ABUHABIL FLOODING IRRIGATION SCHEME

TECHINCAL REPORT

0. Introduction:
 The present technical report concerns a design of the irrigation canals and drainage networks and irrigation structures for rehabilitation and improvement of Abuhabil flooding irrigation scheme (Smaih&Rahad).

The works consist of survey works, design and preparation of tender documents as stated in the contract, the reference for new design is the Italian study which has been carried in the area since1991. 

1. Survey Works:

According to the Design requirements, the survey works has been carried out in Semaih and Rahad schemes simultaneously, as follows:

A. Semaih scheme:

1. 
Preparation of general contour map in scale of 1:10000 showing the spot levels in interval 100x200m for all cultivated areas (8780 Fed.)

2. 
Preparation of general layout showing all the existing plots (hoods) and existing canals (Main and Secondary).

3. 
Survey and preparation of recording spot levels for base line and cross-sections for main and secondary canals every 200 m for base line.    
4. 
Establishing a constant bench marks distributed in scattered locations in the scheme area and illustrated in the general contour map.

5. 
Preparation of design information for existing irrigation structures (levels, locations, dimensions and types. 

B. Rahad Scheme:
1. 
Preparation of general contour map in scale of 1:10000 showing the spot levels in interval 100x200m for all cultivated area (2550 Fed.)
2. 
Survey and preparation of spot levels for base line of main and secondary canals every 200 m for base line.
3. 
Establishing of a constant bench marks distributed in scattered location in the scheme area and illustrated in the general contour map.

4.
Preparation of design information for existing irrigation structures (levels, locations, dimensions and types).

2.
Basic Design Criteria and General Description:
The design concept for Abuhabil flooding irrigation system based on irrigation factors (Crop water requirement) water (MOIWR practice) Referred to the relation between the volume of water and the area of crop which it matures and it is expressed as m3/day/Feddan also rate of flow or water duty is called crop factor, the crop factor is termed to water consumed per day in cubic meters per feddan of crop area. In Abuhabil scheme the crop factors are already calculated in the Italian study and definite as in table below.
Table No. (1)

	Item
	location
	Semaih Factor (24hr)
	Rahad Factor (24hr)

	1
	Main canal
	72.5
	117

	2
	Secondary canal
	94.50
	117

	3
	Drains
	330
	330


3. Criteria and Description of the Canalization Layout:-
3. I. Layout of Canalization:

   The major part of the area that can be most conveniently be irrigated has been identified in the Semaih area where the scheme more properly concerns the rehabilitation of an existing irrigation net work, the layout with a scale of 1:10000 shows this net works in its gross area of 9000 Feddan, it is served by a main canal that runs from Khor Abu Habil so as to cover the units situated on both sides. This scheme adopts the flooding irrigation method and follows the original subdivision into irrigation unit of (96 Feddan); each served by a tertiary canal and shared among eight tenants by means of boundary dykes which enable eight border strips each of 12 Feddan to be filled to a height of about 50 cm. This operation is carried out in about three days for each plot, with a discharge of 0.105 m3/s which is distributed to the field by two special field intakes, made of steel fitted with a gate, and placed on the bank of the tertiary canal.
Drainage is performed by a network that conveys the excess irrigation water and any rain water not retained in the borders. The drainage networks consist of tertiary drains, secondary drains and collective drain.
 In Rahad scheme the gross area about 3000 Feddan also shown on the general layout with a scale of 1:10000, the irrigation parameters are the same as those of the Semaih flooding irrigation scheme already briefly described.

4. Typical Irrigation Unit:

As shown in field irrigation unit Drawing No. MIR/2009-16478, the irrigation and drainage net works are served by a complete road net work that permits, control and maintenance operations to be carried out on the works and transport in side the districts even during the rainy season. Every single plot (tenancy) has its own access from the road.

5. Design of Irrigations System:-

Universally the irrigation system has two levels, field level, and conveyance level.

5. A. Tertiary Canal:

In the field level, the tertiary canal section has been designed to irrigate 96 Feddan with Discharge of 0.105 m3/s consist of a set of field in take about 16 units.
5. B. Conveyance System:
The conveyance system includes main and secondary canals.

