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straet--The design of hydraulic structures deals with the flow
of water and its effects on the built and ratural environment. The
vonstruction  of  various water structures causes  scour
downstream due to the eresive action of water flowing over or
through these hydraulic structures. Energy dissipating structures
¢ the common engineering solutions applied to a water system
to reduce cnvironmental impact like Jocal scour. The baffle
blocks, for instance, are normally provided at the downstream
section of high velocity {low (supercritical) simply to cenvert it to
Jow velocity flow (subcritical). This paper ilustrates the
wxperimental investigation of local scour caused by high flow
pear an energy dissipation system, The system comprises several
energy dissipation components such as the baffle block, chute
hiock, steps and conerete apron. The hydraulic characteristics of
Sftows surrounding the system were eritically studied. The flow
was studied under high flows (30 L/s), The effectiveness of the
system was measured based on the percentage loss of energy
captured by each energy dissipation component. The results show
that the applied energy dissipation system sufficiently controls
the Jocal seour.

Keywords-component; Energy dissipating  struciure;  baffle
HMock; local scour; high flow.

1.  INTRODUCTION

The study of the crosion mechanism and scour morphology
downstream of hydraulic structures has been of great inierest
for hydraulic engincers for many years. Infact, to avoid the
structural collapse, the scour process is one of the primary
%actors that must be controlled, In a large stilling basin, the
Hlow paitern that occurs is very complex and depends on
several factors, The flow structare is also deeply affected by
she presence of a mobile bed [1]. Scouring in excess can
adually undermine the foundation of hydraulic structures and
cause failure. Because of its frequent occurrence, scour
downstream of hydraulic structures constilules an important
field of reseurch,

- In this study experiments are conducted w collect the scour
pararnclers (location and depth) and also the hydraulic
haracteristics (inflow, velocity, flow depth) of an cnerpy
dissipation system. This paper intent to cover the following
shjectives: (1) calcidate the energy loss caused by the baffle
Socks, (2) study velocity profiles in the vicinity of the system
s (3) investigate the location and depth of scour. This study
will be considered useful whenever the topologic ayout of the
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stilling basin is expected w0 safficiently reduce the local scour
when the flow of water is high.

II.  LITERATURE REVIEW

Hydraulic structure design deals with the water flow and its
effects on the built and natural environment, However, it is not
possible to be absolutely certain how a structure will perform
due to the complexily of the physics of fluid tlow. Sediments
(soils and sands) arc composed of aggregation of individual
grains that have varying density, volume, shape and
orientation. Therefore, an investigation 1s quite important on
interactions between the fluid and sediment particles in open
channel flows in hydraulics and river engineering [2]. Almost
all phenomena that affect the design and  analysis in
hydrosystems engineering involve several correlated factors
and local scour in stilling basins is one of the complex
phenomena. A brief explanation of the hydraulic structures and
scour phenomena is presented.

A, Hydraulic Jump

Flow from the outilow structure of a hydropewer station
catries an enormous encrgy which hias the capability to erode
surfaces placed at the downstream scction, for instance a re-
regulating pond. Usuvally the pond is provided as an
intermediate structure to discharge the flow in a conurolled
manner to the downstream river. To alleviate the erosion
problem, the energy from the supercritical How must be
reduced before it is released directly to the river. Thereflore, the
idea of forming a jump to dissipate energy of super critical
flow from the spillway before it is discharged into the river is
referred to as a hydraulic jump §3]. Fig. 1 shows a typical
hydraulic jump formed on a spillway structare, where L is the
length of hydraulic jump, H- is the difference in the flow head
before and after the jump, y; is the initial depth of water at the
toe of the stilling basin and y, is the finat depth of water after
the hydraulic jump has occurred. The supercritical flow
prevails immediately beyond the hydraulic jump cven if
dissipation occurs, without disturbance in the upstream tlow.
For this reason, a scour control downstream of any hydraulic
structure is needed, where energy dissipation is completed {4].
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8. Stilling Basin

The most common form of energy dissipating structure is
the bydraulic jump s#illing basin that converts the super critical
flow from the spillway into sub critical {low compatible with
the downstream river regime [5], These basing are constructed
o dissipate excess kinetic energy downstream of chutes, gates
and spillways. The dimensions of such structuses depend on the
length of jump (L) and the sequent jump depths (v, 32 16].

