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Design and Construction of Water Courses

Y.C.Agrawal

1.0
Introduction 
Water course: It is a small channel to deliver water to each and every field in the command area of an outlet which is approximately 40 Ha for a delivery system of one cusec.

Water course generally off takes from a minor or distributary.

Capacity of a water course depends upon (a) Water allowance  (b) running period of outlet and (c) Area to be irrigated.

Minimum chak size:
The minimum size of a chak is so kept that the minimum discharge of a water course is 14 lts/sec. This is kept 0.5 cusecs, so that percentage transit losses are less and command area is irrigated in a reasonable time.

The length of water course is generally limited to 3 Kms.

Longitudinal slope : A minimum slope of 1 in 2000 is ordinarily adopted for earthen water courses. A slope of 1/1000 to 1/1500 should be preferred. However, natural slope of the land is deciding factor. For lined water courses, steeper slope like 1/1000 may be generally adopted.

Working head : working head of 0.30 m at outlet head is kept. It is a usual practice to provide a field command of 0.15 m.

Transit losses: Generally transit losses in main canal, branches & distributaries and field channels are 17% ,8%, & 20% respectively in Indo-Gangetic plains as given by ICRD.

Transit losses in a water course are due to (a) Leakage (b) spillage (c) Evaporation and  (d) Seepage.

Seepage losses can be accurately measured by Ponding method.

Normally the transit losses are considered @ 2.5 cumec / million Square metre of wetted perimeter.

2.0
Section
S. No.
Type of water course
Minimum bottom width
Minimum full supply depth
Free board
Water surface slope
Minimum bank width

1
Earthen
30 cm
25 cm
15 cm
1/2000 to 1/500
30 cm

2
Lined
25 cm
30 cm
7.5 cm
1/6666 to 1/200
38 cm

I.S.12379: 1988

3.0
Field layout
After fixing the minimum chak size and normal chak size, the command area of a canal is divided into chaks, so that capacity of the water course is 14 lts/sec(minimum) and 28 lts/sec (average).

For this purpose contour plan of the command area of canal is prepared by surveying the command area by grid system. Grid size as generally kept 30  m x 30 m. The contour interval should be kept 15 cm (for lands up to 1/100 slope) and at 25 cm (for lands above 1/100 slope). The grid and contours should be marked on a village sajra map and thus sajra sheet should be prepared.

Chak boundaries are kept so that length of water course does not exceed 3 kms.

The alignment of water course is generally kept along the ridge line.

4.0
Requirements of good distribution net work
A good distribution system should satisfy the following requirements:

· It should provide desired quantity of water economically and efficiently to each part of the chak.

· It should have enough capacity to meet crop water requirements during peak use periods.

· The system should be large enough to allow delivery of water in the time allotted when water is supplied on rotation or turn basis.

5.0
Design capacity of water courses
The capacity of water course has to be decided taking into consideration the requirement as per water allowance, chak area and the losses in transit like seepage losses etc.

The design capacity can be computed as follows

Q = (AW/I.T.)(1/1-L)

Where Q= Design capacity of water course in cumec.

A= Area to be irrigated in Square metres.

T= Time of irrigation in seconds per day

W= Water requirement  for  one irrigation in metres.

I= Rotation interval or irrigation interval in days.

L= Water conveyance losses as a decimal.

Example:
If   A = Area to be irrigated = 40 Ha =( 40x10,000)Sq.m.

T =  Time of irrigation in seconds per day =86,400 seconds 
    (24 hours).

W =  Water requirement for  one  irrigation  in  metres = 
     60 mm = 0.06 meters.

I =  Irrigation interval = 8 days.

L =  Water conveyance losses= 0.15 (15% transit losses).

Then required design capacity of water course

Q =  (A.W./I.T.)(1/1-L)

Q =  {(40x10,000) x 0.06 } x {(1/1-0.15)} ( {8 x 86400}

  =
0.0406 Cum/sec. or 1.43 cusecs.

Often an extra capacity upto 25% is added to provide for unexpected requirement of irrigation. 

6.0
Design of water courses
The water surface  slope  in  water  courses  should  be  (i)1/2000 to 1/500 for earthen water courses (ii) 1/6666 to 1/200 for lined water courses.

In earthen water courses trapezoidal section is provided.

In lined water courses, section depends upon type of lining. It may be trapezoidal, rectangular, semi circular etc.

Manning's formula should be used to decide the parameters like bed width and full supply depth.

7.0
Benefits of lining of water courses
· Reduction of water losses to a negligible quantity

· Facilitates planned division and subdivision of water

· Reduction in the width of land lost under the water course section (lined channels needs reduced section)

· Prevent water logging adjoining the water course and stagnation in the field, in the event of a break in the earthen channel

· Reduction in operation and maintenance cost

8.0
Type of lining 

Generally following types of lining are provided:

8.1
Brick lining : The bricks shall be laid in English bond with frogs upward. The width of side walls shall be 115 mm for h eight upto 450 mm (6 courses). For height  of side walls of 525 mm(7 courses) the first course shall be of one full brick, that is 225 mm width and 75 mm height. The width of remaining six courses of side wall shall be 115 mm. For the height of side wall of 600 mm (8 courses) . The first  two courses shall be of full bricks, that is, the width will be 225 mm and the height will be 150 mm. The width of remaining 6 courses will be 115 mm.

