water head over the checkbox measure
tool during calibration only decreased by 1 to 3 mm
from the water level head of the checkbox analysis. In
addition, the relative error at discharge calibration of
the water level head over the spillway was not more
than 2%, and the highest error was 1.07% for a 10-year
discharge.

During the discharge calibration, there was a flow
with a slight cross-over after the spillway because the
wall in the left part of the approach channel was of less
length. However, the negative pressure (cavitation) is
still under safe requirements: 4 m, and the highest
negative pressure is about -1.75 m during PMF
discharge.

The damping at all flow discharges happened in the
damping space, so there was no problem at the end
channel. The stilling basin effectively damps water
from Chute Way IlI.
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