: :

Figure I. Hydraunlic jump occurrence in a spillway (hot 1o scale)

Although the stifling basins are purely based or an efficient
hydraulic jump mechanism, in certaia conditions other types of
basins may have an increased reliability and may also prove to
be cost effective. Standard basins as shown in Fig. 2 comprise
baffie blocks, chute blocks and end sills developed by the US
Bureau of Reclamation (USBR). In these standard stilling
basins, baffle blocks ure added for spreading out the incoming
jet and dirccting it into the water body of the basin {6).
Theoretical as well as experimental considerations have showsn
that a baffle block line positioned transversal fo an incident
supercritical flow is an efficient energy dissipator [4].

Chute
Blogks
o Baffle

Figare 2. Stilling basin with chute blocks and baffle blocks {6

The use of concrete prisms as a protection system 1o
dissipate energy and to limit erosion and scour of the river bed
at the outlet of a diversion tunnel was studied |4}, On the basis
of test results. design criteria were developed for estimating the
seour hole geometry, ity location, and the required size of the
prisms as well as the total area to be profecied. Alsg, for
instance, as reported in {1} 4 detailed investigation of the quad
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in design of baffled basing and of drag forces, y of K
fluctuations, and aptimum geometry was carried out. SCLEres 1

The most serious problem with the hydraei: ation of
dissipator is more of structoral strength rather than § ."SS dow
efficiency. The stilling basins suffer serious damage _ egc‘;&ﬂ

from uplift, vibration, cavitation and hydrodynamic
Froude number increases, the turbulent size :
downstream of the basin also increases. Compleis

dissipation does not occur onty within stilling basi hs, Ipca
beyond the basin exist, As a result, scour hole m 1ri:§r;
downstream of the basin. Scour damage downstream _ " .was ]
basin  may cause structural damage and in some & characte:
result in complete failure of the structure [3]. The g {12 w
a stilling basin on local scour was studied, coneludizg wour hole
scour depth could be reduced by a percentage of ign of
scour depth that may ocecur if the there is no st clures v
present downstream of the hydeaulic jump [7]. SCOUr
diction ¢
C. Local Scour }i\u:ef?:

Naturally, scour occurs due to the erosive action
water including the morphological changes in rivess
becanse of the construction of various types of
structures [8], Local scour is the crosion of bed

result of the impact effect of flowing water over ‘Thc m
hydraulic structeres 9], The sediment particle I ady is des
equilibrinm scoured bed is acted upon by the drag .

force Fi, and the submerged weight of that sedimess Expert
as shown in Fig. 3 [3]. A physi
pnstructed

¥ Ppiversiti
* Gboratory.
: wrater retal
7 Stuice Gate sipation
approxi
low ¢o

Tail Water Lewd

wsrflow co:

Figure 3, Schematic diagram of scour downstream of hes

In alluvial channels energy dissipating st
to prevent excessive channel bed degradation,
scour downstream {rom energy dissipating st
a resuli of crosive action of the weir owez
additional tarbulence may destabilize these
comprehensive understanding of the mec
extent of the downstream scour, and :
provisions must be included in the structemal
energy dissipating structures (o minimize ba
Although these structures are built o inhibi
degradation in alluvial channels, they also om
to the erosive action of water flowing over 8

Figure 3.1



scour downstream from cnergy dissipating
nto account the scour parameters depth d,, and
mum SCOUS Xy, a8 shown in Fig. 3. The scour
ream of hydraulic structures is  experimentally
yrescdxchus e.g., [113, [12], f13]. The location
c maximum  scour over erodible bed was
'[]1] Based on the experiments conducted by
) acteristics like the locations of maximurn scour
f dunc and the variation of maximum scour
rrelated with time through the development of
ssions. The rate of scour downstream of a rigid
‘studied by [12). A semi empirical theory based
- mean velocity in the scour hole was proposed
dict the time rate of scour. The evaluation of
rough distinguished phases and the functional
ed protection downstream of large hydraulic
s studied [13]. The similarity in the development
ofiles, controlling of scour mechanism and
scour geometry was studied by {14], The work
at the main parameters that control the scour are
rating head, sediment size and roughness of the
ipating arrangement provided downstream.