5. B.1 Secondary Canals:
The secondary canals have been design to a standard cross section in order to ensure command of all territories, the design water slope down secondary canal flowing at full supply level of 5 cm/km, the design free board is ranged from 40 cm to 50cm, the banks designed so that the bank section contains a hydraulic gradient of 1 in 7 from the full supply level+ 0.2 m. the calculation of discharge in secondary canal as follows:

Q = F * A
           




T

Where: 

Q = discharge in m3/sec

F = Factor (crop water requirements) in table (1)      m3/day/Feddan
T = time in hours (24hr)

5. B.2 Main Canal:
 Main canal has been designed to accommodate the extension areas for both schemes Semaih even the regulators each of two main canals has been supplied with R.S.G regulators at tail to pass the extension discharge. The discharge calculation is the some as secondary canal the deference only in value of the Factor as in table (1).

For design parameters has a deferent values; which ever is the greater, water surface slope 5 cm/km, free bard from 0.40 to 0.50m, berm not less than one meter and etc.

Trapezoidal section has been assumed for design of conveyance canal system of the schemes based on manning’s formula or equation.

V = 1/n * R2/3 * S 1/2 
Where:

R = hydraulic radius

S = water surface slope

N = constant was taken as 0.0303 for excavation section in wet

V = velocity (m/se)

The velocity v is non-silting, non-scouring velocity, the manning coefficient (1/n) equals 45 for dry excavation  and 40 for wet excavation, the usual slope in the trapezoidal cross-section with side slope 1:1 or 2:1 (2 horizontal – 1 vertical).

6. IRRIGATION CANAL STRUCTURES 

6. 1- Tertiary Outlet Structure (TOS) 

Tertiary Outlet Structure is a steel pipe 35-cm in diameter and a minimum 12.5-m long, which takes the supply from a secondary canal, under the roadway, to a water course. Each TOS is generally designed to irrigate one plot of 96 Feddan. The TOS opening can be varied at is submerged end within the secondary canal by a gate of vertical sliding steel plate operated manually by mean of along screw. 

The TOS is depressed below the mean level of the secondary canal, so that is well protected from traffic passing on the roadway under which it passes. The TOS is thus fully submerged at all times, even at lowest supply level. .

The “head” on the TOS is the difference in level between the water in the secondary canal and the water in the head of the watercourse.

Table (2) below gives the discharge in the Tertiary canal for various heads across the Tertiary Outlet Structure.

TABLE (2)

DISCHARGE OF TERTIARY CANAL (M3/DAY)

	HEAD ACROSS THE 

TOS
IN METERS
	Discharge in 

M3 /day

(24 hours)

	0.05
	5.500

	0.10
	8.000

	0.15
	10.000

	0.20
	11.500

	0.25
	12.800

	0.30
	14.000

	0.35
	15.000

	0.40
	16.000

	0.45
	17.000


6. 2 Secondary Canal Structures 

6.2.1. Well Head Regulators

A well head regulator is a pipe regulator with the addition of brickwork well to the upstream end of the pipe to permit manual control and calculation of the flow.

Wellhead regulators are in installed at the head of secondary canals.

The regulator consists of a 12.5-m steel pipe passing under a 6-m inspection road. On the upstream end of the pipe, a sluice gate has been added to give manual control over the flow. The sluice gates are usually submerged; vertical sliding steel pastes operated manually control by mean of a long screw. 
The discharge of gate is governed by the following equation    

Q= Cd* A* h½
Where:- 

           Cd = Discharge coefficient 

            A = Gate opening in square meters

             h = head loss through gate in meters 

             Q = canal discharge

The selection or design of gate with is graded size comparable pipe is characterized by a set of requirements viz: 

· The head loss through the structures is considered to be 0.10 m. (entrance, friction)

· The discharge coefficient Cd = (0.6-0.70)

6.3. - Main Canal Structures 

The head and cross regulators used are roller sluice. The type of regulator is governed by the downstream discharge. The cross regulator is generally placed where a group of secondary canals or Tertiary canals off-take from the main canals.

A minimum head loss of 0.30m is allowed though the roller sluice gates for head regulator, where as the minimum allowance of 0.20 m for cross regulators. The sizes of roller sluice gate are determined according the procedure set out in section 6.3.1- below, knowing the area served downstream of the structure.
6.3.1- Roller Sluice Gates (RSG)

   The roller sluice gate, vertical lift type. The gate is constructed from a mild steel skin-plate stiffened by horizontal rolled steel sections. The wheels are mounted on mild steel axles located in the gate side structure and retained by means of keep plates. The gates are raised  by means of tow galvanized wire rope, one connected at each side of the gate, each rope passing over cast iron rope barrels mounted on the cross shaft connected to a gearbox. Driver to the gearbox is by chain wheel and chain to accommodate manual operation. The roller sluice gate structure consist of a reinforced concrete floor  and 6m wide masonry retaining walls and dry rubble pitching for canal lining. 

