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Instructional objectives

On completion of this lesson, the student shall learn:

1. The design steps for a canal head regulator
2. The need for sediment exclusion devices
3. Operation and regulation rules for barrages

4.3.0 Introduction

A barrage constructed across a river comprises of the main diversion structure to raise
the river's water level and control its flow, but there are other components which
comprise of the total barrage project, that are equally important. These are as follows:

1. Canal head regulator: The structure that regulates the water inflow to a canal.

2. Sediment exclusion devices: A structure that attempts to remove suspended

sediment from the river water and helps in reducing sediment entry into the
canal.

. Gates and Stoplogs: Gates are used to control flow through the main diversion
structure as well as through the head regulator. Stop logs are used for
emergency closure of the flow through the bay of a barrage or a head regulator.

. River training works: These structures are necessary to guide the water towards
the barrage.

. Navigation and fish passing facilities: The obstruction of a river caused by the
construction of a barrage requires these structures for free passage of ships and

boats or migratory fishes up and down the river.

Though all the above appurtenant structures are important, only the first two, that is,
Canal head regulator and Sediment exclusion devices have been discussed in this
lesson in detail, with references to the appropriate Bureau of Indian Standard codes. A
list of the important standards for these and other components is given below:

IS code number

Name of code

1 |IS 6996 (Part 1):
1989

Hydraulic design of barrages and weirs — Guidelines

2 | 1S7720: 1991

Criteria for investigation, planning and layout for barrages
and weirs

3 | 1S 14955: 2001

Guidelines for hydraulic model studies of barrages and weirs

4 | 1S 11130: 1984

Criteria for structural design of barrages and weirs
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5 | 1S 11150: 1993 Construction of concrete barrages — Code of practice

6 | IS 13495: 1992 Design of sediment excluders — Guidelines
7 | 1S 6531: 1994 Canal head regulators — Criteria for design
8 | 1S 7495: 1974 Criteria for hydraulic design of silt selective head regulator for

sediment control in off-taking canals

4.3.1 Design of Canal Head Regulator

As mentioned before, the regulator provided at the head of a canal off-taking from the
pool behind a barrage is termed as canal head regulator. The structure has the
following functions to fulfill:

e Regulation of supply of water into the canal or water conductor system for
purposes of irrigation, hydroelectric power generation, industrial or domestic
water supply, etc.

e Control of the entry of silt into the canal.

Hence it is very important that the design of the head regulator is made carefully for
satisfactory hydraulic and structural performances. The various aspects of a canal head
regulator’'s design is discussed in this section. The Bureau of Indian standards code
1S:6531-1994 *“Canal Head Regulators - Criteria for design” recommends the details
for the layout and design of these structures and important aspects from this code have
been included herein.

Location and layout

The location of a canal head regulator is interlinked with the location of the diversion
work. The head regulator should be located as close to the diversion structure as
possible and preferably at the end of the outer curve (convex bend), if available at same
portion of the river. The general location of a head regulator in relation to the barrage
may be seen from Figure 1.
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Ficure 1. Typical location of a canal head regulator in relation to a barrage

Adapted from 15 6531: 1994 Canal Head Regulators - Criteria for Design

While the location of the head regulator adjacent to the abutment of the diversion
structure is preferred, it may not sometimes be possible to locate it there due to
topographical features such as hills, etc. In that case, the head regulator may have to
be located upstream near the periphery of the pond, but not very far from the main
structure. If the discharge requirements are small, sometimes the head regulator is
provided in the form of an opening in the wing wall of the abutment.

The head regulator has to be properly aligned with respect to the barrage axis, so as to
reduce the quantity of silt entering the canal and also to avoid back flow and formation
of stagnant zones in the pocket. To achieve this, the axis of the regulator may be kept at
an angle varying from 90° to 110°%, as shown in Figure 2.
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FicUrE 2. Relative inclination of head regulator & barrage axes
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Though this angle recommended is preferred, the final layout is invariably tested in a
model study that checks the different flow combination of the Undersluice gates and the
canal regulator gates. A typical layout of a canal head regulator may be seen in Figure
3. A longitudinal section through the structure is shown in Figure 4 and one off-taking by
the side of a sediment excluder is shown in Figure 5.
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Ficure 3. Typical layput of a canal head regulator
Adapted from IS 6531: 1994 Canal Head Regulators - Criteria for Design
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Ficure 4. Sectional view through a canal head regulator
Adapted from |S 6531: 1994 Canal Head Regulators - Criteria for Design

AXIS OF HEAD REGULATOR

TRAZHRACK GROOVE
MAX POND LEVEL =

CEMEMT COMCRETE LIMIMNG
TRAMSITION PTRTION

GATE GROOVE

BOULDER SET FACING

ARMOURED STEEL
PLATE

GRAMITE STONE

|
|
i
1
|
1
|
STEEL LINED |

STOPLOG GROCVES
LI .