. METHODOLOGY

ethodology adopted to achieve the objectives of this
cribed in this section.

mental Setup

cal model of a water retaining structure (pond) was
d within a study area of 27 m x 12 m at the
Teknologi PETRONAS (UTP) Hydraulics
7. Fig. 4 illustrates longitudinal section view of the
ning structure with the inclusion of its energy
1 systems (baffle blocks, concrete apron). The inflow
imately 30 L/s is released into the pond from the
onduit. The discharge flows on the concrete apron
nto the three rows of baffle blocks that are arranged
ce of 125, 165 and 169 cm, respectively from the
onduit. The experimental area of about 5 m x 4.25 m
¢ of loose-bed (sand). The water level Ypona WAS
d to a specific range of values for each set of

Embankment
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As water is released from the outflow conduit, it travels
towards the baftle block line positioned transverse to the
incident supercritical flow to reduce its kinetic energy. First, it
flows over the concrete apron, which dissipates the energy to
some extent. Next, the first row of baffle blocks (placed 125
cm from outflow conduit) dissipate the energy of the incoming
flows. The second (placed 165 cm from outflow conduit) and
third (placed 169 cm from outflow conduit) row of baffle
blocks further dampens the kinctic energy. The velocities and
water depths are critically recorded between the aligned
arrangements of baffle blocks. Theoretically, it 15 assumed that
from this point (third row of baffle blocks) onwards, the
supercritical flow has been conveited fo suberitical flow, along
with the velocity reduced to a sufficient extent.

If scour will occur at the downstream section of the energy
dissipation system, it will be visually observed on the sand area
at the vicinity of the concrete apron. These experiments also
take into account the values of scour depths (y,), as depicted in
Fig. 4.

B.  Experimentation

Experimental data were collected for high flow condition.
A set of measurements for each experiment involved the
discharge of the incoming flow (), velocity (V), water depth
(), water level in the pond (¥,..q) and local scour depth (v,).

The discharge was maintained at 30 L/s. The water level in
the pond was taken under the dry (Vpone= 0 cm) and partly
submerged (pows= 9 to 14 cm) conditions. For ecach
measurement taken, time was synchronized accordingly. This
is important as time was also recorded when measurements
were conducted. Experiments were carried out for a period of
approximately 1 hr,

The welocity and water depth measurements were
conducted at several points of interest, which were numbered
chronologically. Water depth measurement was conducted by
using a point gauge. The point gauge is a portable device that
provides reading on a millimeter {mm) scale. Current meters
were used for measuring the velocity. The current meters were
built with propellers that were able to produce velocity
readings up to 2.5 m/s for low water level. The propellers
attached to the current meters provided inputs to the data
logger, thus velocity in the unit of cm/s was reported through
its automatic conversion. The inflows through the outflow
conduit were recorded using the ultrasonic pipe flow meter. It
is a portable devme to measure pipe flow that could provide
readings up to 6 m’s.

After each run of experiment, the whole pond was allowed
to drain and dry. Once dried, the next stage of measurements
involved observing any scour pattern on the sand bed. For
instance, the bed topography could be observed as shown in
Fig. 5 at a specific 0 and y,o.q. Strings were used to locate the
scour and deposition of the sand bed, which were measured
using the point gauge as well.
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E=v+ Vi

where, v and ¥ are the flow depth and velocity meas
cach poinl, respectively. Tuble 1 shows the measuees
taken for velocity and flow depth along the points s
carlier.

A 12.2 15.9 78
B 86 155 73 16.5 65
G G2 17 62 17 48
3] 39 18 41 18 33

Figure 5. Front view of expected bed topography due to scours for a
piven 0 and ¥, conditiony

A comparison of the changes in velocity and flow d

The final output of these experiments is presented in the cvery mmsuml,mm point for ditferent flow conditions is & 152
next section. in Figs., 7 and 8. -
19
V. RESULTS AND DISCUSSION o g
This scetion presents resuits reported for high flow (Q~30 & 140 i
L/s) under dry pond condition (v = 0 cm) and partially § 120 4 - - §
submerged pond condition with (Vpme = 9 cm and 14 cm). ‘EE‘ 100 - %‘3*'
Discussion is provided on the effectiveness of energy being 3 80 g
dissipated under the above-stated pond conditions, 0] woa
404
The points A, B, C and D were taken chronologically along 20 4 ' : e
the centre fine of outflow conduit. The distances of these points 0 i . ;
from the outflow conduit were 65, 110, 150, and 180 cm, A B point o) © L
respectively. The location of obscrvation points and the e o] = G OM ke ypond = G oM oo ypond = 14 o
dimenstons of baffle blocks are as shown in Fig. 6. At all these
points, measurement of velocity and flow depih was taken so Figure 7, Comparison between the velocity changes at each poist ¢
that the changes in hydraulic parameters mentioned above were specified flow conditions

also observed,

As shown in Fig. 7, for all the flow conditions the ve
profile followed a declining trend. For dry pond condition