 When the roller sluice gate is used as a head regulator where accurate measurement of discharge is required, the minimum allowable head loss is 0.30 m.

  The u/s level governs the setting for RSG, Which should be 0.30 m below the top of the gate when completely closed.

The upstream water level is usually fixed consideration of command required by the minor off take and maximum command over the ground level. The downstream level will be a compromise between obtaining as large a head as possible and optimum water slope in the downstream reach of the regulator.

The Fully submerged discharge under the gate is determined such that the condition of flow will be always being fully submerged. The fully submerged discharge under the gate is given as:

Q= C A h½
Where:-

 C = coefficient of discharge and given a value of 3 

            A = area off gate opening in square meters

             h = head loss through gate in meters 

             Q = canal discharge

The area of the gate opening is calculated knowing the discharge and head loss though the gate. The gate width selected should satisfy the following conditions: 

(a) The opening required for maximum discharge should be less than tow-thirds of height of the grooves,

(b) The underside of the gate should de minimum of 0.60 m below the downstream water level. 

In practice there is a margin of safety in the capacity of the regulator because the coefficient C increases with the gate opening; therefore with large gate openings the actual capacity of the regulator is greater than the calculations indicate.

     (c) When the discharge is grater than that possible for a single gate,  

               two or more Gates are provided.

The main standard sizes of RSG are shown in table (3) below. Also it includes, upstream water depth and the height of grooves various gate widths.

TABLE (3)

Roller Sluice Gate – Standard Size

	Width of Gate
	Height of Gate
	Height of Groove
	Upstream Water Depth

	2.0 m
	2.2 m
	1.975 m
	1.90 m

	2.5 m
	3.0 m
	2.775 m
	2.70 m

	3.0 m
	3.7 m
	3.475 m
	3.40 m


7. Drainage System. 

7.1. Drainage Layout and Design:- 
A system of surface drains is provided throughout the scheme area and included in the canalization layout. The drainage system consists of secondary drains which are sited adjacent to each secondary canal. The secondary drains are designed to discharge into the larger collective drain, which follow the natural ground surface parallel to Sudan rail way 

7.2. Drains Capacities:-

    The gross catchments area served by each drain is determined from the canalization layout. The drain capacity is provided according to the relationship: (The standard run-off discharge formula (Ryve's formula) used in the design of Drains is:

                                            Q = CA2/3
Where 

Q = run-off in m3 per day

A = Catchments area in feddans

C = is the runoff factor a constant depending on the intensity of the rain, permeability of the soils, duration of the storm and other climatic factors. Also the value of C depends on the Geographical zone in which it is considered (The Sudan falls in different Geographical zones ranging from Tropical climate in the South to semi-desert and desert climate in the North).

          So the relation used is 

Q = 330 A2/3
         330 is the runoff coefficients introduced by the Italian study

8. The Advantages of the New Design System Compared With
    The Existing System.
1. The filling of the plots will be in three days instate of 15 days + passing water from plots to the a adjacent one and will avoid any problems of delay in irrigation.

2. A complete tertiary canals and drainage network will permit full control in the application of the water to the fids.

3. The new design system avoiding deficits and excesses with respect to the pre- established water application volumes.

4. The filling of the fields to the levels shall be at least 30 cm because the bed level of tertiary above the leveled horizontal surface of borders.
5. The new design system will provide equality in distribution of water in the field.

6. The irrigation and drainage network are served by complete roads networks that permit control and maintenance, even in rainy season. 

9. The Deviation of the New Design With Respect to
    Italian Study. 
1. In Italian study there is no design and drawing for secondary canals, where as in new design the long section have been designed, drawn and recorded.
 2. Same case in item no. (1) But for secondary drains.
3. Intermediate structures of main canal have been charged in new              design to R.S.Gs, so as to avoid siltation in main canal.

4. The Off takes and intermediate structures of the secondary canals                                        have been charged to well head regulator (W.H.R).

5. In Italian study the tertiary canal out fallen directly to the drain   where as in the new design a small weir supplied with gate so as to    maintain a suitable head for borders. This may reduce the time filling of border.

6. All concrete pipes of the structures in the Italian study shall be changed to steel pipes.    
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