¥ GRANITE FACING

PRESSURE RELIEF VALVE *
4 * LR

'PIER FOUNDATION

SECTION X-X

...... T EETEEE

— GRANITE STOME

CEMENT CONCRETE

PLUM COMCRETE

Ficure 5. Canal head regulator section with Sediment Excluder
Adapted from 15 6531: 1994 Canal Head Regulators - Criteria for Design

The head regulator can be constructed independent of the abutment separated from it
by suitable joints and seals or it can be made monolithic with it. The abutments of the
head regulator themselves can be separated from its floor by longitudinal joints and
seals or they can be made monolithic with the raft floor of the head regulator and the
whole structure can be designed as a trough section (Figure 6).
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Ficure 6. Head regulator as a monolithic trough section.

The regulation of water through a head regulator is provided usually by vertical lift
gates. However, nowadays radial gates are also becoming common, though they are
preferred for headworks having a relatively large difference in elevation between pond
level and the canal full supply level which would ensure non-submergence of the radial
gate’s trunnion pin. Usually, a road bridge is also provided across a head regulator for
vehicular traffic or for inspection purposes and would be suitably connected by road to
the bridge across the main barrage structure. For the operation of the gates, a working
platform across the head regulator has to be provided.

Hydraulic design

The hydraulic design of a canal head regulator consists of the following:

e Fixation of pond level of the pool behind the barrage

e Fixation of crest level, width and shape of sill

e Fixation of waterway, number and width of spans and height of gate openings,
requirement of breast wall, etc.

Shape of approaches and other component parts

Safety of the structure from surface flow condition

Safety of the structure from sub-surface flow conditions, and

Energy dissipation arrangements

These aspects are discussed in the following paragraphs in detall
Pond level
The pond level in the undersluice pocket upstream of the canal head regulator may be

obtained by adding the working head to pass the canal design discharge through the
regulator with the water level in the canal at full supply level, and the head losses in the
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regulator. If under certain situations there is a limitation of the pond level, the full supply
level should be fixed by subtracting the working head from the pond level.

Crest level, width and shape of sill

The sill crest level and waterway are interrelated. The sill level should be fixed by
subtracting from the pond level the head over the sill that is required to pass the full
supply discharge into the canal at a specified pond level. To obtain control on the entry
of silt into the canal it is desirable that the sill of the head regulator be kept higher than
the sill of the under-sluices, as much as possible, and at least by a difference of 1.2 to
1.5 meters. If silt excluders are provided, then the crest level of the sill should be kept
at about 0.5 meters higher than the top surface of the silt excluders.

The required head over sill, H, for passing a discharge Q, with an effective waterway L,
has to be worked out from the following formula, which is meant for flow that is
uncontrolled (with out any gate control).

Q = Cy LeHe>? (1)
Where Q =discharge in m3/s
Cq = coefficient of discharge

L. = effective waterway
He = required head over crest for passing discharge Q, in meters

The coefficient Cq4 is not constant but depends on many factors (refer Figure 7) such as
head above sill, shape and width of sill (W), upstream slope (Z,) and downstream
slope (Zp) of the sill, height above the upstream floor (P) and roughness of the
surface.
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Ficure 7. Recommended values of coefficient of discharge for varying He, P and W

Adapted from IS 6531: 1994 Canal Head Regulators - Criteria for Design

A typical set of curves for finding Cq4 at different values of He/P but for Z;=0 and Z2=2 is
shown in Figure 7. Different sets of curves are available for Z;=0 and Z2=3, the details
of which may be found in IS: 6531-1994. Of course, as the submergence increases,
that is Hg/He tends to 1, the coefficient of discharge C4 also reduces. (Here, Hy is the
downstream water depth above crest and He is the upstream total head above crest).
The discharge reduction coefficients for various degrees of submergences are shown in
Figure 8.
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Ficure 8. Variation of discharge reduction factor for submerged flow
Adapted from IS 6531: 1994 Canal Head Regulators - Criteria for Design

When the outflow is controlled by partial opening of the gates of the head regulator, the
discharge formula for submerged sluice flow has to be used, which is as follows:

Q=2/3(29)"? Cq Le(H:¥2 -H,>?) (2)

Where Q = discharge (in m%/s)

Cq = coefficient of discharge
L. = effective waterway (in meters)
Hi and H, = total heads to the bottom and top of orifice

The width of the sill has to be kept according to the requirements of gates, trash rocks

and stop logs subject to a minimum of 2/3 He, where He is the total upstream head
above crest.