8.2
Composite cement concrete and brick masonry lining: Following are the two methods for carrying out the lining work.

· A bed of 50 mm thick 1:3:6 cement concrete is laid over 100 microns LDPE film conforming to IS 9698-1980. Side walls are constructed in brick masonry in 1:4 cement sand mortar (without plaster) or 1:5 cement sand mortar (with plaster). The inside and top of these vertical walls should be finished with 10 mm thick 1:3 cement sand plaster.

· Brick masonry in 1:5 cement sand mortar (with plaster) or 1:4 cement sand mortar ( without plaster ) on the sides and 5 cm thick 1:3:6 cement concrete in the bed should be laid over 1.5 to 2.0 cm thick sub grade of slate pieces/100 micron LDPE film.

8.3
Cement concrete lining: 50 mm thick 1:3:6 cement concrete should be laid in the bed over a 100 micron LDPE film. The vertical side walls should be constructed with  75 mm thick 1:3:6 cement concrete. In case LDPE film is not being used, 75 mm thick 1:3:6 cement concrete shall be laid.

8.4
Stone masonry/stone slab lining:

· Stone masonry lining: Stone shall be free from laminations, soft spots, etc. Stone masonry should be laid in 1:2:8 mortar(1 cement : 2 lime : 8 stone dust) or 1:5( 1 cement : 5 sand) mortar. The joints shall be raked and pointed with 1:3 cement.

· Stone slab lining: Stone slab used for the bed shall have thickness of 25 mm. Stone slab should be laid in 1:2:8 mortar(1 cement: 2 lime:8 stone dust) or 1:5 mortar ( 1 cement :5 sand). All the joints shall be raked and pointed. Masonry on the sides shall be laid in 1:2:8 cement line/1:4 cement sand mortar. The remaining courses of side walls may be laid in  1:4 cement sand mortar.

8.5
Precast cement concrete lining: It shall be in accordance with IS 10646 :1983.

9.0 
Water control structures
These are provided to control and deliver the water to the field.

9.1
Outlets
These are provided to deliver the water from the government deistribution system to the field and can be in the form of flow pipe.

The quantity of water delivered would depend upon the head of water and the cross section of the outlet.

Adjustable Proportional Module (APM):

It is a semi module in which discharge is independent of the water level in the water course, subject to a minimum working head is made available. But discharge in this module varies with variation in the water level in the distributary/minor.

9.2
Drops.

These structures are made of concrete, brick or stone masonry and are used to prevent erosion in the channel laid on highly sloppy land.

The water is lowered from upper section to lower section of water course by spacing these structures in such a way, that the difference in elevation does not  exceed 0.50 metre.

Main function of the drop is to dissipate the energy of falling water. A stilling basin is provided to dissipate the energy of falling water.

9.3
Division Boxes
These are made of concrete boxes, brick or stone masonry with two or more  rectangular openings to divert the water from one field channel to other. Often these boxes are provided with gates and the width of each outlet is proportional to the division of water to be made. The division structure may be separate structure or may be the outlet of a siphon or drop or turnout from which further diversion is required.

9.4  
Checks
These are placed across field channels to raise the water level to facilitate, irrigation by adequate quantity of water to the elevation needed. Their function is similar to the cross regulator in the canals.

It also serves to confine water, to the portion of the water course, which is delivering water to the field which is to be irrigated.

9.5  
Turn out
This is used for releasing water from water course to farm channel or to the field to be irrigated.

Its main function is to control the water released in a basin or a strip or a furrow.

Turnout could be box type, siphon tube type.

9.6  
Flumes
These are used to carry water across gullies, ravines and other natural depressions and along steep hill side terrain.

Steel, concrete or vitrified clay pipes are used and can be semi circular, rectangular or trapezoidal in shape.

be placed below the water surface to ensure that they flow full.

9.7
Culverts
Culverts consist of masonry head walls at inlet and outlet ends, connected together by a buried pipe line and are used at channel crossings.

The earth covering the pipe should be at least 30 cm thick 
(preferably 45 cms or more).

9.8
Inverted siphons
This type of siphon is more economical when a water course has to cross wide depressions or where the road surface lies close to the field surface.

The structure consists of an outlet and outlet tank connected together at their bottom by a pipe.

A check gate is provided at the inlet end to control water surface level in the upstream channel.

The bottom of tank is kept about 15 cms lower than the bottom of pipe to collect silt.

The size of tank should be 60 cm x 60 cm.

The pipe of inverted siphon should be protected by at least 30 cms layer of earth. 
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