3 Draeflow Conduir . e , . S HUEE
\ - velocity significantdy reduced from point A to D, follow Lo
b o - « 0
b constant decline, whereas for submerged pond conditions o -
S{ Q velocities reduced mildly. of v .
Oh .

ther:
can
fairt

Clancrete Apy o

4
Figure 6. Location of the observation poinis and baftle block dimensions 24
0 + i r
A 12 c B
After cach Ime of obstruction, the specific energy (£) s Eolat fem).
computed using Fa. 1, Teoyond=0em  caypondgom  CEywendsvier

Figrure 8, Comparison beiween the flow depth changes al cach puin
the specilied fow conditions
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The flow depth increased along the specitied points for
wh of the pond condition as shown in Fig. 8. For dry pond
dition, the flow depth is substantially increased from point
‘4o point B and C, subsequently following a mild increase at
ant 1. The flow depth increased slightly for submerged pond
ndition as ..., was tried to maintain at specific depth.

The energy loss caused by the baffle blocks placed
sverse to the flow is the main criterion to judge the
cetiveness of the whole encrgy dissipation system. The
rgy at first point A was initially agsumed as 100% and was
pected to be dissipated by the baffle blocks provided
wistream of the flow, Eq. 2 gives the value of energy foss,
(%) at cach point with respect to energy at point A, £,.

B = Epep—Ey x 100 o))
£y

Fig. 9 shows a comparison of the percent of energy loss at
1y observation point for the different flow conditions.

Energy Loss, £, (%)

80 7 T T

A B point (coy) ¢ o

—e—ypord=0em  —A—ypond=9cm B ypond = 14 ch]

Figure 9. Comparison belween energy losses at each observation point for
the specified flow conditions

As shown in Fig. 9, at point A the encrgy is assumed to be
maximum since it is a point nearcst to the outflow conduit.
Later, the energy is subsequenily reduced due to the balfle
locks provided on the apron. For submerged pond condition
9 cm, the energy is substantiaily reduced from point Ato B
ereafter reducing mildly. As for the unsubmerged pond
ondition and submerged condition of 14 cm, the encrgy is
airly reduced by the baffle blocks,

The scour depth along the center line of the outflow conduit
or the specified flow conditions are graphically presented in
ig. 10.
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Figure 10. Scour depth for different flow conditions

The location and depth of scour that occurred downstream
of the energy dissipation system was observed when the pond
was dried after cach experimental run. Fig. 10 depicts the
maxinum scour that oceurred for dry pond condition, proving
it as the most vulnerable state of scouring in the pond. The
submerged conditions offer refatively lesser scour depth, with
minimum scour depth resulting at pond water level of 14 cm,

V. CONCLUSIONS

This paper discusses the application of a scries of energy
dissipation system placed downstream of a water retaining
structare. The hydraulic characteristics of the flow were
critically studied and any scours observed at the downstream
section of the structure was reported.

For high discharge, the energy loss impact of energy
dissipation system apptied is comparatively high in submerged
pond condition of 9 cm. However, if’ there is a dry or partially
submerged condition of 14 ¢m, the encrgy loss is not as
significant as in the submerged pond condition of 9 cm.

The experimental  results show that the hydraulic
characteristics (velocity and flow depth profiles) conformed
well to the theorics of flow as mentioned in the literature
review of this paper, proving that the applied energy
dissipation system could control the local scour. However, it
was also observed, that focal scour still occurred downstream
of the structure, proving the design of bafflc blocks of the
encrgy dissipation system necds improvisation based on
experimental restlts,

The scour depth for cach of the conditions studied,
highlights partially submerged condition of 14 ¢m as being the
most cffective one 1o control excessive scouring. It is observed
that maximum scowr depths occurred for the dry pond
condition,
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