The edges of the sill have to be rounded off with a radius equal to He. The upstream
face should generally be kept vertical and the downstream sloped at 2H:1V or flatter.
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Determination of waterway; number and width of spans

The waterway should be adequate to pass the required discharge through the head
regulator without difficulty. After deciding the effective waterway the total waterway
between the abutments including the piers have to be estimated from the following
formula

Where

L; = total waterway

L. = effective waterway

N = number of piers

Kp = pier contraction coefficient

Ka = abutment contraction coefficient
He = head over crest, and

W = total width of all piers

The recommended values of K, and K, have been shown in Figure 9.
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K,=0.02 K,= 0.01 K,=0.00
PIERS
’é b for
s ‘/ Vel 0.5H.~F>0.15H,
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ABUTMENTS H,= Design Head

FIGURE 9. Recommended values of K, and K,

Shape of approaches and other component parts

The upstream inlet should be provided with circular, elliptical or hyperbolic transitions.
The splay may be of the order of 1:1 to 3:1. At the downstream end, straight, parabolic
or hyperbolic transitions may be provided with the splays ranging from 3:1 to 5:1
(Figure 10). All dimensions have to be tested in model studies for final estimates.

The wing walls should normally kept vertical up to the end of the impervious floor
beyond which they should be flared from vertical to the actual slope of the canal section.
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Ficure 10. Transitions for uestream inlet

Safety of the structure from surface flow condition and energy dissipation
arrangements

For head regulators located on non cohesive and erodible foundations, the unlined
portion of the floor has to be protected against scour. However, if the head regulator is
located on non-erodible beds, then these precautions may not be necessary.

On the upstream edge of the head regulator floor, a cutoff (or sheet pile) has to be

provided and taken to the same depth as the upstream sheet pile of the main barrage
structure (Figure 11).
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FIGURE 11. Sheet pile on the upstream of head regulator floor

On the downstream side of the sill, the head regulator shall have to be provided by a
proper energy dissipating arrangement, which is usually done through the formation of a
hydraulic jump for different discharge conditions. For various gate openings with pond
level on the upstream (in the pool), the discharge through the head regulator have to be
worked out. From these values, the cistern levels and lengths would have to be
calculated and the governing values adopted for a profile. Additional energy dissipating
devices such as chute blocks, friction blocks, end sill or dentated sill, etc. could also be
provided wherever necessary. For head regulators with small discharging capacities,
additional energy dissipating devices except an end sill may not be necessary. Details
of energy dissipation devices based on hydraulic jump considerations may be had from
Bureau of Indian Standards Code 1S:4997-1968 “Criteria for design of hydraulic jump

type stilling basins with horizontal and sloping aprons”.

For evaluating the thickness of the floor of the head regulator, the hydraulic jump
profiles for different flow conditions have to be plotted. Flow conditions would vary for
different discharges in the canal with a corresponding gate opening of the regulator.
The average height of the jump trough should then be obtained by deducting the levels
of the jump profile from corresponding subsurface hydraulic gradient line. This will be
taken as the unbalanced head for which safety of the floor (glacis, cistern) has to be
ensured . As a rough guide, the unbalanced head may be assumed to be 1/2(d,-d1)
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where d; and d, are the conjugate depths at the beginning and end of the hydraulic
jump.

Safety of the structure from sub-surface flow condition

Similar to the design of the main barrage floor, the floor of a head regulator has to be
checked for critical sub-surface flow conditions, if the head regulator is located on a
permeable foundation (Figure 12). The factors that have to be checked are as follows:

CANAL GATE CLOSED

FLOOR OF HEAD
REGULATOR
.-f"
o
'

SHEET PILES

SUBSURFACE FLOW

Ficure 12. Critical subsurface flow for head regulator has
to be checked for canal gate closed condition

The exit gradient for the upward rising seepage flow just downstream of the solid apron
has to be determined by the formulae suggested in Lesson 4.2. The exit gradient has to
be safe according to the type of bed material as per the guidelines given in that lesson.

The total length of solid floor and depth of downstream cutoff (or sheet-pile), which are
inter-related, have to be determined from the conditions enumerated for sub-surface
flow for main barrage floor in Lesson 4.2. However, it must be remembered that the
total floor length can be decreased by increasing the depth of the downstream cut-off
and vice versa, but increase in depth of downstream cut-off should result in increase in
the concentration of uplift pressures, specially in the downstream half of the floor. A
balance between the two should have to be arrived on the basis of economic studies.
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Of course, the depth of downstream cutoff shall have to be worked out for the floor
length decided to ensure safe exit gradient. If the depth of downstream cutoff so
calculated is excessive, it can be reduced by increasing the upstream floor length.

Also, the uplift pressures at the key points on the floor have to be determined from the
formula and graphs given in Lesson 4.2 corresponding to the condition of a high flood
level in the river at the upstream of the head regulator and with the gates of the
regulator all closed and no water in the canal downstream.

Just downstream of the solid apron of the head regulator, an inverted filter 1.5D to 2D
long has to be provided, where D is the depth of scour below bed level determined from
Lacey’s formula, as for the main barrage structure given in lesson 4.2. This layer has
to be overlain with 1.5/1.5/0.9m concrete blocks with open gaps in between the blocks
and filled with coarse material like stone chips. The graded inverted filter may range in
thickness from 0.5m to 0.8m and should conform to the following design criteria:

d,; of filter d,; of filter
—2>4> -
d,; of foundation dg; of foundation

(4)

In the above relation, dy stands for the grain size than which x percent is finer.

Downstream of the inverted filter, loose apron 1.5D long consisting of either boulders
weighing not less than 40 kg or gabions made of wire crated have to be provided.

On the upstream of the solid floor of the canal regulator, blocks and loose stone apron
may be provided which should be similar to that provided upstream of the main barrage
structure.

4.3.2 Sediment exclusion devices

A sediment exclusion device is provided as a part of the undersluice bays of the barrage
floor in the river pocket adjacent to the head regulator to minimize sediment entry into
the canal through the head regulator. As such, the excluders have to deal with alluvial
materials such as boulders, gravel, and sand or silt depending upon the parent bed
material and that which is being transported by the river. The sediment exclusion
structures are necessary where excessive sediment entry into the canal is likely to
cause its silting up and gradual reduction in flow conveyance. Streams carry most of
sediment load of coarser grade near bed. If the bottom layers are intercepted and
removed before the water enters the canal, then most of the sediment load can be
withdrawn and prevented from entering the canal.

All rivers in the northern and eastern parts of India which originate from the Himalayas,
which are geologically quite young mountains, flow quite fast in the upper reaches and
carry with them heavy sediment load due to the comparatively soft hill formations. In
the plains, their velocities are reduced due to the sudden changes of river bed slope
and steep slope and as a result corresponding water surface slopes and the sediment
load gets deposited. There is a low-lying plain of alluvial deposits of the Ganga -
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Brahmaputra plains, the rivers which carry large sediment concentrations ranging from
2000ppm to 5000ppm by weight. The rivers of the southern peninsula such as
Godavari, Krishna, Cauvery and their tributaries, which rise from the Sahyadri ranges
on the south of Vindhyas flow through a plateau by hard volcanic rocks over a terrain
with a hard, high and strong banks on either sides. As such, the sediment problem on
these rivers is somewhat less compared to the rivers of the north.

The sediment excluding devices are not required to be provided in river pockets under
following circumstances:

If sediment trap like flood control dams are existing in the upper reaches of the
river and there are no major tributaries in between the dam and the barrage
downstream

If the sediment load coming in the river reach upstream of the barrage is only
wash load

Wherever proper regulation of the undersluices are possible so that the incoming
sediment load in the pocket could be flushed completely, and

If sill of canal head regulator is 4m or higher above the floor level of the pocket,
decision on the omission may be taken after the assessment on the basis of
model studies.

Sediment excluders are required to be provided in the river pockets of barrages when
the following characteristics predominate:

When there is high ponding upstream of the barrage to meet the canal discharge
requirement

When the river/tributary brings in sediment load of the order of 1500ppm and
above, and contains significant percentage of coarse and medium sized
sediment

If the river is in the aggrading stage or wherever formation of bed bars/shoals is
noticed due to unfavorable approach condition

Bed building stage of the river may occur due to barrage obstruction to flow as
well as improper regulation of barrage gates

Due to adverse flow curvature upstream of the barrage head regulator, most of
sediment load in high river stages may likely to settle in front of the head
regulator and may enter its way into the canal

In spite of suitable location of head regulator, river training measures for arriving
at favourable curvature of flow, providing divide walls for separating pockets
from barrage bays and suitable gate regulation of barrage undersluice bays for
sand exclusion, a large quantity of coarse material may find its way into the
pocket. In such cases for efficient working of canal, silt excluders are required to
be provided

Exclusion of gravels and boulders could be achieved by providing barrage crest
at river bed level and ponding operation only during non-flood season. Similarly,
features such as frontal intake, provision of river sluice, undersluices with low
crests, provision of divide-walls their orientation and lengths, barrage gate
regulation are some of the features depending upon sediment load and
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hydrograph characteristics of river as well as cut-off available and pond level to
be maintained. Generally, gravels and boulders are excluded by keeping the
crest of spillway bays low and suspended load and bed load is removed through
special silt excluding structures.

The structure that is constructed in the undersluice portion of the barrages extending
into the river pocket adjacent to the canal head regulator to minimize sediment entry
into the a canal head regulator is done with the help of the divide wall which creates a
relatively a quite zone (referred to as pocket) in front of the canal intake. The wall
divides the stream flow as it approaches the barrages so that part of the flow is diverted
to the spillways and part through the undersluice bays. The pocket acts like a ponding
area of low velocity which allows much of the sediment to get deposited and flow
downstream instead of getting into the canal. The sediment which gets deposited is
taken downstream through the sediment excluders which are nothing but a series of
tunnels made of reinforced concrete at the river bed level laid in front of the head
regulator and ending at the undersluice bays.

There are, generally, two common types of layout for sediment excluders. The first
type has the mouths of the tunnels that are laid staggered (Figure 13), and is
sometimes called the Khanki-type, the name of which is derived from one of the projects
where it has been used. The other type of excluder has all the tunnel mouths aligned at
an angle in plan (Figure 14), which is called the Trimmu-type excluder.
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Figure 13. Khanki type sediment excluder
(Image courtesy: Manual of Barrages, CBIP, 1985)
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Ficure 14. Trimmu-type sediment excluder
(Image courtesy: Manual of Barrages, CBIP, 1985)

A typical cross section of the excluder tunnels is shown in Figure 15, where the canal
head regulator has been shown in longitudinal section, since it is at right angles to the

excluder tunnels.
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Ficure 15. Sediment deflector for removing large boulders.
(Image courtesy: Manual of Barrages, CBIP, 1985)

Though both the staggered-entry and inclined-entry types of excluders have been used,
there exist a few differences between them which may be considered while proposing a
particular type. The following list enumerates the major comparative merits between the
two.

e The tunnel mouths of the Khanki type being staggered may be extended to any
length, each being independent of the other. The positions can be fixed to suit
the approach conditions of the river. Hence, this type of excluder possesses a
greater flexibility in tunnel arrangement compared to the Kalabagh type.

e The Khanki type of excluders is more sensitive to changes in river approach
conditions and their performance may deteriorate if the river conditions keep
changing with time. This is not the case with the Kalabagh type of excluders.

e The Khanki type of excluders is more complicated to construct as compared to
the Kalabagh type.

Diversion structures constructed in mountainous regions may have large sized boulders
rolling down the river and to remove them away from the head regulator, a structure in
the form of a sediment excluder without the top slab has to be provided, which is called
a Sediment Deflector as shown in Figure 16.
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FIGURE 186. Silt / sediment deflector

The crest level of head regulators should be higher than the top of the deflector by at
least 0.5m to 1m so as to prevent the entry of coarse silt into the head regulator.

For the design of the sediment excluders, the following parameters have to be decided:

* Number of undersluice bays of the barrage that have to be provided with sediment
excluder tunnels
* Number of tunnels that are to be given for each bay of undersluice

sLocation of the mouths of the tunnels
*The velocity and discharge that may have to be permitted through the tunnels.

Interested readers may refer Bureau of Indian Standards Code 1S:13495-1992 “Design
of sediment excluders - guidelines” for finalizing the tentative values of the parameters

mentioned above apart from the layout, shape, longitudinal section and cross section
of the tunnels. The final shape has to be decided from an appropriate model study.
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4.3.3 Operation and regulation rules for barrages

A barrage is such a structure that has gates for controlling flow across almost the whole
river section with their crest levels being very close to the riverbed. Hence operation of
any gate or groups of gates not only affects the flow pattern in the upstream, thatis, in
the pool and in the downstream but also the river bed level changes associated with the
changes in flow velocity. Further the undersluice bays have to be operated in such a
way that there is not significant entry of silt into the off-taking canal. In order to prevent
any unnatural flow behaviour and river morphological changes while satisfying the
requirements of maintaining the pond level and prevention of sediment entry into the
canal, a set of general guidelines have been formulated. Some of the important ones
amongst these have been enumerated below:

1. The required pond level is to be maintained both during the non-monsoon flows and
the falling flood periods.

2. The non-monsoon flows remain as far as possible near the undersluice bays so that
feeding of the canal through a head regulator is not affected. In order to achieve this,
therefore, most of the spillway bays are kept shut or opened very marginally. It is only
the undersluice bays that operate and pass most of the river discharge which, in turn,
creates a deep channel in the riverbed towards the bank where the canal is off-taking.

3. Though it is essential to draw water towards the canal head regulator side by
operating the undersluices, it is also to be seen that a fairly uniform distribution of
discharge takes place along the width of the barrage, as far as possible.

4. The gate operations should be such that the risk of deep scours or shoal formations
(that is, deposition of sediments to form mounds) in the vicinity of the barrage both on
the upstream and downstream is minimized, as far as possible . In order to achieve
this, it is essential that the gate openings of adjacent bays should not be abruptly
different.

5. A gate opening sequence has to be evolved such that deposition of silt and debris is
avoided as far as possible on the upstream pool.

6. On the downstream of the barrage structure, the hydraulic jump should not be
allowed to form beyond the toe of the downstream glacis.

7. A relatively high intensity of flow is to be avoided in the regions of deep scour, if any
has been formed.

8. If a shoal has formed on either upstream or downstream it has to be washed out by
an appropriate gate opening sequence.

9. The gate operation schedule should also consider the safe rate of lowering or rising
of the pond level.
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10. Constant and regular supply of water into an off-taking canal has to be ensured
even though the discharge coming into the barrage pool may fluctuate as by the
outflowing discharges of a power house located on the upstream side.

The operation and regulation of barrage gates can be divided into three distinct periods,
as mentioned below:

1. Before monsoon (pre-monsoon)
2. During monsoon
3. After monsoon (post-monsoon)

The general gate operation strategies for these three periods are given below:

Pre-monsoon operation

This is a low flow period and wastage of water has to be avoided during this time, as far
as possible. The barrage gates shall have to be regulated such that all the available
supplies are conserved and pond level is maintained. Any excess flow over and above
the requirements through the head regulators have to be released through the
undersluice bays and silt excluder tunnels, wherever provided. The releases through the
head regulator of the canal have to be based on the accepted discharge formula. For
ready reckoning they are usually converted to discharge tables. These tables have to
be occasionally checked for accuracy by taking actual measurement of flows in the
canal. For any flashy flood, the canal may have to be closed temporarily, if the
concentration of suspended sediment is in excess of the safe prescribed limits.

Monsoon operation

Gauges to indicate flood stage have to be installed sufficiently upstream (about a
kilometer or more) of the barrage at suitable location so as to ensure adequate margin
of time for operation of gates at the barrage site. During low floods, the gauges have to
be signalled and recorded at every three hours while in medium and high floods, these
shall be recorded every hour. The signaller at the head works, on receiving the flood
warning shall communicate to the official of the headworks and other regulation points
downstream. All these can be smoothly achieved if a wireless or telephone connection
is established between the gauge reading point and the canal head works at barrage
site. The water levels may also be the automatic floating type whose signal can be
electrically transmitted to the barrage regulation point.

In order to create most favourable conditions for sediment exclusion from the canal,
“Still-Pond” regulation have to be adopted, as explained below. However, in locations
where the canals cannot be closed for silt removal, “semi-still-pond” regulation have to
be adopted. These two modes of operation are explained below.

Still pond operation

In still pond operation, all the gates of the undersluice bays have to be kept closed so as
to limit the discharge flowing into the pocket to be equal to the canal withdrawal. The
specified or required discharge only should be drawn into the canal and the surplus river
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discharge should be passed through the spillway bays or river sluice bays, if provided.
As the undersluice bays are kept closed, the low velocity in the pocket causes the
sediment to settle down and relatively clear water enters the canal. However, the pocket
gets silted up in this process after sometime.

At, that time, the canal head regulator gates should be closed and the deposited silt
should be flushed out by opening the gates of the undersluice bays. The canal supply
may be stopped during this scouring operation which may take about 24 hours. After
the deposited silt has been flushed out sufficiently, the head regulator gates should be
opened and undersluices closed. This operation is desirable where the crest of the head
regulator is at a sufficiently higher level than that of the upstream floor of the
undersluice bays. This still pond operation should be continued till the river stage
reaches the pond level after which the undersluice gates should be opened to avoid
overtopping.

Semi-still-pond operation

In the semi-still-pond operation, the gates of the canal head regulator are not closed for
flushing of the silt deposited in the pocket. The gates of the undersluice bays should be
kept partially open to the minimum necessary so that the bed material in the pocket
could be passed downstream. The discharge in excess of the canal requirement should
be passed through the undersluice bays and silt excluder tunnels, wherever provided.

During the monsoon months, it is important to keep a constant watch over the sediment
entering the head regulator, a portion of which may have to be discarded through a
sediment-extractor, if any, provided within the canal. Further, it may have to be
ensured that sediment deposition takes place only to the extent that can be washed out
early in the cold weather before the full demand develops. For these conditions to
satisfy, the following actions may be necessary:

1. Sediment charge observations for both suspended sediment and bed load have to be
made at least once a day in low floods immediately below the head regulator, below the
silt ejector, if any, and at any other sensitive point lower down the canal. The
frequency of observations may have to be increased in medium and high floods as
required.

2. The cross section of the canal shall have to be taken at a few critical points to keep a
watch on the extent of sediment deposition in the canal.

3. Water surface slopes at the critical points in the head reaches of the canals have to
be kept under observation with the help of gauge observations of water levels.

4. The ponding upstream of power stations, for the case of power channels, shall
have to be restricted to the requisite extent so as to avoid harmful sediment deposition.

5. The canal may have to be closed from the head under the following situations:

e Beyond a specified sediment charge during medium or high flood and re-opened
when the sediment charge drops down below the specified limit. Since the silt
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carrying capacity of the canal would govern the specified limit, it would vary from
project to project and should be estimated based on actual data or experience of
the engineer.

e When sediment deposition at the critical points has reached the maximum
permissible bed level. This limit along with the sediment charge in excess of which
the canal is to be kept closed, may have to be fixed for different months during the
monsoon period in order to be able to meet the irrigation or power demands.

Since cross flows and vertex formations dangerously cause deep scours both on the
upstream and downstream of the barrage leading to washing away or sinking of cement
concrete blocks and loose stone aprons, and damage to the nose and shanks of guide
bunds, visual observations of the direction of current and vortex formation during low
and medium floods should be made. After critically observing the effects of different
patterns of gate operation on the formation of vortices, the engineer-in-charge would
have to judiciously select the correct pattern which cause only minimum scour and
minimum shoal formation.

The engineer-in-charge shall also have to monitor the shoal formations, changing
network of spill channels, etc., which cause unequal distribution of flows through
different bays, cross flow near the barrage floor ends, etc. The shoal formations quite
close to the barrage may be washed out by judicious gate operation strategies.

The pond level has to be kept at the minimum required to feed the canal with the
required discharge by suitably operating the gates. If a higher pond is maintained, then
the extent of shoal formation would increase.

Post-monsoon operation

The sediment concentration observations and cross section of the critical points on the
canal have to be continued but at less frequent intervals till satisfactory conditions have
been established. Still or semi-still pond operation, with sediment excluders or
sediment extractions, depending on the surplus water available, have to be continued
till the water becomes reasonably clear.

When a canal is first opened, a low supply have to run for a few hours at least and the
depth should gradually be raised according to the requirements. The rate of filling and
lowering of the canal should be prescribed and these should not be transgressed.

If a study of the survey data indicates that shoal formation has occurred on the
upstream and/or on the downstream of the barrage in spite of a judicial operation of
gates, during normal and flushing operation of the pool, the shoal have to be removed
by dredging to the extent possible so that satisfactory flow conditions are established
and also the desired capacity is restored.

Satellite imageries may be studied to detect significant changes of the bank-lines for
over the past years and remedial measures taken to improve the river behaviour.
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